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Catalog No. 304001B 

INTRODUCTION 

GENERAL INFORMATION 

The SDS 930 Computer Examiner System is a complete diagnostic package that enables the operator 
to exercise and/or diagnose the memory and the computer main frame logic. For easy, convenient 

I handling, the entire system is on one tape or on cards; its form is modular t~ facilitate expansion. 
The system consists of three main programs: Memory Diagnostic, Instruction Diagnostic, and The 
P and S Register Tester. 

The Memory Diagnostic program tests memory, monitors the test for memory circuitry failure, and 
provides the user with pertinent information concerning the location and" nature of the failure. 

The Instruction Diagnostic tests the entire instruction set, exercises every gate and flip-flop per
taining to the instruction logic, monitors the tests, and provides pertinent information about the 
instruction in case of failure. 

The P and S Register Tester determi nes whether the P Register and S Register operate properly over 
the entire addressing range. 

Included in Section III under "Automatic Instruction Test Program ll are detailed logic equation 
reference materia I, operati ng deta i Is, and detai led diagnostic constants for use in chec king the 
multiply i nstructHon (the Righ t Shift Adder) and the divide instruction (the BZO "eye-ba 11" ci rcuit). 

SYSTEM TAPE ORGANIZATION 

I The SDS 930 EXAMINER System is on one tape or on cards, as follows: 

1. Memory Diagnostic 

2. Instruction Diagnostic 

3. P and S Register Tester 

iv 



I ;1 • -1* I SCIENTIPIC DATA SYSTEMS 

IDENTIFICATION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURATION: 

PURPOSE: 

SUBROUTINES 
REQUIRED: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

LOADING 
PROCE DURE:' 

USE: 

SDS PROGRAM LIBRARY 
PROGRAM DESCRIPTION 

Memory Diagnostic 

Resnick/Mulholland, SDS 

'August 23, 1965 

SDS 930 

Catalog No. 304001B 

To exercise memory with a checkerboard memory word pattern; to moni
tor memory for errors and aid in diagnosi ng memory fai lures. 

None 

A II of memory 

Not applicable 

SYMBOL 8 Assembler 

Self-loading, paper tape or cards. Clear memory before loading. 

INTRODUCTION 

The SDS 930 Examiner Memory Diagnostic Program tests any core mem
ory, 4096 through 32,768 words. The two versions of this diagnostic 
are "16k or less" and "over 16k." Operationally, both programs are 
similar. In performing the test, the program writes a regular checker
board pattern to generate noise throughout memory (l's in ~'positive" 
cores and O's in "negative" cores*), then tests each memory word indi
vidually, inverts the word, tests again, and then restores the original 
word. If, during the testing process, the program detects an error, it 
can display the fai ling address and bit positions, aiding the operator in 
determining the circuitry that is malfunctioning. Also, the overflow 
I ight is turned on, and remai ns on, unti I the end of the ha I f-cyc Ie. 

*Those cores inducing a positive polarity voltage into the sense Windingl 
are assumed to be positive cores, and the remainder negative cores. 
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T e program uses t e rea pOint switc es to provi e vanous mo es 0 

program operation. See the next section, II Operating the Memory 
Diagnostic Program, II for the mode discussion. 

Special limits may be invoked at load time that may be used as a 
breakpoint option during execution. In the case of the "over 16k" 
version, new special limits may be invoked without reloading the pro
gram. During normal operation, the program tests all core memory 
above it (" 16k or less" version) or a II core other than res~dent 4k block 
of program (" over 16k" version). The program then moves itself to the 
upper end of core and tests a II core be low it (" 16k or less" version), or 
all other core except the resident 4K block of program (" over 16k" 
version). When the program completes th is· cyc Ie, it returns to lower 
core again and repeats the cycle with an "inverted" checkerboard 
pattern (Ol sin II positive" cores and 11 sin II negative" cores). The abi 1-
ity to remain in one area and repeatedly test the remainder of core is a 
breakpoint option; the pattern will be inverted every second cycle in 
this mode. When special limits are used, the program wiH remain in 
the area that is not being tested. In the case of the "over 16k" ver
sion, the program moves only if the special start is in the first 4k block 
and/or the special limit is in the last 4k block of core. (If limits other 
than integer multiples of 128 are invoked, the program truncates the 
least significant 7 bits of the limits.) 

OPERATING THE MEMORY DIAGNOSTIC PROGRAM 

If an "over 16k" computer is to be tested, use the fill procedure* to 
load II over 16k" version over II 16k or less" version (paper tape version). 

1. During loading select breakpoint options as follows: 

Breakpoint No.1 

SET - allows operator to change machine size, as displayed 
in the A Register (e.g., make 16k memory look as if it were 
only 12k or 8k, etc.) • 

A{9-23) - location plus one of last word in memory 

B{9-23) - first location in memory, zero (do not change) 

RESET - no effect 

*See SDS 930 Computer Reference Manual, 90 00 64. 
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Breakpoint No.2 

No effect 

Breakpoint No.3 

SET - change limits to be tested, in multiples of 128 (e.g., 
normal limits - 0 to 030000, special limits - 0200 to 020000*) 

A{9-23) - location plus one of last word in memory 

B{9-23) - first location of memory {" 16k or less" version 
also has a NOP i'nstruction in the A and B registers}. 

At this point the operator may change the lower and upper 
limits of memory by inserting the desired lower and upper 
limits in B and A, respectively. If special limits are to be 
used, the N OP instruction .IDYll be placed in these registers 
as well for the II 16k or lessll version. 

RESET _ No effect 

Breakpoint No.4 

No effect 

2. During running of the program select breakpoint options as follows: 

Breakpoint No.1 

SET - repeat testing cycle in same area. Pattern will be in
verted every second cycle. 

RESET - normal testing cycle. 

Breakpoint No.2 

SET - inhibit error halts 

RESET - normal halts for errors. 

Location of halts {both versions}: 

Low Memory - 0115 
High Memory - OX7715 

* Leadi ng 0 i ndi cates octa I number. 

3 
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Breakpoint No.3 

SET - special limits used (Do not set Bpt.3 unless the program 
halts due to an error or to the setting of Bpt.4). 

RESET - normal limits used. 

Breakpoint No.4 

SET - halt before each half-cycle. TheAregistercontainsthe 
number of errors incurred. The operator may change the num
ber at this time. Set Bpt.3 if spec.iallimits are to be used. 

In the "over 16k" version, if new machine size and/or special 
limits are desired, set Bpt. 1 {new machine size} and/or Bpt.3 
{new special limits} and branch to location 0404. Do this 
only if program is in low memory. 

Location of halts (both versions): 

Low Memory - 047 
High Memory - OX7647 

RESET - No effect 

CHECKERBOARD PATTERN MEMORY TEST 

: The checkerboard pattern consists of binary words of all lis and words 
of all OIS. An example is: 

Location Contents 

00000 77777777 

00001 00000000 

00002 77777777 

00003 00000000 

Shown in the form of X and Yaddress components, where a single 
digit represents a full word, this pattern is: 
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X 00 01 02 03 77 

l 0000 a 0 a 

0100 a a 

0200 a a a 

0300 a a 

7700 a a 

The logica I function that determines the pattern depends 
directly on the least significant bit of the X and Y sink 
addresses. Assuming that the address bits go from 9 through 
23 in the C Register, the X sink bits and the Y sink bits are 
15, 16, 17, and 21, ,22, 23, respectively: This function is: 

1. If address bit 17 is equa I to address bit 23, the program 
fills the location with all l-bits. 

2. If address bit 17 is not equal to address bit 23, the 
program fills the location with all a-bits. 

Examples: 

Address 

01000 

01001 

00304 

00503 

o 
a 

o 

a 

Word Put in 
Location 

77777777 

00000000 

00000000 

77777777 

The program a Iternates the above pattern at the end of each 
memory testing cycle. The change occurs each time the 
memory area tested goes from lower memory to upper memory. 
Thus, a complete check of memory requires two complete test 
·cycles. Setting Breakpoint 3 causes the pattern to change 
between each half of the test cycle. 

5 
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The checkerboard pattern used in this program imposes the maximum 
noise on the output of the sense winding during reading or writIng 
memory. The memory circuitry can detect such noise as information 
resu Iti ng in memory error. 

ERROR CHECK 

1. Error Halts in Program 

If Breakpoint No.2 is RESET when an error is detected, the pro
gram halts and displays the error • The program halts in one of 
several locations depending on program placement and memory 
size. When the program is testing upper core, the error halt is 
location 0115. When testing lower core, the error halt location 
is OX7715. 

2. Use of Error Indications 

Initially, if nothing loads into memory, check the power supply 
for proper power leve Is. 

If the program loads and then detects errors during the operation, 
the operator can suspect the memory circuitry or memory adjust
ment. 

When the operator determines the memory stack type - 4K, 8K 
and/or 16K - he can use the following to help determine the 
exact fai lure poi nt. 

X-v Drivers/Sinks 

When an error occurs, the C Register contai ns the error-word's lo
cation: C9 through C

23
• These address bits correspond to the X, Y 

drivers and sinks accoraing to fhe following tables. 
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USE: {cont.} X Sinks 

C18 C19 C20 

SRXO 0 0 0 
SWXO 

SRXl 0 0 
SWXl 

SRX2 0 0 
SWX2 

SRX3 0 
SWX3 

SRX4 0 0 
SWX4 

SRX5 0 
SWX5 

SRX6 0 
SWX6 

SRX7 
SWX7 

Y Sinks 

C12 C13 C14 

SRYO 0 0 0 
SWYO 

SRY1 0 0 
SWYl 

SRY2 0 0 
SWY2 

SRY3 0 
SWY3 

SRY4 0 0 
SWY4 

SRY5 0 
SWY5 

SRY6 0 
SWY6 

SRY7 
SWY7 

7 
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USE: (cont.) X Drivers 

C 11 C21 C22 C23 

DXO 0 0 0 0 

DX1 0 0 0 1 

DX2 0 0 0 

DX3 0 0 1 1 

DX4 0 0 0 

DX5 0 0 

DX6 0 0 

DX7 0 1 

DX10 0 0 0 

DX11 0 0 

DX12 0 1 0 

DX13 0 1 

DX14 0 0 

DX15 0 

DX16 0 

DX17 

Y Drivers 

C10 C15 C16 C17 

DYO 0 0 0 0 

DY1 0 0 0 1 

DY2 0 0 0 

DY3 0 0 

DY4 0 0 0 

DY5 0 0 

DY6 0 0 

DY7 0 

DY10 0 0 0 

DYll 0 0 

8 
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DY12 

DY13 

DY14 

DY15 

DY16 

DY17 

Z Inhibit Drivers 

o 
o 1 

o 
o 

o 
1 

o 

o 

The Z Inhibit Drivers are functions of bit position and memory stack 
size. Number the bit positions in memory as MO (most significant) 
through M23 (least significant) and M24 (parity). 

used with 4K, 8K or 16K stacks when C 10 C 11 = 00 

ZOdO = MO 

ZldO = M 1 

Z23dO = M23 

Z24dO = m4 (parity) 

used with 8K or 16K stacks when C 10 C 11 = 01 

ZOd1 = 'MO 

Zld1=MI 

Z24d 1 = M24 (parity bit) 

used with 16K stacks only when C 10 C11 
= 10 

ZOd2='iVrn 

Z24d2 = M24 (parity bit) 

9 
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used with 16K stacks only when C
l0 

C
ll 

= 11 

ZOd3 = MO 

Z24cJ3 = M24 (parity bit) 

Sense Amplifiers 

The Sense Amplifiers are functions of the fC?llowing bit positions: 

MdO = MO 

Md1 = Ml 

Md24 = M24 (parity bit) 



Y DRIVERS 0 THRU 63 

X DRIVERS 63 THRU 0 

~ 
"'-..-........... )(63 -- ' ", r---'"",,- - ' ' 

.) 
. .--

C. 
"""- . 

"""'-.. . -............ 
'1--. 

I ""-.. 
I """"- • • ---
I """"'-.-1.....---
I I 
I I 
I I 
I 
I 
I 
I 

Quadrant 0 is Y(0-63) X(0-63) Address 0000 - 7777 bits 0 - 6 

Quadrant 1 is Y(0-63) X(0-63) Address 0000 - 7777 bits 13 - 18 

Quadrant 2 is Y(0-63) X(0-63) Address 0000 - 7777 bits 19 - Parity 

Quadrant 3 is Y(0-63) X(0-63) Address 0000 - 7777 bits 7 - 12 

Figure 1. Memory Stack, 4K 
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X DRIVERS 127 THRU 0 

~ 

Z INHIBITS 

Quadrant 0 is Y(O-63) X(O-63) Address 

Quadrant 1 is (YO-63) X(O-63) Address 

Quadrant 2 is (YO-63) X(64-127) Address 

Quadrant 3 is Y(O-63) X(64-127) Address 

Y DRIVERS 0 THftU 13 

~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

: ... I 

0000 - 7777 bits 0- 12 

0000 - 7777 bits 13 - Parity 

10000 - 17777 bits 13 - Parity 

10000 - 17777 bits o - 12 

Figure 2. Memory Stack, 8K 



Y DRIVERS 

'x DRIVERS 

10 

Z inhibit lines run 
11 

parallel to the X 12 

drivers in Quadrants 13 

o and 2 and run par- 14 

allel to the Y drivers 13 

in Quad rants 1 and 3. 
1.\ 

17 

18 

19 

The sense windings 20 

run diagonally by 21 

Quadrants. 
22 

23 

PARITY 

QUADRANTS 
Z INHIBITS 

I .... ., 
~.:~.;;~~:~. ........ ----z INHIBITS 

Quadrant 0 is Y(0-63) . X(0-63) Address 0000 - 7777 

Quadrant 3 is Y(0-63) . X(64-127) Address 10000 - 17777 

Quadrant 1 is Y(64-127) . X(0-63) Address 20000 - 27777 -

Quadrant 2 is Y(64-127) . X(64-127) Address 30000 - 37777 

Figure 3. Memory Stack, 19K 
13 
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+ 

Z inhibit .. .. 
Read Write 

Figure 4. Current Flow 

There are two switches, a read switch and a write switch, for 
each X and Y sink. The current flow in a read sink is equal to 
and opposite that in a write sink. The Z inhibit current is in the 
same direction as the read sink current. 

If an address selects a core in a "one's" state, the X and Y read 
sinks combine two half-currents in the read direction and cause 
the core to change state. The change of state induces a voltage 
across the sense windings and sends a one-bit into the correspond
ing M register bit position. During the write cycle portion of the 
memory cycle, the X and Y write sinks restore the core to its 
original state by combining two hal f-currents in the write direc
tion, causing the core to change state. 

If, after the read phase and prior to the write phase of the 
memory cycle, an instruction changes a II oneil , read out of 
memory and into the M register, to a "zero" during the write 
cycle, the Z inhibit driver yields one half-current opposing the 
X and Y hal f-currents; therefore, no data is read back into core, 
which is a zero in memory. (A store instruction can cause such 
a change.) 
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If, during the read phase, a "zero" is already in a core, the 
core does not change state when the two half-currents select it, 
and no change in potential occurs across the sense windings; 
th is reads out a "zero". During the write phase of the memory 
cycle, the zero in the memory flip-flop triggers the Z inhibit 
driver and the core retains a "zero" state. However, if a "one" 
enters the memory flip-flop after the read but before the write, 
the Z inhibit driver does not trigger and the core changes to a 
"one1s" state. 

MEMORY EXTENSION SYSTEM 

Programs set the 930 Extend Memory Registers, EM3 and EM2, 
with an EOD instruction. Bits 16 and 17 select the register that 
the EOD changes; bits 18, 19, 20 and/or 21,22,23 contain the 
new contents for the registers. 

I Eonl IS3 S21 EM 31 EM '2 Eon Forrnat 

16 1 7 l8 19 20 21 22 23 

( Eonl 10 0 IIgnoredl Ignored I No register set 

I Eonl ,10 1 IIgnoredl XXX Set Bits XXX 
into EM2. 

I EOnl 11 0 IY YY I Ignored I Set Bits YYY 
into EM3. 

I Eonl 11 1 Iy YY XXX Set Bits YYY 
into EM3. 

Set Bits XXX 
into EM2. 

15 
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EOO 20300 

EOO 20305 

EOO 20354 

EOO 20332 
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The two most significant bits of an address, bits 10 and 11, 
determine the action of the Memory Extension; it reacts as 
follows: 

Address bits 10 11 

1 ..... 0 ___ 0 ... 1 00 not use Extend Memory Register 

1 ...... 0 ___ 1 .. 1 Do not use Extend Memory Reg ister 

1 .. _1 ___ 0 ... 1 Use contents of EM2 as "fifth II 
digit of address . 

11 1 I Use contents of EM3 as "fifth" 
..... ----' dig it of add ress 

The following examples show the relationship between the set
ting of EM3 and EM2 and the leading address bits used in an 
instruction. The EOO sets the new value(s) in the register(s); 
the addresses show the effect of the value. 

Sample Actual 
New EM3 New EM2 Address Address 

Value Value Written Used 

° 0 Oxxxx Oxxxx 
1xxxx 1xxxx 
2xxxx Oxxxx 
3xxxx Oxxxx 

° 5 Oxxxx Oxxxx 
1xxxx 1xxxx 
2xxxx 5xxxx 
3xxxx Oxxxx 

5 4 Oxxxx Oxxxx 
1xxxx 1xxxx 
2xxxx 4xxxx 
3xxxx 5xxxx 

3 2 Oxxxx Oxxxx 
1xxxx 1xxxx 
2xxxx 2xxxx 
3xxxx 3xxxx 

This latter register s~tting is the' normal setting. 
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IDENTIFICATION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURATION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

USE: 

SDS PROGRAM LIBRARY 
PROGRAM DESCRIPTION 

Memory Diagnostic 

Richard S. Resnick, SDS 

August 28, 1964 

Any SDS 930 

Catalog No. 304001 

The program exercises memory with the worst-case memory word 
patterniit moni,tors the memory for errors and aids in diagnosing 
memory fai lures. 

None 

All of memory 

N/A 

A. INTRODUCTION 

The 930 Memory Diagnostic Program tests core memories of any 
size, 4096 through 32,768 words In performing the test, the 
program writes a worst case pattern to generate noise through
out memory, and then tests each memory word individually. The 
worst case pattern is a checkerboard of words of all zeros and 
of all ones. If, during the testing process, the program detects 
an error, it can display the failing address and bit positions, 
aiding the operator in determining the circuitry which is 
ma I funct i oni ng. 

The program uses the breakpoint switches to provide various 
n:'0des of program operation. See Section B for the mode 
discussion. 

For ease of troubleshooting, the program provides a "sync II 
b it on one word of the word testi ng loop. The operator 
can synchron i ze an osc i Iloscope on th is bit to observe the 
action of continuously testing one word memory. An additional 
pulse generated by an EOM instruction external to the 
above-mentioned testing loop provides a broad sync loop. 

3 
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.\ 

The program a Iso provides the faci I ity for observing II ri nging II 
in the memory circuitry. During operation the program tests 
uppe r core, then moves itse I f to that a rea and tests lower 
core where it had been stored. When the program completes 
the lower core test (one test cyc I e), it retu rns to test upper 
core again (performs another test cycle). Depending on mem
ory size--greater than or equal to 4K--the program tests dif
ferent amounts of memory during the upper/lower parts of the 
test cycle. The operator also can select the portion of memory 
to be tested. 

In each part of the cycle, the prog:ram covers the core area to 
be tested with the worst case pattern. Then the program 
accesses, inverts, tests, and restores to the test pa'ttern each 
word in that area. The program inverts the worst case pattern 
between each repetition of the test cycle. 

B. OPERATING THE MEMORY DIAGNOSTIC PROGRAM 

1. Load program by normal fi II procedure. 

2. Select program options as follows: 

Breakpoint No. 1 

RESET position causes the program to test each word In 

sequence one time per test cycle. 

SET position causes the program to test repeatedly ,the 
first erroneous word encountered.. 

Breakpoint No.2 

RESET position causes computer to halt when it 
encounters an enor. To continue, clear the halt. 

SET position causes computer to continue (not halt) 
when it encounters an error. 

Error Indication 

If Breakpoint No.2 is RESET when the program 
encounters an error as it reads the inverted test word, 
the program displays the error as follows: 

Register Meaning " 

The true 15-bit address capable of 
displaying 32K 
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~. The correct contents of the spec ified 
.~, address 

The erroneous contents detected in the 
specified address. 

The discrepancies between (B) and (X) are the error 
positions. If a l-bit appears in X in bit position i but 
not in B in that position, the failure is a bit pickfid up 

. in position i. If a l-bit appears in B in bit position j 
but not in X in that position, the failure is a bit -
dropped from position j. This determines the bit posi
tions that f ai led since-the address uniquely determines 

.the drive and sink circuitry. . 

Breakpoint No.3 

During normal fill procedure 

RESET position causes the normal fi II to take place and 
causes the Memory Diagnostic program to be loaded and 
executed. 

SET position causes the computer to halt and display: 

The location plus one of the last word in memory 

in A(9-23) 

The locaf'ion of the first word in memory in 

B(9-23) 

At this point the operator can change the lower and 
upper I imits of memory by inserting the desired lower 
and upper limits in B and A, respectively. 

During the running of the program 

RESET position causes the Memory Diagnostic to use 
the actua I lower and upper limits of the memory be i ng 
tested. . 

SET position ca'uses the Memory Diagnostic to use those 
limits provided during loading instead of the actual 
I imits of the memory being tested. 

By resetting Breakpoint 3 I the program returns to the 
normal mode. 

Breakpoint No.4 

RESET position causes no action. 

5 
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USE: (cant.) 

Breakpoint No. SET RESET 

1 Repeated test of fi rst Test all words 

erroneous word 

2 Continue on Error Ha I t on Error 

Error Indication 

C
9

-
23 

= 15-bit address 
B = correct contents 
X = erroneous 

contents 

1 in X. but not in B. impl ies 
I I 

bit picked up in 
position i 

1 in B. but not in X. impl ies 
I I 

bit dropped from 
position i 

3 During Fill During Fill 
Load and halt with display Load and run 

A
9

-
23 

= Location plus one 
of last word in memory 

B
9

_ = Locat ion pi us one 
23 of first word in memory 

To change limits, insert into A and B 

During Program Execution During Program Execution 
Program uses limits provided at Program uses actual limits 
load time of memory being tested 

4 Halt at each half-cycle Ignore 

Display 

A = current 1'5 word 
B = current 0'5 word 
X = accumulation of errors 

6 
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SET position causes the program to halt before beginning 
each half of the test cycle and to display: 

The current one's word in A 

The current zero's word in S, and 

The number of fai lures that have occurred in X 
(binary integer scaled at 23). 

At this point, the operdtor can change any of the 
registers by clearing it and inserting the desired bit 
pattern. To obtain a count of errors for each half of 
the test cycle; clear X since the program continues. to 

. accumulate errors from cycle to cycle. 

The computer halts at location 3 or at 7703/17703 
depending on memory size and on the program's 
position when the Breakpoint is SET. 

H SET, during the testing of upper memory, the com
puter halts at 3; if SET when testing lower memory, it 
halts at 7703 for a 4K core size, or at 17703 for a 
greater than 4K core size. 

C. WORST-CASE PATTERN MEMORY TEST 

The worst-case pattern consists of a checkerboard pattern of 
binary words of alii's and words of all O's. An example is: 

Location 

00000 

00001 

00002 

00003 

Contents 

77777777 

00000000 

77777777 

00000000 

Shown in the form of X and Yaddress components, where a single 
digit represents a full word, this pattern is: 

7 
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X 00 01 02 03 77 

l 0000 0 0 

0100 0 0 

0200 0 0 0 

0300 0 0 

7700 o o 

The logical function that determines the pattern is dIrectly 
dependent on the least significant bit of the X and Y sink 
addresses. Assuming that the address bits go from 9 through 
23 in the C Register, the X sink bits and the Y sink bits are 
15, 16, 17, and 21,22,23, respectively. This function is: 

1. If address bit 17 is equal to address bit 23, the program 
fills the location with all 1-bits. 

2. If address bit 17 is not equal to address bit 23, the 
program fills the location with all O-bits. 

Examples: 

Address 

01000 

01001 

00304 

00503 

Bit 17 

o 
o 

Bit 23 

o 

o 

Word Put in 
Location 

77777777 

00000000 

00000000 

77777777 

The program a Iternates the above pattern at the end of each 
memory testing cycle. The change occurs each ti me the 
memory area tested goes from lower memory to upper memory. 
Thus, a complete check of memory requires two complete test 
cycles. Setting Breakpoint 3 causes the pattern to change 
between each ha I f of the test cyc Ie. 
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USE: (cont.) The worst-case pattern used in this program imposes the 
maximum noise on the output of the sense winding during 
reading or writing memory. The memory circuitry can detect 
such noise as information resulting in memory error. 

D. ERROR CHECK 

1. Error Halts in Program 

If Breakpoint No.2 is RESET when an error is detected, 
the program halts and displays the error. The program 
halts in one of several locations depending on program 
placement and me'mory size. When the program is testing 
upper core, the error halt is location 73

8
• When testing 

lower core in a machine with 4K, the error halt location is 
77738.. When testing lower core in a machine with greater 
than 4K, the error halt location is 17773

8
. 

2. Error Checking Aids 

The program provides a sync bit on one word in the test 
loop. With Breakpoint No. 1 SET, the operator can sync 
an oscilloscope on the sync bit. An EOM executed at the 
beginning of each half of the test cycle gives the operator 
a sync pulse on a larger loop. A right-cycle-48 executed 
once during each half of the test cycle turns memory off 
for six complete machine cycles; this allows the operator 
to observe "ringing" effects in memOry and to observe its 
severity. 

3. Use of Error Indications 

Initially, if nothing loads into memory, check the power 
supply for proper power levels. 

If the program loads and then detects errors during the 
operation, the operator can suspect the memory circuitry 
or memory adjustment. . 

When the operator determ ines the memory stack type --
4K, 8K and/or 16K -- he can use the following to help 
determine the exact failure point. 

9 
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USE: (cont.) X-V Drivers/Sinks 

When an error occurs, the C Register contains the error-
word's location: C

9 
through C

23
" These address bits 

correspond to the X, Y drivers and sinks according to the 
following tables: 

X Sinks 

C21 C22 C23 

SRXO 0 0 0 
SWXO 

SRX 1 0 0 
SWXl 

SRX2 0 0 
SWX2 

SRX3 0 
SWX3 

SRX4 0 0 
SWX4 

SRX5 0 
SWX5 

SRX6 0 
SWX6 

SRX7 
SWX7 

Y Sinks 

C15 C16 C17 

SRYO 0 0 0 
SWYO 

SRYl 0 0 
SWYl 

SRY2 0 0 
SWY2 

10 
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USE: (cont. ) SRY3 0 
SWY3 

SRY4 0 0 
SWY4 

SRY5 0 
SWY5 

SRY6 . 1 0 
SWY6 

SRY7 
SWY7 

Cll C18 C19 C20 

DXO 0 0 0 0 

DXl 0 0 0 

DX2 0 0 0 

DX3 0 0 

DX4 0 0 0 

DX5 0 0 

DX6 0 0 

DX7 o· 
DX10 0 0 0 

DX 11 0 0 

DX12 0 0 

DX 13 0 

DX 14 0 0 

DX15 1 0 

DX16 0 

DX17 

Y Drivers 

C10 Cll C12 C13 

'DYO 0 0 0 0 

DYl 0 0 0 

1 1 
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DY2 0 

DY3 0 

DY4 0 

DY5 0 

DY6 0 

DY7 0 

DY10 

DYll 

DY12 

DY13 

DY14 

DY15 

DY16 

DY17 

Z Inhibit Drivers 

o 
o 

o 
o 
o 
o 

o 
o 

o 
o 

o 
o 

Catalog No. 304001 

o 

o 

o 

o 

o 

o 

o 

The Z Inhibit Drivers are functions of bit position and memory stack 
size. Number the bit positions in memory as MO (most significant) 
through M23 (least significant) and M24 (parity). 

used with 4Ki 8K or 16K stacks when (1'0 (11 = 00 " 

ZOdO = MO 

Z ldO = M 1 

Z23dO = M23 

Z24dO = M24 (parity) 

used with 8K or 16K stacks when (10 (11 = 01 

ZOdl = MO 

Z ld 1 = M 1 

Z24d 1 = M24 (parity bit) 
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USE: (cant.) 

. used with 16K stacks only when C 10 ell:::: 10 

ZOd2:::: MO 

Z24d2 :::: M24 (parity bit) 

used 'with 16K stacks only when C 10 ell :::: 11 

ZQd3:::: MO 

Z24d3 :::: M24 (parity bit) 

Sense Ampl ifiers 

The Sense Amplifiers are functions of th~ following bit positions: 

Sense Ampl ifiers 

MdO:::: MO 

Md 1 :::: M 1 

Md24 :::: M24 (parity bit) 

13 



Y DRIVERS 0 THRU 63 

X DRIVERS 63 THRU 0 

~ ----... _____ X63 

---- ..... r---- ............ 

) 
.~ 

C. 
'-................. __ I 

.~. 
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----- . -............. .----
-............. . -L . -------

I 
I 
I 

Quadrant a is Y(0-63) X(0-63) Address 0000 - 7777 bits a - 6 

Quadrant 1 is Y(0-63) X(0-63) Address 0000 - 7777 bits 13 - 18 

Quadrant 2 is Y(0-63) X(0-63) Address 0000 - 7777 bits 19 - Parity 

Quadrant 3 is Y(0-63) X(0-63) Address 0000 - 7777 bits 7 - 12 

Figure 1. Memory Stack, 4 K 



X DRIVERS 127 THRU 0 

~ 

Z INHIBITS 

Quadrant 0 is Y(0-63) X(0-63) 

Quadrant 1 is Y(0-63) X(0-63) 

Y DRIVERS 0 THRU 63 
XO YO 

~ 

Address 0000 - 7777 bits 0 - 12 

Address 0000 - 7777 bits 13 - Parity 

Quadrant 2 is Y(0-63) X(64-127) Address 10000 - 17777 bits 13 - Parity 

Quadrant 3 is Y(0-63) X(64-127) Address 10000 .. 17777 bits 0 - 12 

Figure 2. Memory Stack, 8 K 

15 



X DRIVERS 127 T~~lJ 0 

Y DRIVERS 

10 

11 

Z inhi bit I ines run 
12 

parallel to the X 
13 

drivers in Quadrants 14 

o and 2 and run par- 15 

allel to the Y drivers 16 

in Quadrants 1 and 3. 17 

18 

19 

20 

The sense windings 
21 

run d i agona Ily by 22 

Quadrants. 23 

PARITY 

Quadrant 0 is Y(0-63) . X(0-63) Address 0000 - 7777 

16 

Quadrant 3 is Y(0-63) . X(64-127) Address 10000 - 17777 

Quadrant 1 is Y(64-127) . X(0-63) Address 20000 - 27777 

Quadrant 2 is Y(64-127) . X(64-127) Address 30000 - 37777 

Figure 3. Memory Stack, 16 K 
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+ 

.. 
Z inhibit .. .. 

Read Write 

Figure 4. Current Flow 

There are two switches, a read switch and a write switch, for 
each X and Y sink. The current flow in 0 read sink is equal to 
and opposite that in a write sink. The Z inhibit current is in the 
same direction as the read sink current. 

If an address selects a core in a lIone's ll state, the X and Y read 
sinks combine two half-currents in the read direction and cause 
the core to change state. The change of state induces a voltage 
across the sense windings and sends a one-bit into the corres
ponding M Register bit position. During the write cycle portion' 
of the memory cycle, the X and Ywrit,e sinks restore the core to 
its original state by combining two half-currents in the write 
direction, causing the core to change state. 

If, after the read phase and pri or to the wri te phase of the memory 
cycle, an instruction changes a lIone ll , read out of memory and 
into the MRegister, to a IIzeroll during the writ.e cycle, the Z 
inhibit driver yields one half-current opposing the X and Y half
currents; therefore, no data is read back into core, which is a -
zero in memory. (A store instruction can cause such a change.) 

17 
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If, during the read phase, a "zero" is already in a core, the 
core does not change state when the two half-currents select it, 
and no change in potential occurs across the sense windingsi 
this reads out a "zero". During the write phase of the memory 
cycle, the zero in the memory flip-flop triggers the Z inhibit 
driver and the core retains a "zero" state. However, if a "one" 
enters the memory flip-flop after the read but before the write, 
the Z inhibit driver does not trigger and the core changes t·o a 
"one1s" state. 

E. MEMORY EXTENSION SYSTEM 

Programs set the 930 Extend Memory Registers, EM3 and EM2, 
with an EOD instruction. Bits 16 and 17 select the register that 
the EOD changesi bits 18, 19,20 and/or 21,22,23 contain the 
new contents for the registers. 

I Eonl IS3 S21 EM 3 I EM'2 EOD Format 

16 17 18 19 20 21 22 23 

(Eonl 10 0 IIgnoredl Ignored I No register set 

I Eonl 10 I IIgnoredl XXX Set Bits XXX 
into EM2. 

I Eonl II 0 Iy YY I Ignored I Set Bits YYY 
into EM3. 

I Eonl II I IY Y Y XXX Set Bits YYY 
into EM3. 

Set Bits XXX 
into EM2. 
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EOD 

EOD 00300 

EOD 00305 

EOD 00354 

EOD 00332 
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The two most significant bits of an address, bits 10 and 11, 
determine the action of the Memory Extension; it reacts as 
follows: 

Address bits 10 11 

-1-0---0-, Do not use Extend Memory Register 

I 0 1 I Do not use Extend Memory Register 

11 0 I Use contents of EM2 as IIfifthll 
digit of address 

E~ Use contents of EM3 as IIfifthll 
digit of address 

The following examples show the relationship between the set
ting of EM3 and EM2 and the leading address bits used in an 
instruction. The EOD sets the new value(s) in the register(s); 
the addresses show the effect of the value. 

Sample Actual 
New EM3 New EM2 Address Address 

Value Value Written Used 

0 0 Oxxxx Oxxxx 
1xxxx 1xxxx 
2xxxx Oxxxx 
3xxxx Oxxxx 

0 5 Oxxxx Oxxxx 
1xxxx 1xxxx 
2xxxx 5xxxx 
3xxxx Oxxxx 

5 4 Oxxxx Oxxxx 
1xxxx, 1xxxx 
2xxxx 4xxxx 
3xxxx 5xxxx 

3 2 Oxxxx Oxxxx 
1xxxx 1xxxx 
2xxxx 2xxxx 
3xxxx 3xxxx 

This latter register setting is the normal setting. 

19 



--------------------------------------------------,~-

Page 

USE: (cont. ) 

> 16K MD 

20 

Catalog No. 304001 

F. MEMORY DIAGNOSTIC (MD) PROGRAM PARTICU LARS 

This program contains its own loader, which the standard loader loads 
into memory starting at location 2008. This loader loads MD into 
locations 0 through 1778, performs a checksum, and halts at P=2048 
if a checksum failure occurs. 

The loader tests for memory size greater than 4K; if it finds the larger 
memory, the loader loads the appropriate IIgreater than 4K" routine as 
detailed in the next paragraph. If the memory is 4K, the loader re
ponds to Breakpoint 3, and adjusts the pertinent program parameters. 
The loader then reads past the IIgreater than 4KII routine on the tCipe 
and transfers control to the Memory Diagnostic. MD stores the worst 
case pattern in memory from 2008 through the last location in core. MD 
then tests each cell within the worst case pattern. The program then 

. moves itself into locations 76008 through 77778. MD writes the worst 
case pattern into locations 0 through 76008 and tests each cell. This 
represents one complete test cycle. The program thEm moves itself to 
locations 0 through 1778 and repeats the cycle with the worst case 
pattern inverted. 

If the MD loader finds a memory of more than 4K words, it reads a new 
loader into location 3008. This loader loads the IIgreater than 4KII MD 
into core at location 0 through 2778. The loader performs a checksum 
and halts with the P counter equal to 3168 in case of checksum failure. 
The loader determines the exact memory size, responds to Breakpoint 3, 
adj usts pertinent parameters, and transfers to MD. MD stores the worst 
case pattern in memory from location 100008 through the last location 
in memory. MD tests each cell with the pattern. MD then writes a 
simple constant into locations 100008 through f77778 to nullify the 
worst case pattern and moves itself into locations 175008 through 177778. 
The program writes the worst case pattern in lower core, locations 0 
through 77778, and tests each cell with the pattern. This represents 
one complete test cycle. MD then writes a simple constant into loca
tions 0 through 77778 to nullify the worst case pattern and moves itself 
to locations 0 through 2778 and repeats the cycle with the worst case, 
pattern inverted. 

G. TAPE DESCRIPTION 

>16K Loader Symbol Loader <16K MD <16K Loader 
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IDENTIFICATION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CO.NF·IGURATION: 

PURPOSE: 

PROGRAM 
OPERATORS: 

STORAGE: 

TIMING: . 

USE: 

SDS PROGRAM LIBRARY 
P·ROGRAM DESCRIPTION 

Catalog No. 304002 

Instruction Diagnosti'c 

R. Resnick, M. Mulholland 

August 28, 1964 

SDS 930 

This program aids in diagnosing-faulty computers by verifying proper 
execution of computer 1ogic. 

N/A 

4096 words starting at Location 00000 

Approximately 53 milliseconds per pass when in the Automatic mode 

There are three reasons for testing the performance of a computer: 

Evaluation of the computer's performance, 
Detection of errors when the computer has failed, and 
Verification of the computer's performance. 

This program provides for all three. 

To test the computerl s performance, it is necessary to perform: 

a Manual Test that involves the execution of a min·imum 
number of specific instructions using the control console 
and comparing the resulting contents of the programmable 
registers with predetermined constants, 

a Semi-automatic Test, which uses a simple program princi
·pally consisting of those instructions tested during the Manual 
. test; that executes a few more instructions and holts a'fter each 
exec ution to I et the operator i nspec t the reg isters for predeter-
mined resu I ts, and 

an Automatic Test, which uses a complicated program contain
ing those instructions tested during the previous two tests, that 
performs the remainder of the Instruction Repertoire, compares 
the results with predetermined constants and gives error indica
tions when necessary. 
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USE: (cont.) 
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The Evaluation procedure involves all three tests and is used prin
cipally when there is no past history of the computer's performance 
as would be for a computer just off the assembly line. The' Error 
Detection procedure involves the Semi -automatic and Automatic 
test and is used when a previously operative computer is suspected' 
of having failed. The Verification procedure involves only the 
Automatic test and is used with Preventive Maintenance as well as 
for periodic computer reliability verification. 
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USE: (cont.) 

I. MANUAL INSTRUCTION TEST 

The Manual Instruction Test is a procedure that the operator performs 
without the use of an internally stored program. The operator pre
sets the programmable registers, executes via the control console 
one of the five instructions to be tested, and compares the resulting 
constants in the registers with the list of predetermined constants. 
When these constants differ from the predetermined constants, on 
error (failure) has occurred. 

In the case of an error, the operator shou Id investigate it by observ
ing via on oscilloscope, the circuitry operations during the execution 
of the instruction. Before using the osci Iloscope, 

1) raise the HOLD switch to hold the P Counter, 

2) store the instruction being tested, with a 
1-bit in bit 0, into the location currently 
displayed in the P Register, 

3) raise the mode switch to RUN, and 

4) observe the appropriate signal levels 
via the oscilloscope. 

Note that the HOLD switch itself may be faulty. 

The procedure tests the following instructions in the order given: 

HLT· Holt 00 

BRU Branch Unconditionally 01 

BRX Increment Index and Branch (no branch case) 41 

BRX Increment Index and Branch (branch case) 41 

LDX Load X 71 

Automatic Fi II 
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USE: (cont.) 
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The following gives the individual instruction test procedure: 

A. HALT (00) TEST 

1. Set mode switch to "IDLE, II and press the START button. 

2. Preset the registers as follows: 

A 

B 

X 

P 

C 

Overflow 

77700070 

66611161 

55522252 

00000 

00000000 

reset 

3. Set the mode switch to "RUN". The computer should wait 
(half light goes on.) 

4. Set the mode switch to "10 LE" and check the registers for 
the following results: 

A 

B 

X 

P 

Overflow 

= 

= 

-

= 

77700070 

66611161 

55522252 

00001 

reset 

5. If an error occurs, follow the procedure outlined on the first 
page of the Manual Instruction Test program. 

B. BRANCH UNCONDITIONALLY (01) TEST 

1. Press the Start Button. 

2. Preset the registers as follows: 

A 66611161 

B 55522252 
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P = 00000 
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Overflow == reset 
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3. Set the mode switch to "STEP" and back to "IDLE" • 

. 4. Check the registers for the foil owi ng resul ts: 

A = 66611161 

B = 55522252 

X . = 44433343 

P = 07700 

Overflow = reset 

5. If an error occurs, follow the procedure outl ined on the 
first page of the Manual Instruction Test program. 

C. INCREMENT INDEX AND BRANCH (41) TEST, BRANCH CASE 

1. Press the start button. 

2~ Preset the registers as follows: 

A - 55522252 

B = 44433343 

X - 33344434 

P = 00000 

C =: 04107654 

Overflow = reset 

3. Set the mode switch to "STEP" and back to "IDLE". 

4. Check the registers for the followi.ng results: 

A - 55522252 

B = 44433343 

X = 33344435 

P = 07654 

Overflow ::= reset 

5. If an error occurs, follow the procedure outlined on the 
first page of the Manual Instruction Test program. 
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D. 
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INCREMENT INDEX AND BRANCH (41) TEST, NOT BRANCH 
CASE 

1. Press the start button. 

2 .. Preset the registers as follows: 

A = 00077707 

B = 11166616 

X = 55522252 

P 00000 

C - 04107654 

Overflow = reset 

3. Set the mode switch to IISTEP" and back to "IDLE". 

4. Check the registers for the following results: 

A = . 000777 07 

B 11166616 

X = 55522253 

P = 00001 

Overflow := reset 

5. If an error occurs, follow the procedure outlined on the 
first page of the Manual Instruction Test program. 

E. AUTOMATIC FI LL TEST 

1. Press start button. Load reader with WIM Test, (or WIM 
test loop). 

2. Preset the reg ister as follows: 

A = 44433343 

B 22255525 

X - 77777777 

P = 00000 

C 00000000 

Overflow = reset 
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3. Set the mode switch to "RUN ". Raise paper tape fill switch 
, and release. 

4. The WIM test should load and then the computer should halt. 

5. Set the mode switch to 'TDLE" and check the registers for 
the following results: 

A = 44433343 

B = 22255525 

X - 11111111 

P = 00011 

<: = 77777777 

'Overflow := reset 

6. If an error occurs {.fer to the Automatic F.ill portion of 
the ,Periph'eral Diagnostic Manual. 
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II. SEMI-AUTOMATIC INSTRUCTION TEST PROGRAM 

The Semi -Automatic Instruction Test is a sequence of 
repeatable, program-controlled tests. As the program per
forms each test, it periodically halts, leaving preselected 
constants in all of the programmable registers. When the 
actual contents of these registers differ from the constants 
given in the test procedure, an error has occurred. 

The operator is provided with the following breakpoint 
options: 

Bre<;tkpoint 1 Set ::;: repeat the preceding test 

Breakpoint 1 Reset ::;: normal operation 

Breakpoint 2 Set ;::: bypass programmed ha I ts 

Breakpoint 2 Reset .- halt and inspect the registers 
during each test 

Prior to looding: 

Breakpoint 4 Set ::: Load semi -automatic Instruction 
Program Test 

Breakpoint 4 Reset ::: Bypass Semi -automatic Instruction 
Test Program and load the Auto
matic Instruction Test Program 

Upon completion of the Semi -automatic Instruction Test 
Program: 

Breakpoint 4 Set ::: 

Breakpo in t 4 Reset ::: 

Program to repeat Semi -automatic 
Instruction Test Prog(am 

Load Automatic lnstruction Test 
Program 
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USE: (cont.) 
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The Breakpoi nt 1 option is avai I abl e for all tests except the 
Breakpoint 1 tests. 

The Breakpoint 2 option is avai lable for all tests except the 
Breakpoint 2 tests. 

A sync bit is provided in bit zero in all instructions being tested. 
With Breakpoints 1 and 2 set, the program repeated Iy performs each 
test without halts; only the instruction being tested has a sync bit. 
This provides a means to synchronize an osci lIoscope with the 
test loop to aid the operator in observing signal levels of any 
circuitry in question. 

The program tests the following instructions in the order given: 

Mnemonic Octal 
Op Code Test Case Op Code 

BPT 1 BREAKPOINT NO.1 TEST, reset case 40 

BPT 1 BREAKPOINT NO.1 TEST, set case 40 

BPT 2 BREAKPOINT NO.2 TEST, reset case 40 

BPT 2 BREAKPOINT NO.2 TEST, set case 40 

BPT 3 BREAKPOINT NO.3 TEST, reset case 40 

BPT 3 BREAKPOINT NO.3 TEST, set case 40 

BPT 4 BREAKPOINT NO.4 TEST, reset case 40 

BPT 4 BREAKPOINT NO.4 TEST, set case 40 

LDX LOAD X 71 

LDB LOAD B 75 

LDA LOAD A 76 

LDX* LOAD X With Indirect Addressing 71 

LDB* LOAD B With Indirect Addressing 75 

LDA* LOAD A With Indirect Addressing 76 
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STB STORE B 36 

STX STORE X 37 

STB* Store B With Indi rect Addressing 36 

STX* Store X With Indirect Addressing 37 

BRR RETURN BRANCH, Overflow Set 51 

OVT SKIP -IF OVERFLOW NOT SET AND 40 
RESET OVERFLOW, set case 

BRR RETURN BRANCH, Overflow not set 51 

BRR* RETURN BRANCH, with Indirect 51 
Addressi ng - Overflow not set 

BRX INCREMENT- INDEX AND BRANCH 41 
(no branch case) 

OVT SKIP IF OVERFLOW NOT SET AND 40 
RESET OVERF LOW, not set case 

BRX INCREMENT INDEX AND BRANCH 41 
(branch case) 

BRX* INCREMENT INDEX AND BRANCH· 41 
for branch case with indirect addressing 

SKE S KIP IF A EQUAL M FOR A = M case 50 

SKE SKIP IF A EQUAL M FOR A"I M case 50 

The following gives the loading procedure, test entry procedure, and 
the individual instruction tests operotion procedures. 

A. LOAD PROGRAM 

1. Set Breakpoi nt 4, reset Breakpoi nts 1, 2, and 3. 

2. Perform normol fill procedure. 

3. After the tape loads, the computer halts with P = 211. 

B. ENTER PROGRAM 

1. Reset a II Breakpoi nts. 

2. Put the mode switch in RUN to initiate the" tests. 
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BREAKPOINT NO. 1 TEST (40) TEST 

1. Program loops as long as Bpt 1 remains reset. 

2. Setting Bpt 1 causes the program to halt. When it halts, 
move the mode switch to IDLE. 

Correct Register Contents: 

A 

B 

X 

P 

C 

= 70707070 

01010101 

40000001 

00220 

44020400 

Overflow -=:: 0 

3. Move the mode switch to RUN; the program then loops as 
long as Bpt 1 rema i ns set. 

4. Resetting Bpt 1 causes the program to halt. Move the mode 
switch to IDLE. 

Correct Register Contents: 

A 

B 

X 

P 

C 

Overflow = 

70707070 

01010101 

40000001 

00223 

44020200 

o 
5. Otherwise, move the mode switch to RUN. To repeat Bpt 1 

test, place BRU 00214 in the C Register and move the mode 
switch to RUN. 

D. BREAKPOINT NO.2 TEST (40) TEST 

1. Program loops while Bpt 2 remains reset. 

2. Setting Bpt 2 causes the program to halt. Move the mode 
sw itch to IDLE. 
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USE: (cont.) Correct Register Contents: 

A ::= 70707070 

B :::: 01010101 • 
X = 40000001 

P = 00227 

C = 44020200 

Overflow = 0 

3. To repeat this test to set Bpt 1, reset Bpt 2, and move mode 
switch to RUN. Otherwise, reset Bpt 1 and move the mode 
switch to RUN; the program loops as long as Bpt 2 remains set. 

4. Resetti ng Bpt 2 causes the program to ha I t. Move the mode 
switc~ to IDLE. 

Correct Register Contents: 

A 

B 

X 

P 

C 

= 

= 

= 

Overflow 0 = 

70707070 

01010101 

40000001 

00234 

04020400 

o 
5. To repeat this test, set Bpt 1, set Bpt 2, and move the mode 

switch to RUN. Otherwise, reset Bpt land move the mode 
switch to RUN. 

E. BREAKPOINT NO.3 TEST (40) TEST 

L The program loops as long as Bpt 3 remains reset. 

2. Setting Bpt 3 causes the program tb halt. Set Bpt 1 if a 
repeat of-the test is desired. Move mode switch to IDLE. 

Correct Reg ister Contents: 

A 

B = 
X 

P = 
C = 
Overflow 

70707070 

01010101 

40000001 

00242 
-44020100 
o 
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3. To repeat th is test, set Bpt 1, reset Bpt 3, and move mode 
switch to RUN. Otherwise, reset Bpt 1 and move mode 
switch to RUN; the program loops as long as Bpt 3 remains 
set. 

4. Resetting Bpt 3 causes the program to halt. Move the mode 
switch to IDLE. 

Correct Register Contents: 

A 

B 

X 

P 

= 
= 

= 

C = 

Overflow = 

70707070 

01010101 

40000001 

00247 

04020400 

o 
5. To repeat this test, set Bpt 1, set Bpt 3 and move the mode 

switch to RUN. Otherwise, reset Bpt 1 and move mode 
switch to RUN. 

F. BREAKPOINT NO.4 TEST (40) TEST 

1. Program loops as long as Bpt 4 remains reset. 

2. Setting Bpt 4 causes the program to halt. Move the mode 
switch to IDLE. 

Correct Register Contents: 

A = 70707070 

B = 01010101 

X = 40000001 

P = 00255 

C = 44020040 

Overflow = 0 

3. To repeat th i s test, set Bpt 1, reset Bpt 4, and move mode 
switch to RUN. Otherwise, reset Bpt 1 and move the mode 
switch to RUN. The program loops as long.as Bpt 4 remains 
set. 

4. Resetting Bpt 4 causes the program to halt. Move mode 
switch to IDLE. 
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USE: (cont.) Correct Register Contents: 

A = 70707070 

B ::::: 01010101 

X = 40000001 

P = 00252 

C = 04020400 

Overflow = 0 

5.. To repeat this test., set Bpt 1, set Bpt 4, and move the mode 
switch to RUN. Otherwise, reset Bpt 1 and move mode' 
switch to RUN .. 

In the following test-s, set Bpt 2 if the operator wishes to 
inhibit halts for checking registers and erroneous branching 
and skipping. Se'~ Bpt 1 if the operator wishes to repeat a 
particular test. 

G. LOAD X (71) TEST 

1. Upon entering this test, the computer halts. Move the mode 
switch to IDLE and check the registers .. 

Correct Register Contents: . 

A 

B 

:;: 

X = 
p = 

C = 
Overflow :;: 

52525252 

25252525 

70707070 

00272 

04020400 

o 

2.. If an error occurs, set Bpts 1 and 2, and set upthe osci 1-
loscope •. 

3. Move the mode switch to RUN. If Bpt 1 is SET, the tesT 
repeats, otherwise proceed to the next test. 

GG. LOAD X, (71) TEST, WITH INDIRECT ADDRESSING 

1. Upon entering this test, the computer halts. Move the 
mode switch to IDLE and check the registers. 
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Correct Register Contents: 

A = 40000001 

B = 37777776 

X - 70707070 

P = 00302 

C 04020400 

Overflow = 0 

2. If an error occurs, set Bpts 1 and 2 and set up the oscil
loscope. 

3. Move the mode switch to RUN. If Bpt 1 is SET, the test 
repeats, otherwise proceed to the next test. 

H. LOAD B (75) TEST 

1. Upon enteri ng th is test, the computer ha I ts. Move mode 
switch to I DLE and check the registers. 

Correct Register Contents: 

A 

B 

X 

P 

C 

= 25252525 

70707070 

52525252 

00312 

04020400 

Overflow = 0 

2. If an error occurs, set Bpts 1 and 2 and set up the osc ill 0-

scope. 

3. Move the mode switch to RUN. If Bpt 1 is SET j the test 
repeats, otherwise proceed to the next test. 

HH.. LOAD B (75) TEST, WITH INDIRECT ADDRESSING 

1. Upon entering this test, the computer halts. Move the mode 
switch to IDLE and check the registers. 
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USE: (cont.) Correct Register Contents: 

A := 37777776 

B := 40000001 

X := 07070707 

p := 00322 

C := 04020400 

Overflow == 0 

2. If an error occurs), set Bpts 1 and 2 and set up the osci 11,0-
scope .. 

3. Move the mode switch to RUN. If Bpt 1 is SET, the test 
repeats, otherwise, -proceed to the next test. 

I. LOAD A (76) TEST 

1. Upon entering this test, the computer halts. Move the mode 
switch to IDLE and check the registers. 

Correct Register Contents: 

A == 70707070 

B == 52525252 

X := 25252525 

p := 00332 

C := 04020400 

Overflow = 0 

2. If an error occurs, set Bpts 1 and 2 and set up the asci 110-
scope. 

3. Move the mode switch to RUN. If Bpt 1 is SET, the test 
repeats, otherw ise proceed fa the' next test. 

II. LOAD A (76) TEST, WITH INDIRECT ADDRESSING ' 

'1. Upon entering this test, the computer halts. Move the 
mode switch to IDLE and check the register$. 
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Correct Regi ster Contents: 

A 

B 

X 

P 

C 

Overflow 

= 

= 

= 

40000001 

37777776 

70707070 

00342 

04020400 

o 
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2. If an error occurs, set Bpts 1 and 2 and set up the osci 110-
scope. 

3. Move the mode switch to RUN. If Bpt 1 is SET, the test 
repeats, otherwise proceed to the next test. 

J. STORE B (36) TEST 

1. Upon entering this test, the computer halts. Move the mode 
switch to IDLE, and check the registers. 

Correct Register Contents: 

A = 25255252 
B = 77777777 
X = 00000000 
p = 00354 
C = 07600750 
Overflow = 0 

2. Move the mode switch to RUN 

3. The computer halts again. Move the mode switch to IDLE 
and check the registers. 

Correct Register Contents: 

A 

B 

C 

P 

= 

C = 
Overflow = 

77777777 

77777777 

00000000 

00360 

04020400 

o 
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4. If an error occurs, set Bpts 1 and 2 and set up the oscillo
scope. 

5. Move the mode switch to RUN. If Bpt 1 is SET, the test 
repeats, otherwise proceed to next test. 

JJ8 STORE B (36) TEST, WITH INDIRECT ADDRESSING 

1. Upon entering the test, the computer halts. Move the mode 
switch to IDLE and check the registers. 

Correct Register Contents: 

A - 11114444 

B = 07070707 

X = 70707070 

P == 00372 

C = 07600760 

Overflow = 0 

2. Move the mode switch to RUN. 

3. The computer halts again. Move the mode switch to IDLE 
and check the registers. 

Correct Register Contents: 

A = 07070707 

B = 07070707 

X = 70707070 

P = 00376 

C == 04020400 

Overflow - 0 

4. If an error occurs, set Bpts 1 and 2 and set up the oscillo
scope. 

5. Move the mode switch to RUN. If Bpt 1 is SET, the test 
repeats, otherwise proceed to the next test~ 
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STORE X (37) TEST 

1. Upon entering the test, the computer halts. Move the mode 
switch to IDLE and check the registers. 

Correct Register Contents: 

A 

B 

X 

P 

= 

C = 
Overflow = 

44441111 

10101010 

32323232 

00410 

07600754 

o 
2. Move the mode switch to RUN. 

3. The computer halts again. Move the mode switch to IDLE 
and check the registers. 

Correct Register Contents: 

A = 

B = 

X = 

P = 
C 

Overflow = 

32323232 

10101010 

32323232 

00414 

04020400 

o 
4. If an error occurs, set Bpts 1 and 2 and set up the osci II 0-

scope. 

5. Move the mode switch to RUN. If Bpt 1 is SET, the test 
repeats, otherwise proceed to the next test. 

KK. STORE X (37) TEST, WITH INDIRECT ADDRESSING 

1. Upon encountering the test I the computer halts. Move the 
mode switch to IDLE -and check the registers. 
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USE: (cont.) Correct Register Contents: 

A 

B 

X 

P 

C 

Overflow 

= 
= 

= 

= 

01014040 

00007777 

77770000 

00426 

07600765 

o 
2. Move the mode sw if'ch to RU N. 
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3. The computer halts again. Move the mode switch to IDLE 
and check the registers. 

Correct Register Content's: 

A 

B 

= 

X = 
p = 

C = 
Overflow = 

77770000 

00007777 

77770000 

00432 

04020400 

o 
4. If an error occurs, set Bpts 1 and 2 and set up the osc ill 0-

scope. 

5. Move the mode switch to RUN. If Bpt 1 is SET, the test 
repeats, otherwise proceed to the next test. 

L.. RETURN BRANCH (51) TEST, SET OVERFLOW CASE 

1. Upon enteri ng the test, the computer ha I ts" Move the mode, 
switch to IDLE and check the registers. 

2. If the P Re.gister is 00443, the branch failed to occur. Set 
Bpts 1 and 2and set up the oscilloscope. Move mode switch 
to RUN. 

3~ If correct branch occurs, check the registers. 
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Correct Register Contents: 

A 

B 

X 

P 

C 

= 

= 
= 

= 

Overflow = 

41111114 

14141414 

43434343 

00446 

04020400 

Catalog No. 304002 

4. If an error occurs, set Bpts 1 and 2 and set up the oscillo
scope. 

5. Move the mode switch to RUN. If Bpt 1 is set, the test 
repeats, otherwise proceed to the next test. 

M. OVERFLOW IN DICATOR TEST AN D RESET (40) TEST, SET CASE 

1. Upon entering the test, the computer hal ts. Move the mode 
switch to IDLE and check the registers. 

2. If the P Register is 00461, the instruction skipped, when it 
should not have. 

3. Set Bpts 1 and 2 and set up the osci "oscope. ,tV\ove the mode 
switch to RUN. 

4. If the P Register is 00464, check the registers. 

Correct Register Contents: 

A 12121212 

B 21212121 

X 01010101 

P = 00464 

C 04020400 

Overflow = 0 

5. If an error occurs, set Bpts 1 and 2 and use the osci II 0-

scope. 

6. Move the mode switch to RUN. If Bpt 1 is SET, the test 
repeats. Otherw i se proceed to the next test. 
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N. RETURN BRANCH (51) TEST, OVERFLOW NOT SET 

1. . Upon entering the test, the c;:omputer halts. Move the mode 
switch to IDLE and check the registers. 

2. If the PRegister is 00475, the instruction failed to branch. 

3.. Set Bpts 1 and 2 and use the asci Iloscope. Move the mode 
switch to RUN. 

4. If the correct branch occurs, check the registers. 

Correct Register Contents: 

A = 10101010 

B = 01010101 

X - 40000001 

P = 00500 

C = 04020400 

Overflow - 0 

5. If an error occurs, set Bpts 1 and 2 and use the asci II oscope. 

6. Move the mode switch to RUN. If Bpt 1 is SET, the test 
repeats, otherwise proceed to the next test. 

O. RETURN BRANCH (51) TEST, OVERFLOW NOT SET, WITH 
INDIRECT ADDRESSING " 

1. Upon enteri ng the test, the computer ha I ts. Move the mode 
switch to IDLE and check the registers. 

2. If the P Register is 00511, the instruction fai led to branch. 

3. Set Bpts 1 and 2 and set up the osc iI/ oscope. Move mode 
switch to RUN. 

4. If the correct branch occurs,. chec;k the registers" 

Correct Register Contents: 

A 00000000 
B = 70707070 
X = 07070707 
P 00514 
C = 04020400 
Overflow = 0 
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5. If an error occurs, set Bpts 1 and 2 and use the oscilloscope. 

6. Move the mode switch to RUN. If Bpt 1 is set, the test 
repeats, otherwise proceed to the next test. 

P. INCREMENT INDEX AND BRANCH (41) TEST, FOR IINOT 
BRANCH" CASE 

1. Upon completion of the test, the computer halts. Move the 
mode switch to IDLE and check the registers. 

2. If the P Register is 00526, the instruction branched when it 
should not have. 

3. Set Bpts 1 and 2 and use the osc ill oscope. Move the mode 
switch to RUN. 

4. If there is no branch, check the registers. 

Correct Register Contents: 

A 

B 

X 

P 

C 

Overflow 

= 

= 
= 

77777777 

00000000 

00100000 

00531 

04020400 

o 
5. If an error occurs, set Bpts 1 and 2 qnd use the asci Iloscope. 

6. Move the mode switch to RUN. If Bpt 1 is set, the test 
repeats, otherw ise proceed to the next test. 

Q. OVERFLOW INDICATOR TEST AND RESET (40) TEST, FOR IINOT 
SETII CASE 

1. Upon enteri ng the test, the compute r ha I ts. Move the mode 
switch to IDLE and check the registers. 

2. If the P Register is 00531, the instruction fai led to skip. 

3. Set Bpts 1 and 2 and .set up the osc ill oscope. 

4. If the instruction works properl y, the computer ha I ts. Move 
the mode switch to RUN. 

5. If the P Register is 00547, check the registers. 
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·A 

B = 
X 

P = 

C :::: 

Overflow == 

07707707 

70070070 

77777777 

00547 

04020400 

o 
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6. If an error occurs,· set Bpts 1 and 2 and set up the oscillo
scope. 

7. Move the mode switch to RU N. If Bpt 1 is set, the test 
repeats, otherwise proceed to the next test. 

R. INCREMENT INDEX AND BRANCH (41) TEST FOR BRANCH 
CASE 

1. Upon entering the test, the computer halts. Move the mode 
switch to IDLE and check the registers. 

2. If the P register is 00560, the instruction falled to branch. 

3. Set Bpts 1 and 2 and use the osc iI/ oscope. Move the mode 
switch to RUN. 

4. If the branch occurs correctly, check the registers. 

Correct Register Contents: 

A 

B 

= 

X = 
P = 
C = 
Overflow = 

77000077 

70777707 

00040001 

00563 

04020400 

o 
5. If an error occurs, set Bpts 1 and 2 and set up the oscillo

scope. 

6. Move the mode switch to RUN. If Bpt 1 is 'SET, the rest 
repeats, otherwise proceed to the next test. 
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INSTRUCTION INCREMENT INDEX AND BRANCH (41) TEST 
WITH INDIRECT ADDRESSING FOR BRANCH CASE 

1. Upon entering the test, the computer halts. Move the mode 
switch to IDLE and check the registers. 

2. If the P register is 00574, the instruction failed to branch. 

3. Set Bpts 1 and 2 and use the osci Iiscope. Move the mode 
switch to RUN. 

4. If the branch occurs correctly, check the registers. 

Correct Register Contents: 

A = 37777776 

B = 40000001 

X = 70040007 

P -- 00577 

C = 04020400 

Overflow = 0 

5. If an error occurs, set Bpts 1 and 2 and set up the oscillo
scope. 

6. Move the mode switch to RUN. If Bpt 1 is SET, -the test 
repeats, oth e rw i se proceed to the next test. 

T. SKIP IF A EQUAL TO M (50) TEST FOR·CASE A=M 

1. Upon entering the test, the computer halts. Move the mode 
switch to IDLE and check the registers. 

2. If the P register is 00613, the instruction failed to skip. 

3. Set Bpts 1 and 2 and use the osci II oscope. Move the mode 
switch to RUN. 

4. If the computer skips, check the registers. 

Correct Register Contents: 

A 

B 

X 

= 

00000000 

00000000 

77777776 
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00616 

04020400 

o 
5. If an error occurs, set Bpts 1 and 2 and set up'the oscillo

scope. 

6. Move the mode switch to RUN. If Bpt 1 is SET, the test 
repeats, otherwise proceed' to the second case. 

7. N'ow the program tests the second case. Upon reentering 
the test, the computer ha Its. Move the mode switch to IDLE 
and check the registers. 

8. If the PRegister is 00613, the instruction failed to skip. 

9. Set Bpts 1 and 2 and use the osci Iloscope.' Move the mode 
switch to RUN. 

10. If the computer skips, check the registers. 

Correct Register Contents: 

A = 77777777 

B = 77777777 

X = 77777777 

P = 00616 

C = 04020400 

Overflow = 0, 

11. If an error occurs, set Bpts 1 and 2 and use the oscilloscope. 

12. Move the mode switch to RUN. If Bpt 1 is SET, the test 
repeats, otherw ise proceed to the next test. 

U. SKIP IF A EQUAL TO M (50) TEST, FOR CASE A 1M 

1. Upon enetering the test, the computer ha Its. Move the mode 
switch to IDLE and check the registers. 

2. If the P Register is 00634, the instruction skipped! 

3. Set Bpts 1 and 2 and use the osci Iloscope •. Move the mode 
switch to RUN. 

4. If the computer doesn't skip, check the registers. 
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Correct Reg ister Contents: 

A 

B 

X 

P = 

C = 
Overflow = 
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40000000 

00000000 

77777776 

00637 

04020400 

o 
5. If an error occurs, set Bpts 1 and 2 and use the osci II oscope. 

6. Move the mode switch to RUN. If Bpt 1 is set, the test 
repeats, otherwise proceed to the second case. 

7. Now the program tests the second case. Upon re-entering 
the test, the computer halts. Move the mode switch to 
IDLE and check the registers. 

8. If the P Register is 00634, the instruction skipped. 

9. Set Bpts 1 and 2 and use the oscilloscope. Move the mode 
switch to RUN. 

10. If the computer doesn't skip, check the registers .. 

Correct Register Contents: 

A 

B 

= 

X = 

P = 
C = 
Overflow = 

00000000 

40000000 

77777777 

00637 

04020400 

o 
11. If an error occurs, set Bpts 1 and 2 and use the' osci" oscope. 

12. Move the mode switch to RUN. If Bpt 1 is SET, the test 
repeats, otherwise proceed to the -next test. 

V. SKIP IF A EQUAL TO M (50) TEST, FOR CASE AI- M 

1. Upon entering the test, the computer halts. Move the mode 
switch to IDLE and check the registers. 

2. If the PRegister is 00655, the instruction skipped. 
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3. Set Bpts 1 and 2 crnd use oscilloscope,. Move the mode 
switch to RUN. 

4. If the computer doesn't skip, it halts. Move the mode 
switch to IDLE and check the registers. 

Correct Register Contents: 

A = 20000000 

B == 00000000 

X :::: 77777776 

p = 00660 

C :::: 04020400 

Overflow - 0 

5. If an error occurs, set Bpts 1 and 2 and use the oscillo
scope. 

6. Move the mode switch to RUN. If Bpt 1 is set, the test 
repeats, otherwise proceed to the second case. 

7. Now the program tests the second case. Upon reentering 
the test, the computer halts. Move the mode switch to 
IDLE and check the registers. 

8. If the P Register is 00655, the instruction skipped. 

9. Set Bpts 1, and 2 and use the oscilloscope. Move the mode 
switch to RUN. 

10. If the computer doesn't skip, check the registers. 

Correct Register Confents: 

A 

B 

X 

P 

C 

Overflow 

= 

= 

00000000 

20000000 

77777777 ' 

00660 

04020400 

o 
11. If an error occurs, set Bpts 1 and 2 and use the osci 110-

scope. 

12. Move the mode switch to RUN. If Bpt 1 is set, the test 
repeats, otherw ise proceed to the next test. 
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SKIP IF A EQUAL TO M (50) TEST, FOR CASE A =f M 

1. Upon entering the test, the computer ha Its. Move the 
mode switch to IDLE and check the registers. 

2. If the PRegister is 00676, the instruction skipped. 

3. Set Bpts 1 and 2 and use the oscilloscope. Move the mode 
switch to RUN. 

4. If the computer doesn't skip, it halts. Move the mode 
switch to IDLE and check the registers. 

Correct Register Contents: 

A - 10000000 

B - 00000000 

X = 77777776 

P - 00701 

C -- 04020400 

Overflow - 0 

5. If a'n error occurs, set Bpts 1 and 2 and use the oscillo
scope. 

6. Move the mode switch to RUN. If Bpt 1 is SET, the test 
repeats, otherw ise proceed to the second case. 

7. Now the program tests the second case. Upon re-entering 
the test, the computer ha I ts. Move, the mode sw itch to 
IDLE and check the registers. 

8. If the P Register is 00676, the instruction skipped. 

9. Set Bpts 1 ard 2 and use the osc ill oscope. Move the mode 
switch to RUN. 

10. If the computer doesn't skip, check the registers. 

Correct Register Contents: 

A 

B 

X 

P 

C 

00000000 

10000000 

77777777 

00701 

04020400 

Overflow = 0 



Page 

USE: (cont.) 

Catalog No. 304002 

11. If an error occurs, set Bpts 1 and 2 and use the oscillo
scope. 

12. If Bpt 1 is set, move the mode switch to RUN; 'the test 
repeats. 

13. If the operator wishes to repeat the enti re Semi -automati c 
Instruction Diagnostic, set Bpt 4. 

14. Move the mode switch to RUN. If Bpt 4 is reset, the 
program loads the Automatic portion of the Instruction 
diagnostic. 
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USE: (cont.) 

III. AUTOMATIC INSTRUCTION TEST PROGRAM 

The Automatic Instruction test is a "tight-Iooped II program that 
performs and tests those instructions not tested by the Manual or 
Semi -automatic Tests. The Instructions to be tested and all the 
data needed to perform the tests are in twelve word data blocks 
in memory. Each data block is associated with only one Instruction. 
The program, under index control, operates successively on each 
of the Data Blocks. 

Each Data Block contains the register settings prior to performing 
the Instructi ons, and the resu I ti ng reg ister setti ngs after the 
Instruction execution. Appendix 3B contains a description of 
the Data Blocks. 

The program operates on a Data Block by setting the registers with 
the proper data, executing the Instruction of the Data Block and 
comparing the resulting register contents against those in the Data 
Block. When an error occurs, the computer halts. Appendix 
3B contains a description of the error halts. 

The following breakpoint settings provide special operator control. 

Breakpoint 1 Set --

Reset := 

Breakpoint 2 Set .-'-

Reset = 

Breakpoint 3 Set -

Reset 

Repeat the test now in progress 

Norma I operation 

By-pass error halts 

Normal operation 

Halt after operating on each Data 
Block. The X Register contains 
the location of the Data Block 
i ust operated on 

Normal operation 

A sync bit is provided in bit zero of all Instructions being tested. With 
Breakpo i nts 1 and 2 set, the program repeated Iy performs eac h test wIth
out any halts; only the Instruc'Hon being tested has a sync bit. This 
provides a way to synchronize an oscilloscope with the test loop to aid 
the operator in observing signal levels of any circuitry in question. 
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USE: (cont.) 
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Also provided to aid the operator in debugging is a description of 
each Instruction in terms of the logic equations which make up the 
Instruction logic. Using these descriptions along with program pro
vided information when an error halt occurs, the operator can quickly 
local ize the error. 

The Data Blocks and their contents are shown on the program listings 
starting at octal location 130. The program tests the Instructions 'in 
the order their Data Blocks appear in the coding sheets. 

Special handling of Multiply and Divide errors is described in 
Appendices 3C and 3D. 
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Errors such as incorrect register contents, incorrect overflow indications, and incorrect skip 
performance are i ndi cated by ha Its with Breakpoi nt 2 reset. The follow i ng defi nes the contents 
of the registers when such a halt occurs. 

P register 

A register 

B register 

X(10-23) 

C(10-23) 

Location+ 1 of the error ha It 

Erroneous contents of the defined register after the instructi on has been 
performed 

Correct results of the defined register after the instruction has been 
performed 

First location of data pertinent to instructi on being tested 

SameosX Register for skip or not skip errors only 

The following table defines the halt locations: 

P Register 

26 

37 

50 

56 

64 

72 

77 

105 

Definition of error 
I 

Failed to SKIP when SKIP should 
occur 

SKIPPED when no SKIP should occur 

A Regi ster error --7 
B Register error 

X Register error 

Memory Regi ster error 

Overflowed when it should not occur 

Fai led to Overflow when it should occur 

Register in which 
data address is found 

C 

C 

X 

X 

X 

X 

X 

X 
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The Instruction Diagnostic is a tight-looped program that operates under Index Control on a field 
of data consisting of Data Blocks. These are 12-word blocks that contain the Instruction to be 
tested and a II the data needed to perform the test of the Instructi on. The follow ing is a 
description of a Data Block (assume that the first location of the Block is B): 

Location 

B+10 

+1 

+2 

+3 

+4. 

+5 

+6 

+7 

+8 

+9 

+10 

+ 11 

Contents 

Address of Data Block with Indirect Address bit for indexing* 

Instructi on 

Original contents of A 

Resul tant contents of A after performing Instructi on 

Origi.nal contents of B 

Resu I tant contents of B 

Original contents of X 

Resu I tant contents of X 

Original contents of memory (the operand)** 

Resultant contents of memory 

Determines if SKIP should or should not occur*** 
(SKIP or NO SKIP) 

Determines if overflow should or should not occur 
(OVFLO or NOVFLO) 

*The Indirect address bit is necessary to allow X9=1 and force a BRX to branch. The last 
Data Block has no Ia bit and allows the BRX to fall through. 

**For those instructions in which an operand address has no meaning (e.g., Register exchange, 
shift, no-op, etc.), this word could contain an EOM which could be necessarily executed prior 
to performing the Instruction to be tested (e.g., it is necessary to perform an EOM prior to 
testing the BRTW instruction). -

***If the contents of this location are tagged with a "411, the overflow toggle will be set 
pri or to perform i ng the instructi on to be tested. 
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APPENDIX 3C 

MULTIPLY AND THE RIGHT SHIFT ADDER 

The following sets of constants allow the user to diagnose completely anv Right Shift Adder 
and/or multiply problem. If a failure is suspected, the user should reset all breakpoh;ts and 
I cad the tape using the Diagnostic I cad procedure beginning at the Automatic Instruction 
Diagnostic. 

If the program halts at a multiply error halt, determine the pertinent cc.nstant .. et via 
Appendix 3A. Then set Breakpoints 1 and 2 and place the mode switch in RUN. This 
repeatedly performs the current test with th'! error halt inhibited. The user can now set up the 
osci Iloscope and follow the test through each T -tim.) to dt'termine the ex~t circuit area 
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T1 1 22"~367.q 
TO 1 ~1221736 

____ . __ .. ____ .... _lR_ . -1 _.6 4t 5.1 0 7 51 
TP 1 ~22~"167 
Ti 1 15122173 

__ . __ . ______ ._I.1__ 1- Q6~Sl1l7S' 
T6 1 03'::2"4136 

_______ . _____ 1.P ___ 1 7]652]1'" 

FIGURe: fe1WL 
6 REGISTEk tiC REGISTER 

a 00000000 00000000 
0 01305135 00000000 
0 OlO~7503 010_00110 
a U002:-'605 01000100 
a 0171b077 00001000 
Q Ol~~~S6~ 0101.001.0 
0 00126276 0'1000000 
0 0175026411 00010010 
0 01275263 01000010 
a 02~336b;? 00010010 
0 02:;26062 00001010 
0 01i:6341!3S 00000000 
0 00S2:616 00000000 
a a02S2707 00000000 
a Ql.q22.q70 00010010 

' 0 00615230 0('1000010 
0 016036SS UOtJI0000 
0 007 D-c; 7 26 00000000 
a 003~21S3 OI:'OOuOOO 
0 00161366 00000000 
0 QQu~LlS12 aoao.oooo 
0 01331~22 00010110 

· 0 0106574112 01000010 
a 02 .t3.1 Ql~- -.oJ1a.o.lll Q 

1 77S11112613 00110101 

1- .0.3.22"'''36 -001101D.l 

1 A*M -
C REGISTER 

013QS135 
01305135 * 
01305135 * 
0130::d35 
0130:t13~ * 
0130~13S * 
0130~135' 
0130:)135 * 
0130~13S * 
U130~13~ * 
0130~13S * 
U130~13S:t 
0130~13S 

0130:t13S 
Q 13'Ob 13S * 
0130~13S 

0130:)136 * 
O130~135 
0130:)135 
0130='135 
01305135 
0130~lJ6 * 
0130~13S * 
O13a~13S * 
76"7c6412 * 
16"726'12 

7765271'" a322'1~36 o 



. '> 

t. ,., 
. ,. 
,T5 
T .. 

. "ff 
·tt' 

'·'t,·· .ro 

" 

TR 
. TP 

T" 
T3 

.TII 
T8 

. A REG·! ITER 8 REGISTER 
"taU"E MUL 2 
IC REGISTER 

, ••• HI.. Q. • ... 0 
aUl:31871,O'f'/~' .,. '1:0 10000'.' 
1 ·It''II .• '4' If'art.331· .11."' • 
1 .... 566616 1 76~76SS" 00000000 
1',222733071.77237266 00000000 

A'."·. 022003 .. 3 
C "EBISTE" 

75175331 . 
711"763·31 

'61100&0-. 0 

~----------,,-,. ~~~---~~~~--~~~~!'"-"---------------:---------"-

1 .... , .' .. .' ..',1 ".""1;011<,',0 
l'~"'.IOI· ',_.-:.' L.O.:·.!:!..': __ .~.'::~."!. 
1 It,l' .•• '" 1 ' •• »"'1 ~~~~y 
1 50 .... 5666 1 7651366.. 00100000 
1 2~222733 1 j7205132. 00100000 

1 00504~S6 
1·~02 .. 2227 

1 ·il00l0 .... 
1 24402422 

. ".:r 

, 'f,Y'~";->~': 

, 1 631~16&5 
1 7S~2"726 

1 '36567 .. 6 
1 ?S76'7363 

•• '00104". 

10110000 
00100000 

10100000 
00000000 

. ~, >"~~;;~:;:;:\';:'i~ /< 
. , 

.;. <,:,: ····l 

" I,'· * 
"' ..... 1 • ,1':._'1 
75175331 
75175331 

• 
* 
* 

7517'331 • 
75176331 

• 
• •• 

7517i331 • 
7517.331 ••••.• ,.... . . ....... 

-------------

.---.-----

) 



--------, 

-----. - - ------_. __ .. - --_.- -- -_. ---- .. _._._--_.. .. - -- -'" _ .. _"--. 
TIME A ~EGISTEk B REGISTER 

Ta 1 76536132. 
T7 1 372S7055 

-_. --- _T 6._. 1..-1752-2_4.2..6 . 
.Tb 1 u7653613 
T~ 1.~372S705 

--.---.. --JL---.-l. -2.1U22 .~2- .. _ . 
T2 1 10765361 
Tl 1 ~~372S70 

------.-.--.--__ 1-0.- .J .2.2-11S2.1~ 
TR 1 61076S36 
TP 1 ~~~372S7 

---____ IA_ . 1- 12~.l~S27 

T7 1 05101653 
T6 1 ~2~~3725 

-------- ._1& __ . .- -.-.1-.. U2 217 S 2 . 
T~ 1 70510765 
TJ 1 3~2~~372 

-.--~ u.-.. -- -1- -li 122.17.5 
T1 1 ~70S1076 
TO 1 ~3~2~~3' 

_. ____ -11 ____ -.1- 01.6122-17 
TP 1 6~105107 
T8 1 323~2~~3 

-------1..L-... . -1 . il1b1221 
T6 1 06~70510 

. iP ________ .-.1 0128 .. 51 

o 00000000 
o 00000000 
.1 .. ~o <4513 32 
1 e022~~S6 
1 30563510 

.. 1. -1-~A-~22_42 
1 -'6361521 
1 23S~lJ02 

.. l-i-16 20 001. 
I 6~7S0~A!0 

1 1236~220 
.. 1 3~.l~~2-
1'163%2153 
1 07141'717 
1 .. MS2~l.ll-
1 .. 2276350 
1 21S00.q22 
1 SO.ci.Q ~2.ll_ .. 
1 2~713~S6 
1 52305627 
.1.. 2.lii.32 ~._. 
1 12377"'S~ 
1 OEd"O 150 
-1 O-U15722--. 
o '011~"i6 

--'-- -"-"'--'---'" -"'-" ----.--- ... 

FIGURE MUL 3 
Be REGISTER 

00000000 
00000000 
OQQOQOOO 
00000000 
00000110 
0ll1-PltlO.O . 
00000000 
00101100 
0010110-0 
00000000 
00000000 

-.-O.O .. UlQDOO 
01001000 
01100100 

.--.OODDOo 10 
00000010 
00110100 
ODIOOOD-D. 
00100000 
00100000 
0000_10.00 
01000000 
01111010 
.aao0D1a.o 
11111001 

.. -11.111Q01 .. 

,A"*M . = 
C REGISTER 

..0"$1332 
~O~5,332 

. .qa 4'-613 32 * 
~O~Sl332 

~O~SI332 * 
-tO~S-13 32 * 
~o~s 1332' 
~0"'51332 * 
410~S1332 
~O~S1332 

~O~S1332 

~O~S'1332 * 
410 .. 51332 * 
~O"51332 * 
~04{SI.332 * 
~O"51332 
~O~S1332 * 
... 004S13.32 
410 .. 61332 * 
~04lS1332 

"0~S1332 * 
~O"S1332 * 
.. 0 .. 51332 * 
40~S.133.2 * 
3732' .... & * 

37326 .... 5 

,I ' 

0122&~57 O~4t70S1U o 



TI~E 4 REGISTER 

T8 
T7 

_____________ _ __Io 
-T5 

T4f 
---------JL----- -

T2 
Tl 

---~------tJL---------
TR 

- TP 
________ -- ----ll--~ 

T7 
T6 

___________ I.L __ _ 
T.q 
T3 

________________ I2. __ 
Tl 
TO 

_-_____ ll 
TP 
Tit 

___________ _ ~L __ 
T6 

o 371241376 
Q 174152117 

_ 0 __ 0.1_ 6 2.& (171-
o .q37124;37 
a 617.qS~17 

--.Jl~ J.jJj 6.2 SOl--
o 3~3712.q3 
o S61741S21 
o -6.107--'25..0 
:3 73.q3712~ 

;.) 7S617~S2 
Q 167Q]6.2a 
o J73~3712 
o 575617-'15 
a 61.6.70762 __ 
o 3373"1371 
o 167S617~ 
0 ___ %76.1_076 
I) 63373~37 
(J 31575617 

_ o.--1_~61_6] D 1 
o .q633734t3 
o 23157561 
~ ll~67670 
o ~4163373~ 

_________ iP ___________ _ 0 ~_tll"_26_ 

___ ~_I ______ --

a REGISTER 

o 00000000 
o 00000000 
a 1~66S211 
a 12117715 
o 2SJ6"1157 

--Q ___ ll2S.lEiZQ __ 
o 27616151 
o 2012 .. 676 
o 2.t1l13S~7_ 
o 1~S71663 
o 06270731 
Q _Q..l13Q3641\ 
o 152 .. 5377 
o 06162677 
a 17 a.i6_~ 00___ _ 
a 071672"1~ 
o 10650733 
Q 00360365 
o 0~174t156 
o 166S320~ 
a 13_.1.56.753 
o 267041576 
o 27263~OO 
a 2 OJ 1 2.0 5.5.. __ 
o 1~301~26 

-

F'IGU~E MUL ~ 
ac ~EGISTER 

ooooooao 
00000000 
00000000 
11100000 
01011000 
aD 1.1.00.1 a -
01101000 
11110000 
11010000 
00010000 
00010000 

_ an0100DO 
01100000 
01000000 

__ t1l10 CillO 
01000000 
10110000 
lQQ10QQO 
00000000 
00110100 

___ lllODllOO_ 
00110000 
01010110 

_____ l.ctlliMtL 
00110000 

A*M-= 
C REGl~TER 

1"16_6~211 
1~66S211 

14t66iZll * 
1~660211 * 
14t66S211 * 
1~6.b211 * 
1411660211' * 
1~66!s211 * 
lo11!66:i211 * 
1~66l:)211 

1~660211 
1.q66e.211 
1411666211 * 
1~66i211 

14166.211 * 
1"466~211 

1.:j66~211 * 
14f66~~11 
141166&211 
141166i211 *. 
14f66S211 * 
1~66=211 * 
1.:t66~211 * 
1~6_6~Z11 * 
6311~S66 

63112566 

1~~11~26 ~~63373.q o 



----_._------\ 
~\ 

TIME 
"._--------_ .. _-_ .. - .-

A rlEGISTE~ 

Ta 1 653~05~7-
T7 1 26560263 

-_- - i.i_. __ _ 1_1.3210131 
T6 1 ~S53~05~ 
T~ 1 ~26S60~6 

_. ________ iL___ 1 ___ Q.l32., 013 
T2 1 2~5S3~OS 
Tl 1 12265602 

_______T..tL_..l 05132701 
TR 1 02~5S3~O 
TP 1 ~122bS60 

__ _ __ _1.~ _ _1 2 0 ~ 1~~ 7" 
T7 1 102~SS3~ 
T6 1 U~1226S6 

__ -.T ~_._ __J_ .. oa05132·7 
T~ 1 oI0~~SS3 
T3 1 ~O~12265 

____ . _____ . _JJ~.- .... _ .. 1_.jQ2JI$J ~2 
Tl 1 .50102~55 
TO 1 6~0~1226 

____ ~~ _____ 1~2020$.l3 
TP 1 SS0102~5 
T8 1 26~O~122-

_ , __ ~'1 __ . __ . 1 13~o.aO~ __ 1 
T6 1 ~SS0102~ 

_ · ______ rll _____ 1 7.2.505325 

.............-- _._._._---_._- ----_ .. -

a REGISTER 
.- --

0 00000000 
0 111771~6 
JL15_iU_S_il. .. 
0 170264152 
0 07057221 

___ Q_J]_3Dll_Sl_~ _ . 
a 131027041 
0 1667~S4l41 

o 073_32-.266 
a 1~6S0271 
0 06360130 
0. Q~tt7 ~tO.~ 0 
0 01~76020 
a 006370141 

.0 PO;ll7~O~ 
0 112367~1 
0 lS6S2~22 

_0 17_Q~_Q~.1~_ 
0 070' .. 101 
0 1512S2~2 

0 J~§ 41J.~ (; _~ .,_ . 
0 1 .. 336310 
0 17312356 

_0: _Q_7~Jl-.ll_~_7 __ . 
1 'IS0"'22~ 

FIGURE MUL 5 
Be REGISTE~ 

. - ---

00000000 
00000000 

_.-- -------- - . 11011011D 
01110010 
01000010 

__ OJ._Q 0 01lO.0 . 
00110110 
00010010 
000100_0_0 . 
00110010 
00010010 

. QJHHUlQ1Q 
00000010 
00000000 
QQQ.QPltOJ) 
00110010 
00110110 

_g lJ 1 Q.ll P 
01000110 
00110010 
_PJl.l Q-.OJJ-.-OO 
00110110 
00110000 
~iltttn ___ 
11001101 

-.1_ ~5_S0J 0241 _________________ -.ltQOtl 0.1 _ ----

A*M = 
C REGISTER 

111771416 
111711416 * 

__ 111.7.1 j_16 * 
1117714f6 * 
1117114f6 

_-.111_711 ~6 ... ". 
111711416 * 
1117714t6 * 
ll11_lJ_~6 
111771416 * 
1117il4f6 
tll.7 .. 1 t~~ 
111771416 
111" 1416 
11 J Z71~~_ 
111711~6 * 
111711'16 * 

_ _______ .llJ71J_~._~ * 
111771416 
111771 '416 * 

. _______ ltllJl~6 - . 

111711416 * 
111771~6 * ____ . ___ -.l_l17 t~_~ __ 
66600631 * 

__ ._6_66_0-'i631_. 

72506325 ~S~OlU2~ o 



TIl"iE t~ REGISTER 

T8, ~ 372S220~ 

T7 a 17525102 
Ti_ .... _. ___ --o._a.76S211\~1 
TS Q 0372S220 
T~ U ~1752S1C 

----IL---- - --D-LO-76 S2--! ~ 
T2 a 50372522 
T1 0 2~17S261 

--.---- .. -.- -.-----tIL- - .0---.llll1H2" 
T~ 0 65037262 
TP 0 32~17S25 

--__________ Tel __ ... _ .0 -lilJl1_.6~2 
.T7 a 06S~3725 
T6 0 032~17S2 

. ______ ._ ... ______ i.5.. __ _____ CL.Q.U.2016 5 
T~ 0 Q06S037~ 
T3 0 ~OS2~176 

______ l_~ ____ .. o. __ aa_l~2.0 7 6 
T1 0 1006S037 
TO a ~~032~17 

_. __ .. __ . _______ 11 ___ .... _____ .. 0. 62D-l i.207 
TP a 71006503 
T8 0 7~~a32~1 

. _____ lZ______ n 36 2LU5.-" ° 
T6 0 57100650 

o ~61337~3 

:::1 

.. --_._ .. _.- .... ----.-... --------.-.- .... - .. -----.. ------------~--'--~~~~~~~~~~ 

a REGISTE~ 
FIGURE MUL 6 
6C ~EGISTER 

A*M II 

C REGISTER 
""133723 57100"0 0 

.. -_ ........ _. _ ... -.. . ._----._- .-. ------.------- ... _ .. -- .. --.---- .. -----.--------,..-,..-------,...--,--~......."...... 

o 00000000 00000000 ~S'Oa22S 
o 00000000 00000000 lIIt611222S. 
a OJl.QD-aaon- -d_____ _00000000 
1 ~&S02?2S 00000000 . ...5502225 * 
1 626~1112 00000000 ~5502225 
1 -l--ll2DA~-- - ------.-----IJ-.t.l-W-lW-¥-l~'--------:~~ ......... ...w..------~~,._...___,_--.-....-,..---,..."-.......,...,,.. 
1 '~S50222 . 00000000 1,.',2. 
1 '626~111 00000000 .'S.UII" 
lau342Al----- 100000 10 -_______ ..uamwL~~~ __ ~~ ____ ~ __ 2L£jQlJ 
1 S231613~ 10000000 ~SSOc225 
1 611~7056 10000000 ~5S0a22S 
1 UU5.6~!i_______ 1100001 0 ~S50c225 * 
1 &0072726 1 rOOODOO ".1.02225 
1 35137510 01000010 -4i10i22S * 
1- -"--OA1 U1L ______________ . __ a 1 DO 0 Q 1 0 _ ___ 455022 2S 
1 2~121166 11011000 ~SS0222S * 
1 S6~S~072 00001000 ~5S0~225 
1 2~1_2Jl6li____ 100 roo 1 0 ___ ~SSOl22S * 
1 S63S~321 00000010 ~&SOc2.21 

!_~==m___ _!~:~~~~ ____ ~:~:~:~!~:~:~:~~: _______ ~_~_~~~~·~i 
1 17S11~37 00010000 ~SSOl22S * 
1 O·3S203~ 11001010 ~ssoa22S * 
1 _D-:i2A7 6.~ __ . __ d. ._. ____ 11000000 ______________ . ___ 495502225 __ ~_. ____ ~ _______ _ 
1 ~5133723 01000000 32275652 

1 !11_QD650_ .. _tUQ!LOrulO_ _ __ - .3227i5U __ 

i 
1 

! 



I 

t 
-I 
-:'1 
">! 

F'IGUR~ ~UL 7 A*M -- 064f377.q2 3S001~2u a 
TIMt: ~ rtEGISTER 8 REGISTEk r3C REGISTER C REGISTER 

-------". -----

T8 0 11565130 0 00000000 OOOOOOOQ 25 .. $3363 
T7 a O~672~S4&1 0 00000000 00000000 2S~S:3363 
T~_ -__ 0 02335226_ - -- a 0000 a ClaD ODDCO_OOO 2S.,S3363 
_T6 lJ 01166513 0 00000000 OOOOUOOO 2S~53363 
T .. 0 OO"i672'15 0 2S~S3363 OOOOUOOO 25~53363 * 

___ 13 __ .0 ~n~ 3 3:5.2.2 _ ---LLaznMs ~ -O.lD.lllO-Q _ 2.S .... S.J36l * 
T2 0 ~011S6S1 a 17130.,66 0'1 oi 0000 2S.,S3363, 
T1 0 1004j672~ o 2541133516 10100100 2541153363 * Te 0 O~23.3_S2_ 0 1665S-6Q7 ODoaOlOO 2S~SJ363 
T~ 0 ~2011S6S 0 07326'~3 00000000 264153363 
TP 0 61(JO~672 a 20126fi"~ 11100100 2S~SJ363 * 
T.ts 0- 3J.&t.Q2336 _ 0 1~413362 0_0.10.0_000 26.,53363 
T1 0 1~2011S6 o 236100S..,. 10111100 2S~5J363 * T6 a 061 00-~67 01S7"0~66 00010000 2S4&153363 

_T5 ____ .a 030 .q 0_2 3_3 0 2333_7_516 11100100 25111153363 * 
T~ 0 ul.,20115 .0 33662262 10011010 26415;:1363 * T3 0 006100416 a "6300010 01111110 2S"SJ363 * _T.2.. a __ OD3Q_~2.3 023SQ~~"O 0_0100010 2SI1IISJ363 
Tl 0 001 .. 2011 0 363551507 01000100 25415J363 * TO O."OO6100~ a S~131266 11111000 2&41153363 *, 

___ lR .... n_ 20030402 __ O_12_~.o133 10111000 2S4fSJ3_63 
TP 0 ~OOl"201 Q 012"0"55 10010000 254115-3363 
18 0 6~OO6100 0 21177501 11000110 2S~SJ363 * ______________ .11___ _ . U 7 ~OQ_3Q_4_0-_ 0_ .. 1~.Q77 6.0_411 _ .cllOlHtl!1U 25.ct5J363 
T6 0 3S001~20 o· 064f377~2 00000000 52324f4111" 

______________ TP_ Q 06~37J~ 0: _3.5001"20 ·00000000 S2324t"1~ 



TIME 

T5 
T~ 

A REGISTER e REGISTER 
FIGURE fltUL 8 
ac REGISTER 

1 11671711 £1:00000000 ~.OOOOO,O 
1 ' ".,,'3.'4 &< .41:06'1 :. oeoo,OotO 
116&16&72, I 6"143S"- PoOOQ.OOD 
1 67267275 1 71516156 00000000 
1 33533536 1 32237652 11100110 

,A.M-= 0~0~5712 
C R,EG 1 STER -

, ... 410'" 
"'~-'0673 • 
414,QI73 
~6470673' 

~6~70673 , • 

'323721~6 0 

~~,..-.lr---I-" '-~1 ---"H~,nl4·flo4..J, •• 1I4.lo'7Ll112'-'-,,------4,,-.-Iof..-A..; •• IJII-i,.rLL7--'-1..w....,4-·'· __ -~-~tl~'I'-"'lh¥·'lloLl;.I\..Io,ot-. '-~~-4~···.-iP •• ~,.III-.!·"~-·7~3l...-·· -, .--- ,--------'----'------ ------.--

},l_,,~t .• _t:·. ' .• ".'," .. '.,>,' 'Tl 1 ,·Ii.,a,. 1,'.'0 ra·. 111.11100 4; •• ' 71 * 
, to 1 1116116' 1.1120306 1010-1110 4'4'0173 '* ------------- _._---------

~, 

i· 
'<0"" 

'~,c~ 
~) 

TR 1 1~672672 16300~76 01101000 ~6~70673· 
- TP 1 06331335 ~7S00637 00100000 ~6~70673 

';, 

rl' 1 ~a156S56 1 21370102 11001110 ~6~l0673 • 
"1'·7 . I IIf67117 •. '4.1' ..... 0. .1000'·80 4,14'.,'3 
-'.- IS".'S3' I, *40'6031 11 t 01110 4-147"·7" ' .. 
,.' I "11&615 I 14063241 1110.-110 464'0"3 • 
T~ 1 721~6726 1 10062757 11100100 ~6~70673· 
T3 1 75063353 1 ~0~71321 10000100 ~6~70673 

Til 1 23721~s1 1 
'TI 1 51750633 1 
T7 1 6~76~31S 1 

::" 1 la,721 .. ' 0 

,', (MOA,',' 0 

S&6~0601 

2~310 137 
1~2Z~302 
01015701 

'2321146 

I-OS.QI'IO 
10108010 

00000110 
11101100 
110_01110 
01010011 

, 0101 QOII 

• 
"''''I,IlS • 
4 ... 7"7' 
"'20673 • 
~6~70673 

~6~70673 * 
~6~Z0673 • 
3130110..· 

-: 
> f'· 

~~', '" '!t 

~ -" ~ -.;,. '. } 

____ ~,~~cL~~~~~~~'!~~~~n'~~-_· ~ __ ~ ____ ~ __ ~~'~~.,,~.,.t~J )~:~;~~i~ __ ~ 



TIME A REGISTER 

T8 1 51007"00 
T7 1 2~~03600 

_ .. _-_._ ..... - .1:6 ..... - -1 1.2201ZM .... 
T6 1 U61007~O 
T~ 1 02~~O360 

.---.-.. ._ .. _1..3_. 1 .0122CULQ 
T2 1 0061007 .... 
Tl 1 002 .... 036 

.- je. 1 ._D0l22017_ 
TR 1 uOOS1007 
TP 1 0002.., .. 03 

--_.-."_.---' .. T.8 1. QuO 122Q.1 
T7 1 0000S100 
T6 1 "0002~~O 

_______ .15... ___ __1 __ UOD.12.2.1L __ . __ 
T..q 1 30000610 
T3 1 5..qOOO2~" 

. __ . __ . ___ j..2.. ... ---1 660001.2.2 .. . 
Tl 1 33000051 
TO 1 lS~0002~ 

_____ ~.il.._. __ ... . . 1. O.HDOQ12 
TP 1 03300005 
T8 1 01S~OOO2 

_______ .1.1_. __ .-1 . 4!l6.6.O.CiJll__ . 
T6 1 20330000 

______ r~_. ___ ... 1 10.4.0 5 . .DOl 

B REGISTEk 

0 00000000 
0 00000000 

.0_ J1OQOJlOJl.O. 
a 00000000 
0 00000000 

.. _D._ooooon_OD. 
0 00000000 
a 00-000000 

.0 QOMODOO 
1 6~11"~SO 
1 S61S217~ 

. L 43.1ta2 411f.6 . 
I 411617733 
1 '''''07715 

rI"U~E ·~UL 9 
Be ~EGISTEf( 

00000000 
00000000 

._ .... __ .o.o.o.o.o.oo..a . 
uOOOOOOO 
oopooooo 

. - 00000000 
00000000 
00000000 
IlD.QDna.o.o 
00000000 
00011000 
.101flllQQ 
10000100 
00000100 

d_l. Z23.tt31M..c... _____ h. __ -LlOOOOIDC 
1 '~161703 00000100 
1 16~70701 00000100 
1 __ 1.Z2..3..~ __ 00 OODlM . 
1 '7516100 00000100 
1 53753750 10010000 

. ____ .1 __ AU612.6~ . . .. ___ . __ ___ lD.Ql.QQJUL._ 
1 7~77~772 00000000 
1 $2"021~S 10111100 

--.L-.ua§~_.- .... _--_._- --.- 1CDOCIOO 
0 07305770 01100011 

.. .D.Jo.nOD..D.Q_ .. _.____ a 1 1 QOOll _______ 
. -

A*M = 
C'REGISTER 

6~111116S0 
6~114f660 
6411.4650 
6·11-1650 
6~114f6SI') 

.6~11~6.S0 
6~11~6SQ 

6"11..,660 
' 6~11"6S0 
6"11~650 * 
6~11"'650 * 
6~ 1141660 * 
6~11~650 * 
6~114f650 
6 ~ 1.1 ~6_5_0 
6"11..,650 
6"11..,650 
6.~11.-,~.6S0 
64fl1~6S0 
6"11~6S0 * 
64114AIO . 
6~11~6S0 
6~11~6S0 * 

. . ..6~ 11 ~6S0h 
13663127 * 

_ .. __ .1.36.6llV. ___ 

10oCf06001 2-0;J30000 o 

'-'---'- -----._---------------



TIME Q r(EGISTER e REGISTER 
FIGURE MUl10 
BC REGISTER 

A*M·:III 
C RfGISTER 

T8 0 lS~~7261 0 00000000 00000000 '31'63~1 . 
Tl 0 066235.' 0 331S634tl 00000000 33SS63t11 * 

_' ____ i-'-.. ____ ---tL~3311'1.· -~-J 15667160 __ 00000000 u _______ .: ____ • __ 33SS'3~1. ___ . __ 
TS 0 21S~~72' 0 06733~7Q 00000000 335S63~1 
T~ 0 106623$·3 0 033SS63~ 00000000 33SS63~ 1 

___ -'-I ___ 3 _ -lL.----I OrL::;1L1113~3~1 ... 11~:I~< ~ ___ ·.w.a--,· 3I1L:lt::Lll2iLJ13L:J"t.a2..J11.SL-7 ______ 0 .... 1 ..... 11---..1L-J100UIIO__.O_ 33SS63~ 1,_~ __ . ______ . 
T2 0 421':4-4'" • 41130060 1111101.0 331163~1', * 
T 1 0 210.,.*JI-"o a4110"3. 0 1 0 1 0000 33S163~ 1 
IO 0 1043311::.: _ . 0 _4114.6S17 llloODDO 33al'3~ll ____ ~ 
TR a ~~21S~~1 0 22023267 01100000 33SS63~J 
TP 0 62106623 0 t1~12107" 01101000 33SS63~1 * 
IS . 0 310~1311 0 '$262377 01010000 33SSt3~1 * 
T7 '0 ,~.a15~4~ . 0·1"'03430 .10110110 335163t11 * 
T6 0 2621061,.,· ' .. 0.113"1610 10000010 331163411 ' . 

___ ~I __ S __ .a. _1 ..... 3 ..... 1 __ Q4;;;L11_'· ..... :J'---'------"oll--· _1~4.-.;"1LI2 ..... '~I~O'-----_ OOOOQ'O 1 ° ~ __________ 33S·163~1.. __ q_ 

T~ a OS~"21S~ 0 317~761S 10100100 335563.1 * 
T3 a ~2621066 0107237~6 10100000 33SS63~1 
I2 0 213104!.33 _ Q 00·311763 10100000 ____ . ___________ 3ll.i~.L _________ _ 
T 1 0 501 •• all: ~t' ;:7' •• 232 000 111 00 335563.1 * 
TO 0.2-'262106 0 ',4.4'016 11101100 331163t11 * 
Ii Q 12131043.0 ,11663047 000010011.. ________ .. _ 33516341L ________ _ 
TP 0 ~SOS~~21 ~ ~!~0036~ 01110000 33SS63~1 * 
T8 0 22~26210 - a 5~712~33 00110100 33SS63~1 * 

,_---I-IL--Z _ 0 S 1213104 Q 2730125S 00110000 _ 33SS63~ 1 _____ . 
T6 0 '4IISOl442 G 1"1041.6 00100000 4IIt12214f36 

o 131041." • '''101442 . 00100000 

-~ -------.----.. -.-- .. --~--- ._-

~\ 
----( 

. ----

136041526 '64qSOS4l~2 a 



.. _- ----_ .. - .•. ---"-- "-" 

-,.. '1 

--' ' 

0-. 'i 

. - -'." - -----

FIGURE MULll A*M = 77163~27 7~76SSS0 Ci 
TIME A REGISTER a REiiISTER Be REGISTER C REGISTE~ 

_. ___ .0 __ - ._. ___ •• _ 
.-

T3 0 03532233· 0 00000000 00000000 7120513" 
T1 0 01655115 1 ':120513" 00000000 7120tS13 .. * 

'- . 
_ T~._ 0 u072~~"~ i..~$707SQ2 OQQ_OJJ 110 .,1 iQ$13." * ·T6 iJ 003S3223 1 727~360S 00000100 71~O::»13~ 
T~ 0."10165511 1 . 66566076 OOtJOI000 7120~ 1'3411 * _._, .. ___ ._ .. __ 1:1._. a 2~07~~~_~ . 1 ~ ~_~tL~. 63 QPO 1 OOJ 0 71~O.~ 13~ . * T2 a 50036322 1 J2230~7S 00010r.oo 7120S13~ 
T1 0 6~016S51 1 15110136 00010000 7120613'-

'.---_ .. - ---" -- T_C. 0 320072~" 1 61e,$S.0.3 0000011.0 712Q613 .. * 
TR a 560(13532 1 '3726~OS 00000100 7120~13~ 
TP 0 66~016SS 1 157532412 00000000 71~OS13· 

_ .... ___ ....... _ .. ..r.~ Q 33cOO7~6 1.. .~ !.1_6.? ~$.S. 01 a ~JJPOO 7120!:d3~ * T7 0 SSS00353 1 73075326 01000000 7120513" 
T6 0 266"0165 1 67233607 00010100 7120:;13~ * 

-------- ... T& 0 ~33?Q07~ .~ ~.~Z2.~O.77 QQOQ. 0.00 7120S.3"1 * 
T~ 0 65550036 . 1 72353'-37 00000000 7120~13"1 
T3 0 726b"Ol€ 1 6!3627413 00010010 7120013411 * 

-----.---- . T.~. 0 1. ~ :t3._~ Q Q 7 1131.1..~:3.66 . 00000000 7 12.0!.213 ~ 
Tl 0 7655S003 1 e66~3626 00010100 7120~13" * 
TO 0 37266~Ol 1 54fS11ll6007 00001100 712061,3411 * _____ ... _. __ .LJt. a 57633iOO 1 63_111160$17 Q001000.0 712.0jt3" * TP u 676SS500 1 7163~277 00000000 7120S13~ 
T8 0 737266~O 1 7~716137 00000000 7120=d3~ 

--_ .. _-_.- - .j] - .. Q 75153320 1. 16 3 ~7 0 .il . 000.00 !LO.O. 7~..l3_~ .. 
T6 a 76765650 1 17163~27 00000000 06672611113 

_____ . ______ T.1 ___ ... Q 7l163~21 .1 76.165550 .00000.0.0.0 

----_.-_._._--.-



/1::", 
. : ,~ .... "'- ,; 

.. ~~'.J:: .>, t;" . 

TIME 

·T6 . 
T4I 
T3 

TR 
TP 
IS . 

" .. ,., 

A REGISTER e REGISTER 
FIGURE MUl12 
ac REGI$TER 

•• M. 767232~j 
C REGISTER' 

L .. _4-~_ ... _ __ .. _____ _ 

26616366 0 

. ---'-'-"~---..,..".,.---..."---,.,..,,-......,....,-~~~--,-..........,,-~-,--~-~-,--~.....,,,..,-------. ----.~ .... ---.------

.0 02 2 S ~1 411 
o .31126060. 
0.;44$3030 
·0,.22141*' 
0: 7<IJ 1 a601 

'0:; Ji:4413Q3 
o 368225411 
o 11311260 
o .. '5 .... 530 
Q 616622'4 . 
·G··7171& la' . 

UjmL~.-,-· !....-'. -'-. __ .. ;. _____ . __ .•. __ .•.•. __ . _._ .. _ ... _ .• , __ •• _ . __ .• ___ •...• 

1 e4llS630~411 10011010 
.1 . e~374117S7 . . . 10010000 

761.06725 ~ 
761057'25 '. * 

. . ~.~~-----,---~~~~~~~--.. ----.---.- ... -.--.-.------ .. - .. --.-------.... 

• 7101i'I,'J,~f'_ ,"0 ",,'1.'." . 
1:. " ... ,..... 0901':10'0 ·"I""al 
):''''.'-01, •• ; .01.100 ·,,6J'I"'1 
1 .SOI603~ 11001010 76106726 
1 6S10534117 InOllOOO 7610.725 

* 
* --_~~~4~6~1~6~3_-----,---__ O~Q.@~ .. ~~lP~.~~O~ __ ~7_6~,~q~6~!2~S_'_' _______________ _ 

............. 1a21~".... . .... " .• Q . ·· .•. ·' ... 1 .. 'a'6' . 
.'J7'l':~M!:i. . -.. , ... ,0' . "'~I'_i'.:~" 

T4I 0 16366221 . . 1 '602026411 
T3 007173112 1 IS112~13 * 

~~,..,---!T,..,...2.......... 0 ~347&14S l7611J~21 --_._ ..... -- .. _.-

\'. fl. 0 6.1'3'11'2 . '.'11111" 
t.:·to G· ,.' 17 3tt. . to ;".""'1): 
---'---'-'--___ ....... 1 ... 1-'----.0-".'544 

TP 0 S'163~62 1 76576736 00000000 
T8 0 27071731 1 77~77317 oooooo~o 

. 1* 0 5343~75~' l'S •. 35~O'" 1 001 ,alP ". 

~"--=.---'---'----..:,..---'----------.-- .---. - --
76106725 
7.106715 
1.IJO'1 a,s '* -_._-----_ .. ~-- ._ .... -

• • . '-tl 0 a"'13t' 1"<"""* QO".l~' .•. . >,>;< 

--,--,';'~_i·'_1:.---,--......;, •. ~··tLill't.:..·;:·""";'~:"""~'-'-'-...I' 0 ....... · -IIl~·" .. ·· .... I .. J~"=-'.IL-· ___ ..... 1·..:......1··· ... _···_······ ... &UIiiI.[.M .. _:\ __ '·~=.;.::'--.-___ .. _IGIIoLI·D~I_l_ .... _*'--. ---'--~_· .... D .. *_.·.a:·" .. ······._I_.L..· .. ~---'--___________ ~ __ .. ____ _ 

"< .:~;:~.: < .. :~f.~~ .... :~~~~.:;~ ... ~~ " <~.' ;;~"'~"l., ... ~::~; .. < ~r~:~'-

.' 7~i~?,~> ~f,~;~:~~:} .. ~,;;;x'ri~)~::,'· .. 



-----:---( 

~I 
A*M I: 

TIME A REGISTER tl REGISTER 
FIGURE ~UL13 
8e REGISTER C REGISTER 

T8 1 S3~51005-_ 0 00000000 00000000 330[2655 
T7 1 21'2~~02 0 33012655 ooGooooo 33012655 * 

_____ -.i_-' __ ~ ___ _1J2.1-1.HQL ______ .Q-_1.I~ll.L ______ oOaoO!lOD _____________ l.30 1 _655 
T5 1 ·2S3~6100 03161 .. 320 10001110 330le6SS * 
T~ 1 12S62~~0 0 1070651" 10000100 3301i655. 

_____ ...LL I 0527122C ______ 0 003 .. 3206 ________ 10000 100 ____ . 3301 ;!65.L. 

T2 1 0253~SlO 0 O~161S~3 00000000 33012155 
Tl 1 ~125'2~" 0 02070661 00000000 33012656 

_. ________ IC _____ d _____ -1 __ 6052212.2. ___________ -0- 0 1 Q3~_aa!L _______________ QDJlQQ1lo.a-d ___ _ 3.3D12.6.55_ 
TR 1 J0253~61 0 OO~161S~ OCOOOOOO 3301~6SS 
TP 1 1"12562~ 033211633 00010110 33012655 * 

______ ll____ L __ ~6L5 2712 ______ ~..JLlS SOD 7 Sl__ _ __________ ---.O.OJllilO.1.Q__ _ ____ . ___ 3.3012655 
T1 1 630253~5 0 -066~"360 00000010 3301~655 
T6 1 31"12562 0 3633 .. 7 .. 1 00000110 33012655 * 

- ______ IL_ ----1 54950521.1____ - a 1715632.. OOOO.o.t.O!l _____________ 330 l.a655 __________ _ 
T~ 1 26302S3~ 0 32 .. 71067 10011000 3301cbS5 * 
T3 1 631 .. 1256 0 11230033 I~011000 3301~65S 
T2 _-L6S"6oS27 _____ JL0051o~IS _10011JOOO_________ 3301"655 __________ _ 
Tl 1 '12630213 0 37262053 00001010 33012655 *' 
TO 1 1S31~125 0 ~2143206 10001100 33012~55 • 
'IR 1 36'41052' ___ Q 5027 .. 710.. ______ . _JO.QMUtL _____________ 3.30f2615 ___ * _______ h_ 

TP t 17263025. 0 20136300 10000110 33012655 
T8 1 07S31~12 O· ~70610S1 00011010 33012655 * 
T7 1 '1355'1605 0 23~3~020 00001010 ___________ ..33012655 
T6 I 21126302 1_11173536 ·01010001 "~765122 * 

·1 21716302 ___ ---'1.1Ql0001 ____________ ..... 761122 

-.. 

b6603537 -21726302 

~--------- --l--------.. ----------·----------------~-----------·--- ---------.--------------------------- --------- .------ -----------.. ---------

o 



.-------:-------~------------------------ - --------.----

TIME 4 REGISTER B REGISTER 

,. 0 15101573 0 80000000 _" 0 064ft40675 , '11.'6" 

fl'1(JURE-fIlUL1~ 
BC REGISTER 

~ __ ~~T~6 __ ~322~O~3~3~6-' __ ---~1~.~3~3~I~S~1~1'~~ __ 

00000000 
00000000 
fl111010 

,T5 0 ~15101S7 1 751120~2 
T~ O,206~4f0671_ '~667233 
T3 0 5Q322033 1 ~30Q2731 
11 0 6.' 5 10'5 I -i~131 .• 'i; 
Tl - 0- la,'''''''6 l .1 .... 06Ct .. -
TO 0 3'10"203 I 7S'34'M 
TR 0 16~1110l 1 '3~6~771 

. TP 0 ~7206~t40 1 6370~-116 

~,~# - -~ :::~:~:~ - : . i:~g:2~;~ 
. '6 0 ,.,,' •• 441 I - '730111-. 

':11 0 " •• 1322 I 17100'10 
T~ a 3S16~IS1 1 '760d3~~ 
T3 a 16~7206~ 1 '~~16760 

01111010 
10001010 
, 11.J gooo 
,-oaII010 
11010110 
OOOOQOOO 
11010010 
10111100 
00100100 
10100000 
00100000 
aClos'oao 
00100000 
11100010 

-l*M-. 770~0237 -S203S16~ 0 
C REGISTER 

,7111-'" , 
7111.616 * 
71S1 111' _ * __________________________________ . ____ . ____ .. _ .. ____ .. ' ____ _ 
75556616 
75556616 * 
75&56615 * "1.""- -.. ' ••••• 1. * 
71116116 
75556616 * 
155S6616 * 
7555-6616 
,III"" . _ 
751"11' 

__ l51'" t , _______ . ___ ._ .. ____ .. __________ . ____________ ------__ ._ 
75556616 
75556616 * 

~_..,....,....,--."ITI...A2'---_--IoO~O'-L-7 __ 2 .... 3S ..... 0"-"3,,-,,,,,2,----___ 11-----+7 ... 6...,6~..Lt7'--lo3"-4Z--,~..,--______ ~~~ ___ --L-~~~ ____________________ .. ______ . ____________ _ 

.", 0 : •• 111 .. 15 - 1 ,'all":' ", 
t.C Q:,,_41206 t .""7"01 111 ._ .... ,:.0 

""tl 0\ "":1. os I """241 aOOOIGilt 
TP ° 203S16~1 1 .~73~731 10110010 
TI 0 5016~720 1 63170116 11011000 
17 ° 2.072350 1 750Z0~77 QI0JOOOO 

->:':'_- 0 •••• ,1.-4 • ,'-0102'7' Gli'GOGO 

;"~i' 0 '*'.,2" t "0311.4' - oat'IOOO 

, " ",", 

'lt~.;'-p:li;._ .', 
;~~\~~ ~ ;~:<::\t 

'11."16 
7111.6.6 

__ 711'1'11 
75556616 
75556616 

_____ 15556616 
01111161 

Qll11111 

.' 
* 
* 

) 



I\.) 

0 

FIGURE MULlS A*M = 00066032 ,5 1 b 2 .q 7 I! U I; 
TIME A REGISTER e REuISTER esc REGIST~R C ~EGISTER 

T8 1 71 O~2702 . 0 00000000 00000000 77"01)36 41 
T7 1 3~~213~1 0 00000000 00000000 77"063641 
T6 1 16210560 1 17At0536.q 00000000 77~06360111 * 
T5 1 '0710~270 1 '77603172 00000000 77410b36~ 
TJ! 1 0341~~13-'1 1 77701417~ 00000000 77.qO,,36.q. 
T3 1 ~16;21tJS6 1 177~O636 00000000 71~O63~~ 
T2 1 2C7104l27 1 17760317 00000000 77.q0636~ 

T1 1 &034141213 1 66376~23 11000110 77.qOo36~ * 
TC 1 6~1621as 1 66175531 11010110 77.qO~36.q * 
TR 1 72(j710~? 1 66uOO?O~ 11111100 77"0~36~ * 
TP 1 3S03"~21 1 77"141<4S"12 onaoonoa 7741003641 
T~ 1 16~1621G 1 66~2Ur;4t6 11010100 77.qOo36~ * 
T7 1 ~720710~ 1 77S1~:Z22 00000100 77"0036411 
T6 1 ;23S03~.q2 1 176~61S1 onoooooo 77.:j063641 

.. T5 1 S16.q1621 1 7772306,q 00000000 77.qO()36.q 
T4I 1 2~72071(l 1 6~3S7716 11000100 77410b::t641 * 
T3 1 1231503"'''' 1 77067707 0(1000100 77"'C~36.:! 
l2 1 '4S16.~1 b2 1 776]37Q3 00.000100 77~Oo36~ 
T1 1 62.q12071 1 77735701 00000100 77.qOo~6~ 
TC 1 7123503· 1 663S~3641 11011000 77.qOe,36"; * 

--------" -- ..... .-T It .. _._ 1 3~S16~16 1 77S625.12 00010000 7 7 til O.D. 3 6 '" 
T~ 1 162~7207. 1 7767S276 00000000 77";0636'; 
T8 1 ~712351)3 1- ~6J3~012 11011110 77~063e)'; * 
~z-. 1 .2341fS 1 6.4Ifl 1 66160715 1.10 ltLlOO 77~Ob.J6~ * --_ .. _-_._--:--_ .. 

T6 1 S162~720 O. 77765021 00101011 00371~13 * 
____ .... __ .. 1P.- _ 1 000.66032 0 Slb2~720 00101011 0037141113 



--------.--------

---.:...--.........:-.-~--------------~---------~------~--~----------.--~ 

.. 



I\) 
I\) 

FIGUR~ ~t.JL17 A*M = ~706b"16 ,SE-U71300 0 
TIMt A ~EGISTER t:; REGISTER tiC REGISTE~ C ~F.:GI::;TE~ 

T8 1 S3lJ7S60't 0 00000000 00000000 31710530 
T7 1 CS't36702 . 0 00000000 00000000 3171JS30 

·T6 1 12617~_~ 1 Q 00000000 QQOOOPOO 3171u530 
To 1 05307560 0 31710530 00000000 31710S30 * 
Toq 1 Oc::5~3670 a 1't7i4.q2S~ ooopoooo 3171u&30 

_,_._" __ • ___ 0 ____ To3 1 U 12 6_17 3~ 0 O_~_362126 0:t1Qo_QQPO 3171,JS30 
T2 1 00530756 0 031710S3 00000000 3171U530 
T1 1 4402541367 a ~1A117414!2S onoooooo 31710630 
TC 1 6Q12617_3 a 31~4I67412 01000000 31710530 * 
TI" 1 JOOS307S 0 "6173"11 01001'-00 3171u!S30 * 
TIi' 1 :,"02S4I36 0 S~306!;7~ 01100000 3171Ub31:1 * ra 1 2601~617 lj '~6S03t'76 01:1100000 3171u~JC. 
T7 1 13005307 0 41"211267 01001.000 31710530 * 
T6 1 '1S4l02~"3 0 634115663 01000000 31710530 * 
TS 1 ~2601261 ' 0 i7l16tlltE-l 0_10010_00 31710S30 * 
T"" 1 71300S30 0 51767360 10001000 31710630 * 
T3 1 34i1S.qO~S.q a 2076717(1 10001000 3171U530 
_T~ 1 1 El2 ~O12~. _0 __ 1 ~_l7_ 31t7" 00.QOI000 3171ab30 
Tl 1 07130053 0 06175036 OC-OOIOOO 3171JS30 
TC 1 03~5~O25 0 341707Si47 00100000 31710S30 * 

--.... - '~-" 
_ .. l~ .. 1 ';1626012_ 0 ~7313313 Q 1 001100 3171CJf»:30 * TP 1 6~71300!; 0 2314l$10~ 01001)00 31710b30 

Ta 1 703~Sa102 -"\ 4I377363~ 00000000 31710530 * I,J 

.-- ... -- .... _-.- _T7 1 3~16e601 0 _ll11S71S ilOOOOr,mO 3171U&30 
T6 1 S6071300 1 56756105 00111111 ~60612~7 * 

-Tt! 1 :)7066216 .1 56071300 00111111 4If6061241f7 



TIME A KEGISTt,R [3 REGISTER 
FIGUWE MULlS 
8C REGISTE~ 

A*M = 
C REGISTEr( 

T8' 1 55617111 0 00000000 00000000 S60SS07~ 
T7 1 26707~~~ 1 S6D5507~ 00000000 S60S507~ * 

___ ll _________ 1_13~~_2~ __________ ~ ___ 61_a.2.6_~16 __ ___ JlQ.D..OD.O.D!L___ __ ___ 5.6.O.I_i.OZ4_ 
T&l 05561711 1 73~13217 00000000 S60SS07~ 
T~ 1 ~2670744 1 ~3bS2S13 10010010 S60SS07~ * 

~: T:3 _____ 1_~U3~.3 .6.2..._____ _ ___ 1. fiL2l __ 2_11____ _ __O'O'OlllCJ.'O_____ ________ __ 66 a S ;t.o.z_~ 
T2 1 70556171 1 721S~530 000000ln S60S~~7~ 
Tl 1 3~26707~ 1 ~33332S~ 10110100 S60Si07~ * 

_--JT~C,--· _ _ __ 1 __ ..J.613341ll__ _ _ . ____ 1.._ 65.U1.s.li._ .. ____ .... ilO_ll.a..a.o..o. ____ .A6.0.l.i.D2~ 
TR 1 070~5617 1 7260C~73 QOI10000 S60Sb07~ 
T? 1 ~3~267Q7 1 ~3311~21 10110110 S605~07~ * 
T B . 1 _ 6 1 6 1 3 .~.3 __ ___________ --L ___ 3...3.6..6..5._6. Q11..__ u_ _ ______ _ lDMnl_llL _ n ____ • ...s..6.D.SJilll_~u * 

. _T7 1 30705561 1 37707730 00100110 S6aS~07. * 
T6· 1 1~3~267C 1250500141 11011100 S605S07~ * 

___ -4-T._.5· ---1 06 1 6 1 3 3 ~ _ ___ _ __ .1- S 6 0 2 o-~-~ 6. _._ -------.----fl1ll1D.OllO-- _u_ . ___ li os=- 07 lit __ 
T4I 1 u3070666 1 67~141223 00000000 560SS07. 
T3 1 ~1~341267 1 73606111 00000000 S60S~07~ 

--c.,...,.--_.......J.T __ 2 __ -L_ . .6. 0 6 1 6 1 3 ~ __ ---1--~3.Z.i.O..!13.1l____ . __ _ _____ . LQ.QJ-Q..l..lQ__ ____ S 60S i:I 0 7 .. • 
Tl . 1 30307055 1 337~SOS~ 10100100 S60S507~ * 
TO 1 1~1~3~26 1 370J7~S2 01000110 S605~07~ * 
Tff 1 06061.6.1.3. ___ . ____ 1 S70376Al _____ . __________ d __ 01000010 ____ --llOA~ _____ _ 
.TP 1 ~303070S 1 3606~'20 10010110 S605S07~ * 
T8 1 21~1~3~2 1 310034100 10110110 S60SQ07~ * 

.---,-,---,. __ .+--T ,____ _ 1 1 C 6 a 6 l.u--.------1-.sJl~4.S.H~ ______________ 10 a 000 a a _____ s..6Dli..Ql~_ 
T6 1 O~!03070 0 111~~62S 01001001 2172~703 * 

__ ---1T~P_ ._ ---.l.--.1ll~62A __ . ___ ----.---D---O 430302fl. ________ n. ____ --0l-anl-DD1--- __________ 2.IZ_2.i.ZQl 

'~I ·w 
- ------~.--- - . ~- .... - --_. ---- -. ".-

121446626 a~J03070 o 



.- f -.------.-.... -.---.-.-.---.-.--...... ----.---.. --.--.--.-.----.- . 
~I 

TIME' B REGISTER 
FIGURE. fl'Ul19 
6 eRE GIS.T E R 

A*M = 
C REGISTER 

f8 1 72~~1~27' 0 00000000 00000000 11~70206 
T~ 1 35223613 0 11~70206 00000000 11~7~206 * 

____ . _____ t6_ ._~_~_._Ll_~U~ __ . _____ .lLls..n!3Jll .. _______ . __ ._ .. 0110001 On . . ___ .lL41D.a0..6 __ .* . 
T6 1 ~72~~7~2 010S~~3~2 10100010 11~70206 * 
T~ 1 23522361 0 00221165 lQI00000 11~70206 . 
LL . ____ 1.. S 165 1170 __ h .. __ JL 1 SS~067Q._. __ ..... _. __ . 00100010 . _____ .. _. __ . ___ .ll~Zjl2j16. __ .. H_1r. 
T2 I' 2~72~~7~ O'0~620330 00100010 11~7u206 
T1 1 12352236 0 03350150 00000010 11~70206 

__ .__ TO L.JJSj.~s.ll1 __ . __ . ___ . __ ._~ 0156~060___ _. __ JlOOOOOIJl _u _____ --1.l-~JliJl6 ___ . 
TR 1 02~72~~7 0 11262~32 01100010 11~70c06 * 
TP l' 01235223 0 16S61~27 00100000 11~7~206 * 

___ ~ _____ Jn __ ~OS 166 11 . ~IQ7207S 1_ 1010001 O __ ._.m __ n ___ . __ ull~70206 __ .~ 
T7 1 6C2~72~~ 0 11000176 01100000 11~10206 * 
T6 1 30123522 a IOO~0217 01000000 11~7G206 

_____ ----I.L. __ ._L...5A10S 165 1 '0 OAl420 137 .00000000 . _____ ._____ . .l.l~i.O~ __ . ___ . 
T~ 16602~72~ a 13600255 00100010 11~7~206 * 
T3 1 71012352 0 057~0122 00000010 11~70206 

____ T 2 _ L 3 S 4q 0 S lll. _____ u ___ ----'L 027600 $ ; _. _______ 000 a a 0 0 0..___ _ ________ 1 1 .q 7 020 6 
T1 '1 '56602~72 0 127602241 00100010 11~70206 * 
TO 1 27301235 0 05330116 00100000 11~70r06 
TR 1 13S~OS 16 0 1320~aML_.___ 011000 1 0 "_._-:_._. ___ ._-:. __ .1l~70206 * 
TP 1 ~S6602~7 0 OSl~2126 01000000 11~70206 
Ta 1 22730123' O. 1~~S12$1 00100010 11~70206 * 

2":;6602"! o 

____ T'--&7 ____ -1. S 1 3 S ~ 0 s 1 0 176 S ~ 7 36 00 1 00000 1. 1 ~ 7 a 206 __ ~ __ ._ .. _ ...... "___ ._ .. 
T6 1 2~S6602A1 I e126S0~O .1101--1111 '66301671 * 

-1 246660241 11011111 ____ -"-3.D.7571 

------------:------'---'--.--~. -- - _ ... _._---- ... -'-"'-- --.--- .. - ... -.------..... ----------.- .. .-

--'------,------"----------

-----.-.----~--.--.- ------.---------------.-.----- .. ----.---------.. --- ._-- ._---_ .... -.------.----- .-~ ... --.,. 



----~---- .. ---- ---~----------- -- - ~ .. ~-.- ---.. -- --.- . 

FIGURE MUL20 ,.'*M -: 71173165 '721261041 0 
TIME A ~:'GISTER e REGISTER ae REGISTER c REGISTER 

----._-----_._-_ .. --_ .. _-------_.- - ---_._. __ .-. __ . __ .. 
TI 0 364f272~1 0 00000000 00000000 707213~2 
T7 0 17~13S20 1 '0726342 00000000 707263~2 * 
TS 0 07505650' l l~313161 ooaDDODO 7 072' 3 4 ~ _________ 

,T5 0 4136"127241 1 j616S~70 00000000 707263~2 

T4Cf a 21721352 1, '707263~ 00000000 70726311112 
T3 0 lO750S65 1 174135316 ooo,poooo 7072&342 ._--.---_._--.- -- ._--_._ .. _ .. _------

12 0 04164272 I "13~O,Ol 01011110 7072131112' , * T1 0 ~21·7213S .' 
732&2~~'~ 01010000 '012634t2 

,;' . 

TO 0 210'1066 1 ;"01'7S'. 01000000 70726342 Jt _____ 

TR 0 10~364127 1 73~27672 00000000 7072634f2 
TP 0 0~21121~' 1 15531277 01011000 707263.q2 * IS 0 42107505 1 e3107~71 01100010 7072'63 .. 2 * ----- ----._._.- ._--- --- ._ .. - _._- - ._-._--_._--

17 '0 61'0 .. a6~2 1 ,.a021102 010:11100 7012.3~2 * 
T6 Q 30421721 1 711l1l1~OOI 00001100 70726342 
TS 0 54210750 I 14124702 01010100 701263 .. 2 * --_.- - - - ._._- '" -_ ... - -_ .. -- ------ --- .. --- ----- ---

T4I 0 2610~36411 1 72656301 00000100 707263.q2 
T3 0 530.q2172 1 '5327100 oeOOOl00 707203~2 
T2 a 254t21075 1 76553.&100 00000100 707263~2 _ .. _, .. _--- ------ ----- - -. ----

fl 0, 126104136 I '1103102 01111&to 107213412 * TO 0, 013041217 I 73GOIOOl 01101100 7D726,4I2 
TI D 421411Ql 1,"711302 aOOl018D 707261 .. 2 * --_._--- - _._------ ---- ----- -~--- -- .. _- - --_.- -----_. -_.-

TP 0 -'12610413 1 '32121~3 01111000 707263~2 * 
T8 0 SOS30~21 1 82077723 01000100 707263~2 * T7 0 6.t112Stt210 1 613$5353 010.11000 707203.-112 * - --- . __ ._----"" 

II 0 721261041 I 70162161 01011000 07011 .. 31 .. 
Tft a 71173161 1- 221161041 Ql011000 07011 .. 3& -----------------------------

( 



FIGURE MUL21 A*M = 7700"'325 ,77001212 o 
TIME ~ ~EGISTER B REGISTER .de REGISTER C REGISTER 

Ta 0 101S0~77' 0 00000000 00000000 7~10~173 
T7 0 O~06~237' 1 '410~173 00000000 7~10~173 * 

. __ . __ . ___ _:1 6.u .... ______ ._.o... __ ~Jl3.2.Ll1_h __ __ _. ___ .l_-'-2.1~ 61 60. __ ._ . _________ l.MCUU1..Q . _ .. 1"'1.a~113 __ ... * 
TS 0 .2101S0~71 ·61167227 10000100 7"'10~173 * 
T~ 0 50406"'23 1 605776"'6 IPOQOIOO 7~10~173. * 

.. _____ J.:i __________ O_~20321.L------ --__ .L.603730AL. __ . __ .. ____ . __ ..lO.O..U.1M ___ .. _. __ . ___ . __ .. __ z.~ 1 all) 173 mum * 
T2 a 121015~4 1 50206152 10100110 7"'104173 * 

. T 1 0 0 SO'" 0 6 !If 2 1 t'" 1 i1113 02 1 00000 11 0 7'" 1 0 '" 1 7 3 
_. ___ .. __ -_TC ___ '_'_h_.a42~a32.l._ 1 .l6Jl.6.1~-4. ___ . __ ooooooo0 _ . ______ .. ,_._.1_41.041.1.3... 

TR U 212101SC 1 &313"'711 10000110 7~10~173 * 
T~ C SC$O~06~ 1 7S~5630C 00000110 7410~173 

. _________ tlL. . _0 il2 "'.203 2__ ___ _. ___ ..lu.~I_6. 627 1 0 ~ .. . 000001 00.. .. . .. _1 ~.lO..."l17 3 h. 

T2 0 12121016 1 '77313"'02 00000100 7"'10~173 
T6 0 OSOSO~06 1 e36"'173'" 10010100 7"'10~173 * 

_~ ___ ._.IL __ ---'L~2~2J13 __ .. _____ .... 1 7S72~716 0000010o_. __ . __ .___ 1411D....4llJ. __ 
T'" ~01212101 1 62066S72 11000010 7"'IQ~173 * 
T3 0 ~ososo"'o 1 8152337'" 10010100 7"'10"'17~ * 

_____ ._u______ 0 OCl.~2.~2.Q __ . ___ ._L.1.~66SS36 .. _____ OQOOtuJlO___1._~13_. 
T1 0'00121210 1 76326617 00000100 7~10~173 
TO 0 ",aOS060~ 1 1.71533~7 00000000 7~10~173 

_____ -:n. ____ c ____ O' ___ 6na2.42..~.2._._ .. _ __L 774'5563 ... _u. ___ " .JlO..OJ100.aO .1~1O_~113 

TP 0 70012121 1 77632671 00000000 7~10~173 
TS 0 7"'00SOSO' 1,63011"'27 11010100 7~10"'173 * 

. _____ h __ ll ___ .... _0-_76J:J..O_~~____ _ ____ L . .25000653 _____ . ___ n. 01010000 __ . _. _.1~11 0 "'IZ3. 
T6 0 77001212 1 2600"'32501000000 0367360~ 

. .l_..1ZMl2.il. _ ._ ... 

--------_ .. _-_.-. -_._--_. __ .. _----



TIME a REGISTER 

T8 1 tlOl0~63_ 0 00000000 
T7 1 3J40~231 0 25712202 

__________ . ___ 1.6 - - - 1 ___ ..1 .4 2 0 2 11 ~_~ __ _____ 0-_.3.1.6513 nl_ 
.To 1 ~61rlo.q6 a 17327S .. 1 
T"I 1 63CI~042:3 a 07153660 

_____ ------ll ______ ---L-ll ~ 2 (lilt_ ___ 0... 21ZlZ132 
T2 1 1 .. 61010 4 0 31602257 
T1 1 ~630~O4l2 0 103~S127 

_~ ______ I.C ___ 1_Atl42021 - -- !L __ Qa.S.~2.~s.L __ 
T~ 1 714l6101q a 211034127 
TfJ i 7"630-10~ a 141001~13 

------- _ ..IlL __________ 1 __ 1_6.3_L4.2J12 ____ _ _Il_ Q_6.~~lJ1s..... ____ 
T7 1 771"'101 o 032203~2 
T6 1 3741630'10 0 26~22363 

------~-
_ ll _______ .L_s.u3J.~.20 ______ ---- t1l..3li lll_L ___ ---

T~ 1 6771~610 0 0670"10&1741 
T3 1 33741630~ 0 02741112236 

______ ...li..____L __ lll6.11~ _____ __ .Q __ llllilll ________ 
Tl 1 'i67714161 0 00570 ..... ' 
TO 1 6337~630 0 2S106~2S 
IR --'--'- -1-- 11Sl.llt! ____ _ ___ 0 __ 120.U32.12. ____ 
TP 1 3~6771416 a OS"4!1!;QS 
T8 1 S633741!63 0 026206~2 

________ ll _____ __ .l ___ ill_5.1131 __ .. .0 __ 26-'225.2.3.. _____ 
T6 1 53"6771~ 1 65S767~6 

--'--.-._--'------_ .. _-

FIGURE "'UL22 
de PEGISTER 

0000000,0 
00000000 

_ Q 10_00.00.0 
01000000 
01000000 

. -. __ .. 1 OQ_O 1 000 
11110000 
11000000 
lOQo.aOJ1Q 
11100000 
01100000 

_ _____ JlOll OJlrlOJl 
·00000000 
01000000 
OJJJlOQ_ 0_0 D 
00000000 
00000000 
on Q OJlOll0_ 
00000000 
01100000 

__ _Jll.lOJlOJl_O 
ooooo~oo 

00000000 
--- - _. JUJ1Cl.cL01lQ_ ... 

00000101 

.aoOOO 1 01 __ 

(' --------------------------------------- - -------------- --

A*M-: 6S67701lf7 o 
C REGISTE~ 

2S712202 
2571Z202 * 
2.511-' 2_D ~ * 
2S71,,202 
2S71~202 

_~ _____ H ___ .2.S.11 ~ 2 a 2 __ * 
2S71 i202' * 
25712202 

___ 2S1_1_Z2D_2 
26712202 * 
2671~202 

_ 2.5_1.1«.02. __ 
25712202 
2671c202 * 
2 51_12.2.D2. _ 
2S71~202 

2S71~202 
.aS1..l~~2 ____ 
25712202 
25714!202 *. 

. 2.S1_lii.tl2.. __ 
cS71c202 
2571~20? 

___ . _2.5Zl.L~_O..2. ___ ! __ 
5206SS7S * 



~I 
l ----.-.. -------.-... -.. -.- .----.. -.--... -- .... --. -- .. ---. ---.. -- .. -- .. -... -----.-.... ---.- .. -... -. -.... -

TIME ~ ~EGISTER B ~E:GISTER 
FIGURE ~UL23 
de ~EGtSTER 

T8 1 62111173· 0 00000000 00000000 
T7 1 310~~~7S . 1 ~03~~101 00000000 

--__ . _____ ._1~________ j_. __ §.~_~.~~_~~~____J _ a.Q_~.~~J ~.l._. ____ . ____ ._ .. JHllQQQ.QO 
T5 1 .66211117 ·1 50253060 00000000 
T~ 1 3310~~~7 1 2~~61531 00010000 

._~T3=-- .. _1 ___ }_~ .. ~.~1_2._~~ _.1_1_?.ll.-C_7§.§. __ . __ . __ Q.QQtttQ_OJL 
T2 1 66621111 1 OSS~~~67 00100QOO 
Tl 1 73310~~~ 1 0226633~ 01000000 

- ______ ._iC __ .l .;;t5_5.~~~_22 l __ ~.ti.3.Us.6.__ _0_0.000.00.0 
TR 1 16662111 1 606S5467 00000000 
TP 1 ~73310~~ 1 3066273~ 00010000 

____ T..L _____ ._1 ~_3.~~~.i_._ .... __ l. __ S~_33S~.i~_.Q.Q.OJ1~O_ 
T7 1 11666211 166156667 00000000 
T6 1 ~~73310~ 1 3332337~ 00110000 

________ ~ __ . _____ l __ 22 3 S 5 ... ~ 2._ _ _-'. __ 1 S S S 1 5576 _ _ _______ 00 1 00 rulQ 
T~ 1 11166621 1 66b06677 00100000 
T3 1 ~~~73~IQ 1 33607.30 00100010 

_________ . __ T 2 ._ _ ___ --L-'~2_3 S S 4f~ __ .. _ .. l_ $_~l~~~.lhL __ .. ____ .. ____ . 0. (\ OJHtOl 0_ 
Tl 111116662 1 66761700 00000010 
TO 1 O~~~7331 1 '33707~~ 00000000 

_____ . __ -'-__ ._li ____ . __ ..l_ Qi.2_2_3.5.S_~_ ... __ 1 __ 3iJ130_~6_~.___ ____ _ 0.1_1.1j)'(lO_0 
TP 1 ~111166~ 1 560S0~31 01010000 
T8 1 60~~"'733 1. 67~2011~ 00010000 

____ --IL___ ___ . ..L 302223 S S_ 1._....3ll5Dl_~1.___ _ . _______ .010 1 orutO_ . 
T6 1 S~111166 0 05~236S1 10100111 

. ~Cl_!4111166_ __ .1010_0111 

A*M = 
C REGISTER 

~O-3-~~-CO f 
~03~~101 * 
~9 ~_~_~J.JtL_ * 
~03~~101 

~03·"'101. * 
_ ... ____ ~o 3 ~_i..l_Ql __ .. * 

~03~ .. 101 * 
... 03~~101 * 
1.OJ .. ~_l O_l. 
4f03"~lOl 
~03~ .. 101 * 
_"10 3 ~ ~.lOl 
"03~4tl01 
"03~4tl01 * 

. ~_03_~.11Q t 
~C3~~101 

~03~~101 * 
~03~_~.lgl __ 
"03~~101 
"03""101 
.q 0 3 _~:~ letl.. * 
~03"~101 
41103""'101 

_ ~_3~ 411 a.L_ * 
37 .. 33676 * 

31 ~_3J.' 16._ 

lSS2~762 ,5 ~ 11116 b u 



A r(EGISTER 

T8 1 66S031~3 
T7 1 J~~~1~61' 

____ . __ . ____ .I~ 1 _5532Q63_0. . 
.TS 1 666SJ~1~ 
T~ 1 7326~1~6 

---_____ --1'..3.._. ---- -. .1- _·.laS 3 £2 0.6.3.. 
T2 1 76656031 
Tl 1 3'126~1~ 

-___ . _______ ~-.---IC---- -- -1 S2_S_U20A 
TR 1 ~7665S03 

. T" 1 S3732~4'(1-
___ .____ _. ja__ 1 fi.&.1 S5.J.2.t_ 

T7 1 32766550 
T6 1 SS37326~ 

__ lS- _1_.6_UZ.5.3l2. ___ _ 
T~ 1 33276655 
T3 1 15537326 

________ T2. __________ 1_ ...0..6.6.5.1..5.5..3 ... __ ._ 
Tl. 1 ~332766S 
TO 1 21553732 

_____ -ll. ____ ._ 1 _SJl6All5.S __ 
TP 1 2~33276~ 
TS 1 b21SS373 

--------ll....--.l 2_SJJUll_S· 
T6 1 12~33276 

______ ___ T P' 

" ~EGISTER 

o 00000000 
o 3277~72S 
-0 __ . ~Z2.6.2~17 
o 23175537 
011076657 

_ 0-_--0.61 0 3 7 ;, 2 7 
o 3~303"70 
o ~OS7216S 

_. _Cl.L%ll~Z.2 __ _ 
o 12330635 
o 3705~2;3 

. _ -0 .. _~.2_z.s..2. ~.16_ 
o ·aS321623 
o ·1251~711 
o.1lS.20Aa.~~_ 

. 0 026~3162 
o 331S5~1~ 
O_15Jltllj1Z __ _ 
o 317417"20 
o 52710131 

. __ , .. _Il __ .as.zon~so.._ 
o "161770155 
o 22770~6~ 
-ai.32.z~1 5..0 ___ . __ 
1" 67171';~2 

FIGURE MUL2.q 
dC "'EGISTER 

00000000 
00000000 
OllllOQO 
010000.00 
01000000 
1110g 00 a Q. 

0'1111010 
11011000 
QDJll!Ul.QO. 
00010000 
01101010 

_.lDlllO..Q.Q 
00110000 
00100000 

__ . _. _Ml.o.oaoa _ 
oooouooo 
01101100 

_ __ o.tl.Q1UlO_ 
10101010 
QI111010 

-. aOl1DtU!L-
01011C'lOO 
u(1010000 

-0.11.01010 
00010101 

A*M .
C ~EGISTF.~ 

3277~72S 
3277~125 * 
3277-4725· * 
3277 .. 726 
3:27, .. 725 

_ 3.211_4125 
3277"1725' * 
327741725 * 

_.3212412 S 
3?774j72S 
3277"t7~5 * 
32Z7~725 * 

. 3277~725 
3277.,725 
3277~72S 
3277"1725 
3277"172S * 

_ 3_21141.2_5 
3277~725 * 
3277tTf72S *. 
32.21_4125 
3277-"72S * 
3277 .. 726 
32.1.14fZ2.S * 
~SOOJOS2 * 
~SOQ;roS2. 

6720iS"13 12.q33276 o 



~I 
A*M I: 

TIME ;:. REGISTER 8 REGISTER 
FIGURE ~UL2S 
Be REGISTER C REGlSTE~ 

T8 1 61~11100. 0 00000000 00000000 ~361a~31 
T1 1 2760~~~O 0 00000000 00000000 ~361G~37 

_____ ._-.-:_T'-_. ____ l __ .l.37112.2..2D-__ . ____ ._. ___ D __ !tCtaD!lIltl~ ______________ 00000000_ 4l3.'-1-'l~.3.7 _ 
TS I- 051~11100' 00000000 00000000 .&\3610~37 
T .q 1 02 7 6 0 ~ .&\ ~ a a 00000 a a 00 0-0000 0 ~ 3 6 1 J 4t 3 7. 

______ .--I.3 __ .. _. _____ .1 __ Ul.l1.0U2- ___ .____ -.0-0 0 000 n 00 .. _ ______ _ a 0 a 0 0 0 0 0_____ _ ________ ~li.Ll ~ 37 
T2 1 OOS7~111 0 00000000 00000000 ~3610~37 
Tl 1 a02760~~ 1 ~3610~37 00000000 ~3610~37 * 

___ _ i.e. _____ ____ L __ ~OllI.022 _______ . 1_A170~2lL_____ ____ _ oooooo.n.o______ __ _-" __ _ 4361 0.tt.3.1 
TR J 600$7~11 1 707~2107 00000000 ~3610~37 
TP 1 7002760~ 1 37171~72 01000010 ~361U~J7 * 

_____ --IL ____ ._1_3..~ll"O'2. __________ -i __ .5lJlZ.~. ____ _______ .JllJlClllQJJL ____ ___ ~_.6l._O'~31 -
T7 1 S'OOI7~1 ,. 67036310 01000010 ~3'lO~31 
T6 1 21001760 1 37627107 00000100 ~3610.tt37 * 

__ . __ -11 _________ 1_~ ... 01370 _____ u __ :..._1 1771360·3 00000100 _4.H.l.a.U1' ___ _ 
T'&\ 1 6S600S7~ 1 677~S7~1 00000000 ~3610.&\37 
T3 1 72700276 1 13762760 00000000 ~~61u~37 

__ ____ j..2..____ _____ .L __ ll.3.~Q1.3L. _____ ___ --1JU_1...l.11~ ____ - --____ --!1O!l.O.O-Orul _ _ ._ .... .3.UO-'~_31 _______ . 
Tl l' 16560057 1 11iO~123 11101110 .tt3610.tt37 * 
TO 1 .tt7270027 1 2.tt1121~~ 01001010 ~3610~37 * 

__ . ___ -_ti ___ . ______ l __ Z3.5.3~.3.._ .. __ LJ.sasS01S_ _--'11Q01LID. 0--- _____ .. 36.1 .. 0 .. t31 * 
TP 1 S16S600S 1 02737~Ol 10000110 ~3610~37 * 
T8 1 6~727002 1 00167273 11001010 ~3610~3' * 

___ ...L..4T Zr.-- _______ -1- .ll3_S.3..~0l.-___ _ --.1--_~~ 1ft 7 31 3 1 --.0000 1 0 1 0 _________ u ____ 1ft 3 6 1 g ~lL .. ___ .. __ 
T6 1 75165600 q 1631'320 001iOl01 3~1613.tt0 * 

---- ---------------------------------------------~------------------ ------- - _._-- _._-- -----

16~2S.q21 ,7E1656QO 



-------~~-

-------------- -- --------- ------- -------------------------~--'------...;.;.;--'-~= 

TIME -~ ~E.GISTEft' B REGISTER 
FIGURE f-IUL26 
ac REGISTER 

A*M = 
C REGISTER 

- _H ________ ------------c-----------------------~-~~~.".___.,__.___,~ 

T8' 0 15051S35 a 00000000 
T1 0 06~2~656 0 02311~21 

___________ lb_____ ___ _ ---0- 43212327 __ 
T5 a 2150S1;~ a 02773725 
T~ 0 sa6~2~6S 0 03606373 

00000000 
00101000 

02311'-'21 * 
02311"'21 * 

___ I.3 ________ ---L!t~ 3 2 1 2 32____ t1 ___ -"'"--'-----.ooo"----'---____________________________ '-""'-&-_______ --:----,-.~___..~ ............ ---"---_:___"'"-----,-,-~~~~~_:_= 

T2 0 32150515 0 01126~07 
T1 0 SS06~2~6 0 0336~66~ 

____ n __ ~C 0 2M3.U2..3______ Q ____ ~ ______ ~ ____________ __""_____'____... ___________ _____'_--'-----"~ ____ ~~ ________ ~~__'____'_'"~~~ ............ _ ...... ~.........;.....'__ 

TR a 13215051 0 02106676 01100000 02311~21 * 
TP 0 OS$06~2A 0 0301~610 01000110 02311~21 * 
T 8 - ---D-__ O 2 6 .q 3 2 1 2 (J 0 1 a 0 6 ~=-. ~ ....... o'----------, 0 1 Q 0 0 0 1 0 

_ T7 a 01321505 a 0000316.. 01000000 02311~ll 
~;. 

T6 0 OOSS06~2 a 027120 13 00001100-02311~'21 '* " .~~t' 
____ -I5 ' 0 4D2 6 41321 _______ 0_01 34116 ~ _____ o ....... a~Oc.-.f1.-.ca-D__..O...,.OOL-..-_ __--'-"'G_2 ..... 3_1 ..... 1'--'--~ __ ,e~t~_____..._____.;;......~_~_____'__~~~ ______ ___'_"'"'_" ~~ 

, '". ~./.~ ,:~':::': ,~;~< ~~ 

, , .. ·i.~ 

T~ 0 601321S0 0 020732413 01001000 02311~21 * 
T3 0 700SS06.q a 01~35121 00001QOO 02311~21 

__ --'-T __ 2 IJ 7 41 0 2 6 ~lL ___ _____ H ____ ..Q _____ 0---'"'-0___..6 -A.-;1 6!IIUO ...... S!f--JIO"---____ ----"o"---'"O'--""O'-""O----*--1.k:,.Q ...... 0 Ow- 02 3 11 ~ 2 1 
T1 -- 0 36013215 0 00307~2" 0000000002111.,1,1 
Te 0 170Q5506 0 02411541233 0000100002311411 * 
Iff --D-4C7.026~ ___________ 0 01226515 _____ 00000000 --0231142, 
TP 0 b3601321 0 02a2~667 01000000 02311~21 * 
T8 a 71700SSr. 0 037237S~ 00000000 0231'~21 * 
T 7 a 3 lilt 7 ~ Qll~_ __ __~ 0 1 7 S 1766 00 a a Q 000 023 114121 
T6 0 16360132 0 0016~773 00000000-- -7546631' 

_________ ~ _______ r.L __ 0n164113 _____________ .0_ 16360 132... ___________ 0000000D 75466316 

-- -- - ------- ----- - - ---- ---------------------- --- - -- ---------------~------, 

~\ 



-( 
wi : "-> 

TIME A REGISTER 

TI 1 -$1330170 
T7 1 275&"07 .. 

.:i.L-.- 1 11166D36 
T5 1.06733017 
T~ 1 027SS~07 
I3 I 01366603 
T2 i 40173301 

--" Tl 1 60271640 
IO 1 lO136660 
TR 1 7410S~330 
TP 1 7602755"-

e REGISTER 

0- 00000000 
0-00000000 
a DOOOOOOO 
-0 - 00000000 
1 ~22206~2 

-1 23330163 
1- 137741233 
1 0711'6317 

_-1_ ~3Q02S0Z 
1 610"3-603 
1 100217 .. 1 

--

FIGURE MUL27 A*-M = 1731220 .. 
Be REGISTER 

---------

00000000 
00000000 
anaCOODa 
00000000 
QOOOOOOO 
00001000 
00001100 
01101100 

C REGISTfR 
---------_._---------_._------------ ---- ------- ._---_.-- -_._--_._--._--_._-

41f2220'~2· 
~22206412 
4222 06 ... 2 _______________________ . ____ _ 
... 222064112 
~2.2206"2. * 
4122206 ... 2 * 
... 222Q6At2 * 
.. 22206412 * 

---..~ .......... IoILlIoL-___ -4.::Ll2""'-"2 ... 2"'_"OL!106'_' ... '__2 _____ . _____ . ______ . ________ .. ___________ ....... _._. ______ _ 011001DO 
01000100 
01000000 

41222_u6"2 
.. 22206 .. 2 

IS 1 77013666 1 Z~~10760 00000000 ~_._--,L..!oL--_-6-_L.J~-'it-lIIt..IIIl.looL----'-~--"'-~I-JooLL-""-""'----_ __¥.w.w..J~oLW-JooL___ __ __= .. l-JIo2L.11io2~2 ___ 0 ___ 6 .. -Ll2 _________ . __ -----------_.--_---._ 
T7 1 37"01733 
T6 1 1760276& 
IS 1 Q7701366 
T .. 1 4137 .. 0573 
T3 1 21760275 
I2 1 10270136 

-jt Tl 1- 414t374tQI7 
TO 1 22176027 
.TR I 110"013-
TP 1 0"~37"05 
Ta 1 02217602-
I7 1 01101701 
T6 1 OO~"37~O 

TP 1',lla04 " 

1-76aO~370 

1 31322736 
1 22771251 
1 6131~120 
1 26716216 
1 15622301 
I .. 67J310" 
1 III •• ' .... 
1 141013124-
1 0066675 .. 
1 06SS3120 
1~3a6501~ 
.-·I'IO*'J_3 

-I 00443740 

00000-000 
10000100 
00001010 
00001010 
00101100 
00001110 
ooaoil00 
00000000 
01101180 
10000000 
00001110 
00001100 

. 01110011 

01110011 

~22.206"2 
4122206412 * 
42220642 * 
4122206412 
~2221J6"2 * 

___ --1-411_.2 2--.2 ..... 0.....,6L-J ...... 2_--=-* ____________ . _____ ._. __ _ 
4I2210641a 
.. 2220, .. 2 * 
4222Q642 * 
.. 22206412 * 
.. 2221l6412 * 
t1lj2220642 

31117131 



FIGURE MUL28 
TIME B REGISTER A REGISTER Be REGISTER 

'"O~OOII;,'~', ' . GOOOO~t)O . 
0·'. ll!J .".,,.'090·00000 

.A·*M· = 
C' REG I STER . 

,04737121 
0'1:1311., 

'2363006~ 0 

lkf~~iIJL~~~Wl:UH~~~~~llJL2.Z~~_-'l.flajfUUmL_~-'lnllu.:L~*. ____________ ._._ .... ______ . __ . ___ ... _ ... ___ . ___ 
,TS . 
T~ 

TR 
. Tft 

. ' 

I 
~ I 

II . 
;:;"f-
.TI\ . 
T .. 
T3 
I2 

Tft 
T8 
I7 ." 

" t.--,·, '.":' :: 
-------'--""---'------( 

o ~0300S16 0 06a06372 01111010 O~731527 * 
O.2nl~02~70. 035~7571 00000010 0~731527 .. .',.:: 

.1:_401.,' 
110010·1:1: . 
064t0300$ 
03201.,0'2' 
OJ1 0 060.1 

a 36300611J0. 
o 1714t0320 
o ~7~60150 

. ~G·a·~t·.··06:~· 
. D '~OIlH'II.· 

o 0221~062 00001000 
a 0503&1$0 01011010 
o 020l?Q§0 QIOIJD10 
". 01'lflOl'3 qlO'tl'EtIO .. 
0,0216'41461 IllOOOC10 

. 0 a14<'22J~ 000000-01 
, 0 00635116 00000000 

o 00316~1IJ~ 00000000 
Q OQliZ 223 °PQqQP~O 

Q' Oot,I'.11 Q.OOQQ·OOO 

. 00000000 

* 

0~737S27 
O~737627 * 
O1lJ73'Z627 . 
O~"' .• 2'- .• 
dIll71"" . 0''''.''.,.' 0~731S27 
O~737627 
O~73Zi27 c,""'.:I', . 
01tt1~1"" •. 

0~731627 
O~737527 

p~13zSa7 

73D4ali0 

-------_ .. _-----------_ .... " .. -"'---._--

-- -----_. __ .. _---- ... _ .. ---_ ...... -.--

", .. _--- --_ ...... _-
i 



TIME A REGISTI!R a REGISTER 
FIGURE MUL29 
Be REGI~TER 

--- ----------- - --- --------

--c-------------------------------------
A*M. b7S32~02 

C REGISTER 
--- ---------

TI 1 627616'2- a 00000000 00000000 2~3~3~3~ 
T7 1 3137071' - . 000000000 00000000 2~3~J~3~ 

___ ·..!.....lI6E--- 1 1411743"2 _-'1. 2~313"'3~ - 00000000 2"3~J~I~ ____ * __ ._ 
T S 1 .062761 66 .0 - 1216 1 E 16 000000 a 0 2 ~ 3" 3 41-3'" 
T~ 1 0313'072 a 21333333 10101010 2"3"J~3~ * 
T 3 1 ... 1 lit S 7 ... 3 SOl'" SIS 1 51 0 '0 1 Ole 1 0 _ 2 " 3 .. .3 ~3 ~' _ 
T2 1 6ee2'616 0- 22'~2~2~ 10010100 2~3~3~3~ * 
Tl 1 30113707 0 1~32S212 00000000 2~3~3~3" 

______ -.!.C. _______ ..J __ 141~ll_U__ _ ____ JL 22015151-______ _ l11Q10.JJL...___ 243"'34!3~ ___ * 
TR 1 ~6062761 0 31702"2~ 10110100 2"3"J~3" * 
T~ 1 23031370 0 ""3"0606 01010100 2"3"J"3~ * 
T & .1._ ... 1111 "S 7 lilt ______ 0 -22 S 6" 3 ~ 3 Q 0000000 _____-----.2. .. 3 41! oj ... 3 ~ _ .. _~ __ _ 
T7 1 ~~606276 0·11Z.1161 00000000 2"3~3~3" 
T6 1 62303137 a 041111070 _ 00000000 2.3~a4f3" 

_ 1_____ Ii Lli.1414S7 _ . _0 261J 1060 00111QI0 2-'343~3" * 
T" 1 1"~60627 0 3765""'60 00000010 2"3~J~3" * 
T3 1 06230313 0 33261660 11010010 2"3"J"3~ * 
I2 1 0311~111tE Q "6~7Z360 00001010 2~3~3~3" * 
Til - 0141"'062 0 .. ·7173120 0001011 0 143";I~3" * . 
TO 1 00'23031 0 23.'1.1~ 00010100 2.341~3" 
TI -'-_OOll~_ 0 111033'2 01101010 24343434 * 
TP 1 00l~~606 a 161"11'1 01001010 2~3"3~3" 
T8 1 ~0062303- 0 07~60070 00001010 2~3"J"3~ 

~ __ --,-I-L.7 __ , L.i00311~1 _____ h_~2Z1l301.. 01001000 213"J~3" * 
T6 1 10014~60 I 17~I't'l , 001100&1 "~1"343 * 

TP 1 6713 ... 02 ..... 1----..1 a ..... a .... l'---'4l-1~~t .... O..-..;.· ~ __ ·~OQ----..l loL.lOILIIOIf.A1 .... l'---____ 1u.3~4J1L3 4.3_~_ n_ _ _ , __ 

----------------- -----------'-----~-------------------------------

---- ------------

1001~~60 0 



TIME. A I(EGI:3TER 8 REGISTER 
FIGURE t'lUL30 
SC PEGISTER 

A*M= 
C REGISTER 

T8 0 32527,2~5. 0 00000000 00000000 l02Sl726 
T7 0 15253522. 0 10253726 00000000 10253126 * 

._____ . __ .T-'-__ . _~ _____ .1Lo.6.S25.6.s.1. __ .. __ _ __ .Jl~~.12 S 7 S 3_ .' .QJlQ.O.C101lQ.. .. .1025.31_2.6 
·T5 0 ~32S272~ a 12225603 00101110 1~253726 * 
T~ Q 61525362 OOS1523~5 00001000 l02SJ726 
T3 a '70652556 a 02.65562 __ no. OOOQOtlOIL _____ .-:___ 10253726. __ .. u 

T2 0 3~32S272 0 lJ405517 Onl~1180 102&3726" * 
Tl a 56152535 0 04'~2201 00001100 10253726 
TO -.11. 620652'S6 . __ .. _._._ 01257 •• 61 .. _.... 0000 1010 _ 1 D253726 .. __ 

n
.* . 

TR 0 13~32S27 0 0527663~ 00000000 102SJ726 
. TP 0 JS~lS2S3 0 1270223. 00111010 l02SJ726 * 
i8..... .. _____ .D. __ U706S25 . ____ .11 1 56S0~_h___ 000 11 0 1 O'h'_. ___ ' __ .. __ 102S4Z2.6~_ * 
Ti ·0 073~12S2 016103S~2 01101010 . 10253726 . * 
T6 0 03$61521 O·07~0126S 00101000 10253726 

.I.5..._. __ -1l. __ 4167066L ____ . __ . ___ . D-ll.Q.L4o..5JL.... __________ . ____ 01101 Q 1 Q .. _ ..... _ .. n.lnHn2..6..n * 
T4f 0 2073~326 ' a 050~6~20 01000010 10253726 
T3 0 10356152 0 13276132 00001010 102SJ726 * 

___ 1..2.- 0 04116706 $ ----!l 0'; S 3 7 ~ S 1 __ ._.________ 000 a 0 0 1 0 _ .. _ _l02..u..z.2.E _ . 
Tl. 0 ~2073~32 0 12022556 01111000 10253726 * 
TO 021035615 0 QS~SS667 00000000 10253726 

_--'--_-LT ....... R _. . __ ----D._.s 0 41 '706 ___ .0 1 20 'Ull ____ o._ ._.. a 1 a 11 Q 1'0 . _. __ h .. __ .. __ 1025 ll2.6. .. m_tIt' _ 
TP a b~2073~3 0 05430320 00011010 102SJ726 
T8 0 32103561 0 12073~7c 01001010 102SJ726 * 

____ T.J.-.j7'-- ____ -CL-1S0~ 1670· II 15601 J 6.2.. ____ .. _. ___ . 00111000 ___ .u __ •• _._102SJ726._ .. ~. __ . n. __ 

T6 0 ~6~2013~ ~ 067~~073 00001000 67S2~0.1 

'. .t;., 
01 

----.--.--.--r' 

0674fS073 



~ l -----------.-.----------.-.. -.--.--.-.--. -.. ------.--. -.------- .-. .---------------.- .. - .. - .. ----

~I 

TIME A titEGISTER 8 REGISTER 
FIGURE MULll 
ac ~EGISTER 

A*M = 
C REGISTER 

-- . - .----.... _ .. __ .-_._--_. .._ .. _----_. __ .... _- ... "-". _.'-"-" ._ .. _ .. _---_ .. __ ._--_.... - - ... -

T8 0 012~2S60. 0 00000000 00000000 53737373 
T7 0 00521270 . 0 00000000 00000000 63731373 

-_. ____ ~.: __ .. ___ ._a._l1n2.So53 ... __ ... -_-D-JlClOJlD1lDO. _______ .. _. ODoooMO. . . _6373737~_. __ 
T5 O·0012~266 '000000000 00000000 63731373 
T~ 0 OD062127 0 ooooonoo QOQOOOOO 63737373 

-----.---ll--.----ll- UllU 2 S 0 S 3 __ ._. ___ 1-__ -A3.1~3. .. _____ . __ __ __ .0 a a a 0 a a 0 . _______ . _____ 6 3 7 313' 3. * 
T2 0 ~0012~2S 1 5"606060 01111110 63731373 * 
T1 0 20001212 1 .1676767 11010100 63737373 * 

_. ______ l~ __ .- ___ ._D-__ S.DJlO2.!.O:! ______ ._h_-1..._'.tI333333 __ .. ' __ ._-'3..11Uo..10_0 ____ .. ___ -'-ll.aZll.3_HU 
TR 0 6~0012~2 1 SS~10100 01111110 63737373 * 
TP 0 32000621 1 '62~0~0~ 01010100 6373137~ 

-_____ .!! ___ ._. __ . __ Q_ulltlOO.ll!L __ ._u_ 1 66~S353S ______ .-OlJl1JllJ1rL... __ Ulll..ll_3 * 
T7 0 ~6~0012~ 1 '7621616 000l~100 53131373 
T6 0 23200052 1 7371~7~7 00000000 63737373 

________ _. _I.L.._. __ ~1 500025 _1_·.L..'1 ... 7L-.. .,L3I6Ll113 ....... ' ___ 3_. __ ~QQIIILIQIII..JoOiLIIIOI..WOcw.O.¥-O ____________ ._.6.31..3Lll1 . __ . _. n. ___ h 

T~ 0 6~6~0012 1 S1512~~~ 11110100 63737373 * 
T3 0 32320005 1 603~1272 11010000 63737373 

__ T-,-,,2___ a 1 S 150002 ,_. __ ..l~.4113020 ___ Jllllll1D __ . 63731373 * 
Tl 0 06~6~OOl 1 572~10S~ 01011000 63737373 
TO 0 03232000 1 170&~311 01010110 63731373 * 

___ ·-L-T~R. _. _____ 0. .~_ll..aQ.QD ___ n____ & 57022100._. _______ -,-____ 0.1010 l1D-._. 63731373 
TP 0 206~6~OO 1 7301500~ 01000100 63731373 
r8 0 10323200 1 75006~~2 01000000 63731373 

77~01&10 

___ ...... T-A-7_ 0 .JlliS 1 500 _ _ 1 76003221 01000000 63737373. ____ .n ___ ' __ _ 

T& 0 ~20S~6~O 1 77~O.510 ' 00000000 l~O~O~O~ 

___ -LT-'--P _____ !t_.174D 15 I L.- _____ ' 1 ~2064.6~ __________ . __ OODDQOOD ----------------1-4Ul~~.~ ____ . 

--' _.---------_._ ... -._- _._-----

._-- ---.-. --------- -----------.----.----.. ----.--.----.-------------.-- --... --._---- --... , .----- -----,,_ .. ----_ .. _-_. _.---- .--. -. - --

o 

.. _-_._-----_._---------------_._-_. __ .. _--- ---_.---_._----_._ .. __ . __ . __ ._-------_._------- . __ ._--,--... _ .. ---_._--.--_. __ .. --------:----



TIME A I'(EGISTE~ 8 REGISTER 
FIGURE ~UL32 
ac REGISTER 

A*M -
C ~EGISTER 

T8 1 76~1017S. 0 00000000 OOOOOOO~ ~6~71~21 
T7 1 371~~076 1 66~71~21 00000000 66~71~21 * 

_. ________ . __ ._. 16 __ L_.S2'i 6 ~ 0 37 . . __ 1-_.13..a3..~Ua.. . ___ ... -'10._00..0.0.0.0._ .... 6._6t1\1.1.~21 
·T& 1 276"~1I,!l7 1 $310772S 11100000 66~71~21 * 
T~ 1.~371~4071 SOS'~373 10001000 66~71~21 * 

______ .. ...I.l_ .. ___ ..l._ . ..ll1 ~ 6 ~ 0.3_ ...... _ . __ -.LS..6..6..6.Z.l.1L __ ...... ___ _ 00 1.0 11 00 _ ... ___ ~,. ______ 6..~_.l~.2 1 * 
T2 132763101 1415765$20 1'010001,0 66~'1~21' * 
T1 1 15371~~O 1 ~~~23275 11101000 66~71~21 * 

__ ..... ___ ", .. ~._ ._. __ l_«SJ~.ilO_ .. 1-_._"~11l6..._ ... ___ ... __ 'O_OJlOla.o.O__.6.6_ .. 1..L~21 
T~ 1 2327631q 1 '332~OS7 00001000 66~71~21 
TP 1 61S371~~ 1 7S652~27 00000000 66~71~21 

__ ._. ______ 1'Jl .. 1.. _6%s..Z.~ . .5..2_._ .mL._l.6..66Sa13. ___ . __ ... ____ o000000.0 . 6..6.41.1.~21· 
T7 1 72327631 1'77332505 00000000 66~71~21, 
T6 1 7515371 4 1 IS1~6663 11100000 66~71~21 * 

____ . ____ . __ -'t5.._ .. _ 1 7.6.~.6..i1_.~6_ 1.-UO-i-33.3L__ _. _______ ._ .. _11.1'Oa.o.o.o 66~1.1_1.21 

T~ 1 77232763 1 7S~Sl;S~ 00000000 66~71~21 

T3 1 37516371 1 i~21S207 11101100 66~71~21 * 
__ . _______ lZ. ... ___ -L.....&1_.6~Z_41___ _ .. LMll.ao..s.s..~ __ .. __ n_. __ .__ .. 11110000 . ., ... .6...6!Z.1~.21 * 

Tl 1 .27723276 1 60~10272 10110000 66~71~21 
TO I, 137S1S37 1 7~2~013S 00010000 66~71~21 

__ .~ ___ . ___ ~.iJi._._ -.... -. .1. 4S1M6.ll... .. __ 1 .. i.~_s.u...4.7Z _____ . _______ lltlD.1J.ruto.. ______ .... _ .6..64.7.1_"'21 * 
.TP 1 62772327 1 50777250 10001010 66~71~21 * 
T8 1 3137S153 1 56761551 00110000 66~71~21 * 

. _______ J1_._. ____ 1 __ ....H.S.J_6.%! .. __ . _ _ -1- ~SCl2.5..2a.5_. _____ ._ 111·01100 6.6"'Zl.~21 * 
T6 1 66277232 d 703S1~10 10010111 11306356 * 

.. 1..1..3.0.&356 

-' ---. ..:..---------------------

00361Sil 66~77232 



j 

~I 
l .-------.--.. --.--.. --.-.--.---- ---------.-.------~.----.-------.. ------.---------

.... _. -- .-. ------ -- --.-.-- .-... --------.--.---.--.----.--.----- -_."_._-- ----------.-----.. ---.-- -----

TIME 4\ REGISTE~ 8 ~EGISTER 
rrIGURE MUL33 
dC REGISTER 

A*M = 06361~72 
C REGISTER 

TI 0 32300533 . 0 00000000 00000000 0166~067 
T7 0 1$1~0255 0 0766~067 00000000 0766~067 * 

--.-____ ..... 16. --D.--~Dil.6. _. _____ -'l_Oll.lAnll _________ .-;.JU.oo . .lllt . _____ .. _._O'7~a6Z __ * 
TS 0 -23230053 0 056070~1 00100010 0766411067 
T~ ~ SIS1~02S 0 OlS27~03 11100110 0766~06'. * 

_______ ._U______ .U ___ ~.%a12-n-----------.O- .O~ 17762~. ___ .. ___ u__ 11000 1 1.0-_______ .___ .0766~067. * 
T2 0 323230ns 0 06~771S6 00000000 0766~067 

. T1 0151S14t02 0 02013711116 11110110 0766 .. 067 * 
~ _______ 1C _. _____ .a--D.'-«~6111 .-0-- OS~"l 722______ 0001 OlOD _________________ 0.266406'_ 

TR 0 ~3232300 0 01~oon72 11111010 0766~067 * 
TP 0 21S1S1.qO 0 O~2~~A31 01000010 0766~067 

_________ ia ____ ___ 0 _ SO.6.~ 6 4t 6 0 ___ JLil2ll2UO__ _ ... 'm __ . 0 a a a 0 Ct ill _____ __ .076.6..4IJ.67 
T7 0 2 .. 323230 0 01251100 00000010 0766~067 
T6 0 1215151" 0 0052........ 00000000 07664067 

_____ .. ____ iA ______ D-US064646 ______ . 0 Q02522.22 ____________ h 00000000 .. _ .. _____ .. aZ66_~.61 

T~ 0 02"323~3 0 00125111 00000000 0766~067 
T3 0 ~12151S1 0 07636"23 00100110 0766 .. 067 * 

_---~ __ . ______ D 60S06~_ .. _____ . __ 0 02S3323~ .. 1111011 0 ________ a766~067 .. ___ 1r 
Tl 0'30243232 0 01611152 00110010 0766"Q67 
TO 0 1~121S1S 0 027 .. 0661 00010010 0766~067 

___ .TR 0460S0646~ ______ O 00140313 11110110 ____ . ____ 07664067 * 
TP 0 6302~323. 0 O~~2"101 00100110 0766~067 
T8 0 71~121S1 G 01036163 11100010 0766~067 * 

_--.iL 0 Z~60S06~ 0 0496330S~ 1011 a J 10 _______ . ________ JlZ66 ... 067 -~.---

T6 0 35301~32 0_ O'3Ii~'2 ·00010010 70113710 

rp o 0636147_2.-____ ·0 36302432 701137-1.0-____________ ________ .. 

------- ----- -_ .... _. ----------------- .-----.----.--.---

-:.....---------- ;------- ----.----.--.--.. -----------.---- ... -- ._- ... - .. __ ._----_._-_._ ... __ . --------.---------- ----.--.- --_._--------- -. --._-_ .. -- ---------

·3!3024132 o 



----------------- ---------------------------------------------- ------------ ---- - -- ------------------ ------- - - -- --- ------------ ------- -------- -

FIGURE ~UL3~ _~*M-= 26006610 a 
TIME 4 REGISTER e REGISTER ac REGISTER C REGISTER 

TI 0 23~O,a51S 0 00000000 00000000 _S~12772~ 
T7 01160'2~t 1 5~12172~ 00000000 S~I.172~ * 

___ ---I..6 __ ~ ______ o047QOS23 . _ 1 ~6ai3'52 __ _ 00000000 _____________ MU.7J.a~ __ 
.TS _ a 023~02S1 1 ~71~~601 00011110 S~12772~ * 
T~ 0 ~116012~ 1 37505660 00111010 S~1-2772~. 

__ ---t..T-,lL3_ 0 aO~700S2 1 $760633~ 

T2 0 1o,34025 I "7-431&6 
T 1 0 0"'.160121 .7000S:03 

00101000 S.tl 1277z..~:_ __ _ ______ un ____ _ 

00000000 S~12772~' 
01111110 5~J2772~ * 

_~----ll ___ -,---o' 42047ML_.~._· ___ i-.. 304,~60S ___ -_JU.oJlD.1.O!l ____ ~____ _______ ~Z1_2. ~L . 
TR 0 61023~02 1 ~61~1266 00011000 S~12772~ * 

. TP 0 30~11601 1 6306~·133 00001000 S"'12172~ 
_______ iL a S~20~700 ~5S1371 _______ _ 00011010 _________ &4112-Z1_i.~_. _ * 

T7 -0 661023~O 1-62'60170 00011010 S~12772~ 
T6 0 330~i160 1- 7131-4~70 00000010 S~12772~ . 
T5 JL lS42Q4f7D 1 l4fSS6230 00000'0 1 o ____________ s~ t27Z2~_ 
T~ 0 0661023~ 1 'b267110 00000010 S~12/72~ 
T3 0 0330~116 1 j7133~~O Oq000010 ~~12/72~ 

_-------I-T ___ 2 _________ 0- 0 1 ~ -12 0 ~ 7 __ 1 __ 7 7 "IS S 6241 00000000. __________ 6~ 1277 2 ~ 
Tl 0 00661~23 1 ~31~S636 10011000 S~12172'" * 
TO 0--00330~11 1 31006233 11111010 i~12172'" *. 'I Q 41QlS4l20~ ___ -l __ ll.l..66.q4lS 00011000 5.., 1217ll ___ ~ ___ n ___ n _______ n ________ _ 

TP 0 60066102 1 56~77622 00000000 S~12772~ 
T8 a 300330~1 1 672~7711 00000000 S..,1277241 

___ ----<-T-£.-7_ _ll S~OIS~20 ___ -'- ____ i __ ~il6660 0001101 a _________ n_s..~l21~ _____ ~ _____ _ 
T6 a 26006610 1 637137341 00010000 23650053 

TP a 637231.3....4_ 1- 260066 tcL ______ _ 

-~-----------

---,---~-- --------- ------------------------------------------ ------------- ----------------- ---------------- ---------- -- ------

-wi .'0 



~\ 

TIMe: 

T8 
T7 

__ :T6 
TS 
T.q 

____ 13. 
T2 
Tl 

____ I.e 
T,.. 
TP 

_______ .__ _. _ T_~ 
T7 
T6 

____ _ __ T5_ 
T4I 
T3 

--_._-_ .. -.---j~ 
Tl 
TC 

_____ __ ~ _____ 1 ~ 
TP 
Ta 

_____ . ___ 1'1 ___ _ 
T6 

I , 

14 "EGISTER 

1 62360Affl1-, 
1 :3117,020~ 
1 __ ~~.r{7~,102 
1 ·Qb23bO~1 
1 731170;:'0 
1 _a.s_.q ~ 1_'" 1 C 
1 166236tJ~ 
1 07311702 
1 _ U35,~.q7~,1 
1 "'t16~~:'60 
f ~u73117(! 
J ~03S~_~7_~ 
1 6~166236 
1 72073117 

.1_,.aS __ 03_5.~~1 ___ . 
1 16.q1662~ 

1 07eQ7311 
,1 _0 3.6.0,3 ~ ~~_ 
1-016.1f1662 
1 ~0720731 
1 6.1l3 S03 S.q 
1 301641166 
1 = .. 072073 
1 _ ti.6.o.3_~Jl3.~ 
1 ::t30164fll\ 

e REGISTE~' 

o 00000000 
1 S3323..q17 
1 65. $. 5.1 ~ 0 7 
-1 ,. 26 6 ~ 7 0 ;3 

1 ~06SS7S0 
1_ 6_~_3 2 67 .. 5. 0 
1 721S3::'7" 
1 76065S76 

_.1_26 __ 1,3_2677 
1 .q20307 ... 6 
1 6ScSlJ367 

_. _ 1. 12Ji2..0173 
11525 .. 076 
1 76626036 

: __ l~Z~2j 
1 30512626 
1 336349726 
12.Q23.1_766 
1 S~510777 
1 662 .. 0317 
1,"!6,~~ '1 S _06 
1 63~23~07 
1,71S117":; 
1_~i613.10 
o OO~4II01l60 

."--

FIGUrlE MULlS 
~c REGISTER 

00000000 
00000000 

_ .. .OJJJ10.O 0_0 0 
OOOOUOOO 
10090010 

__ OJlQQ LtDl 0 
00000000 
00000000 
0_000000_0 
10010010 
00010000 

_ O,Q OJ_ tJQ_o._Q 
00000000 
00000000 

. __ .10 0Jl0 0.1, a 
10110010 
00000010 
.110_100_10 
00010000 
00010000 
a 0 0_0_0110 ,. . 
00000100 
00000000 

_CUOCUQ.lO. 
1011-0101 

10 11ll_1 aJ 

--. 

A*M = 
C REG1ST£iot 

S332;J4l17 
S332J~17 * 
5 33.2...;I.q 1 Z 
S332.j~17 

S332~~17. * 
~33.2.3~17 
S332~~17 
S332J~17 

5332J'117 
S332;,,~17 * 
S332j~17 

533_2_~_~ 17 
533234117 
5332J~17 

5.332 J".17_ * 
6332J.c;17 * 
S332";~17 * 
S_3..3.2 J_1t.j 1.7 * 
S332J~17 
S332341i17 
533.2:.3_41 17__ * 
S332.J~17 
5332301117 
.s.aHJ~ll.. * 
2 .... 5"360 * 

2~~,5~360_ 

10SS0501 o 



--. -. 

T~ 
T7 
T:_eL 

. TS 
T"I 
T3 
T2 
T1 
TO
TR 
TP 
T~ 

T7 
T6 
15_ ... __ _ 
T6'I 
T3 

_ t~ 

Tl 
TO 

. ____ ,._.. •. 1 fL ... 
TP 
T~ 

._.IZ_ ... _ 
T6 

. __ . ____ .IP 

. .:;;: I 
___ _~.-:' 1 

A ~EGISTER 

1 '1~ .. 36<40S 
1 22217202 
1 . S1.1Qi'.&.DL 

. 1 6~4\41:36"'O 
1 32221710 
1 5511015.0_ 
1 a6414i~3641 
1 53222172 
1.IUI107.6 
1 6264i'1.q36 
1 2S32~~17 
1 1 ~j:iSll 0.7 . 
1 "S26"~~3 
1 12832221. 
1 1.12SS11D. 
1 6.qS264f4f4'" 
1. 32213312 
1 __ 1512.5.5..11 
1 0641S264f~ 

1 03225322 
1 ... 15125.5.1 
1 60~~S264. 

1 70322532 
1 141Sl ilii.._ 
1 7606~S26 

---_._-_ .. -. --... -------- .... - ._-----_._--_ •. __ .. _-- --- ... -~ .. -.-.--- -_. ._ ... --. . . .. _. 

! REGISTE" 

0 00000000 
.431 •• 7&7 . 

_ ..1.-'-148636 '.: 
1 337070.&12 
1. $5703065 
.L 6 Ei 70 1.Q.l2.._ 

1 '130DC'11 
1· 75500"06 

.. -1 l66DQ.2..Q..3._ 
1 i2Atl~OSO 
1 512"6"20 

.1 .. _ 33622163 
1 ·1000<41' .... 
1·13512375 

. __ ._ .1 __ a 0 0' 14 51_ .. 
1 4f4f~32260 

1 6221SS3~ 
1 . 211D .6..6..s.~ ___ , 37i1727~ 
I· $7607133 

___ . .1 .. 6' 'i ~ :l0li __ . 
1 36036707 
1 674fS7303 

-- ---1-.Y.UlllJ-
a 17.35720 

-_ .. 

F I.GUREMUl36 
IC REGISTER 

A.M = 30~36721 
C "EGISTER 

-- . -'_.' ---.------.--.. - _ .. 

00000000. ~31·1 ... 717 
00000000 431,.757 * 

... _ 00£100000._. .. ~llMl~l .. 
00101110 .. 315 .. 757 * 
00101000 ~31 5417·57 
00101000 .. __ ~ ___ ._. __ ~31 5-47&1_ .. _ '. __ . 
0"0 ID lOOt)" 4311471" . 
00100000 .. 3154717 

--.- -. aD 100000. .. -43ll~ll-:_ .. 
10101010 41315 .. 757 * 
10000010 .&1315,,757 

-.____. ---O..o.o..o_lOl.O .g.1~11_5.1._ *. ___ . 
ll110110 .&1'lS"'57 . * 
00111.010 43154757 * ______ --1100111 Q .. . __ . _________ .. 43 I"S" , IL.~ __ ~ ._n .. _u ._h_ .. 

00001010 ~3154t1S1. 
00000000 "315.1757 

_ .. ___ . __ . OOOOOOOCL ... - - . _______ ~ 1 S~ZDZ •. - --.-•.. - .. -~.- ._- - . 

001·01010 .~31&~71' * Q0101010 ~31S~71'7 
_. _____ .Q.OOD 1 Q 10 ___ ._ . _. __ .. __ UI147 i , 

--.'--"'--'--

01100100 ~316"'S7 * 
00000100 4f315.tf757 
QOOOO1.011. _"n. _. -.-.--~1~.5..L-_____ ~ __ -
01000001 . 341'23Q20' * 

1 :3053.6.721.·.... n __ 0- '1'0'4126 _'- .. ------.QJJlQ.o.nCU----~.-- 3462.3020_. ___ . __ .. 

-' 

7~06~S26 o . 



TIME ~ RtGISTER 

Ta 0 122&~11~ 
T7 0 0512eO~6. 
16 _.' .D ._jl2~UD..2..3 

·Tb U 0122S~11 
T6i 1,). 4'fCS1260~ 

'--.'- ___ . __ .. __ 13. .... __ . O--~~5..3..0.2_-
T~ 0 l01225~1 
T1 0 ~~051260 

----.. -.' -..... T.C . ___ .... _ .. _ ... O. _2.2!l2 ~.s..3..Q .. 
TR J ~lOI22S~ 
TP U ~~~OSl~6 

- __ ...... T~_ .. _._ C 12lQ2~5_l 
T7 0 05101225 
T6 a 02~~OS12 

.. _r~_ ..... __ . _. lL Ol..2.2ll.2.~S_ . 
T~ 0 u051012~ 
T3 0 ~02~~OSl 

. _______ .... _T~ __ ._._ .. ~Ql22.o.a~ __ ". 
Tl 0 60051012 
TC O'6~02~~05 

. _~. _ . _. __ T R .. __ ... . 11.32.0 12..2.11.2-
TP a 15005101 
T8 0 06~02~~C 

ti REGISTER 
FIGURE. r.,UL37 
U CRE'G I ~ T E r< 

-, ". 

o 00000000 00000000 
o 00000000 ~OOooooo 
D .. OOJl.DUQ.QD D-Q01lOD.O.O 
o 2~~7~12~ 00000000 
o· ~662~17~ 00110000 
0-... 1 7 3 IS S r,l-b..... . ..JILJOJlQ.Q.Q 
o 07S66~37 00000000 
o 27261332 01100010 

. .. Ct .1uZns.l .. _ Ql.OOa01Q 
o 05075660 01000010 
o 0203673~ 01000000 

- .. .0.011.17356 0 (1.0.0.1).11.00 
o 2~i73602 til010110 
0'36135060 01101nlO 
. a .l.L~160.3.~ '. . OD.! tllOlJ.o 

. Q 23~33S31 11110010 
o IS1S1~50 01010010 
a a~~OS3 1010.1000. 
o 15672~25 00000000 
o 06735212 00000000 
I:L 211 __ ~.620 .QO.I10.tllO 
o 1372S31~ O~100~OO 
o 21~06~61 11100010 

____ . ___ .17 .. __ " __ '_ .. Q._ '" 3 2 0 1 2 2 C . _______ _ .Q .. _.l_~~3..3.3. i. ._._ ........ _..ol...OM.o.O~ 
T6 0 21500510 o 06S21SS6 00000000 

aOJlD·.ooao 

-~- """'-"- ... --- ........ - .... - .. __ .... - .. 

A*M = 
C ~EGl~TER 

. ..... 

2~~'7"123 
~414.~7"123 
2~411123 

2.t.!~i'~123 * 
2~~7'412:3 * 
2..~~1*i 12 3' 
2~.q74j123 

2~~7"123 * 
2. ~. 417 041.2 3 
2~~7~123 
2~~1'", 1 423 
2~.o11"l23 
2~~'''123 * 
241/~'7"123 * 
~~4f7.g1Z3 

2.t.!~7A1123 * 
2.q~1~123 

2~11.4.1 ~. 3 * 
2 .. ~7 .. 123 
2 .... 'Al123 
2~''_701123.. * 
2 .... 7~123 
2~~7~1~3 * 

... 2 ~"-ltli3 __ _ 
S330J6S~ 

1.J6S21Sb6 .2J;;00510 o 



TIME. a ~EGISTEr.: 

T8 0 1~310731 0 00000000 
T7 a O~1~~3S~- 0 33S3~~S~ 

__________ r_6 _____ ~ ___ JL_'l2 0 6 Ull.~_ _ _0 _1.5..65.62.2.6_ 
.T6 0 Jl0::l1073 a 06727113 
T~ 0 ~~~1~~35 a 36W07011 

__________ U ___ -----11-_~~C 6.2.U _________ iL ~ 217 a 412 ~ 
T~ 0 30103107 0 2S~702S2 
11 0 1~O~1~~3 0 ~53~~S11 

_- ____ ~ ___ I_C._. _________ .a ____ ~6 Q2Jl ill. _ : __ Q ____ So.fc.6.2..2_ 6..5 ~t__ _-
TR 0 2301031~ a 52001732 

. TP G 11~O~1~~ 0 21~~~111 
___ . ________ r~L _________ JL __ ~%J1~i__ _. _____ 0_ l~.6.2.2~'O_O ____ _ 

T7 0 22301031 O'0631110~ 
T6 0 111~O~1~ 0·36610156 

____ ____ 1_5 _________ ~_ O~4&l60206 _ _ __ 0 17_3.3.Q~67 ______ _ 
T.:j 0 .q2e30103 . 0 07650233 
T3 0 6111~O~1 0 3632~S61 

___________ I2. m ________ J1...z.c.~_!il_ao..__.o. ~2 3 4f b 6 iO ___ _ 
Tl 0 .3~22301C 0 2SS6336~ 
TO O. 16111~0~ 0 12671S72 

--' ___ ft __ . ____ ._O __ QZ1L~%Jl2.-- .__ __ 'O __ Q53_S_~_61 S 
TP 0 ~3~22301 Q' 02SS6~36 
T8 G 216111~O 0 3~71~S23 

___ . _______ :1L___ _ __ ll __ ~n7_~~.6..0:___'O __ 1 ~3.o l~l~ ___ _ 
T6 0 6~3~2230 0 0710~'~6 

'. -~l-
(,J o· 

--_.- --.- -- I 

F'IilURE r-:UL38 
de ~EGISTER 

00000000 
00000000 

_ ___ Jl0_0 0.00.110 
00000000 
01101110 

___ il..O.l a 1 0 0 
o-ooi 0000 
01000010 

____ JJ.flllDlllO_ 
11110110 
1000011Q 

______ .tlQ_o.o.Q1.1Sl_ . 
00000100 
00011000 

_______ JlO.OJ.01lOD.. _ 
00010000 
01100010 

_ ___ ll.ctQJllliL _ 
00000000 
00000000 

___ . OJlO..oOllllO. __ 
00000000 
00110110 

____C.tl_l.l_U1.QJJ 
00100000 

A*'" .
C REGlSTE~ 

33S3~4IS~ 
33S341~S~ • 

. _ _ ___ nS.3_~~ S~ 
33S3"~6~ 
3 3 6 '3 4j 't.S '" * 

. __ .3..3..S.~4Cf~s.." c • 

33S31j~S4l' 

335341~S~ * 
. _____ 3.3_S.3-,~l.r;S ~ * 

~3S3'1~b~ • 
3363"l1li6 41 

_3 _3S..3_~.:j;~ . 
33S3"14tS~ 

33S341~S" '. 
__ 33.S-a~~_5~ 

33S34tf .. S4I 
33S34j4j5~ * 

.. .3.35_1 ~~.5~_ * 
33S3011t''6~ 
33S341"'S~ 
33_S.3~_~_i~ 

33S3~~$..q 

33S3"'~S'" * 
_3 ~s. 3 -i . .q. S ~. 
~"2413323 

a 



.\ 
----:--:---- 1. 'tl \ 

TIME A t<EGISTER B RE~ISTER 
FIGU~E MUL39 
!:SC REGISTER 

A*"1 = 
C REGISTE~ 

Ta 0 16616613 0 00000000 00000000 1304~S13 
T7 0 012~130& 0 1304~S13 00000000 130~~613 * 

__ . __ . ______ -'._Io_: a .ct3S23SAII2 a 10.-,6750_ 1000001 0 ____________ .l.3.O'~4UL __ .. ~ 
T5 O.i16S1661 ·0 00233360 10000010 130~~SI3 
T~ a lC72~730 0 17151207 qCOJII00 130AII~SI3. * 
T:3 ___ .a_. __ :4.~5 23S~ _______ --'L 07460 1 ~3___ __ __ _ 000 11 000 130AllUU . 
T2 0 6216S~66 ~ 0363~~61 00000000 130~~SI3 
T1 0 71072~73 0 0171~230 00000000 1304~i13 

---_____ ill _____ . __ ~4.43S23_S ___ 1l. __ U703621 __ . _ __ ____ _!lO.l.lO..Q1lO _____________ -1.~~.ll- _ * 
TR a b6216S16 a 10a~1.26 11011~OO 130~~513 * 
T~ 1 Z71072~7 Q OO~2~213 10001000 130~~e13 

_____ ~.i.i. _________ -.Cl._:Li~~.523 . __ _ ~ __ _D_ 17256210_______ 00001010. __ _____ 13a~4fU3_ * 
TJ 0 26621651 O' 12563223 10011.000 13Q44113 * 
T6 0 S2710'2~ a 2423262~ 00110000 1304~i13 * 

___ ~_-D...~~~ ______ ~_!l 121'1312 0001000Q ___________ 130441&13 
T~ 0 12562166 0 050EOS~S 00010000 130~~SI3 
T3 a ~S271072 0 lS~7077S 00010000 130~~SI3 * 

___ .---ll. _____ -D-1l.2.S3A11~35, _______ .Ll 06630376 000 1 0000 _________ .__ 1304!<4S 1 ~ _____ __ 

Tl O' 31256216 0 1636~602 00000110 130~1S13 .' 
TO 0 1~S27107 0 0717.2316 00000000 13011513 

__ ~ ........ TI.S-R 0 -462S3~ ____ . ______ 0... 16-4316.Z.L_n __________ 00 11 0000 13044113_ * 
TP 0 63125621 Q 12~2~~~1 InlOlOl0 130~~S13 * 
T8 0 71~S2710 0 2~116337 00101000 130~~SI3 * 
T 7 -----0 Z All, 2 S 3 .q 4! .. _d ____ ~ 1 2 a a 7 5 57 00 1 00000 _ 1 30411 ~ 6 1 3 
T6 0 76312662 0 05043667 . 00000000 6473326~ 

Ift. ''-'3:i2'" 

--- ------.- -

050~3667 

._--- -.-.- -----------_ ... _.-----_._.- ... _-_ .. -_._.-

,76312Sb2 c 



I 

------------------ ---- ------"_._- "-_.-._----- . ---"'- • __ 0-·' ••.•. ____ • ____ , __ • ____ • ___ .• 

FIGUJi(E MUL~O . A*M· = 02073303 ·111S16~2 
.TIME A REGIST.ER 6 REGISTER ac REGISTER C REG1STE~ 

_.- ---- _._---" --_._-- --- _ ..... "'" .".- ----_._-

T8 0 u3S73 ..... 3 0 00000000 0000000,0 .22062173 
·17 0 (')1675621 0 2'2·062113 00,00,0000 22062173 • 
T6 . _--LL ~ ~j 7_3ll~ D 33013160 00100110 2206 21 ~_.! _____ 

.T& 0 c:~3S7341!~ 0 lS41~S~3~ 00000100 22062173 
T.q (J 1~157S62 0 06622656 00000000 2206~173 

IJ 0 0~H.1I36l1 Q 0331132Z 00000000 2206ilZ3 ----_._--_._ ....... -------_ .. _- - _.- --- 0--_". ________ ". __ ,.,._ 

12 0 .. 203573-' 0 236266 .. ' 00100100 22062113- • 
Tl a 21016756 0 116133'3 00100000 22062173 
to 0 sa~OZ3'l __ 0 O~l~SSll 00000000 22062123 
TR ~) 6~203S73 a 2~3"1~767 00100100 2206~173 * 
TP 0 7210167$ 0 3.:j20~S26 00100100 22062173 * 
I~ -----.0.. ~!SQ~QZ36 ._-'---'-' - 0 3012~"Q6 1Q100100 2206,lZ~~ ___ -

T7 0 1642,0357 o· 100122"3 _10100000 22062173 
T6 0 417210167 o· 3202721" 00100100 22062'173 • 
IS 0 23SD~OZ3 0 3Z03S631 ODIQQI10 2206a123 • 
T~ 0 616~2035 0 31~300S3 10111100 2206':173 * 
T3 a 6"1721016 0 ~26~25S0 00100110 2206c173 * 
12 Q ~Z350~QZ Q 21361220 00000110 2206ilZ3 --- .. ------- ._--_.--, .. _-_ .. - _.- - .... _-- --- ... -.-.. ----.- .. --- - ---- --

Tl 0 1116 .. 203 0 32512'''7 DoC I OOlOO 22062173 * 
TO o. 461172101 0 37307456 00100100 22062173 *. 
TR 0 2323S0~ __ 0 316651&2 1000011D 22062173 * --_. ---- --- - --- .... __ .- - ."-------

TP 0 11S16~20 a 10732721 10000110 2206~173 
is 0 "'''16''17210 0 003SS31"1 10000100 22061t113 
I7 - 0 ~2323~O~ Q Q~166~Q~ 00000100 2206,lZ3 .,.. .. _------_ ... ' -- ._----"._. -- .. ' .... "--- - _.---_._---- .. "-- -

T6 0 11151642 0 02073203 00000100 5571060 .. 

IP 0 020Z33Q3 a 1115.L6-42 00000100 112116041 -------- .. ------ .. - .------ . -"'-- - .... _---. -- .. _--" .. 

---'------------'-----------~----- ----~---.-------. ---- _ .. _-_. __ ._----_ .. _-_ .. __ ._._ . 

.. :~ .•.. , 
:,~ 

---'-------'----( --., 

0 

--



J--.---.-----------.-.--:----..:-- .. -----.---.---.-

~~---------'----'-:--"-------~----'-------.------.------.----------.-.------_. __ .. __ ._- -----------_._------------ --

FIGURE ~UL~1 A~M = 771163~~ 
Be REGISTER C REGISTER 

000000'00 7702.1673 
0000'0000 77021173 * 

_---"lE..>11a~Ol11l1l_ ____.-: ______ ZlJli:7 6 7-.i___ ... __ 
TS 0 23~33001 1 7721161~ 00010100 
T~ 0 1161S~OO 186537531 10001110 
T3 a '~4II106600 1_ 77il7il0 00001110 _______ _ 

·t2 0 2a3~31~D 1 J7"'1~a 00061010 
'1 0 '11611~O I·. 176.30'.. 0000 1000 
TO 0 04470"0 I 771.103~_· ______ __'lOJm1J)JJjL __ 
TR 0 0223~330 1 77752rlS 00001000 
TP a ~11161S~ 1 7776S~06 00000000 

___ --'T---"'eC-.------"'OL-.-.=~'-"'-O-'-~ --,-,. 7,--"Q~6,--",-6_ __ _ __ 1 7777 2 ~n~__ ____ ___ 00000 COO __ 
T7 0 i0223~33 1 77775301 00000000 
'" 0 6~111.1S , ·66715333 10111100 

-', TI· ' Q12011706 • 6'112000 _. ___ ~1110 
T~ a 350223~3 .1 17211~~~ 00010000 
T3 0 16~11161 1 66S37~lS 10001100 

__ --TL-"'2L....---O-41-'-"-7~-U"O'----- 1.... 6 62 7 70..3.L ________ l.QJU1111L 
Tl 0 6310123~ 1 77133010 00011010 

,TQ a .31611116 1 77111020 00011010 
_--'--__ TI...LR:L..-------'allL.·--'1--4.LL7--I...-O:.....L1~-------; 1 776200 1 ~ ____ aDO 110-'l.tL _______ _ 

TP 0 06350223 1 66733271 1001-1010 
t8 0 ~316~111 1 56J01733 10110100 

___ -.&.T .... 7 ___ JLU~ 2 0" 411 ' __ 1.... 6 6 2 2 3 6 a 0______________ 100 1111 0 ___ . _____ _ 
T6 0 3013&022 l' 1711S3~~ 0000l~OO 

TP o 771U3_4~ 

-:.--- ... ---.-~.---------.---. ------------_._-"._--- .:....--

~-- -------------

77027673 
77021673 * 
_Z2021J~_13 .. 
77021673 . 
77021613 

_ .7ZrlZl_t13 
77021673 
77027673 
770~1.~l3 
77021673 
17021673 *' 

_ 1 ZJ22.7 ~7 _3 __ * 
77021673 
77027673 * 
'lZ021~73 __ . * 
77027673 
77021673 
ZZC..216·Z3 
7702-1673 * 
7702167~ * 
11JJ2161.3 * 
0075010 .. 

o 



-------_._-----------_._-------_. __ ._------------------~--. 

TIl'tE A ~EG I ST.ER 8 REGISTER 
FIGUWE ~UL.4It2 
Be ~EGISTER 

T8 0 15'A1703S2 0 00000000 0000000-0 
T7 0 0663~16( 0 00000000 00000000 

__ d_ T6 0 ,033t6072 - , __ --.-JLJl_6S77220 00000000 
TS 0 01S~703S 0 03~77S10 00000000 
T~ 0 OQ663~16 0 0722606~ 01111000 
T~ 0'003316070 U3157~32 01000000 
12 . a 0011"'030 00i56035 10 I'll 00,0 
~1 0 "OO"3~10 020t2.36 ~ 11110000 
Te 0 20033160 ____ --'------0-_031441537 l111DQOO 
T. a SOOlS~70 0 05026257 01100000 
TP 0 ~~00663~ 0 02053127 01000000 

___ -I_~ __ _lL_12 a Q 3 316 __ , __________ 0._ 0 1 . .tt 2 5 t1I! 5 3 a a 0 a a 0 a 0 
T7075001S .. 7 0,0061'626 00000000 
16 0 76~Ob'63 0, 0607"'32 01010000 
TS 0 37200331 0 01131475 1111dnoo 
T~ 0 b750015~ a 03617056 10101000 
T3 0 276~0066 0 057~702' 00001000 
T 2 -0 S:3 7 2 00:3:3 -----WO~O 2.......,Z~6~3~Q'-4-1 ~3 --.--O""-'OoJ.-\oO~01_61~p-¥-OJoool.-O - --
Tl 0 65150015 0 07061221 01110000 
TO 07216 .. 006 0 02563732 10110000 
T I 0 3 S 3 7 200 3 - .... O~O s ...... 2 .... 3~S.J.-#;'_SLtiJS ___ ____WD ....... Q ..... l-W-JO O",,-,O~O_O~', 
TP 0 ~6S7S001 0 OOa~S106 11111100 
'T8 0 27276~OO a 02256323 11110000 

____ . T7 0 ~3S3Z200 a OSS631~1 00010000 
T6 0 65657500 0 Q267$~6~ ooooo~oo 

T, , 00000000 

,A*M,: 02675~6~ 
C REG I STER -

,06577220 
06571220 
06571220 • 
06677220 
06571220 . * 
06577220, ,, _______ u __ 

-01577220', • 
06177220 • 
06577220" • 
06517~20 
06517220 
06S7'Z22L__ , ________ . _________ _ 
06177220 
06571220' '* 
06577220 _ ~ 
06571220 * 
06571220 
06571220 
06577220 • 
06571220 *. 
06177220 
06577220 * 
06571220 * 
06 S 7 7 2 2 C ____________ _ 
11200551 

-----_ .. _-_._----_ .. - ------ -_._.- ... - _.- - ._-----

o 



~ 
(X) 

P"IGURe: ~UL~3 A*M = 03303112 "i~670636 0 
TIME A I'( c: t~ I :)T E ri 8 REGISTER oC REGISTER C REGISTE~ 

------- ----- .. -._--- -. 

T~ 1 "t74j$3333 0 00000000 00000000 '3~"J035 
T7 1 &:!362555S· 1 134fi1l1303S 00000000 73~~~O35 * 

-~-.--- .. --- .. Te,;_ 1 ~ 1112.666 1 Ei02.6~-'l4f3 1.1000010 1_3".4{J036 * 
T~ I.Q-'i7~5333 1 7~S3222:,) 00000000 73~4IJ03$ 
T'i 1 72~6tlS6S 1 ~lbl01-'47 101JOOOO 73~4IJ036 * 

-----.-... -..• .1_j_ 1_ 7S.111l.6_E 1. .61.3.1.3_0..10. . . JiLlOOllC .1_3.4141 JO 3~ * 
T~ 1 ::t6~74tS33 1 73105"410 01100010 13 ..... 3036 
Tl 1 17~362SS 1 61541·S6 S 1 10000010 730111413035 * 

-.- _.-."._-_ .. _- r.c 1 ~7S1112~ 1. 61 2. 2.5.1_ 6.5_ al100_000 1 :l4_~J.03a * 
TR 1 o31S.-lI7Ai!;3 1 73152772 0100UOOO 734f4tJ03S 
TP t j17~3b25 1 61.rf20322 10110110 13"4103035 * _I t:t .-1 1"t151712 1 . .6 7. jtl 1_2 --t2. 0110.0_010 .l3.~_~;lO.3.S_ * 
T7 1 0636~7~5 1 731 .. 7S2S 01000.000 73 ..... 3035 
To 1 ~3172362 1 61~26~O7 10100100 734f"'~03S * . _l5. 1 U~lU11 1 ._1.%S.a3_-!.3 LlOa aonao 13~.s. 
Tet 1 10636~7': 1 61760616 10010100 73 .. 4tJ03S * T.j 1 -=,"'317236 1 7~7741?O7 00000100 73'44t";03S 

.------- -.. .il ____ . 1 ~6-1~Z-S17 ... -1 ZA..iZ6.1-43 ilQiU1Cll1QD Z3~~aQ3.s. 
Tl 1· 670636417 1 6~S32016 10110100 73"'~303S *. 
TO 1 J3~31723 1 6076~07.q 10000010 73"'~303S * __ . ____ .... _.!R. __ ... __ 1 1 561 ~1S-1 1 61735.017 OOlO.CiO.!I o. 1~~D.3.!_. * 
TP 1 ~67063641 1 66~Sl~6'" 01010010 73~.qJ03S * 
T9 1 ~33.q3172 • 73620636 000·10000 13~4tJ03S 

--___ . - ._. __ ll 1-.L1SllUS ... --1- .1.Ul._4!.ll.Z __ .. DQOOOOOO- .-- --J3~~JC3S 
T6 1 ~"670636 0 12272001 11011111 O~33"7"'2 * 

______ . __ _". t.~ -1 .. 03-3-'1.3.-1-12 .. . ~.ll -~-~62JlAU ..... __ .. ... --- .. ~1111ll1ll-- !)~41_~2_ 



F I,GUR E ft':UL4f61 ~·M = fJS~:!I~742 n~jI267~ l 
TIMe :"0" ,,,{ 1:. !; r ~ r ;:: ~ ~ REr;I~TER :sc I(E~I~TER C REGlbT~;;( 

T8 ,J ..i2~3263~ 0 00000000 00000000 06~6~126 
T7 ;J It:l(lJ5'~1f: 0 0666~126 00000000 066641126 * T6 t) u6 !"1U6647' 0 03332053 00000000 OFi66~ 1'~6 

.TS . (. '3.2.t;~~C:!'5~ 0 073311..q3 01110010 0666-i126 * T4 - ~!5C::1S.jl 0 020(;-'lFo03 1.1100110 0666"'126 * T ~~ J 7~650;~S~ Q O::Z264!23 111.0-'1010 0666~J2~ * i2 0 7~32.:j2E 0 OS153~lS 01000000' Q66641i6 
T1 .J 76152153 0 1'l206S~06 01000000 0666",126 
it U ,.3706SU6b a 0,7.21'6761 01100010 Q6664126 * Ti1 G S7~j~43? 0 02723 41 12 10110110 066641126 * T? 0 ,;7~1-;215 [) U ~ .3 1·; 6 411 00100010 0666--1126 
T~ L ~~706:'Q~ 0 UOIi~2(1~2 11011010 0666~lZ6 • 
i7 ;J ,S7~J2"~ o· 04f63S4t2S 00000000 0666 ... 126 
T '~ 0 S~761S21 o· 00172730 11010.0 1 0 066641126 * 
T5 (J ~637a6S0 Q Qc2~5·06 11100.100 066'6-4126 * 
T~ \.j 1 2 ; 7 .q :" 2,~ . 0 t:)F-Q7C!'i..q3 00000000 oe66"'12~. 
T.3 .~ . 

4.j~2751i;? a (')2076321 ooonocoo Oe:;b6-ijl ~6 .. , 
T~ ,- ~2~3ZU~5 0 01J36~'SO JrlOOUOO('l O~6~"'1~~ 
Tl ..., .j12S7~32 0 0633330,2 01110110 .0666"126 * ~ 

TC j l~S2701~ 0 O~SI1S0S 00110100 0666~126 
, TR J ~62SJ706 0 07S7~020 01001010 0666~126 * TP ..; ~312~J.q3 I)' (J3~76~1"t 01000000 l1~66"t126 

Tb C 114ol6:27bl a on71332~ 10110010 0666~1~f • 
T7 ~j u~~25~7P U 02~7~t;·7.q 11000010 Ot566'11co • 
T; , u2~041257~ 0 O~t;36?32 UOUOOC'lO 7111J6S1' 

Ti~ a u65·'~7~2 . 0- 023125'''' 00000010 7111~651 



-------.-- - - -- -

Ol 
0 

F"IGURE: MJL.qS A*M = 07~21&oS ·2C1S770.qO 0 
TIME ~ r(::~ISTER 8 RE",ISTE~ ~c REGISTER C REGlSTE.~ 

--- ----_. __ ... -
T8 0 30SS634t~- 0 00000000 00000000 1 133.q71111" 
T7 0 141267162 0 00000000 00000000 1133~74t~ 

- '~-'------ - ---- 'T6 _ u 06133'-'ZL __ 0 .. _ a o.a..aruta Q . ___ 00.000000 1133-'1741" 
T~ Q·~30~~~~~ a I1J3~1..q4fj 00000000 1133~7A'f~ * 
T~ (j [jl~26"1f.. a a~~S6~62 0.0000000 1133~7..q"1. 

__ T3 Q uQ6133~7 a C12_~_lll OCIQ_Qu (! 0 Q 1133I1jl~'" 
T2 0 "1030556:3 0' 12-467330 00001110 1133"17""1 * 
i! 'J ~Cl.q26,71 0 16S601641 00011000 1133"7 .... * 
TC 0 1 C06133'~ a 105203_36 10111100 1133't7"1.a * T!'\ (] J.qO:o'Ia5&~ 0 OO~I..q~17 10100100 1133~/"I"I 
Tt-I 0 "l21.)1"1267 0 CI~I"16207 00000100 1133417"1~ 
Tt3 ...; ol;J061J3 _J,l 1:3317(:07 0"101100 1133"'11,q"l '* 
T7 a 7C~030S5 0 1613"707 01010·100 113.3 ~ 7 t1Ii"l * T6 IJ 7411201..q"ti 0 107163"17 10101000 113314741"1 * 
IS a }61COb13_ a _ 0030.25.6 __ 3 10100000 1133'17""1 
T~ u 770"030:' 0 15:;37536 00001100 1133 .. 7~~ * 
T3 f) 7742ul~2 a 1710.tt2S2 01111010 1133'17~..q * 
T2 J J76100~1 Q 01110.6521 01100010 113317.rt~ 
T! 0 S770~030 0 15377110 00001110 11334174l~ * TC 0 ~77~201~ 0 06b77000 00001110 1133'f1~.q 

·Tf{ 1"\ 13161006 0 03277a~" 00001000 1133"f7~"1 -TP 0 ub770~O~ 0 01~:37C22 Q{'IOOIOOO 1133"ti'o1.q 
Tes .J C2774201 0 1110~7S5 01110000 1133"47"'''' * 
T7 J 41~7610C 0 16432222 0001111.0 11~3't701''t * 
T6 0 ili!05'70~C 0 0721155S ' 00010000 66~~3033 

.IP. U U7221555 a 206170 .. 0 OCUIOOOO 66 .... 3033 



. --------- . __ ._--"--, ... ,._--- ."-----.- ------- .. -- -.~-

TIME . A ~EGISTER • REGISTER 
FIGURE J-.UL416 
ae REGISTER 

Tet 11"304:itOOO~fJOGoaOOOOOQO 
T1 (I U~61422'.· 0:11'107'1. .00,001)00 

.A··M .• 
C REGISTER 

1513'0761 
lS33g161 • 

0"00'256 .. 

___ ......:J.T __ ' __ ·-liooIIO_'123.06113 '0 ·0."4170' aaGOOD·.OO .:.........-....... 1-...13 ........ 3OL-.Dt..L.-7.-..' JlL.I __ . _______ .. _ ... __ .. ____ .. __ 

,T6 0 ~11~30"5 0 10516055 10101100 
T~ 0 b~~61"22 0.256313411 00001100 

• 15330161 
153'301.61 .• 

T3 Q 6 " 

fa 0 7211430,4" O. ':',.: . .tl'f"'o ·il!30711'. * 
Tl . () 3:1041"'" t. ',la'O.,I.. 'GIIf)OeO '1310761 

~_,_'"\o" ~·.··--.tTL...IojC~· _-loOI-· __ iUilf:'.:::L42 ..... 3~OIUl'~1~_~OL...;. __ ".::J1.4.~11lU·O .... 2LAI ... ·6"'"-i ~ __ .w.aoWJoliLilLJioiUliaLloloriWo ___ ~111iLl3 .... 3i1..lo0l.L7...ii11!IJo..l _____ ... _._._. __ ........ ,, _____ . __ ....... __ ... ' 
TR 0 21211~30 0 11520060 00101010 15330161 * 
TP 0 13S0"61~ 0 01610"341 00100000 15330761 
Ta ' 0 0$6"2306 0 0!Z .... 216 OOOOQOOO 15330761 

Tl, 0 .11027211 0 1"'.710 "'COli,·.' 113~Q7'1 * 
TO . 0,2''41350411 (I '411631 J '1101111 11"'17-.1 •. 
T. Q 13&0'6 .. 2 0 0210710. 10,1-10."0 IIJIO"1 
TP a 2S$0212i 0 051 .. 3602 00000100 15330761 
T8 0 126 .. 1350 0 17111622 00101100 15330761. 
T7 a QS320S6~ 007Z0~3il 00101000 1533U161 

6'447016 

'412550212 

------ 7----------. -,:--------



.-- ... 

FIGURE fl'UL,4f7 
!!C REGISTER 

A*M. 00006074f 
TIME A REGISTER e REGISTER "C REGISTER 

-------- ._. __ ._- ._------_ .. 

TS 1 75513000 0 00000000 00000000 7761~6~1 
T7 1 36'~5~OO a 00000000 00000000 776&~6~1 

____ .-:_It_Q _________ .L-I_l.322600 0 00000000.______ 00000000 ___ .__ 77611'~1 

T5 1.075S1300 ·0 00000000 00000000 7766~6~1 
T~ 1 0366~S~C 0 00000000 qo~oooo 776S~6~1 

_-----'-'T 311:- _ 1 01732260 0 000000 00 0000000·0 776S ~6 4f 1 
T2 1 00151130 0 00000000 00000000 71'1~6~1 
f1 1 00366~5~ 0 00000000 00000000 7761~6~1 

_____ .I.C... ______ l-'lD.llH2.6._ .. ______ JL 00000000 0000000 0 ____ ~, 146 .. 1 
TR 1 0007S513 a 00000000 00000000 776&~6~1 
T~ 1 000366~S 1 176S~6~1 00000000 716S~6~1 * 

___ ~ _____ ----.l __ ~n2 ________ -,_~S7216L _____ . _____ . ·11011 000 7761~6~ 1 _ .. _ .!... _____ -----
T7 1 600015'1 1· 71671~70 00010000 77.''''''1 
T6 1 3000366~ 1 '651~~7S 11101000 77614'''1 * 

,3~126000 (j 

~ __ ll.--.- 1 5 .. 00173L _" ...... 1------L-7Z"-'6 ..... 0 ........ 6......,.'<....:.l=.6 _______ 0.._0 ___ 1-.,OO .... OIlLllOLJIOL--...... ___ ---II.l---L7.....l11!6WJE5-t.1--""-6~ ____________ ._ .... _ .... _ ._._ .... _ .. _ .. __ .. _ .. 
T~ 1 26000755 1 777~3317 00000000 776S~6~1 
T3 1 53000366 1 66535300 11101110 776S~6~1 * 
T2 1 2S~OOI7.a ___ -L1761610~ 00101100 ZZ65-46~1 . ____ . _______ . __ . ____ _ 
Til· 12500075 1 '6'133~3 l111ioOO 7".16 .. 1.' 
TO 1 ~5300036 1 1"6'722 11000100 1711~111 * 

.TR 1 22&~D.1.L_... I 7'6'3311 00000100 "'14'~ ______ . __ 
TP 1 &1260U07 1 66501~~S 11111000 776S~6~1 * 
T! 1 ~~S30003 1 86551063 11~11000 776S16~1 * 
T7 1 722S~OOl 166~"S672 11100000 '76516~1 * . _______ . _______ . _____ u ___ •• _. ____ • ________________ • __ _ 

T6 1 35126000 0 77706063 ". OG."'OII 0011113' * 

___ I . .Jl00060'" . 0 11121000 aOIOIDl'J 00111116 

-_. --------------------



TllftE t\ '(EGISTE~ 

18, 'a 0,,,,'31271 
T7 0 ,0321"'S3~ 
i.6..._~ __ lL 01 so s2A6 _________ 
T6 0 ~O6 ... 3127 
T~ a 20321~S3 

B REGISTER 
FIGU~E ~UL-18 
Be REGISTER 

A*M = 
C REGlSTE~ 

o 00000006 00000000 02371312 
0023-71312 ' 00000000 02371312 • 
o Ol17ft~ _______ ------'lQ.OOOOOO .. _____________ D.ll1_1.U2 ________ _ 
a OO~76262 00000000 02371312 
o 02S20~~3 00110000 02371312 * 

UO~O~S02 

T3 :) 50150626 a 03605533 ______ 00100000 02371312 ____ ~ __________________ . ___ 

T2 0 ''''06-4312 o Q32331~7 01101000 02371~12 * 
Tl 0 120321t45 o 011$6073 01001000 02371312 
TO Q 75015062 a 03350347 00110000________ 02371112- ____ ~ ---- .. -- _____ _ 
TR 0 76~O6~31 a 01620163 00110000 02371312 
TP a 7720321~ o 02205303 01100100 02371312 * 

~--~~--~~~~~~-~_~Q~a~1~S~~~2~5~0~1-. 00000100 ______ ~-02371312---- ________ ~ __________ ~ __ IS 0 77S01so6_ 
T7 0 776~O6~3 o 00661200 00000100 02371312 
T6, 0 37'120321 0-02621052 00101000 . 02371312 * 

-""Y","-, _____ ----$--J~~~'----Io-:#--ILJ~~~I____-_o~n~3oL106a..:::l4J_6a ..... 3_¥,3 ___ 2___ 00 1 00000 ____ 0237 1 3 1 2 _~ T&· 0 17150150 
T4f a -4776t406~ o 01761167 00000000 02371312 
T3 0 63772032 a 00770~67 00000000 02371312 

~.--,,--~---+-I,,"---~~~~~--~O--\,#-;O C",,-,'oiW! 7t-::04:w;;2 ....... 3LW3_ 00 a a 0 0 0 0 C 237 1 3 1 2 -----Ie: 'J 1177S01~ 
Tl 0 7~J764106 o 02~67~27 00100000 02311312 * 
TO 0 16371203 o 01273613 00000000 Q2371312 

~h~' ~~~~~~~~~~~~~O~Q~2~O~a~6~2~1~7~. OllOIOOO-~~-----02371312 ~ _____ ~ ________ _ TI 0 7111'SOI 
TP t) 174t776~0 o 037~~OII 00101010 02371312 * 
Ta 0 17637720 a 01722~OO 00100010 02371312 

~~~~~-~~~~~-~-~O~O~O~2~1~1_2_0~~. 00100000 ----------02371312 I7 0 3771775Q 
16 0 17''-'776'" o oa30~S02 00100000 75~06~6S 

- TP 0 0040 4502 o 177nH4- 00100000 75406465 

,~ 

~ __ M. _ ._ --

-\ 

o 



( 
\ 

TIME ~ KEGISTEi\' M RE~ISTER 

------------l ----.--.. ------ ------.----.--------------------.-,.~.---.-:..------I 

FIGURE MUL .. 9 
~c ~EGISTER 

A*" • 
C REGISTEI( 

--- -_.----_._-_. ----.-.-------.. -.. --.-.-----.----------.---------,----~~~~----,-----....~ 

T8 . 0 33330610 0 00000000-
T1 0 lS5S~30~ 0 00000000 

00000000 
oooQoaoo 

______ _ X6 ____ ~-~6~~~~A~ _0 ~~~ _________ ~~~~ ______ ~~~~~~~~~ 
T~ 0 03333061 0 00000000 
T~ ~ OlSSS~3C a 02b21270 

__ !~H ______ .u--Jl-Llel6.-f:t.6.1 ~ 0 __ 0 1250U~ _________ . _____ _ 
T2 0 0033330~ a OOi2~2S6 
T1 0 0016SS~3 a 00252127 

00000000 
onoooooo 
oQOOOOOo . 
00'000000 
00000000 

02521210 
02521210 * 

___ h __ : ______ iC. __________ D-_~1lO6.6li.l _d ~Jla6_ .. 6243 _. __ ... ____________ .-:._JlOMtllJD£L __ . __ ----L1aWm:L~ __ ~_~~~~ ____ ~~~ci~ii1 
T~ C 6003333C 0 O~O~~3S1 01000100 02521270 * 
TP 0 70Gl&SS~ 0 0102212~ 01000100 02521270 

_______ j'_~ ________ O_.a!~JlD_6.6 6.~ _______ . ___Q ___ JlCHUliJ~ ______ , __ ~oo 1 00 02521270 
T7 0 16003333 0 OO4tO ...... s 00000000 01121270 
T6 0 .. 7001565 0 02723"12 00000100 0212127D * 

~ ____ is...~ ____ --D- 23~00.6.66 CL._Q307203S 01001100 02521270 * 
T~ n 51600333 a Ol03S~S6 01000000 02S21270 
T3 0 2~1001~S a 03S37017 00001100 02521270 * 

______ i-'-h_d __ a S23~oa6_6 ____________ 0_ 0337J_237 _______ 01010100 0252 1270 * 
T1 a 65160033 0 01170S$7 01010000 02121210 
TO 0 72~700 10 0 03521"57 00100100 'OtlllI70. 

_______ IIL-_ _ -D. ____ ' 523 ~ 0116. -0 03" 31 0 S 7____ 01 0011 DO' 0212:1270 ' .. 
TP , 76516003 0 0121~067 01001000 02521270 
18 J 772~7001 a 03627623 00000100 0252t270 * 
T 7 ____ --Jl-- 77 S 2 3 ~ UD. . ------0--- 0 3 ~ 3 ~ 1 AL-,-~ --------"O.t-.llI.-looO ....... 0 ...... 1 ....... 1-¥O--W--0--------1IO~2.iiiJ.5 ... 2 ..... 1.,..2 7I---JO""---=*=-----~--------:--"..,---':--,.......,--,-______ ..,...,...-.--,~.....,..._~ 
T6 0 71651600 0 01Z16~20 01000100 .7".16107 

_CL_--1i66 16 00 --__________ .JlJ aDo 100 ___________ _ 71216507 



-_ .. -------_._----.--_ .. ---_. __ ..... _- .... -- .. -.. - -.- ........ -.. -.. -.--_.- .---.- ._ .. __ ...... _-_ ... __ . -_._._-_._-_ .. _-_._ .. _ ... _--_.--_ .. --:---. ---~'---'--'----"-'---- ... - .. _----, --- .. -._._._---.. _._------_.. . .. -_ .. _._._---_._ ... - ._----_._----_.- ---------------_._-_ .. __ .-

TI~E A REGISTER 6 ~EGISTEf( 
FIGURE MuLSO 
ac REGl~TER 

A*M = 7~002276 111~3170 0 
C REGISTER 

-----_._------_._----_ .. __ . __ .. _ .. -:--_._.- .. __ .. _. __ ._-._ .... __ .. _._-_._-_ .. _-----;--._--._ .. _-_ .. _-_ ... _.-._-----_.- -----_._--- . _._-_._._------ --_ ... _. __ ._ .. __ ._-_._._ ... _. 

T8' 1 62&12352 0 00000000 OOOQOOQ011~~Si~6 
T7 1 312~Sl~5 0 00000000 00000000 11~~5'46 

___ . ___ ~L 1 14522~~ _____ d_. __ JL~4SS"6 ___ n __________ OOOOOOOO_d_. _____ . _______ ~jS4l6 ___ ~ __ . ___ . ______________________________ . __ .. ___ n ____ d_ • 

TS 1 06251235 0 O~622663 00000000 11~~~S~6 
T~ 1 ~312~S16 a 13756077 00001000 11~~5S~6 * 

_____ T3 --,-L 6141t522Q_d_ 0 O.s.z674137 _____ 00000000 11.11~QS~6 

T2 1 70525123 0 13330355 01111010 11~4i5416 * 
~1 1 74312 ... 51 0 17665230 00001110 1144654' * 

""""",,---~_........aT-"-O,---- 1 3614f522~ -'l. 1037062'--_______ 110.l.Ol..OJl_________ 1144;1416 * _ ____________ ______ . _____ . __ .. _ ... _____ . ____ ._ .. ____ ._. __ _ 
TR 1 17062512 0 0067Q353 10010000 11"'4~S"'6 
TP 1 ~7~312~S a ~.1127016S 00010000 11~"'SS46 
IS . 1 6361~S22 0 1350553(,1 00100110 _____ . _____ . 11~4IISS4~ ___ !' ___ . ___ : _____ ._ _ __ n ________ ._. ____ n ____________ • __ 

T] 1 31706251 0 05602610 00100110 114~i5~6 
T6 1 1 ... ,411312411 a 13306016 01101100 11~~6'~6 • 

L- IS' 1 Q6361~S2 ---.0_ 05103 .... ' 01·100000 ~~. ___ . _____ . ___ ~_. _______ , ____ . __ d •• __________ _'_ __________ _ 

T~ 1 ~317062S 0 02001623 01100000 11~4SS"'6 
T3 1 61.117~312 0 1200S~S7 01101000 11~~5S46 * 
T2 1 706361 ~5 _..Jl 0: .q4112227 _..: ______ 00001000 _______ _____ . _____ 1.1 ~~~S4ll~ ________ n ____ d___ _ ___ n ______ •• n. ______ .• _. __ • ________ • __ • __ 

T 1 . 1 743 It 062 0 132662 S 1 . 0 1 00 1 0 1 0 11 4tt .. 5 & ~ 6 . * 
,;,;\.TC 17.1474131 (3 06133520 01000010 11~"S6.46 

'II 1 379616141 0 _~2312 00111110 . ____ ;. ___ iln44iS46 • 
TP 1 17~31706 a 062"1601 00010110 11~45S"'6 
T81 ~761~7~3 0 0312.116041 00000100 11 ...... ~S~6 
T7 1 23706361 ~ 120170.aJL ______ 01101110 ______________ 114411;S46 _____ ~ ___ n ______________ ._ .. _____________ • ________________ _ 

t6 ·1 11'43110 1 63172275 - 10010001 66332231 * 

TP - iOJUJlOJll. ____ . __ . ___ . __ '-'llllal __ . 

---~---------. _._---_._--------_. __ . __ ._------ - --_._._ .. __ .. _-_._-_ .. _---.-._ ... _--_ .. _---_._--- ._. __ •.. __ .... __ ._--_._- ._ .. --- ._--_ .. - -- .... -- --_._--_._-_.- -.-- - .. -~ 



T ! IIrj E. 8 REJISTER 
FIGUFtE MULSI 
t;C REGISTER 

Tel ' 1 40000000 0 00000000' 00000000 
T7 1 2~oooauo a 00000000 00000000 

A*M • 
C REGISTER 

-'00'00400 
401l'f.'1·QCOO· 

4fOOOODOO 

. Tti _ 1 1 nooa.DOO 0 _00110anOll_._ .... _. __ ._. ___ -.00000000 __ . ____ .~LnO:tHl.llll[L __ ~ ____ ~~z~ 
Tb 1 J~OOOOOO 0 OOuOOOOO 00000000 ~ooooooo 
T~ 1 G20000JC a OOJOOOOO 00000000 ~OOOuOOO 

.. 1.3 l_.Ul.DO.QOQO Q_ .D.O . .QOJ1Can_._ .. __ .. _____ 00000000 '10000000 
T2 1 0011100000 0 00000000 00000000 4Q,eoocrOQ. 
TIl 00200000 0 00000000 00000000 ::40000DOO 

____ -.. -_1£ -l-~~DQOOQ Q On~QD~~.. oooooooo ___ .~_~~~;·~o~~~Q~o~ao~.~~_~~ ___ ~~~~~~ 
Tr. 1 JOO~OuJO 0 00000000 00000000 ~ooooooo 
TP 1 J0020COC a OOJOOOOO OOOOOCOO ~ooooooo 
li.i ___ ...... 1.JOJJ10JjJC .. ___ 0 OJ1OD.QJ10Jl.- __ .. ._. ___ 00000000 .. _.. .,0000000 
T7 1 oooo~ooo a 00000000 00000000 ~OQQOOOO 
T6 1 00002000. 0 00000000 00000000 40000000 

___ . ___ ..... h.unTJi._:. . .. 1-_llilDO_1000 .n . __ n._ ... _D O.OlUlooao_ .. 00000000.. 400Qoooo 
T~ 1 00000400 0 OOUOOOOO 00000000 ~OOOOQOO 
T3 1 u~000200 0 00000000 00000000 ~OOOuOOO 

________ . ___ n_LLm_ L __ JJMrH.UD c -'l .. I1QOllan~ ___ n_n a a a a a Q a 0_ .. a 0 0 II 000 , . 
TIl OOOOOO~o 0 00000000 00000000 "0000.000 
TO 1 00000020 0 00000000 00000000 40000000 

. ~ ____ jR. ___ .. _~nu ___ l ... _!lOJIO Cllll.Q _ _0_---'10.0000 00 . . .. 00000 a oO. ____ . __ --'---=4IUrOOUOlDLWO .. Q.-O .... O.t.iLO 
TP 1 JQOOOOO~ 0 oouooooo 00000000 ~OOOOOOO 

T8 1 00000002 0 00000000 00000000 ~OOOQOOO 
._ .. ____ T 1 . _. __ ... ___ l-. .J1nClOn£LQ1. __ . 11.._ 0 a 0 0 0 QQ~ __ . _ m _ 000000 a Q ____ . .. 0 a 0 tl 0 a 0 

T6 1 00000000 0 37177777 00000001 37771717 * ~' .). " :, 

_____ . __ . _______ R ___ .____ _ 1- .~OO COO 00 O.OO.rlD-O.O_O!t __ .._ ._n_. llOMO_Olll___________ 3-""77' _ .. __ 

..... __ .. _----------_._ .... _ .. - ----------- .-.-.-.--.. ~--- .. ------

•. : ~, .. , 



Page Catalog No. 304002 

APPENDIX 3D 

DIVIDE AND THE BZO "EYE-BALL CIRCUIT" 

The following sets of constants allow the user to diagnose completely any Bi:O and/or divide 
problem. If a fai I ure is suspected, the user should reset all breakpoints and'ioad the tape 
using the "Diagnostic load procedure beginning at the Automatic Instruction Diagnostic. 

If the program halts' at a divide error halt, determine the pertinent constant set via Appendix 
3A. Then, set Breakpoints 1 and 2 and place the mode switch in RUN. This repeatedly per
forms the current 'test with the error halt inhibited. The user can now use the oscilloscope 
to follow the test through each T-time to determine the exact circuit area. 
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-----'-c-.. --( ------------------ ------------------.-----------

~\ " 

--------_.------------------_._------- -- .. ---- )------

TIME A REGISTER 8 'tEGISTER 
,.IOUR! DIV 1 
Ie REGISTER 

.. _-----
AIM. ..0000000 ,00000000 1 

e REGISTER 
------ ----._._. __ .- .. _---------- - -_._---- - ----.---- _. ------- _._--- - - ---,.--------_._---------------.------

T8 o 37777777. o 00000000 00000000 37771777 

-_._---_ .. ---- ·rl 0 0_1000000 0 00000000 -- ----- OOOOOftQO __ .. OOOCLOOO _________ 
_ .. ---_ .. _--- .--. ----.. -.-.--------- .. ---

T5 0'00000001 1 .. 0000000 00000001 .. 0000000 
T2 0 00000002 0 '7777771 0001)0010 37777777. 

.. _._ .. _lft_ tLJlnOooo" ___ 0 26666771 11111010 377777·77 * -'--- --_.-----"._ ... 

T7 0 00000010 0 a6666771 11111010 37777777 * T .. 0 00000020 0 26666771 11111010 37777777 * 
_1_' _____ .0_0101» Q Q_4frt _ _0. __ a_ 6 6. __ 171____ _ _____ lJJ11010 _______________ 1777777"L * - - .-- -----_ .. "----"---_. --" -----_._---_._--
TP 0 00000100 0 26666771 11111010 3777·7777 * T6 0 00000200 0.26666771 11111010 37777777 * ___ I~_ .tt_ gg.oQO~oo o 26666771 11111010 37777777 .* .-... _ ... _-_._-

;,~-o '-2-"-'-.-771" ----- ------- ---- .----.. . -.. ----------,- -- . '-- . --_ .. 
TO 0 00001000 11111,010 37177777 * 
TI 0 00002000 \ 0 26666771 11111010 37771777 * _. _______ --.li 0 OOOO"_QQO ____ '\0 1666. 7~~' _________ 1111&010 37777777 * 

""-

. --;0 ----- --- ._-_ .. _--_ .. - ---------

T2 0 00010000 26666771 11111010 37771777 * 
TR 0 00020000 0 26666771 11111010 37777777 * _______ !Z ____ _____ 0_ OOO~_QQJ;tQ_ - -II .'66667~J 11111010 . 37777777 * "- -----------
T .. o 00100000 ~ a'666771 11111010 37777777 * 
Tl 0 00200000 Q 261"771 11111010 37771777 * 
-T" ._ ~-'HMOaooo ~ .---"--'-6677l_ ... _____ . _____ 11111010 "7'77777 * - ---_ •.. - - ----._---. 

T6 0 01000000 0 16666771 11111010 37771777 * 
T3 0 02000000 0 ~'666771 11 fIla 1 0 37777777 * 
TO 0 O~OOOOOO 0 6666771 11111010 37777777 * "-----. 

TI 0 .'000000 0_ 66"771 11111010 ",.,'771 * .TI 0 .0000000 0 6666771 .1111101.0 ,"'777' • 
TI Q 41DIIOOOOO II '777'1.102. 10DIDIDD 17,-",-'17 • 
Til o 4110000000 o 00000000 11111010 37777777 " 



TIME A REGISTER 

T8 o 37777777. 

FIGURE DIY 2 
8 REGISTER BC REGISTER 

o 00000002 00000000 

AIM' • 
C REGlSTE~ . 

377.77777 . 

__________ _T_'--_ ~ _______ ttgJ000002~_ Q (HLOO_QJHt~ ·00000000 ______ ~O~~l~tQ~O __ 
.T! 0 00000005 1 ~OOOOOOO 00000001 ~OOOOOOO 

T2 0 00000012 .0 3'777771 00000010 37771777 

37777777 ~OOOOOOO 1 

TR 0 OOOOOQ~_~ ______ ~ 26666771 11111 01 0 377777ZL *_u __ n _____________ m ____________________ . ___ .. ____ _ 
T7 0 00000050 0 26666771 11111010 37771777 * 
T~ 0 00000120 0 26666771 11111010 37777777 * 

______ ~ ____ Il- O ___ ~Q_QOi~Q _Q __ ~~J_t§'_l71 ___ JJ--'.1 101 0 _____ _____ J7_'l'tl~_l·l__ * 
TP 0 0000060Q 0 26666771 11111010 37777777 * 
T6 0 00001200 0 26666771 11111010 37771777 * 

________ t~__ __ Q_ QOQ~~~~Q____ _ __ 9_ 26'~~?_~1__ 11111010 _____ 3t777777 * 
TO 0 00005000 0- 26666771 -11111010 37777777 * 

'- .. -- ----------_ .. _------_._--- -_._----

Ta 0 00012000 0- 16666771 1111.010 37777777 * 
________ Ji-..___ _Jl Q.AD_~_~OOQ_ __~_J_~_tt~1_7_L_tll.ll_010____ _ __ J'l_'l177_l_'l ____ '! __ _ 

T2 a 00050000 0 26666771 11111010 37771777 * 
TR 0 00120000 0 26666771 11111010 37777777 * 

__ ._. ____ tL _CL 002"00_o0__ _u _ ___ (t ___ 26666Zl~ _ 111110 1 0 37777777 _~________ n _____________ .•.•• _____ _ 

T~ 000100000 0 26666711 11111010 37777777 * 
Tl 0 01200000 a 26666771 11111010 37771777 • 

________________ T~___ ___ ~ __ OI_~OO_OJH~ _ _ ____ (t--'6§_667_~I___ _ _____ 111110--'-1l____ ___ __~177,7l_l ____ _ ~_ 
.T6 0 05000000 0 26666771 11111010 37771777 * 
T3 0 12000000 0 26666771 11111010 37777777 * 

. _____ ~ _____ . _O.i" 0 0 ~~t~.P.Q 2~ • ii ~l-'--__ __ ____ __ _ 111-11 0 1 0 37777777 * 
T8 0 50000000 0 26666771 11111010 -37771777-.-------------------------
Ta 0 20000000 a 26666772 111.11010 37771177 * 

___ ~ __ . _____ 0_ .. OOOttO_O_tt ___ -_ ; __ JJ_1"7'l11JJ~_ ___ 00000100 _______ ______ 1_171111"1 ____ ! ___ .. ___ u ___ • ___ u ___________ _ 

TP a 410000000 o 00000001 11111010 37771777 ~F 

-'--_ • ____________ . ___ • __ .n _______ •. _ .. ____ . __ . ___________ ... ____ .'''_' ____ ...•. ___ _ 

----- -------------_.-



~gl--("'~--

TIME 

TI 

A REGISTER 

o 3'1777777-

______ 'T8 ___ .-Jl~OOOOOOO ---... -----.--
T5 0-00000001 
T2 0 00000002 

8 '!GISTER 

o 00000000 

0 00000000 
1 · ... 0000001 
a .7777770 

TR 0 0000000 ... :0 26666770 
T7 0 00000010 O· 16666770 
T .. 0 0.000020 0 "'6'66770 

__________ !_L ___ 0 000000 ... 0 0 16666770 ----- ""-

TP Q 00000100 0 26666770 
T6 0 00000200 o .26666770 
T3 Q OOOOO~~. g 26666770 
TO 0 00001000 0""'6'770 

\, 

'1IiURI DIY 3 
Be REGISTER 

00000000 

00000000 
00000000 
O.OOGOOll 
11111011 
11111-011 
11111011 
11111011 
11111011 
11111011 
l111J011 
11111011 

TI 0 00002000 o 26666770 11111011 
~ _____ ~ooo~ooo ___ ~ 16'6'77~ ______ j 1111011 

T2 0 00010000 0 26666770 11111011 
Tft 0 00020000 0 26666770 11111011 
T7 0 OOO.JIOOOO 0 26666770 11111011 
T~ 0'00100000 0 "'66770 11111011 
Tl 0 00200000 0 .'66'770 11111011 
-Tft ______ .. __ 1l~~00 00 0 16666770, .11111011 
T6 0 01000000 0 26666770 11111011 
T3 0 02000000 0 26666770 11111011 
TO .Jl_ 0 .. 000000_ 0 16666770 11111011 
T8 0 10000000 0 1.".770 ·11111011 

.TI 0 2-0000000 0 • 6.6.770 .1111101.1 
T2 tl_~flOOO~ .g 77777702 OOQODIOO 

Til o ~QOOOOOO o 00000000 11111001 

---- )---------

AIM. ...0000000 
e REGIST!R 

-00000000 a 

.. 0000001 

... 0000001 ----------- ... , ... -- --.-_.--- ----.-.---.-.----.---------~----

"'00000'01 
37777776. 
37777776 * --"'._" ... --------.--_._----" - _.,.,-_ ... _--" .. -.---------. -_ .. _-_ ....... _-._----

37777776 * 37777776 * 37777776 * --- ... .. ----... --"_ .. - .. " " ... -- --- ------_._-----------

3777·7776 * 37777776 * 37777776 .* ------- ._-- .--- .. _---.-------- --_._-----
37711776 * 37777776 * 3777777. * ----- _.-' ------" "- •.. _-._-.---------
37777776 * 37777776 * 37777776 * -- .---"---_." ---- ------- -.--.-------
3777777. * 
3777777' * 3771777. * ----------------
37777776 * 37771776 * 37777776 * 3777777. * 3777177 • * 3777777. • 
37771776 



TIME . A REGISTER 8 REGISTER 
.. --_.---.. -" -

TI 0 3~177777 0 00000002 

T8 
. T5 
T2 
TR 

.-. -_._-_ .. _--- - . 

T7 
T~ 

___ .... __ .. __ TJ . 
TP 
T6 
T3 . 

--_.--_._.- ---";--'-0---' 

TI 
T5 ----... --. Ti-
TR 
T7 ._ ...... - ... " -f'~-

Tl 
Tfl . _.- '-.16-" 
13 
TO -·----·-T8-'· 

T5 
T2 ----------- -

TP 

' .. Q.QaoooQ-'!~ '., (:LQ~~Q.Q.QQ~ 
o OOOOOOOS , ~OOOOOOI 

o 00000012 0 31777770 
__ ,Jt' Q~Q_9QQ .. ~~_. . ·.,Q,~~A~~'- l.Q, 

o 00000050 0 26666710 
o 00000120 0 26666770 

_ .. Q_JUI9 _'H) ?_.,.p . Q .. l~, t_.·~~ .. ~Q. __ 
o 00000500 0 26666770 
o 00001200 0 26666770 
o 00002~00 0 26666770 
'0-00005000- 0 :-'.-66,"'-7(f ---
o 00012000 O· 26666770 
o 0002~000 0 26666770 

·0 00-060000 if-26"--6-6 7 70 --
o 00120000 0 26666710 
o 002~OOOO 0 26666710 
O' .oos-cfooob 0 2"'-6-'77(f--' 
O. 01200000 0 26666770 
o 02~OOOOO 0 16666770 
o· 0'5'000(1'00-- -- .. 'Cf -26-6-6'6"'-tf' 
o 12000000 0 26666770 
o 2~000000 0 26666770 
o 50'000000 0--('-"'6'1'-0-'-' , ...... 
o aooooooo 026666771 
o ~aoooooo 0 7777770~ . ._- .... --. ----_._ ..... _--------- ..... _---_._-" - -" 

o 4110000000 o 00000001 

P'IGURE DIV ~ 
ae REGISTER 

.A/M • 
e REGISTER· 

OOOOOOBO~OOOOOOI 

.£l~ooooog. _____ . ___ ~OOOOO~tL __ . 
00000000 ~OOO~OOI 
00000011 37777776 

_.ltU 1 0 11 37771776 * 
11111011 37777776' * 
11111011 37777776 * 
IJ.ltlcttL ___ ,_. __ . ____ ':I71..77Z'!_6. __ .. * 
11111011 37771776 * 
11111011 37771176 * 

_11111011 37771776 * 
.11111 0 11 --,---- .. -- 3 7 7 7 7 7 7 ,--.---------' 
11111011 3777777" * 
11111011 37777776 * --ffTI-Iorr'''· ... -- 37771776-' .. 
11111011 37771776 * 
11111011 37777776 * 
1'1111011- .. --. . 37777776--.-----
11111011 37777776 *. 
11111011 37777776 * 

--- '11ffl0 11--' 37771776'---' • 
11111011 37777776 * 
11111011 37771776 * --"[11'''10-fl--- - -.. --- .. - --- -j7 777 776--.--- -~.-.--- --'----._-". ---" .. --- ... -.. ~-- "-.... -------. 
11111011 37777776 * 

. 00000100 37771776 * ._-_._ .. _ ... _-.------"--_ .. -._.- -" _. -------. __ ... __ .. .-'--

11111011 37777776 ~F 



TIME 

T8 

_ -T_8 -
T5 
:~2 

T~ __ _ 
J7 
T'1 

7T1 
TP 
T6 
T3 
TO 
T8 
_T5 
T2 
TR 
T7 
T-4 
Tl 
_T' 
T6 
T3 
TO _ .... _---".-_.- ----_ ... ---

Ta 
T5 
T~ 

TP 

- ( 

A REGISTER 8 REGISTER 

1 ~OOOOOOO a 00000002 

1 77777776 ___ 0_0 __ 0_000_0QO 
i. -fff7,i"fs- -~ 40000001 
1 17777772 a 3777777~ 

_____ L_l1_771.1j_~_ ___ ___ 0_ 2666.61Q.o_ 
1 77777750 0 16667710 
1 77777720 02-6667730 
1_ 17lZ16~:C. ll ____ tH_tZOlO _ _ 
1 77777500 0 26677170 
1 77777200 0 26677370 
1 117761111CHL_ ___ _ct" a6~.77. 7.7.0 
1 77175000 0 26670770 
1 17772000 a 26772770 
1 ~776~O.oo.__ _ -' __ ~ __ a~l_l~_Ll_~L 
1 777S0000 a 26706770 
1 71720000 a 27726770 
1 _7.7~4fO_Q_Q.Q _____________ .0 __ i?_Z_66~lJl 
1 77600000 a 27066770 
1 77200000 0 37266770 
1 '''~QOQ_OO ___ .Q.._'7t~_67._'-_Q_ 
1 75000000 0 30666770 
1 12000000 0 32666710 

_, .~Q9QQOO Q '~~I.~7g_ 
1 50000000 0 ~6666770 
1 20000000 ~ '6666770 
l~OOOOOOl __ :_1 __ 777777QQ 

1 37777777 1 00000000 

FIGURe: DIY 6 
BC REGISTER 

00000000 

AIM = 
C REGISTER 

37771717 

____ QQ_OOOQQ_O _~tlHtQ.Q_QO_Q_ 
00000001 ~OOOOOOO 
00000010 37771777 
fl111110____ _ ________ 'J_Z.1.Z1_Z.7_7. ___ ~ 
11110110 37771777 * 
1111011D 37777777 * 

_ll_l_l_lO_1.CL__ _ ':11_77..7 __ 77'1 * 
11101610 37777777 * 
11101010 37771777 * 

_tU.o.JJ~_1 Q _ ;171.7.1_77.7 __ -* 
11111~10 37r77777 * 
11011010 37777777 * 

- -_llOl..lO...to _ _ ~7._7.11_7."_1_ * 
11111010 37777777 * 
10111010 37777777 * 
_10JtlgJ~ 11177~"Z _ * 
11111010 37777777 *-
01111010 37777777 * 

_ _0 1.1J _1 012. _ ~_"-11_!. ~_7 '--_ _ * 
11111010 37777777 * 
11111010 37777777 * 

_ ___ A_Il11 OlQ _ _____ _______ ~_~_'l77!11 ____ ! __ 
lJl11010 37777777 * 
11111010 37771777 

. __ : Q.OJ~_~HtUtO__ _ ~O_ 0_0_000 Q . 

00000 1 00 ~OOOOO-OO Of' 

)--------- ------

--- ._----- -------------.-- -_.-._ .. __ ._ .. _--------- ._----------
60000000 ,60000001 1 

--- ----- -- -------.-.--.- .. --- ._----



TI .. E 

T8 

T8 
. T~ 

T2 
TR 
T7 
T~ 

A REGISTER I REGISTER 
FIGURE DIY 6 
BC REGISTE" 

_. .--._--_._._------_._--------_. -;---

1 ~OOOOOOQ 0 00000002 00000000 

.---t-.~ ~t~.~ ~ ~-t:--·--·-·· 0 00000000 ___ : ____ un ·00000000 
1 .0000002 00000000 

1 77777772 0 '7777773 00000011 
_~Zl776~_. 0 26666707 11111101 

1 77777710 0 16667117 11110101 
1 77777720 0 16667737 11110101 

----------

AIM' • 20000000 -60000001 1 
C REGISTER' 

~OO.OQOOI 

~OOOOOOI 
• - -0 __ • __ "-"-'-_.- _ ._ - -----------

~OOOOOOI 
37777776 
37771776 * ----- -

37777776 * 37777776 * 
--~.:.....-~-'-- --- I 7 7 7 7 7_H.CL... _n __ ...:.._ 0 16667777 _. __ . ____ Ul10101_· ____ ..... __ 37771776 __ * - - _._--_ ..... - ._- _ .... _- .. _-_.- . __ ... - ---_._-_. 

TP 
T6 
T3 
TO 
TI 
Ii 
T2 
TR 
T7 
T~ 
Tl 
Til 
T6 
T3 
TO 
T8 
T5 
T2 

TP 

§/ 
---( 

1 1777750q 
1 17177200 
1 7777'~OO 

. 1 77771000 
1 177120'00 

. ___ . ....Ll716~OOO 
1 77750000 
1 17120000 
1 176~00OO 
1 . 77100000 
1· 77200000 

--.-L 764tOOOOO 
1 76000000 
1 72000000 
1 641000000 
1 iOOOOOOO 
1 20000000 

__ 1 -41000001 

1 ~aOOOOOl 

0 26667077 
a 26677277 
0 26677677 
o· 26670677 
B· 26772677 
Q a 677' 6 7 '-__________ 
0 26706677 
a 27726677 
0 27766677 .. -.. _--- -~--... ---"-----.-

a 270'6677 
a 27266677 
0 37666677 .. 

0 30666677 
0 32656677 
0 36666677 
0 -46666677 
a "'66677 

_______ ._ . ...Lll.l117 7 0. _______ 

1 00000000 

11111101 37777776 * 11101101 37777776 * 11101101 37771776' * 
·11111101 37771776 .. * 1101.101 37777776 * 11011101 37771.. 7 7 ~_~. ____ . ___ 

----.-.-~ ... ------------- ._-----
11111101 37777776 * 
10111101 37777776 * 10111101 37777776 * 
11111101 3777777. * 01111101 3777777' *. 
01111101 37777'77' * _._-'- ------
11111101 37777776 * 
11111101 37771776 * 
111·11101 37777776 * 
11111101 3777777' * 
l11Jl101 3777777' 
ooaaatua 410000001 

00000010 ~OOOQOOI ~F 

)1-----...,-



-( 

TIME A RfGIST!R 

T8 1 ~OOoOOoO, 

8 REGI$TER 

o 00000000 

________ :-'I"____1_90J1000_0 0_ 1 __ 17_77""" 
T5 1·00000000 0 77777700 
T2 1 00000001 1 86667777 

_______ _ __ lft _________ l_JlIOCt~QO.3_ 1 __ '--6666_~11 
T7 1 00000007 1 "666677 
T~ 1 00000017 1 e66~6677 

__ I_l_ __ __ _1_ ClOO 0.037 ,_ _6_66.6_667_7 
TP 1 00000077 1 66666677 
T6 i 00000177 166666677 

-.13___ _ ___ J ___ QD_OO Q 37 7 l. _'_6_ 666 __ 6" 7 
TO 1 00000777 1 ,6666677 
T8 1 00001777 1 66666677 

__ I_t __________ i-'lQjlQV71_ 1 __ .1_1.6_H1:7 
T2 1 00007777 1 66666677 
TR 1 00017777 1 66666677 

________ H .1] _______ 1 000377.7_7 ______ 1 6~ __ 666_'§1~ 
T~ 1 00077777 1 66666677 
Tl 1 00177777 1 86666677 

_____ ____ ·JJ! ________ 10.l.17l1.71_ _ ___ J ____ 6.J_666 __ '1_7 
T6 1 00777777 1 66666677 
T3 1 0177777i 1 66666677 

__ ---'T-=-O _____ 1 __ 03'1_77117_ __1_ ,-'-.6_666617 
T8 1 070777777 1. 66666677 

.TI 1 17777777 1 "666677 ' 
____________ T2__ __--'-- __ 3111Z7-''-_ __ : __ 1._.211'17"110 

TP 1 ~OOOOOOI 1 00000000 

\ 

\ 
~-\---- ----:------ ----------------- - -

\ -

~ __ \ ___ c ______________ _ 

- -

- / 

----------------,---------------- -----------------,--------------------- )---- -------------

-- -- --- ------ - - -- ------ -- --- --------- --- ,- -------- --------- --------.------------------------- -- - --- -------------------

~IGURE DIY 7 AIM = ~OOOOOOO -00000000 1 
BC REGISTER C REGISTER 

00000000 00000000 

Q __ QQ.Q_Q.Ottt_ _ __ 7.1_7.777'1."'-- _ * 
00000100 00000000 * 
111·10001 77771777. * 
l tLllIOJ _ ' __ 7_7_7.:'L7 7 7 __ '-_ * 
11111101 77777777 * 
11111101 77777777 * 
111111.QJ _ Ill_:1771.1_ * 
11111101 77771777 * 
11111101 77777777 * 

__ lllllJQ.l _11_7771..77 __ * 
11111101 77171777 * 
11111101 77777777 * 
111111Ql _____________ lZ777"l~ __ *-______ __________________________________________ _ 
11111101 77777777 * 
11111101 77777777 * 
llttUM __ , ____ 77777777 * -----------_______________ ------c-----

11111101 77777777 * 
11111101 77777777 * 

_ 1 tW_lOl- ___ __ __rr7'7777 __ ,~______ __ ___ _ ___________________ _ 
11111101 77771777 * 
11111101 77777777 * 
1 __ tUllQL _________ 77771777 * ____________ _ 
11111101 77777777 * 

.11111101 77777777 * 
_ OOJlUOl Q ___________ __ 1:1.7777_17 ___ *-_______________ , _____________________ ~ 

00000010 77777777 a, 

-, ---- ---- ---- --------------------------



F'IGUP<E DIY 8 AIM = 37777777 00000000 a 
TIME A r{t.GISTER a REGISTER ec Rc.GISTE~ c REGI~TE~ 

T8 0 37777776 0 00000002 0000000,0 37771777 

T~ 0 OOOOC002' 0 77777777 00000000 ~HiOOuOOO 

.To 0 UOOOCUQ.d 0 2666666~ 11111110 37777777 
T2 0 UCOC:Ol.L 1 37777772 . 00000001 ~ooooooo 

TR a 0OOOOO2~ 1 3777776b 00000001 ~ooooooo 

T7 0 OCOOOO~7 1 37777756 000:00001 .qooooooo· 
T4f U OCOOCl17 1 37777736 00000001 "0000000 
1! 0 00000237 1 3.7777E 76 00000001 ~ooooooo 
TP 0 OOOOC~77 1 37777~76 00000(101 ~ooouooc 

T~· 0 00001171 1 37777~16 00000001 ~OOO(')OOD 
T '~l 0 00002377 1 37776776 00000001 .qoooooao 
TO 0 uCOO~777 1 '37775776 00000001 ~OOOOOOO 
T8 0 00011777 1 3777'3776 00000001 410000000 
T5 0 00023777 1 37767776 00000001 ~OO'ooooo . 
T2 0 000417777 . 1 37757776 00000001 410000000. 
T t< ' 0 00117777 1 '37737776 00000('0) 410000000 
T7 0 00237777 1 37677776 OllOOOOOl 410000000 
T41 0 00 .. 77777 1 3757777,6 00000001 ~0001.l000 

T! 0 01177777 1 37377776 00000001 .. 0000000 
TP 0 02377777 1 36777776 00000001 "0000000 
T6 0 041777777 1 35777776 00000001 "0000000 
T3 0 11777777 1 33777776 00000001 .qOOOQOOO 
TO 0 23777777 1 27777776 00000001 .. 0000000 
T8 0 .. 7777777 1 17777776 00000001 .. 0000000 
TS 0 17777777 1 77777777 00000001 ~ooooooo 

T2 0 J7777777 1· 77777770 00000010 .. 0000000 

TP U ;,7777777 1 00000000 00000010 .. 0000000 



( 

- \. 
o.i 
0.: 

FIGURE DI~ 9 AIM - t1tOOOOOOl 00000001 0 -
TIME A REGISTER B REGISTER ae REGISTE~ C REGISTER 

T8 0 377 1 7777 0 00000002 00000000 t1tOQoaooo 

T8 0 00000002' 0 77777777 00000000 ~OOOOOOD 
TI; .0 OOOOfJOO~ 0 26666665 11111111 37771777 
T2 0 DOOC0011 1 3777777~ . 00000000 ~OOOOOOO 
TR D OCOCOO?3 1 37777770 00000000 ~OOOoooo 
T7 0 000OOO~7 1 37777760 OOO-oOOOQ' ~OOOOOOO' 

T~ 0 00000t17 1 377777~0 00000000 ~OOOQOOO 
T1 0 00000237 1 31777700 00000000 ~OOOODOO 
TP 0 OOOOO~1.7. 1 37777600 00000000 ~OOOOOOO 

T6 0 00001117 1 !717141tOO 00000000 ~OOOOOOP 
T3 0 00002377 1 37777000 OOOOQOOO ~OOOOOOO 
TC 0 0000~717 I 37776000 00000000 .. 0000000 
T8 0 0001177'7 1 3777 .. 000 00000000 ~OOOOOOO 
TI 0 00023777 • 37770000 OQOOOOOO t110000000 ' 
T2 0 000 .. 7771 . 1 37760000 00000000 ~OOOOOOO 

TR a 00117717 1 377 .. 0000 00000000 .. 0000000 
T7 0 00237777 1 37700000 00000000 ~OOOOOOO 

T~ a 00 .. 77777 1 1760000.0 00000000 ~OOOOOOO 

Tl 0 01177777 1 37~00OOO 00000000 ~oooaooo 

Til a 02377.777 1 37000000 00000000 ~QOOOQQO 
T6 0 0 .. 777777 1 .6000ClOO 00000000 ~OOOOOO(l 

T3 0 11777717 1 3~OOOOOO 00000000 t110000000 
TO 0 23777777· 1 30000QOO OO_OQOOOO ~OOQPClQO 
T8 a ~7777777 1 20000000 00000000 ~OOOOOOO 
TI 0 17777777 1 ,OOOOOOQl .00000000 .. 0000000 
Ta 0 37771777· o 00000002 .' .. OO_OOOQOO . ~OOqQQ_OO 

TP o "0000001 o 00000001 00000000 ~OOOOOOO 



.--.--.------.-.-.-.----- ---.. -----.----- ----------F I GU-RE-]lvl---0---- ------ ------.------ Aif-r----.-----4f60-000oT----------4jooOOOcw---- 0--------
TIME A REGISTER 8 REGISTER BC REGISTER C REGISTER 

------- ---_ .. __ . __ ._-._-----_._---- ---- ----- --- _.. ----_.----------------".-------_. -------------------... --- -- ----- ._ .. __ . --_.- --------_. 
T8 1 4fQOOOOOl o 00000002 00000000 3777·7777 

T8 1 77777776· a 77777777 
-------- . T 5 "'T -7'17 7 iff~ ----- --------0-266666-6"-6--- Q_Q.~Qq20'L ________ .. 0000000________ __ _ ______ _________________ ... ___ .. _____ _ 

11111110 37777777 
T2 1 77777771 1 '7777775 00000001 4fOOooaoo 
TR 1 '77777763 1 !7777775 00000001 4fOOOOOOO 

-,-------=---~ 

T7 1 11771747 1 .777777& ooobaOOl "0000000=-'---
T4f 1 77777117 1 '7?71i71 00000001 .. 0000000 

, T 1 - 1 17111637 1 31717775 00000001 4fOOoaOOo ----------rp------ ----1--7 7 i77-~77 ---------- 1 37777776 . -------OO-OOOOOl-~------- ------~OOO-OOOO--
.. _._---_ .... _--_._-_. __ .. - .. __ .... _-_. ---

T6 1 77777117 1 37777775 00000001 4fOOOOOOO 
T3 1 77776377 1 37777775 00000001 4fOOOOOOO 

--------------,.--Cj" -~1--_'_777~777--. -a7777775 00 a 0 000 1 .. 0 0 0 aDo 0-- --- ----c--- ---------------------- ----.----

T8 171771771 1.S7777771 00000001 .. 0000000' 
TS 1 777637771 37717775 ooooaoo! ~OOOOOOO -------f2---- .. -------1 -7774f7777---------T-3777777S---------- -0 00 0 000l"-~--'---'---- .it 0 0 0 0 0 0 0---- --'----.- .------". --. -------------"----... -- ---. 

TR 1 77717777 1 37777775 00000001 ~OOOOOOO 
T7 1 77637777 1 17777775 00000001 ~OOOOOOO 

--=-T4I---=-- ---1-7741717.,----- --- -J 37777711 -.. -.--.-----. 00000001 ~OOOOOOO 
Til. 77177777 1 17777715 00000001 .. 0000000 
TP 1 16311717 1 37777775 00000001 ~OOOQOOO 
T6 r--7"'7177'------1 a7777775 00000001 ~OOOOOOO 

----_._----_._-----

T3 1 71777777 1 37717775 00000001 4fOOOOOOO 
TO ___ 1 ___ ~l7777'!..Z _t_~ZZ]7Z7S ___ _ 00000001 4fOOOQOOO -----------
T8 1 .. 7777777 1 17177775 00000001 .. 0000000 
TS 1 17771177 117771711 00090001 .. 0000000 

____ T2 1 __ ~Z_7177'l? ________ . __ o- '-1.'l?Z_?_! __ '! __ 00000000 ____ ~OOOOOOO ___________ _ 

Tft 1 "0000001 o 4f0000002 00000000 410000000 
-----_._._-----_ .. 

. ._-_ .. -._----------------------. -------

~I _--1 ___ { ______ ._ 



... _-_. __ ._ .. __ .. __ ...... (. 

~I 

TIME A REGISTER 

TI 1 -10000001 

------.----- __ .1'_' _ .1 ___ 17 7.717_7 ~. 
T5 1 .7777777~ 
T2 1 77777771 
~~ ___ . __ 1 77'17.17 6 3 

T7 1 777777~7 
T~ 1 77777717 
Tl J __ 777Z.Z6_3·'1 
TP 1 77777~77 
T6 l' 77777177 
T3 _1 ~177J.~77 
TO 1 7'77~777 
T8 1 77771777 
t.i . _ .. __ 1 __ 7 '-'l6_~ 7 7 7 
T2 1 777~7777 
TR 1 77717777 
T7 1 77637777 

" ... --- ... -'--

T~ -----r··j -7-~7-7 f7 7 
Tl 1 11177777 
·TP . 1 _16 ~_'-77 1., 
T6 1 7~777777 
T3 1 71777777 

-------" ---.!~- 1. 63Z1_'1.:l'[Z .. 
T8 1 ~7177777 
T& 1 17177777 
T2 1 _~ZZ'lZZ17_. 

Tft 1 3'771777 
-'-- -- ---.-- ---._---- ... ----. - - --." _. "." --

B IEGISTER 

o 00000002 

.. _0.. __ 7712,,[71 ., 
0 26666666 
1 i7777776 

FIGURE DIY11 
Be REGISTER 

00000000 

_JlOOOOOOQ 
11111111 
0,0000000 

.. LHZ7_7" l~_._._._. OOOOOOOQ 
1 .7777776 00000000 
1 '1777'776 00000000 , '.'1."7Z .. "-_l.t OOOOOOQO 
1 37777776 00000000 
1 37777776 00000000 
, 37777776 QOOQ.QQQ_O 
1 ·S777777' 00000.000 
1 37777776 00000000 
I _~ "--1"-1_"-7 ~ __ - "-_.-.. . __ aQ1)OOOQ~t 
1 '7777776 00000000 
1 !7777776 00000000 

.1 3"-_177 '-7_~_ ~BtQ 0 Q_Q.Q.Q 
1 37777776 00000000 
1 '7177776 00000000 , . 1"7_77776 _Q_QQOJHtQ~ 
1 37771776 00000000 
1. 37777776 00000000 

__ L.~1_7 '1'l'-7.§_ QQ.Q.~lQ. 00 jt 
1 .7777776 . 00000000 
1 .7777776 00000000 

. ._JL:11..'17 777411 - - -- .. -' ... ' 
. __ 00.00.00_00 __ ._._ 

0 4110000002 00000000 
-- •..... ------_.-. ----

)-----_. __ ._. __ . __ ..... 

.. _-_ ... _-- '-.". -._-----_.-. - .. ---.. ------.--.----.-..... --.---------- ... ---.-.'" .. -._-.-

AIM. 37777777 ,~0000002 0 
e REGISTER 

~OOOOOOI 

~(2~QJtQ.llJ. __ . 
37777776 
~OOOOOOI 

. __ ._~OQ.OOQ~l_ 
~OOOOOOI 
~oooaOOl 

. ~.QQo.gQQ l. 
4110000001 
~OOOOOOI 

~OQQjHtQ~ 
~OO.OOOO 1 
~OOOOOOI 
.~_Q.OOOOJ . 
4110000001 
~OOOOOOI 

~Q..ooooQJ_ 
4tOOOOOOI 
4tOOOQOOl 
... g~Q.Q.Q.Ql_ . 
4110000001 
-10000001 
~g_Q~tQ.Q_Ot 
4110000001 
4tOOOOOOI 
~OOQgQ.O t ... . "'---" _. -'---

~OOOQOOI 

- -- -... --.. ----- ----- -- ---- -.-- --------•. --... -'--" 

."-- -.- --_.-._. -_. __ ._--- . _._._. __ ..... - .. ---.. --. -' ---------------_._-_ .. __ ._ .... _ ... -._-_. __ .- --"-"'-'---"-' .... ------ .. --~--

( -~---.--'----.. --------- ... ---



-I 
$1 

-- ----{ 



--- _._-- -.,.. --- ( ---- -_ .. ---

~l 0, 
- ----_. - .- --_ ...• _. 

FIGURE DIV13 AIM = ~OOOOOOO ,00000000 1 
TIME A HEGISTER B REGISTER BC REGISTER C REGISTER 

-. --'-

T8 1 ~OOOOOOI 0 00000000 00000000 410000001 

'T8 1 O.OOOOPOO 0 ""'-''-'17 '117 QJl_OOOQO 1 "QOOQ_ClO J * T6 1-00000001 1 37727701 00000100 '-'0000001 * T2 1 00000002 0 26667770 111-10011 37771776_ * 
T~ 1 0000000l1li 11 .26.66.61Z.o 1111101.1 3.77117.76 * T7 1 00000010 0 26666770 11111011 37777776 * T4f 1 00000020 0 26666770 11111011 37777776 * Tl 1 000000-'0 0 266667.10 11111011 37771776 * TP 1 00000100 0 26666770 11111011 3777·7776 * T6 1 00000200 0 26666770 11111011 37771776 * T3 1 0000041100 0 e6666770 11111011 37777776 * TO 1 00001000 0 26666770 11111·011 37771776 * T8 1 00002000 0 26666770 11111011 37777776 * T& 1 OOOO~OOO 0 26.66770 l1111CHI 37771776 * T2 1 00010000 0 26666770 11111011 37777776 * TR 1 00020000 0 16666770 11111011 37771776 * T7 1 000 .. 0000 0 26666770 ,11l1J)11 3777.1776 * 
T~ 1 00100000 0 26666770 11111011 37777776 * Tl 1 00200000 0 26666770 11111011 37777'776 * ·Tft 1 OO~OOOOO 0 26666770 tl11H)11 3 '-777 .. 7 7 _~ * T6 1 01000000 0 26666770 11111011 37771776 * T3 1 02000000 0 26666770 11111011 37777776 * T.O 1 041000000 0 a66~6770 ,1 III Q1J 377 '-.7.'-l6 * - "-_ .. _----- --- - "- --Te 1 10000000 0 86666770 11111011 37777776 * .TI 1 20000000 0 26666770 .11111011 37777776 * T2 1 -40000000 0 77777702 QOQQO.tQQ 37777776 * --

TP 1 410000000 0 00000000 11111001 3777'''76 ~F 

.... __ ._------------_.-



TIME A REGISTER 

T8 

_1' 
.T5 
T2 

_ _ _ ___ _lB_ 
T7 
T~ 

________ _ _T 1 -
TP 

. T6 
T3 . 
TO 
T8 

________ JS 
T2 
TR 

___ ~ ________ II. 
T4I 
Tl 

____ ______ _J'.~_ 

T6 
T3 
TO 
T8 
T5 

__________ 1~_ _ 

TP 

~I 
----- ------- ( 

. - .-

1 ~OOOOOOO 

1 00 Q Q.~l 0_00 __ -
1 00000001 
1 00000002 

__ l_:nO_OJl. QO~_ 
1 00000010 
1 00000020 
t_.ODOQ_O~O __ 
1 00000100 
1 00000200 
1_. __ Q_0.99Q~P'p ___ _ 

. 1 00001000 
1 00002000 

_ l PQO~t~OO(L __ 
1 00010000 
1 00020000 
1 __ QIO __ ~_QQ Q 0 
1 00100000 
1 -00200000 
1_ OL.,Jl.OOQJt __ 
1 01000000 
1 02000000 
1 Q~-'HtQ.OQ..Q_ 
1 10000000 
1 20000000 

_1 _~titOO_OOJ_. __ -__ 

I 37777777 

B REGISTER 

0 00000001 

0 QQJH1OOQO 
1 410000002 
0 37777775 
tL _l~~_~_~?Jll_ 
0 26687711 
0 26667731 
JJ 2 ~6§-7 Ctl , ___ 
0 26677171 
0 26677371 

_______ ~t_l~tZJ ? 7 1 
O' 26670771 
O· 26772771 
Q Itl_7t71_t 
0 26706771 
0 27726771 
0 27766771 

270667-.,-r 0 
0 37266771 
0 __ lr6~_6J7J_ 
o 30666771 
0 32666771 
0 __ ~~.i_~§ 7_~J_ 
0 ~6666771 
a 66666771 
J '''t7., 7 7 02 

'" 
1 77777777 

-. - -_ ... - _ .. - • _ __1t... _____ .•.•• 
.--.---.~ -- ---

FIGURE DIY1~ A/M-: 60000000 -60000000 1 
8C REGISTER C REGISTER 

0000000,0 
._-- .. _-_ ...... - .- ._--- "--- .-.--~--.- .. 

37771777 

OOOClOfl_O 1 ~QQQ.QQQO 

00000001 ~OOOOOOO 
00000010 37777777 
11111110 _ ___ _______ '-"l1.Z_Z17 7 * i-ifiofio 

- --.-. _.-

37777777' * 
11110110 37777777 * 
tl lltQ 1 0 ~7"_ZZ777 * 
11101010 37777777 * 
11101010 37771777 * 

__ t!t'liQJQ _ 37771777 * - -

-11111010 -- 3-' 77 --;-77 7 * 
11011010 37777777 * 

___ .II OJl.OJJ'_ ~771ZJ77 * ._ .. 

11111010 37777777 * 
10111010 37777777 * 

_ 1 Qlll 0 lQ. ______ 37777777 * _ .... _ .. __ ._------_._- --

11111010 37771777 * 
01111010 37777777 •• 

__________ QJlll01L ______ ~J'l7l1'l"l __ * --

11111010 37771777 * 
11111010 37771777 * 

__ lll11 010 _______ ~? "-~l~! 7_. * 
11111010 37771777 * 
111'1010 37777777 

-- CtO_" O_QJJtQ __ ~OOQQOOO 

00000100 ~OOOOOOO &F 

-- ---------- -------- -------- ~---



----,-_.(. ------_ .. _-----_. __ ._-_. __ . __ . __ ._-... _ .. _--_ ... - ...... _-_ .. _ .. _---

::::ij 
)--

N 

TIME A REGISTER 8 ftEGISTER 
.. _-_ ... _-_._---_._ .. _ .. _--_. -_. --_ ... _-- .---_ .... -.- ..... - ... 

Ta a 37"177771. a 00000000 

. T8 . '---ri- __ __ 1'L_OOOOOOOO __ ...a JUtQOOQ_O.l 
o 00000001 . 1 ~0000012 ° 00000002 0 37777703 

.-.... '.' ---.--.--------.-•.. ------- .. -'-'--. _._-_ .... 
AI M. ~~OO·OOOO ,00000000 '1 FIGUR·E DIVIS 

BC REG I·STER ·C REGISTER 

00000000 .. 0000010 

.. .._ _ _ .. 000 a a 00 0. .~ 0 OOJUU.jJ __ _ 
00000000 .. 0000010 
00000111 3777176' TZ 

____________ .. -.J'~_. _ .. o OOOOOOO~. __ .o __ 26661Zl.L_. . ..... J .Ulo 1 01_ .. . __ .. __ .... 'J..L777767 * 
T7 
T .. 

. rl 
TP 
T6 

_____ ._ .. _. __ . __ ._T 3 
TC 
Ta 

-~.T2 
TR 
T7 
T .. 
Tl 

__ ~lP 
T6 
T3 

.. _ .. _______ TO. 
T8 

. TI 
_ . __________ .. J~i __ 

TP 

a 00000010 a 26667727 
o 00000020 a 266677 .. 7 

.. o.._1JD.OOO~.~Q.. .0 _1~667ctO.7_ . 
o 00000100 0 26677107 
o 00000200 0 16677307 

... _ A.. O~QJJ(L~QJ~_._ . _ .. -'1.. 2_6~7010J _ 
o 00001000 0 26771707 
o 00002000 0 26773707 

... D._J)IlQ_Q1ctO_Q. Q. a~L7'707 ° 00010000 0 26707707 
o 00020000 0 27727707 
.~ __ QflQ.~_QP_OO . _.~_.t!llZ~~Z. 
o 00100000 a 27087707 
o 00200000 0 17267707 
't..rUl~QOOJ:Ht. . _ .. ~.Z_l§77J~~ 
o 01000000 ° 30667707 
a 02000000 0 32667707 

_ .. O_._O~Q_(HJ.QQ.O 0 36667707 
o 10000000 9 46'67707 
a 20000000 066667707 
0.._ ~.Qo.jJ Q 0.01. . .. _1.1.71 .. 17_0 1 0 

lit 

o 317'77777 1 00000010 

11110101 37711767 * 
11110101 37777757 * 
'-1.1 11.1 11 1. ._ 3_7.1.'llJ 6 7 * 
11101101 37771767 * 
11101101 37771767 * 
]J 11 0 lQ.t _ 31..77 J 7 6L_.~ .!. 
11010101 37771767 * 
11010101 37777767 * 

... IJ.Ol..Q1o..1. 1_'l_l.Z.7767 _ * 
11110101 37771767 * 
10110101 37177767 * 

. I QllOIJtl .. 3''--'71767 * .... ___ ...... _ .. ___ ... _ ..... _. ______ ... _._, ____ _ 
11110101 37711757 ~ 
01110101 37771767 * 
Q.lll.Ql..Q_l_. __ . 'l '-,-'tl."!.." 7_...* 
11110101 37771767 * 
11110101 37771767 * 
.UUQ.l 0 1_._ "'_" __ ... Il7 717 6 7 .... .!._ ... _ ... 
11110101 377777.7 * 

. 111'10101 37771767 
... 00.Q.o.101 tL .~O_OO.Q.O 1.Q. 

oaOOlOl0 "000'0010 &F 
... ---.... _-_._._-_ .. _---_ ... _ .. __ ._---_.- .. __ .. _ .. _--_ .. __ ... _.- ._ ... -.----_ ... -. ------



FIGURE DIY16 AIM = 50000000 00000000 1 
TIME A I'(EGISTER B REGISTER 6C REGISTER C REGISTEI( 

T8 0 37777720 a 00000000 00000600 ~OO_OO 1 00 

f8 0 00000000 . a 00000020 00000000 41000ul00 
. TS 0 00000001 1 4100001,..0 00000000 ~OOOOI00 
T2 0 00000002 0 37777177 00001001 37777677 
TR a OOOOCOO41 0 26677177 11101101 37771677 * 
T7 0 00000010 0 16677377 1'11P 11 Ol 37771677' * 
T~ 0 00000020 0 26670177 11110101 37771617 * 
Tl 0 000000410 0 2J111777 11010101 37771677 * TP 0 00000100 0 26773777 11010101 37771677 * 
T6 0 00000200' 0 26777177 11010101 3777167? * 
T3 0 000004100 0 26707177 11110101 37777677 * 
TO 0 00001000 0 ·27727777 10110101 37771677 * T8 0 00002000 0 27767777 10110101 37777671 * 
T5 0 OOOO~OOO 0 27067777 11110101 37777677 . * 
T2 0 00010000 . . 0 37267777 01110101 3777 J677. * 
T~ 0 U0020000 0 37667777 01110101 37777677 * T7 0 000410000 0 30667777 11110101 37777677 * 
T4f 0 00100000 0 32667777 11110101 37777677 * Tl 0 00200000 0 36667177 11110101 37777617 *. 
TP a 0011100000 o .. 6667717 11110101 37171677 * T6 0 01000000 O' 66667777 11110101 37717677 
T3 0 02000001 1 37770200 00010100 ~OOOO100 * TC 0 O~OOOOO2 o 267774177 11001001 37777677 * 
T8 0 1000000~ o 26670177 11110101 37711677 * TS 0 20000010 o .26771777 .11010101 37771677 * 
T2 0 ~OOOO.020 . 0- 77703170 00101010 37771677 * 
TP 0 37777760 o 00002000 11010101 31777677 "F 



- ( 
~ 

-- . - ... ---- - -_ .. _. -- . 

II'IGURE DIY17 AIM = 60000000 00000000 1 
TIME A REGISTER 8 REGISTER Be RE~ISTER c REGISTER 

- -- .- ---.. ------- . --

TI 0 37777~OO . 0 00000000 . 00000000 ~00D1000 

T8 0 00000000 0 QOQOOfOO OQUrl.QQO ~OQOlj)OO 
·T5 .0 OOOOCOOI 1 ~OO02000 00000000 ~00.01000 
T2 0 00000002 .0 37772777 00010001 37776777 
TR 0 O_OOOOOQ~ 0 a ___ l 'l ~ ~c'll . 11~tUJll __ 37776777 * T7 a 00000010 0 .6707.77 1'11.0 1101" --j'-776777 . * T4t 0 00000020 0 .7717677 10101101 37776177 * Tl 0 OOOOOO~O 0 1~7~1.77 1_0JOllOJ_. ~ 't11_.t'-7 7 * TP 0 00000100. 0 27777677 10101101 37776777 * T6 0 00000200 0 27077677 11101101 37776777. * T3 0 OOOOO4tOO a ~7277677 o l1QJJ~1 37776777 * TO 0 00001000 o '37677677 01101101 37776777 * T8 0 00002000 0 30677677 11101.101 37776777 * TI 0 OOOO4tOOO 0 12677617 llaO ,_to I. 37"'76~77 * T2 0 00010000 ·0 36677677 11101101 37776771'. * TR 0 00020000 0 4t6677677 11101101 3777~777 * T7 0 OOO4tOOOO 0 '-6677677 111.0.1'--01 ~7776'-77 
T~ 0 00100001 1 3770270.0 00100100 ~OOOIOOO • 
Tl 0 00200002 0 1777~777 10010001 37776777 *. 
TP 0 OO~OOOO" 0 16707617 . 1 I. lOltOI_ 3 7J '-_t "-'-7 * T6 0 01000010 0 27711677 10101101 37776777 * T3 0 02000020 0 27737677 10101101 37776777 * TC 0 O~OOOO~O 0 277.,7_fJ77 IO_lUlQ, ~ '-_'- '-_~"Z_" * T8 0 10000100 O' 17077677 

---- .,---- -""". - - .- -
11101101 37776777 * TI 0 20000200 o _17277177 01101101 37776777 * T2 0 "OOOO.4tOO . o· 7.0771770 I~Q_l~O_lo'._ . 3_l77 .•. _7 .l"l * ----- _____ " ..• 0._.- _._ 0 ___ " - ---_ ... _ .... -

TP 0 37777~OO 0 00 .. 00000 01101101 37776777 &F 



P'IOURE DIY1S .A/M·. ~0060000 . 000·00000 1 
TIME A REGIST!R S ItEGIST!R Ie REGISTER e ItEG IS T Eft . 

Tt 0 3177,.,77 0·. 0010000 J. 00000000,., .40000001 
--~---

t. aOlooooe,~ Q·ooa·ooooo .ooaaaaao .. 0000001 
.T5 0 00000003 t .. 0000001 00000000 ~oooooor 
T2 a oooooooe a .7777770 00000011 37771776 . 
TR 0'0000001" a 16666770 11111011 37771776 * 'f:, 0'010000. 0' ••••• "0· l11i till ""7'7'- . * 
T'~ 0,.·.00010 ,0,: ..... ;'0 111110,11 1777177. * 
fl· 0"01000140 01.6 •• 770 11111011 37777776 .* -------------.--
T'" 0 00000300 0 26666770 11111011 37771776 * T6 a 00000600 a 26666770 11111011 37777776 * T3 0 00001~00 0 26666770 11111011 37777776 * 
TO' . 0.0"0100·0 . 0··1"".'70 .11111011 3777777. * T8 0"0000'010 0·'.6.,'770 11111011 3777777. * II a oID,~·aQD a 16"6770 Ililiall 37771776 * T2 0 00030000 0 26666770 11111011 37777776 * 
TR o 00060000 0 16666770 11111011 37777776 * T7 0 0Ol~OOOO 0 16666770 11111011 37777776 * 
T4I o :01100000 01"'.770 111110tl 37'77716 * 
T,1 O. 08600000 0·16."770 11111011 17777"" *. 
t~ g·>Dl4taGOIQ 0 •• '11770 .J 111111'1 17'717',- * T6 0 03000000 0 16666770 11111011 37717776 * T3 0 06000000 0 16666770 11111011 37771776 * TO 0 14f00OOQO 0'26666770 111-11011 37771776 * ,.1 a 11000000 0 • ' ••• ,70 1111 •• 11 1177.,.71 • • 
:TI 0 .... 0000 0 .6.:6.770 11&.IIGll ,"'717' • 
II 0110000'00 0 '''77770. 00000100 1""7'. * 
Tft 0 ~OOOQOOO 0 00000000 11111001 37777776 tt, 

"if' 



---.-~ 

"""J 
0-

FIGURE DIY19 AIM :& ~OOOOO02 .00000000 1 
TIME A REGISTER B REGISTER 8C REGISTER C REGI~TER 

T8 0 37177777. o OOOOOOO~ 00000000 ~OOOOOOI 

'T8 o OOOOOOO~ 0 OOQOOOOO 00000000 ~OOOOOOI 
TS o· 00000011 1 .. 0000001 00000000 ~OOOOOOI 
T2 o 00000022 0 37717770 0001)0011 37717116. 
TR o 0OOOO04ll~ 0 26666770 11111011 37777776 * T7 o 00000110 0 26666770 11111011 37771716 • 
T411 o 00000220 0 26666770 11111011 31717176 * Tl o 00000 .... 0 0 26666770 11111011 37777776 .. 
TP o 00001100 0 26666770 11111011 37777776 * T6 o 00002200 0 26666770 11111011 37777776 * T3 o OOOO"~OO 0 26666770 11111011 37771776 .. 
TO o 00011000 0 26666770 11111011 377.77776 * T8 o 00022000 0 26666770 11111011 37777776 • 
T6 o 000 .... 000 0 16666770 11111011 37777776 • 
T2 o 00110000 0 26666770 11111011 37777776 • 
TR o 00220000 0 26666770 11111011 37171776 .. 
T7 o OO~ .. OOOO 0 26666770 11111011 37777776 .. 
T .. o 01100000 0 26666770 11111011 37777776 * Tl o 02200000 0 26666770 11111011 37'177'776 * . T,. o 0 .... 00000 0 26666770 11111011 37777'1'16 * T6 o 11000000 0 26666770 11111011 37771776 * T3 o 22000000 0 26666770 11111011 37771776 .. 
TC o ~"OOOOOO 0 266667'10 11111011 377'11776 * T8 o 10000000 0 266667'11 111·11011 3'17'1"776 * . T5 o 20000000 a 26666772 .11111011 37777776 * T2 o "0000000 ·0 77777'106 00000100 37'171'176 * 
TP 0 ~OOOOOOO 0 00000002 11'111011 377'1"'76 ~F 

_.-------. ------



TIME A REGISTER 

TI o 171777" 

,..IliUREDIY20 
e REIISTER IC REGIIT!R 

o 00000001 .0000000 

I 
AIM .• ~0000002 

C REGIST!R 

.600'0000 

TI 0 00000002· a 77777777 00000000 6·0000000 
.--.-----~6-------0--0000000.. 0 06666666 11111111 17777777' 

Ta 0 00000011 1 1777777.. 00000000 600~QQOO 
TR 0'00000023 1 17777770 00000000 60000000 
T7 0 O'OOOO~71 17777710 oooioooo 60000000' . 
T4I 0000.00117 l 17777740 O(lOOOGOO 6000QOOO 

'00000001 0 

_______ "----.i_.l_~H ______ 'r 00000237 , '-7,'7700 00000000 60000000 ._-- -_._---_._._._-_ ... _- .-.- '--.--- ----'-- - .--.-. ------
TP 0 000004171 1 17777600 00000000 60000000 

- T6 0 00001177 1 17777~00 00000000 60000000 
T3 . 0 00002377 1 17777000 00000000 60000000 

'TO -0000041777 t 17776000 00000000 . 60000000 .. 
TI 0 00011771 1·1771 .. 000 00000000 .0000000 

___ TI 0 00021777 I 177'0000 01000000 600-00000 - ... _---_ .. --_ .. --_._-_ .... _-_._._ ..... __ .---------~~ 
T2 0 000 .. 777' , 1 17760000 00000000 60000000 
TR 0 00117777 1 177 .. 0000 00000000 60000000 

______ ~T7~. 0 0023'777.~ __ ~I~~1~7~70~O~O~0~0 ______ ~OO~0~0~0~0~OO~ ____ ~6~0~O~O~OO~O~O~ ____ __ 
T4I 0 OO~77777 1 17600000 00000010 600lGOOO 
Tl 0.0117J777 1 17400000 00000000 .0000000 

_-'--_--'T--=-'_ a 0237777 7 ___ -.-!'!I!.....-.-!Ll~7 O~O~O~O~O~O ______ ----"O~O~O~O~O~OO~O~ ____ ---.:!!.~O~O~OQ=D~O~O'---______ .. __ . _____ ._ 
T6 0 04177777' 1 16000000 00000000 60000000 
~~ 0 11777777 1 1~000000 00000000 60000000 
TO a 23'77777· 1 10000000 00000000 60000000 

.-------'~-=-=---=--=-=~--------=-~~-==------~:....=.-=--=-=-:=--=--------.------- --------~-

TI 0 4777777' " 0000'0000 00000000 60000000 
TI 0 17f7'777 •• 0000001 00000000 60000000 

____ ---:....TI=--__ ~O -----"a=7~'-=-7~77~7'--"1~ _ __""'__· -"~-=-OO=-:O""_"O"'__"'O'__""'O'-=2__'___ ____ 0"'_"O=O~O~O_=_00~O~ __ ___"Il!._"_7_=_7~71~7~7____=_7 ______ . __ . _ 

Tft 

8\ -----;( 

o 410000002 o 00000001 00000011 17777777 

.---------... - ----------------.-----.---------~--



Tft 1 37771776 o 00000000 00000001 17777777 
--~--.. _-_._-_._-----



TIME - A REGISTER I REGISTER 
---_._ .. _--- -. __ .-

TI 

T8 1 00000000' 0 77777775 
-------,""fs- - 1 00000000----'----'--0----06666-6'-3------

T2 1 00000001 1 11777770 
TR 1'00000003 1 17777760 

FlalfRE----D tY:2 2 --- - - AIM -. 3., "t" ~ 
Ie REGISTER C REGISTER -

00000001 --'rnrrrfi---
00000000 
00000000 

,60000000 

60000000 
--f"77717'-,. 

----------17-- ""-------[00000-007 1 177'17740 ----:----------0000000,0-

60000000 
60000000 
6000000-0'-

T~ 1 000000171 J777770U 
T 1 ' 1 00000037 _______ t __ J:l7',~~00 ________ , _ ..... _-.. - -- ---- ------·-Tp·--- - -- - -f---o'o'oooa7' --_._-. 1 17777~OO 
T6 1 ooooo1i1 1 17717000 
T 3 • _Q-.O'p 0_9 3.!_~___ __ t_lJJ_~~Q Qg 
TO 'I OOOOQ777 1'1771~000 
Ta 1 00001777 1,17770000 

_____ 1It _______ l_QIO_g_~,~,?_Z__ ___ l __ 17_1~QO_CHt 
T2 1 00007777 1 177~OOOO 
TR 1 00017777 1 17700000 
T7 ____ J 0003Z1_77 ___ 1 l_Z~_OQ_Qgp 

---,..,-- 1 00071777 1 17~00000 
Tl 1 00177777 1 17000000 

____________ :r~__ 1 0037'777, _______ 1.. _llO.Q_C1QQ..Q __ _ 
16 - 1-ocf777177'---- 1 141t000000 
T3 1 01777777 1 10000000 

.. _______________ TC'--_ _ 1 03777777 ~ JlJJQQQoo~t 
T8 i o 777f77'- !' 60000000 
T5 1 1777777' 0 17777777 
T~_ 1 37777"7~ _ I' ,.,7.,_77,,_0.._ 

TFt 1 377777714 a 00000000 

~I 
I 

00000000 
OQQ_QOQQ.O_ 
00000000 
00000000 
Q (]_ QQJ:'J:Bl. Q 
00000000 
OOOOO~OOO 
()QP_Q~QQO_ 
00000000 
00000000 

__ QOQOQJ)_Q.Q ______ _ 
00000000 
00000000 

_ ______ OOOO~O!)!L_ 
00000000 
00000000 

_ Q~tQJl.Q 0 0 JL ___ _ 
00000000 
00000001 
Q ~to_o QJLlQ._ __ 

11111101 

60000000 
_ _ ~_(tQ_gQ_.Q Q 0 

60000000 
60000000 
60000000 -

... - --- -- .. ---------

60000000 
60000000 
~_Q~~H1Q_00 
60000000 
60000000 

_ ______ ~QQJ! 00 OQ ____ _ 
60000000 
60000000 
~ gJlItQ.Q ~H~. __ _ 
60000000 
60000000 
_6Q~_P9J~ __ Q 0 
60000000 
17777777 
,7l77777 

17777777 



,--._.,._,---. --:- .. _ ... ~ -.~.- _ .... 

---.- ._--_._--

TIME A REGISTER B REGISTER 

TI 1 6000000~. a 00000000 

___ -1L. .1 01000000 . Q 7.7"l'-"7~ 
·T6 1 00000000 0 06666667 
T2 1 ,00000001 1 17777780 
TR 1 .Qj) 0 Q O.Qftl. 1.1~ .. ZU1.~.a. 
TJ 1 00000007 a 17777700 
T4 1 00000017 1 1777'600 

- .. _ ... _.-'!.l. . 1 ... 01000037 . ... 1. 1~'lZ14110_Q . 
Til 1 0000007.7. 1 17777000 
T6 1 00000177 1 17776000 

----- --_._- _ .. _n.. _ . . . 

, QOOOQ~'-7. 1 177l~OOO 
TO 1 00000777 1 . 17770000 
T8 1 00001777 1 17710000 

...... ____ . .T I . . - 1..IlOOO~.lt~. __ .. 1 l"~.~QQOQ 
T2 1 00007777 1 17700000 
TR 1 0001'77' 1 17600000 
T7 1 ... Q_OQ~7"77 1 l-'~Q_QOOO 
T~ 1 00077777 1 17000000 
Tl 1· 00177777 1 16000000 
Til' .1.0.Q~ll"77 1 l~OOOOOO 
T6 1 00777777 1 10000000 
T3 1 01777777 1 00000000 
TO 1 0'1777777' 1 'QOOOOOO. 
T8 1 0777777' 0 17777777 
T5 1 1777777~ 0 i46666677 

_Ta 1 37777770 .. t ~7777770 

TP 1 37777770 0 00000000 

FIGURE DIV23 
Be RE~ISTER 

- - - . ~ . 

00000000 

000.00001 
11111101 
00000000 

. Q!tQ.OQJ).OQ. 
0'0000000 
00000000 
00000000 
00000000 
00000000 
QQOQQQQO 
00000000 
00000.000 

. OQQO.OQQO 
00000000 
00000000 
Q.pgOQQQQ 
00000000 
00000000 
QOOOQ~PO 
00000000 
00000000 
QOOOOOOO 
00000001 
11111101 
00000010 

11111101 

A/M:I 37777770 
C REGISTER 

60000000 

60000000 
17777777 
60000000 
60000000 
60000000' 
60000000 
60000000 
60000000 
60000000 
60000000 
6000tlOOO 
50000000 
600-00000 
60000000 
60000000 
60000000 
60000000 
60000000 
60000000 
60000000 
50000000 
60000000 
17777777 
17771777 
17777777 

17777777 

i ' 

00000000 a 



TIME 

T. 

A REGISTER 

1 'OOOOOIC) 

. T8 ____ ~. oaoooooo . 
,T5 1 00000000 
T2 1 00000001 
TR 1 ogCOQJJ03 
T7 1 00000007 
T4I 100000017 
~- 1 QOQOO~ ___ ~ __ 
Til 1 ODOOOO~~ 

. T6 I 00000177 
T3- I 00000371 

- TO ' 1 00000777 
TI 1 oeOO17'77 
TI . 1 00003777 
T2 I 00007777 
TR 1 0001'777 
T1 1 0003777' 
T .. 1 .00071777 
T.l I· 001"777 
Til 10112'7l7 

.T6 1 0077~77' 
T3 1 01777777 
TO 1 037777Z6 
Ta 1 0777777~ 
T5 1 17777770 
TI 1 377777.0 

TP 1 37777160 
-------

8 REGISTER 

a 00000000 

FIGURE DIY2.q 
Ie REllrST!R 

00000800 

0 77777_767 _______ . ___ oOooaOOI 
a 06666657 11111101 
1 177777 .. 0 00000000 
1 17777700 00000000 
& 17777600 00000000 
I 1'717 .. 00 00000000 
1 '177770DD DDDooaOD 
1 17776000 00000000 
I 171'.qOOO 00000000 , 17770000 00000000 
.- 17760000 -00000000 
1- 177~OOOO 00000000 , 1'7700000 00000000 
1 17600000 00000000 
1 17 .. 00000 00000000 
1 17000000 00000000 
1 16000000 00:000000 
1 I~OOOOOO 00000000 
t &GDDDDDD QOaDDOOO 
1 00000000 00000000 
1 60000000 00000000 -
0 '7777777 00000001 
o 46666677 11111101 
a 4966'SS'7 111.11101 
1 17771770 00000010 

a 00000000 11111101 
,,-----

.. __ . 
.A/M-. 37777760 

C REG I STEIt -

.600,00000 ' 

'00000000 0 

6000000Jt ____ -'-_ .. _". -------- ---, - -- ._------ ._-- ..... _---------
17771777 
60000000 
60000000 
60000000' 
60000000 
60DOggao - --- .. _-.. _ .. - .. _._---_ ...... _._-_. ----

60000000 
60000000 
60000000 
60000000 
60000000 
60000000 _. __ ._----

60000000 
60000000 
60000000 
60000000 
60000000 
SOOOOOOO 
60000000 
60000000 
17771777 
17777777 
17777777 
17777777 

17771777 



. I 

~-.~~~,c~r~~~f-t~U~;~-------~~~---~--
,.,. ". ".>~~ .. 

'\ --- --_. 

TIM! A REGISTER 

-I .. aGOOIO. 

___ --!....T.~. ____ 1.. __ UOOOOOO· 
.T5 .1.00000000 
T2 1 00000001 

.- - - ------ .. _- .. _- ---- _. __ . __ . -.. -- - ----

'IGURE DIV2S 
I REGISTER ac RE~ISTER 
Q- 00000000 00000000 

. _____ ~n.nll.I7 . ~ _______ .JtD1.QQOOl 
a 06666637 

Tit . l' ODOOaJl.~ __ .. 
I 17777600 
1 17777600 
a 17777.00 

11111101 
00000100 
0.0 OjlOOJlo. 
00000000 
00000000 
0_0000000. 
00000000 
00000000 
000.00000. 
00000000 
00000000 
ooOOOOQO 
00000000 
00000000 
OOOOOOQQ 
00000000 
00000000 
OQOOQOQO 
00000000 
00000001 
11111101 
11111101 
l11111Ql 
O_QOOQD1Q 

T7 1 01000007 
T~ 1 00000017 
Tl 1 00000037 
T~ 1 00000077 
T6 1 00000177 

. ____ . T3 . _L_O~QJ;~Q_~7~ ___ _ 
TO 1 00000777 
TI 1 00001777 

. _______ n... __ -.LJ;ULOO'7_~l ____ . 
T2 1 OOOO~777 
TR 1 00017777 

________ ll..... __ 1. QIP3177~. 
T~ 1 0007'777 
TI 1 00177777 

__ . ______ .i~ 1 Q.137.177' .. 
T6 1 00777777 

·T3 1 01777776 
TC 1 0377777~ --- ------,.,.-- 1 07777770 
TI 1 17777760 

____ . ____ . J~_ 1 377777'40 . 

TP 1 377777~0 

1 17777000 
. ___ .l...J1.7l'OOCl 

1 1777 .. 000 
I 1777.0000 
1 • ~.76_QOOO 
1 17'410000 
1 17700000 
1._ 17'_Q.P00l1 
1 17 .. 00000 
1 17000000 
11.0QOOOO 
1 1"000000 
1 10000000 

.1. OltOQQOOO 
1 60000000 
a 17777777 
o .... _66~77 
o 46666677 
o 41'666677 
.'-_~'-777770 

o 00000000 11111101 

AIM. 377777'10 
C REGISTER 

60000000 

60000000 
17771777 
60000000 
6_00 0 Q .. Q_Oo 
60000000' 
60000000 
60000000 
60000000 
60000000 
60000000 
60000000 
60000000 
60000000 
60000000 
60000000 
6000QOOO 
60000000 
60000000 
60000QO_0 
60000000 
17777777 
17777777 
17777777 
17777777 
17777777 

17777777 

) . 

·00000000 O. 



- --- -,-faiiRf--bIY26-- ---------- ----------jlM:-- ---:ji77770cf-----"-OOOOOOOO------cf 

TIME A REGISTER I REGISTER ae REGISTER C REGISTER -

T8 1 60~000~~ 0 00000000 0000000,0 600~OOOO 

_~_______ _ ~___ __L_OO 0 j:t 000 0 ~ _______________ '1_17 7 777 37_ _ _ ________ 0 0 ~ 00001___ ____________ 6J~_0 a ~Q Q_It __ 
.TS - 1 00000000 0 06666577 11111101 17777777 
T2 1 000000011 17777500 00000100 60dooooo 

___________ iL ____ l' 00000003 1 17777~00 ____________ 00000000 _ ~OOOOOOO 
- T7 1 00000007 1 17777000 OOOOOOO~ 60000000' 

T~ 1 00000017 1 177"000 00000000 60000000 
____ --c': ____ tt~ _____ l_Q~_OOO~L _____ - 1 _JZZl_~Q_O_O_ _ ___ OOOOOOOO _____________ ~QOO~HtQc!._ 

TP 1 00000077 1 17770000 00000000 60000000 
- T6 1 00000171 1 17760000 00000000 60000000 

T3 - ______ 1 00000377_J ___ ) 7741100 __ QJL_ 00000000 _______ ~OOOOO_~~ _________________ _ 
--------,.0---- 1 00000777 - 1- 17700000 00000000 60000000 . 

T8 1 00001711 1· 17600000 00000000 60000000 
________ T5 ________ -1_ 000037V___ _ _ l_-'_~~_(tQJHHt _________ ~oooooo~ ______________ §Q1t~OO~Q __ _ 

T2 1 00007777 1 17000000 00000000 60000000 
TR 1 00011777 1 16000000 00000000 60000000 

____ ;:_ n __ }~gg;;~~} ~ ~~gggggg ~ggggg~g _ _:ggggggg-_ ____ ________________ _ 
T1 1 0017'777 1 00000000 00000000 60000000 

_ Tfl __________ J ___ 003l1777 __ _ __ L_ 60000QOO _____ .00000000 _________ n ___ i_~tOOJtQJ)O_ _ _ _________________ , _________________________________ _ 
T6 1 00777776 a 5,7777777 00000001 17777777 
T3 1 0177777~ 0 ~6666677 11111101 17771777 
TO 1 03777770 _ 0 ~66666 77 111-11101 17771777 _ _ ___________________ _ 
T8 1 07777760 0 ~6666677 l11111Gl 17777777 
T, 1 177777~O 0 46666677 11111101 17771771 
T2 _________ ~Z_Z_lY_O~____~·~_Z_l_Z_77.10_~ ___________ Q!J!JJ~~H!lQ__ _______ __ J'--l71',1'-___________________________________________________ _ 

TP 

§l. 
-----~-

1 37777700 o 00000000 11111101 17771777 



TIME A REGISTER e REGIST!R 
FIGURE DIV27 
ae REGISTER 

--:------~-- -------------------- ------------------- ------- - ------------- - -.-rl 1 60000100: o 00000000 
'* 

_____ i-'-_________ .l ___ O-'-aoog-ao_·__ 0 '7777677 
-T& .100000000 -- ----O-066e-6-~'7-
T2 1 000000011 17777300 

_--.-:T'----.:...:"'-----, 1 - QOQOOJt03 __________ -' 17777000 
T7 I 00000007 1 17716000 
T~ 1 00000017 1 1777~OOO 

_______ Tl ___ --L_O.Q()OQ_~l _l_ll_Zl:Jtoo.O __ _ 
Til 1 oa00007~ 1 177eoooo 
T6 1 00000177 • 177~OOOO 

______ 1~ .1 00000377 1 177_POOOO 
TO 1 00000777 1 17600000 
TI 1 00001777 1 17~000QO 

___ T.'-_ 1 _DOOjt3777 1 11_000QOQ_ 
T2 1 00007771 1 16000000 
TR 1 0001'777 1 I~OOOOOO 
T7 1 O~O_~_~777 1 tQ_OQOOOo. 
T4 1 01077777 1 00000000 
Tl 1 00177777 1 10000000 
Til _& OO~7777' Q 17777777 
T6 1 0077777~ 0 ~6666677 
T3 1 01777770 0 ~6666677 

__ ___ _ ___ TO 1. ___ 03r777600_ 41~666677 
T8 1 077777~0 0 46666677 
T5 1 17777700 a 46666177 
T2__ 1_ 37777600 1- ,7777770 

Til 1 37777600 a 00000000 

00000000 

Q~UIO QQOJ. _ 
11111101 
00000100 
CH2.0 0 0 a qo. 
00000000 
00000000 

_ Q.CH10.O 0 QQ 
00000000 
00000000 
QJ~QOQOQ_Q 
00000000 
0000~000 
Qooooo.O.O 
00000000 
00000000 
00000000 
00000000 
00000000 
OOOOOQOl 
11111101 
11111101 
11111101 
11111101 
11111101 
1l00000_l0 

11111101 

AIM = 
e REGISTE~ 

60000000 

60000000 
17771777 
60000000 
6QQ_QQOOO 
60000000' 
60000000 
.0000000 
60000000 
60000000 
6000QOOO 
6t?000000 
60000000 
60000000 
60000000 
60000000 
60000000 
60000000 
60000000 
17771177 
17777777 
17771777 
17777777 
17777777 
17777777 
17777777 

17777777 

37777600 

I . 

00000000 o . 



f'ItiUltEDIV28 AlM .• 37717~00 00000000 0 
TIME . A REGIST!R • R!tiISTER Be "EGISTER C REGISTER 

------
T. 1 60000200 0 00000000 00000000 .0000000 

T8 1 00000000· a ·77777177 00000001 60000000 
.T6 "---1 oo-(fooooo 0 06666277 11111101 17771777 

---~----.-------

T2 1 00000001 1 17776700 00000100 600000.00 
TR 1 00000003 1 177'6000 OOOQOOOO 60000000 
T7 1 00000007 1 177'''000 00000000 60000000-
T .. l' .00000017 1 1'7770000 000000.00 60000000 
Tl . 1 OlOog037 1 1-7710000 00000000 60000000 -- .. _----- ... _-----",---------

TP 1 00000077 1 177 .. 0000 00000000 60000000 
T6 1 000001i1 1 17700000 00000000 60000000 
T3 1 OaOO0377 1 17600000 00000000 6000'0000· ·----------ro--·---·-l- 00000777 & . 17400000 00000000 60000000 .. 
T8 1 00001777 1 17000000 00000000 60000000 

---lL-. 1 01003777 I 16000000 00000'000 600-00000 - - ---_ .. _ .. _- ... _----- ----- -----------

T2 1 00007777 . 1 1~000000 00000000 60000000 
TR 1 0001'777 1 10000000 00000000 60000000 
T7 1 0003'777 1 00000000 00000000 60000000 -------_ .. 

T4 1 .0007'777 I 60000000 00000000 60000000 
Tl 1. 00177776 0' $7777777 00000001 17771777 
Til 1 0017777" e f6"6677 .11111181 17777777 
.T6 1 00777770 o ~6666677 11111101 17771777 
T3 1 01777760 o ~6666671 11111101 17771777 
TO 1 037777~O a ~6666677 111_11101 17777777 
T8 1 Q7777700 o 4""'77 11111101 17777777 
TI 1 17777100 04"66677 11111101 17777777 
T2 1 377774100 1- 17777770 . . 00000010 17777777 

TP 1 37777~00 o 00000000 11111101 17771777 

. t 

jeol 
____ l_~_ .. __ ~(~------__ --------~ __ --~ ______ --



\-----._--_ ...... -
J 

) , 

r---'-'-~.:...--.....-""'-----..:-------------------:----..:-__:_-=___--.-----.- ... 
'IBURE DIV29l/M. 37777000 00000000 a 

TI"E A RIGIST!R I REGISTr;R BC REGISTER C REGISTER 

t. I ·"000408_ 
,~~-----:t;:"-:::-------:----------,---:------:--~ --~' ------ .---.-.--" , 

o 00000000 00000000 ·6000QOOO 

'I, a DlOOOOOO' a 77777'77 00000001 __ .________ _'O_QQ~OQ.O 
,T& ·1 .00000000 o 06665677 11111101 17777777 
T2 1.00000001 1 1777.700 00000100 60000000 
TR I 00000003 
'T7 I 00000017 

___ -,!-=--,... _______ ~~~~ _____ 1~1~7~7'~4t.!.:!!!0!:...:!!0~0_ OOODOOOO ______ 600.0_0 0 ~o 
1 17710000 ~oaooooo 60000000 

T4I t 00000017 1 177,0000 00000000 60000000 
Tl 1 0.000037 ___ -----"--_-_________ .....,.,.lIL]ILlIE..!!.--___ --"IL..-..... l~..!:_77'"__· .2-'lalL!lo..,.o~o_ __ ______ a.tlQ.QODOO _ _ ________ ~QQ 0 Q 
Tft 1 0000007.7_ 1 17700000 00000000 60000000 
T6 1 00000177 1 17600000 00000000 60000000 
T3 . ___ ~000377 _..l.._174tOQ..Q_Q,.Q ___________ .. __ ~qoo~OOO.. _ . ~~PJ100Q~L 
TO I 01000777 1'17000000 00000000 60000000 
T. 1 '00001777 116000000 00000000 60000000 
TI 1 01001777 ___ I I~QOOOOO 00000000 .600·OQgO~L 
T2 1 00007777 
T~ 1·0001'777 

1 10000000 00000000 60000000 
, 00000000 00000000 60000000 

T7 1 0'003'777 
T4I 1 01077776 
Tl 1· 0017777'4 

1. 60000000 oOOOOOctL ___________ . 6.QQ~_oO_QJL 
-i '7771777 00000001 17777777 
o .6666677 11111101 17771777 

T' I 0017777Q o 4666'877 ___ .1111UOI_____ ___ 11 'll.l'tl'-_ 
T6 1 00777760 o ~6"'677 11111101 17777777 
T3 1 0177774t0 o 4t6666677 11111101 17777777 
TO 1 03777700' a 4t, 6" 6 7 7 111 ·111 0 1 .. _.. __________ 1 7 7 7 7 7 7 L_ __ 
TI I 07777600 o ~'6' •• ,7 11111101 17777777 
TI I 17777.,00 o •• ",.77 1111JI01 17777777 
TI I 17777008 1- 17777770 00000010 17771777 _________ .. _n __ 

Tft 1 37777000 o 00000000 11111101 17777777 
------~---- .... - ... -. -.-------- ... ------- .... _-

------,---~-~------~-'----~--,----'------- .. - .. --- .. 

--------

---( ---_ .. __ .. --- .. __ .-



I'IGUftE DIY30 AIM '. 37776000 '00000000 0 
TIME . A REGISTER B REG'I ST!R ac REGISTER C' REGIST!" ,. 1 60001000 o 00000000 00000000 600Q'QOOD 

, T" 1 01000000 ' a 1..777.777 00000001 60000000 
-~-"'---- .. - -----~---.--.. --- ."-_."----

,T5 1 00000000 0 0666~677 11111101 17777777 
T2 'I 00000001 ,I , 17773700 00000100 600'00000 
TR 1 00000003 1 17760000 OOOJOOOO 600000'00 
'f7 1 00000007 • 177600,00 00000000 '0000000' , 
T" ' 1 00000017 I, 177ioooo 00000000 60000000 

" 
II - 1 'Ol0000'S7 1 1~77000aa QaaOGaaa loaOQOQO --------------------_._--,----. 

TP 1 00000077 1 17600000 00000000 60000000 
. T6 1 0000017'" 1 17 .. 00000 00000000 60000000 

T3 ' 1 00000377 1 17000000 00000000 6000'0000 ' 
'TO 'I 00000777 ' , '16000000 00000000 ' 60000000 

, ' 

Ta 1 0'001777 l' 1"000000 OOGOOOOO 60000000 
II 1 00003777 1 10000000 00000'000 600'00000 -------- -------------. 
T2 1 00007777 . 1 00000000 00000000 60000000 
TR 1 00017777 , 60000000 00000000 60000000 
T7 1 0'03~776 a 17777777 00000001 17777777 
I4t 1 ,0,07777" Q ,66.6677 11111101 17777777 
'Tl 1 ,01177170 o , ••• '.77 l11111Ql 17771777 
Tft 1 0'177760 G .'666677 11111101 17777777 
.T6 1 oa7777~0 0 .6666677 11111101 17717777 
T3 1 01777700 0 ~666'66 77 11111101 17777777 
TO 1 037776QO' 0 ~6666677 11111101 17777777 
T8 1 07777~OO o ""6677 11111101 17777777 
TI I 17777000 0~6"6'77 11111101 17777777 
fl 1 J7776000 I· 17777770 ' 0000001-0 17777777 

T' 1 3J776000 0 00000000 11111101 17771777 



-( --- ------------------- -----------------

TIME A REGISTER 
'"'. --...------_.-_ .. _ .. _._. 

TI 1 60002000_ 

8 REGISTER 

o 00000000 

II'IGURE DIY31 
Be REGISTER 

00000000 

AIM • 
C REGISTER 

60000000 

___ ~_r8_ 1 ___ QlO_lltH1ClO ________ -.-O_~l_lLlZl_Z _~_QO.aMO.o]_ _ _6_.o110 __ 0J1.O_o 
T5 1· 00000000 -~ 06662677 11111101 17771777 
T2 100000001 117767700 00000100 60000000. 

__ _____ __ __1_" _ _ __ 1_ oatto 0_00.3 .1 ___ 1 7-' 50000 _ _ ___ .ttQJilQJlQJt __ __ 60 J:) 0 0 0 0.0__ 
T7 1 00000007- 1 17740000 00000000 60000000 
T~ 1 00000017 1 17700000 00000000 60000000 

__ TI _ _ ____ 1 ___ 0.1000_037 __ 1. J ZlOO~_ _ J)OooooJto __ 60_00_QOOO 
TP 1 00000077 1 17~00000 00000000 60000000 
T6 1 00000177 1 17000000 00000000 60000000 
Tl __________ t __ OOQPQ3_~_'1 __ llQ_QJ'_QQO ___ ~OOOOttQQ.P_______ _ __~_~HHHl.QQO_ 
TO 1 00000777 1 I~QOOOOO 00000000 60000000 
T8 1 00001777 I 10000000 00000000 60000000 

_ Tl _____ -'-_JlI.Q_Q'rl_7 _l_J)(tooct(tQ~__ ____ oooo~toOQ_____ ______ _ __t_Q_OOOQ_Q~;t 
T2 1 00007717 1 60000000 00000000 60000000 
TR 1 0001'776 0 &7117777 00000001 17771777 

_______ ~ ________ I_~_g_~Q!I~?'~_ _ __ O __ ~6t.~~67' __________ JJ_llttQ_-'- 17771777 
T~ 1- 00077770 ° .6",a77 11111101 -------------T7777,-'f7 
Tl 1 00177760 ° ~6666'77 11111101 17771777 

__ ______ __~T_p' 1_ Q.O'_llZ~Q _ Q~6666'77 __ ___llL1IJQ1 ________ _ l~_l'll?_'tl _____ _ 
T6 1 00777700 0 ~6666617 11111101 177'7777 
T3 1 01777600 0 ~6666617 11111101 11771771 

_______ iC ______ lJt~Z_7.Z~_!tQ_. _ _J)~'666617 _____________ 11illl01 ___________ 17771177 
T8 1 07777000 Q "'666677 111-11101 17777777 

- T& 1 17776000 0 -46666677· .111-11101 17771777 
____ __ TI_ _ 1_ll_l7~QOO . 1 __ 37777770 00000010 _ ____ UZll177 __ _ 

Til o 00000000 11111101 17771711 

) ---------------

.. -_.- -- ----------------- - -------------- ---------.. -----
3777~000 ,00000000 0 

-----------------------

------ ---------------------------------------~------ ------'------:---

----,---------------------------- - ---- -- -- -------- - - ---------------- ------------------ ------------ ------- --- -----------~-- -------



--------------- ------------------ --- -------------------------------------- ----- ----------------- --- ----------- -- ---- ----------------- -------------------
FIGURE DIV32A/M-8 3777000000000000 0 

TIME A REGISTER 

T8 1 600041000 

B REGISTER 

D 00000000 

BC REGISTER C REGISTER 

00000000 60000000 

__ _ ____ -'8 _____ -.l __ QOOOOJ100 -________ ~ __ lZ.773_177 _____ : ____________ OOOj)OOO L_____§QQ.OOQi:Ht __ 
.T6 1 OCOOOOOO 0 066$6677 11111101 17777777 
T2 1 00000001 1 17757700 00000100 60000000 

__________ TR 1 . 0~Q00003 -1- 17730000 00010000 60_000000 _________ _ 
T7 1 00000007 1 17700000 000"00000 60000000· 
T4I 1 00000017 1 17'00~OO 00000000 60000000 

___ ._._i.L_ n_ .oJ' 00000037 1 174100000 ___ nOOQOOOOO 60000000 
TP 1 00000077 1 17000000 00000000 60000000 

. T6 1 00000117 1 16000000 00000000 60000000 
_______ T.t.____ ~ __ 00000377 1 1 ~OOOOOO 00000000 6000-000~L __________________________ _ 

TO . 100000777 Il0000000 00000000 60000000 
T8 10000i777 1.00000000 00000000 60000000 

_________ ys _~_ 00003~~ 1 60000000 ____ 00000·001t__ 60000000 
T2 1 00007776 0 17777777 00000001 17777777 
TR 1 0001777~ 0 46666677 11111101 17771777 

_____ iL ______ J __ 00037LZ~ ____ : ______ 0 46666677 11111101 17771777 
T4I 1 00077760 0 f6'66677 11111101 17777777 
Tl 1001777410 G f6666677 11111101 17777777 

__ --'-T-'--P ___ 1 00177700 _ - 0 4I66666771111! 101 __________________ lL77rL"-Z _________ _ 
T6 --1-00777600-------- 0 416666677 11111101 17777777 
T3 1 017774100 0 46666677 11111101 17777777 

_--'-T--=O_____ ____ -.-L 0371.70 Q.Q.__ 0 ~ 6 6 6 6 677 ______________ 111.11101 1777'177 '1 -- ------------- --------------------

T8 1 07t7.OOO 0 ~'66'677 11111101 17777777 
TI 1 17'7~000 0416'66677 11111101 17777777 

______ 11. _________ ---'-- 37770000 __ ~ ____ 1· 37"-ZZ'1~_ . 000·0001o______ 177777-"-7 _____________________________________________ . ______ _ 

TP 1 37770000 . 0 00000000 11111101 17777777 
._----- ---------,---

-----'-~----'--- -------- -----

- ---------- -- ---------- ----------------------------- - ----------- ---- --_.------------- ----------

~I ------'----( -----------------'- --------- -------------------



l~-'r ~"" 
} ) ---- -- --- -- - ---- -- -- I . 

,,:;~>< _.J 

~ , ".:::~, y 

"1 GUitE DIY33 AIM = 37760000 00000000 o . 
\ TIME A R!GISTER 8 REG I_STER BC RE(aISTER C REGISTER f I . .----- -_.--"-- -_. -_._ ......... ------- . -----

TI 1 teO 1 GOOO. a 0'0000000 0000000'0 -60000000 

TI 1 08000000' a 177.7777 ___________ OOIQ.Q.OD..t 60.000000 
t 

~ ,T6 1 00000000 0 066~6677 11111101 17777777 
T2 1_00000001 1 17737700 00000100 60000000 
Tft 1 O~ctOO~ _______ J 17670000 OOOJOOOO ___ ~_Q_!:Hl.QOQ() 
T7 1 00000007 1 17'10000 00000000 60000000 
T~ 1 00000017 1 17~OOOOO 00000000 60000000 
Tl ._LQAQ.O_O_Q_a7 ~- 17000000 _ OOOOOPOO 6o.OOQOOO 
TP 1 000OO01~ 1 16000000 00000000 60000000 
T6 1 0000017; I l~OOOOOO 00000000 60000000 

-------- -__ n ___ , 0.JtQ00377 _ _t _1000QJ}QO 000_00000 60000000 
TO 1 0000077' 1 00000000 00000000 60000000 
TI 1 00001777 I 60000000 00000000 60000000 

_______ ---11 ______ 1 ___ QGQ3776 _ Q __ i'r" __ 17777 OQOPOOOI 17777777 
T2 1 0OO0777~ 0 46666677 11111101 17777777 
Tft 1 00017770 0 ~6666677 11111101 17771777 

______ __ __ 11 1 00037760 a ~66~~_677 11111101 17771777 _ 
T~ 1 OD0777~0 0 "'666677 11111101 17777777 
Tl 1 00177700 0 "'6'6677 11111101 17777777 

---"'-- Jf! 1 _ 01177600_ Q_ ~_66'_.677 11111101 17777777 
T6 1 00777~00 0 .. 6666677 11111101 17777777 
T3 1 01777000 a .. 6666677 11111101 17777717 
TO 1 03776000 0 ~~666677 11111ltll 17771777 
T8 1 0777~000 0 46666677 11111101 17777771 
T5 1 17770000 0 ~66'6677 11111101 17771777 
r.a 1 37760000 1- 37777770 OOOQOQI0 17777777 

TP 1 37760000 0 00000000 11111101 17777177 



FIGURE OIV3~ AIM = 377.qOOOO 00000000 a 
TIME A REGI~TER 8 RE"ISTER de ~EGISTER c REGIl:)TE~ 

T8 1 60020000 0 00000000 00000000 60000000 

T8 1 00000000' 0 77757777 00000001 60000000 
To 1 00000000 0 06626677 11111101 17771777 
T2 1 00000001 1. 17677700 . 00000100 bOOOOOOO 
T~ 1 oOOOOOq3 1 17670000 00010000 60000000 
T7 1 UOOOOO07 1 174100000 00000000 60000000' 
T .. 1 ooooe017 1 17000000 00000000 60000000 
T! 1 00000037 1 1.6000000 00000000 60000000 
TP 1 UOOOO077. 1 141 000000 00000000 60000000 
T6 1 000eo177 1 1£1000000 onoooooo 60000000 
T3 1 UOOO0377 1 00000000 00000000 60000000 
TC 1 00000777 1 60000000 00000000 60000000 
Td 1 00001776 0 &7777777 00000.001 . 17777777 
T5 1 0000377"1 0 ~6f)66677 11111101 177'71777 . 
T2 1 00007770 . 0 .q6666677 11111101 17777777 . 
TR 1 00017760 0 ~6b66677 11111101 17777777 
T7 1 OOO::J77~0 (J "6066677 11111101 17771777 
T .. 1 00077100 0 "666667.7 11111101 17771777 
T1 1 00177600 0 .. 6666E77 11111101 17771777 
TP 1 00377~OO a "6666~77 11111101 17777777 
T6 1 00777000 0 .. 6666677 11111101 17777777 
T~ 1 01776000 0 416fl66677 11111101 17771777 
TC 03:>7~OOO a .q6666677 11111101 17771777 
T8 1 o717COOO 0 ~6666677 11111101 17771777 
T& 1 171~OOOO 0 ... 6666677 11111101 17771777 
T2 1 377A!QOOO l' 37777770 00000010 17777777 

TP 1 J7741000C CJ 00000000 11111101 17771777 

;~;. 



l 
..oi 
~I 

. - .-

FIGU~E DIV35 AiM ;I 37700000 00000000 0 
TIME A I(EGISTER 8 REGISTER ac RE~ISTER C REGISTE~ 

T8 1 600"0000 0 00000000 00000000 600-00000 

T8 1 00000000 . 0 71737777 00000001 60000000 
.TS 1 00000000 0 06566617 11111101 17777777 
T2 1 00000001 1 17&77700 00000100 60000000 
TR 1 00000003 1 17370000 QQQJQ_QQO 60000000 
T7 1 00000007 1 16000000 0'1000000' 60000000' 
T~ 1 OOOOC017 1 16000000 00000000 60000000 
Tl 1 00000037 1 l~OOOOOO 00000000 60QQQOOO' 
TP 1 00000077. 1 10000000 00000000 60000000 
T6 1 OOOCC177 1 00000000 00000000 60000000 
T3 1 00000377 1 ~OOOOOOO 00000000 6000UOOO 
TO 1 0000077' 0 57777777 00000001 17777777 
T8 1 0OOO177~ 0 .. 6666677 11111.101 17777777 
TS 1 00003770 0 ~6666677 11.111' 01 17777777 
T2 1 00007760 ,0 .. 6666677 11111101 17777771, 
TR 1, 000177"0 0 .. 6666677 11111101 17771777 
T7 1 00037700 0 ~6666677 11111101 1777??77. 
T ... 1 00077600 0 .. 6666677 11111101 .17771777 
Tl 1 00177 ... 00 0, .. 6666677 11111101. 17777777 
Tft 1 00377pOO 0 46666677 111111.QJ 17,771.,77 
T6 1 00776000 0 "6666'677 11111101 1777'1777 
T3 1 0177"000 0 .. 6666677 11111101 17777777 
TC 1 03770000 o 416666677 11 tU lQ._' . 17.7Z-",-'-77 
T8 1 07760000 0' "'666677 11111101 17777777' 
Tft 1 177~COOO o ."'666677 ,11111101 17771777 
T2 1 37100000 . I' 37777770 OOOQOOIO 11777777 

TP 1 37700000 o 00000000 11111101 17777777 



FIGUREDIV36 
8C REGISTER 

--_._------_._"_.. _ ... -----_ .•.. _-_ .. __ . __ ._---------------
,AIM -: 00000000 a 

TIME - A REGISTER e REGISTER C REGISTER 
_0 ___ -___ .. -_ .. _______ . __ . __ , ___________ . ____ . __ . ___ ... ______ _ 

Ta 1 60100000 0 00000000 00000000 f;0000000 

1a 1 J~_Qg()ooQ_~ __ ~ ________ rLl1_t-'l_l_~:Z1_ __OJ~QQJtQJl J __ ~()QQQ~Q_o 
TS 1 00000000 0 06~66677 11111101 17771777 
T2 1 00000001 1 17377700 00000100 60aooono 

______________ I_~__ _ _1 ___ :MQ_OOOO_~u_ _ ___ ~--.L6 7_Z.~_Q.QJL ___ Q_O_QI OOQCL _______ 60ao_~tQ1)0_ 
T7 1 00000007 1 15000000 01000000 60000000-
T~ 1 00000017 1 1~000000 00000000 60000000 

_'_ 1.1 - _.1_QJlOO_CLQ31__ _110JHHl.OtlO_ _ 00.0J10_000 _ __60QOQ~OO 
TP 1 00-000077 1 00000000 00000000 60000000 

. T6 1 00000 177- , 60000000 00000000 60000000 
_______ _ _ r~ J _ Q~Q_Q~ 3lL ____________ JL ~7 7 7 Z7 ZZ____ __ _ __ ______ __ 0 O_~O 0 0 OL_ __ __ _ _ ___ U",--IUZ7~___ _ 

'TO '1 0000077~ 0 '~6666677 11111101 17777777 
T8 1 00001770 0~6666677 11111101 17771777 

_____________ T_~___ _ __J ___ O(lOQ.3Z_~_Q _____________ Q __ ~_§!~_~_Z7__ _ II 11JJ11.1_ 17_l1l_~_77 _ 
T2 1 000077~0 0 ~6666677 11111101 17777777 
TR 1 00017700 0 ~6666677 11111101 17777777 

__ 17 _____ 1_D.Ql7600 _____ !l_ ,,66j66..1Z_ 11JJ1t01.. _____________ fl_"l77ll'l __ _ 
T~ 1 00077~OO 0 ~6666677 11111101 17777777 
Tl 1 00177000 0 .. 6666677 11111101 17771777 

__ c _________ T'-__ _1 JHtll~Q.OO ___ it_~6j66~77 LtlJllD.L ______________ 1"-111.11_7 ___ _ 
16 1 0077~OOO 0 ~6666677 11111101 17717777 
T3 1 01'70000 0 ~6666677 11111101 17777777 

__ TO _ _ _ _lJ~31~QJHJ.Q, _____ Q.._~~.t§_~_~_Z_'l_ ___ _ __ ~lllllQ.L ________________ llZ_7777L ____________________ - ____ .. __________ _ 
T8 1 077~OOOO 0 ~6666677 11111101 17777777 
T5 1 l~toooOO 0 ~666'677 11111101 17777777 

_________ I.t ________ 1 __ ~liOOOOQ____l-_11ZZ7170 ___________ OOOOQ~tO__ ___ _ ______ lZ_7_'1Z_Z1"-__________________ _ _____ _ 
10 

Tft 1 37600000 o 00000000 11111101 17777777 
--- ---------------- ------------------ ----- -- - - --------------- ------- --- - -------- -_._-----------------------_ .. --- --~--~--::---

--------- ---------- ----------------------



TIM£ 

T. 

A REGISTER 

·a ... oOG08. 

a REGISTER 

o 00000000 

T. 100DPOQ.tJO ~._. __ . __ !l_u77Jl.'lZ_7'-. ___ .. 
·T5 ·1 00000000 0 06266677 
T2 1 .000000011 16777700 
TI 1 OOO_~~Q].~_u_ 1 167700.00 
T7 1 00000007 1 13010000 
T~ 1 00000017 1 10000000 
Tl _ I' OOOO.Q.OJ1_ . '-J)JlQD~OOH_ 
TP 1 00000077. 1 60000000 
T6 1 00000176 0 57777777 

_. _______ Tl ______ LJlOOQOl74t ___ Q.._~666_j67! 
TO . 1 00000710 0 ~6666677 
T8 1 00001760 Q~6666677 
TI 1 QlO.~IZ.4!~ ___ J~ ~._.66677_ . __ 
T2 1 00007700 . 0 ~6666677 
TR 1 00017600 0 ~6666677 
T7 ____ LJ!lQlZ~OJt O __ ~666_~~1? 

-"---- ---- - T~ -- 1 00077000 0 46666677 
Tl 1·00176000 0 ~6666677 

_____ .It__ _1 __ 0037~---'tQQ. __ ._ .. _JL_4~_H •. ~l_" 
.T6 1 00770000 0 ~6666677 
T3 1 01760000 0 ~6666677 

_____ T..Q__ 1 g~.7~Q~tlQ~ 0 46666677 
T8 1 07700000 -O~- ~666ii77-
TI 1 17100000 0 ~6666'77 

_________ tl 1 37~OQOQJt _. ____ 1· 1'l1:l1_"!_lJJ.. 

TP 1 374t00000 o 00000000 

FIGU~E DIVl7 
BC REGISTER 

00000000 

QOQQ~OOI 
11111101 
00000100 
c..O_OJ 0000. 
0'1000000 
00000000 
00_00000.0 
00000000 
00000001 
IJII1101 
11111101 
11111.101 
Jtll.l QJ 
11111101 
11111101 
IJJ 1.1_1 QJ 
11111101 
11111101 
l11l,,10.1 
11111101 
11111101 
JJJ111 0 1 
11111101 
11111101 
OO~~~H)Jg_ 

11111101 

AI M = 37.qOOOOO 
C REGISTER 

60000000 

60QPQOOQ 
17777777 
60000000 
60 Q.Q..Q.P 00 
60000000 
60000000 
60000000 
60000000 
17771777 
17771777 
17777777 
177.71777 
17.777_777 
17777777 
17777777 
'77 7l ?7_'L_ 
17777777 
17777777 
1'-17.7771 
17771777 
17771777 
17~71777 
17777777 
17771777 
17777777 

17777777 

) 

00000000 0 



'IGURE DIY38 AIM .= 37000000 . 00000000 0 
TIME . A HEG I STER B ~EGISTER ae REGISTER C If! GIS T E " . 

T' 1 60~OOOOO 0 00000000 OOO~OOO,Q .6000'0000 

TI 1 00000000' 0 17377777' 00000001 60000000 .--.. 

,TS . 1 00000000 0 05666677 11111101 17777777 
T2 1 00000001 1 15777700 00000100 60000000 
TR 1'00000003 1 13770000 00010000 60000000 
T7 1 01000'007 1 070000.00 0100000·0 60000000· . 
T~ 1,00000017 1 00000000 00000000 60000000 
Tl ' 

... 1 oaOOO037 1 60000000 00000000 60000000 
Til 1 00000076 0 57111711 00000001 17771777 
T6 1 0000017~ 0 ~6666617 11111101 17777777 
T3 1 00000310 0 ~6666671 11111101 17771777 
TO 1 00000760 0 ~6666677 .11111101 17777771 
T8 1 000017'410 0, -'6666677 11111101 17777777 
T5 1 00003700 0 416666677 11111101 17777777 
T2 1 00001600 0 ~6666677 11111101 17777777 
TR 1 000174100 0 46666677 11111101 17771777 
T7 1 00037000 0 ~6666611 11111101 11771177 
T411 1 ·Q0076000 0 416666677 11111.101 17777777 
T1 1. Olt 741000 0 -"666677 11111101 17777777 
T' 1 01.70000 0 416666677 ,11111101 17771777 
,T6 1 00760000 0 ~6666671 11111101 17777777 
T3 1 017~0000 0 ~6666671 11111101 17777777 
TO 1 03700000 0 .. 6666677 111.11101 17771777 
18 1 07600000 0 4'666677 11111101 17777777 
TI 1 1741100000 g f6666677 11111101 1777177·7 
12 1 17000000 1 '7777770. 00000010 17777777 

TP 1 37000000 o 00000000 11111101 17777777 



" ...... ,., . 

,,,..- "\ 

~I, 
( ) 

"IOUR! DIV39 AiM • 36000000 .00000000 0 
TIME A REGISTER B REGIST!R ae REGISTER C REGISTE" 

-----
T8 1 61000000 0 00000000 00000000 60000000 

'T8_~ 00000000 o "Z77777 00000001 60000000 
T5 l·uOOOOOOO ,0, 0~666677 11111101 17771777 
T2 1 00000001 1 13777700 00000100 60000000. 
TR 1 00000003 1 07770000 00010000 60000000 
T7 1 0000000; 'I ,1700.0000 01000000 60000000 
T4I 1 0000001l 1 0000000 00000000 60000000 * 

-----~- 1 ogOOO036 g l7'l77777 00000001 17777777 -- "--"--" ---"-."-

TP 1 0OOOOO7~ o 416666677 11111101 17777777 
, T6 1 00000170 0, ~6666677 11111101 17777777 

T3 1 OgOO0360 o "'6666677 '11111101 17771777 
TO 1 000007410 0' ~6666677 11111101 177.77777 
T8 1 130001700 o 41'6'6671 11111101 17777777 
II 1 oa003'~ a ... 666.77 11111101 17777777 
T2 1 00007~00 o .6666677 11111101 17771777 
TR 1 00017000 o 416666677 11111101 17777777 
T7 1 'Og036000 a .. 6666677 11111101 17777777 
T .. I' 0007 .. 000 o "'66 •• 77 11111101 17777777 
Tl 1 00170000 a .. "6.677 11111101 1777"777 

-Til 1 00.60000' a ... "'.77 ,11111101 17777777 
T6 1 007~0000 o 416666677 11111101 17777777 
T3 1 01700000 o 416666677 111'11101 17777777 
TO 1 03600000 0416666677 11111101 17777777 
TI 1 0''''00000 o 4""'77 , 1!ljIIO' 17771777 

. TI 1 17000000 o .. "'6.77 ' .111111QI 177777'7 
T2 1 36000000 'I "7777770 00000010 17777777 

Tft 1 3600~000 o 00000000 11111101 ' 17771777 
ii"; , 



------- ---------------~ --. __ . __ ._--_ .. - .-.. - ... -------.- ------ -- ---- . -- ---------_.-_ ... _._---_ .. _-_ .. _-- .. --.-~ 

FIGURE DIV~O _AIM -= 3~OOOOOO -00000000 0 
TIME - A REGISTER B REGISTER Be REGISTER C RE GIS T E It . 

---- -_._. __ ._--_ .. -_.---- -- . __ ._---------_._-------_._----.----------- _._--_ .. __ .. _---_._--- ._--- ----

T8 I 6200000~ a 00000000 OOOOOOo~ 60000000 -

___ -----'-T~8 ______ .-.1 OOOOOJJOO - ___ Jt_J$77771_~ ____ . _______ OOOOOOO 1__ 600000po __ " _. __ .... 
-T5 1 00000000 0 02666677 11111101 17777777-
T2 1 00000001 1 07777700 00000100 60000000 . 
TR 1"000000031 77770000 00010000 60000000 
TZ-----l 00000007 1 '7010000 01000000 60000000" ---.-----------.--------
T~ 1_0000~016 ·0 17777777 00000001 17771777 

______ . __ ---.!1.._-___ 1 QOQQJt~I~ ________ 1l...!..~t..~~~77 ___________ . __ ._.111111 0 1 11777777 
Tfl 1 00000070 0 ~6666677 1111110 1----------177777i",-
T6 1 00000l~d 0 ~6666677 11111101 17777777 
T3 - 1 000003~0 0 ~6666677 11111101 17777777 

-~'-----ro'----'--'-l'-0000070~--"""------o: ~'666677- --_ .. _ .. __ .-_ .. - .11111101 17777777 
T8 1 00001600 0- ~6666677 11111101 17777177-
T6 1 00003~00 0 ~6666677 111111~1 17771777 ---------12-------··-··"1- 000-07000-------·---··-0-~6666677----------··--1TITI101------1777-7777-----··- ..... - ... ---··---0 .. - .. ---.------·.-" ----------- ... ---.-.. ----.-,----.-------

TR 1 00016000 0 ~6666677 11111101 17771777 
T 7 1 0003~OOO 0 ~6666677 ____________ -.Lt~ 11101 17777777 

------~--------1 -00070000 0 46666677 11111101 17777777 
Tl 1 00160000 0 ~6666677 11111101 17777777 

___ -'--T:.....:..II_. 1 OOI~OOOQ _ 0 4'666617 ______ n ____ ----'-tll1101 ________ ._. ___ 17777177 
-T6 1 00700000 0 ~6666677 11111101 17777777 
T3 1 01600000 0 ~6666677 11111101 17777777 

___ --'--T-=-.O 1 03~OOOOO 0 ~6666677 111-11101 .17771777 
T8 1 07000000 Q ~6666677 I1111JOI 17777777 
TI 1 16000000 0 466'6'77 1111110J 17777771 
T2 1 3~OOOOOO 1 17777770. 00000010 177_~7~7~77~7 ______ _ 

Tft 1 341000000 o 00000000 

~I--------j( ----

.- ---_._---------

11111101 17777777 

--_._._._-----_. ----- .. ------.----- .. ---~ 



----:-~-l -( '---'-- ---------------------.-.-- . ------------- -)-----

-.------_._-- .--- .--~-----.-.. ----- . -------_. __ .. _ ... _----
FIGURE DIV4tl AIM. 30000000 ,00000000 0 

TfME A R[GISTER B REGISTER Be REGISTER e REGISTER 
--.----------_._-----------_._._----- '-'--"'-'-- -_._.-_ .... _- -'._- ---... ---.... ----.--.. -.--------------- ---

TI 1 64tOOOOOO- o 00000000 00000000 6000QOOO 

_____ ~_____ 1 00000000 0 73777777 . 0000000 1 60000000 ___________ . ______________________________ _ 
T 5 1 . 00000000 -0 -766666 7 7 111111 0 1 1 7771177 
T2 1 00000001 1 77777700 0.0000100 60000000. * 
TR 1 Q.DOOOO~ ____ 1 &7770000 00010000 60000000 * ._,--- -----
T7 f 00000006 0 4t6177777 1100000 1 17777777 
T411 1 0000001" 0 -f6666677 11111101 17717777 

__ .. __ ---------.-!L------LJUlQ.Q.OOlO..:-----. 0 .. 6666677 _ltil_Il 01 _____________ 177771_Z''L_ 
TP 1 00000060 0 4t6666677 11111101 17777777 
T6 1 000001 .. 0 0 .. 6666677 11111101 17771777 

___ ---=-T-=-3_ __J.JJOQO_0300 ____ Q.~~666677__ 11111101 JIl7777? ___ _ 
TO 100000600 0· .. 6666677 11111101 17717777 
T8 1 00001 .. 00 0 .. 6666677 1111110117777777 

__________ i.L. ______ _ ._t ___ 00003000 ____ ~_. 0 46666677 ___________ . ___ illltlrtL ___________ J 777777'--_________________________________________________ _ 
T2 1 00006000 0 4t6666677 11111101 17777777 
TR 1 OQOI4tOOO 0 .. 6666677 11111101 17777777 
T 7 1 -000300 OO ____ ...-Jl __ .. 6666677 __ ____ p _______ 11111101 17777777 n ____ .___ 

T.. 100060000 0 ~666'677 11111101 17771777 
Tl 1 001"00000 46666677 11111101 17711j77 

_______ _ ·T,. ...l 00300jJj)JL __________ .Q.. __ 1f __ '-66_677 ________ -.-ll111101 17777717 _d ________ n_ •. _____________ ._. __ • _____ ---'-_ 

T6 1 00600000 0"666~677 11111101 17771777 
T3 1 01 .. 00000 0.46666677 11111101 17777777 
TO 1 03000000 _0 .. 6666677 11111101 17771777 
T8 1 06000000 0 ~66'6S77 . 111111~1 17717177 
Ti 1 l~OOOOOO Q' 46'66671 .11111 J Q 1 17777777 

__ -->--T=-2_ _1 30000000 ___ -1.H177.770_ 00000010 177777'7 ______ . ___ . __ _ 

TP 1 3000qooo a 00000000 11111101 
-------------- ---

-----------

--------- {. 

'{; . 
. f". 



,- - --.- .... --.----------~-.-.--~ .. ---.~.----.-... --~ ..... ---. - ... _- ----- --------- ---
'IGURE DIY~2A/M-= 2000000000000000 o 

TIME A REGISTER B ~EGISTER Be REGISTER e R!GISTER . 

TI 1 70000000_ o 00000000 0000000,0 60000000 . 

________________ 11___ _ 1 0"000000 - __ _ __ fJ. ___ J.lt7._"l7Z7 ____ OJ)g~oo~J_ __ 60000000 
-T S 1 000 00 000 0 66666677 11111101-------------1"7 771"'-',"--
T2 1 00000001 _1 57777700 00000100 60000000 * 

__ ---=---TR=--=----__ _____ l_·_Q..OOOQ~tQi _______ 0 416667777__ _ ___ ilUOOOl _______ - 17771777 
T7 1 OOOOOOO~ 0 46666677 11111101 17777717' 
T~ 1 00000010 0 46666677 11111101 17771777 

____________ : ___ -.It 1:_~'OC02Q.._ - __ 0_ ~t.666_6 __ 71_________ ___ tt_tUlJtt _____________ 171..77''--7'' _ 
TP 1 OOOOOO~~ 0 ~6666677 11111101 17777777 

- T6 1 00000100 a 416666677 11111101 17771777 
_____________ T 3 _ __ J __ .Q.D.Q~Q ?QQ__ Q_ ~~() 66_~7] ___ __11lll1JtL____ ________ 177117 'l_Z __________________ _ 

TO . 1 OOOOO~OO 0-~6666677 11111101 17771717 __ 
T8 1 00001000 O· ~6666677 11111101 17777777 
T5 ___ l __ tlQ_.Q02QCHL_ _ _O __ ~6_H..6~ll_ _11JUI0 1.___ _ _l7'11ll_1_7 __ _ 
T2 1 000041000 ·0 416666677 11111101 17777777 
TR 1 00010000 0 ~6666677 11111101 17777777 

--IL. ___ n ___ 1 __ JlM200~ ____ -_______ Jl __ ~6666_677 _____ m _______ 111111O.L~ _________ 17J7777'l __ _ 
T4 1 .OOO~OOOO 0 46666677 11111101 17777777 
T1 1 00100000 0 ~6666677 11111101 17771777 
Itt __ 1 JlaaOOOJto.__ Q_!t_.6_666_7J. _lllll1.ttL _.___ ________ 1_1_7 ZIZ_l 1 __ 
.T6 1 OO~OOOOO 0 ~6666677 11111101 17777777 
T3 1 01000000· a ~6666677 11111101 17777777 
TO ___ .LQi.O.OOQ . .Q.O __ . _0 ~~6_66fjZZ_ _ ___ 111:1 1101

m 
_________ 11_777777 n _______________________________ _ 

T8 1 o~oooooo d .6666677 11111101 17777777 
TI 1 10000000 0~6666677 11111101 17777777 

____ T.L-:!2_____ ..l ___ UQtlO_o..ctQ_ _ __L_.Jl11'_7:JJL_ _ __ 00000fU.O.. __ n ______________ 1 7777177 ----- -------------------------

TP 1 20000000 o 00000000 11111101 17777777 
-------------- ---- ------- --- -----------------------------------------

~I - ' 
-------( ---------



.' .... '" .,,"" "".' , .. ~". " ............. 

C_, ) :t;,r -'0 
'0 

II'IGURI DfV4t3 AIM • 20000000 ,00000000 0 
TIME A RIGISTER 8 R!GISTER Be REGISTER e REGISTER 

T8 I "000000' 000000000 00000000 ~ooooooo 

'T8 1 01000000 o 17777777 . 00000001 ~ooooooo 
T6 1 .00000000 ,0·66666677 11111101 377777:77 
T2 1 00000001 1 '7777700 0,0 GOO 1 00 4tOOOoooo. • 
TR 1 00000002 o 26667777 11110001 37777777 * ,T7 I' otOOOO,04f D' 16666677 11111101 37777777 • 
T~ 1 00000010 011 •• "77 11111101 37777777 * Tl 1 00000010· o 26666677 11111101 37777777 * TP 1 OOOOOO4tO o 26666677 11111101 37777777 * 16 1 00000100 o 26666677 11111101 37777777 * T3 1 00000200 o 16666677 11111101 37777777 '. TO 1 OOOOOtltOD 0'.6666577 11111·101 37"7717 * T8 1 00001000 o ."'6677 11111101 3777'7777 * T, 1 00002000 ' 0 ,.666611 11111101 37777777 * T2 1 OOOO~OOO o 26666677 11111101 37777777 * TR 1 00010000 o 26666677 11111101 37777777 • 
T7 1 ·00020000 o 16666677 11111101 37777777 • 
T ... "000-40000 o .' •••• 77 111111,01 '7777771 * Tl 1 00100000 o .,'",,77 11111101 37771"77 • 
·T' 1 00100000- o .""'77· .111'11101 1777'771 .-
T6 1 OOtltOOOOO 026666677 11111101 37777777 • 
T3 1 01000000 o 26666677 11111101 37777777 * TO 1 02000000 016'66677 11111101 37777777 * TI 1 :041000000 0"""'7 '.11111181 "777"" • 

.TI 1 1l,aooooo 0:'.""'7 .11111111 '777777' •• 
T2 1 10000000 ,0'7777"0 00000010 17771"'· :.-
TP 1 2000QOOO o 00000000 11111101 '37777777 

- i 
." .. ~, 

,"""~;,; ,"' 



FIGURE DIY~.q AIM -= S 1 ~3-72~0 67122325 1 
TIME -A REGISTEFi B REGISTER Be Fie:GISTE~ e REGISTER 

T8 1 41I111S.q2115 1 71160352 00000000 20100711 

T8 1 066174126 1 ~ ~J~~75 1 QQ009.()OO 57677066 
,T5 1 15~37065 1 75060700 11110111 57677066 
T2 1 33076133 1 83151000 11110111 67671066 * Tf( 1 ~~17.q266 _Q_lQ_6~21~3 QQ q.qlQ_~H'-. -- -- 20100711 - - ._-_.-.- -----_ ... - .. _----- --

T7 1 5411370555 1 70375245 1'1010111 67677066" 
T4t I' 30761333 1 51681713 11110111 57677066 * 11 1 ~l7411666 Q 6~1.2.~7.61 _ OOOQQQQQ 2_QJQQ711 
TP 1 4I370SSS.q 0 737S166.q 00001000 20100711 .. T6 1 07613330 0 07026.q~2 01001000 20100711 
T~ 1 17~2~6~1 1 776.q4l162 _ Q.Ql1.9J?J l _ $767l066 
TO 1 370555412 0 -'-,70·30-2 ,.,.- 01001000 - 20100711 
T8 1 76133305 1 176515541 00110,111 57677066 
T5 1 7~2~§~l3 1 Q~~~25~1 .IJJlQJ 11 S_7~770~6 
T2 1 706SS.q27 ' 1 0637.qS63 11010011 57671066 
TR 1 61333057 1 05600357 11110101 57677066 
T7 1 _ .. ?_~ ~_.~_l~' 1 Q ~.~lQ.t~r. ~ J lilJ . .Q. J __ _ ~_7_~ 7l_Q_~~_ -- _ .. _-_ ....... - . __ . ---------

T4t 1 05&5.277 1 e2037~417 11100101 67671066 
Tl 1 13330577 1 75066306 11110101 57677066 
r~ 1 26,~ l~.77, 1 .~16~Ol41 .JJ_ LtQ~J.J .7677Q66 * 
16 1 65$412776 0 10670123 00001000 20100711 
T3 1 33306775 1 70351225 11110111 57677066 

__ '1'.0 __ . 1 .t~J ~Z73- I $2_73 J6~2 _ I.QltQ1J J 57677066 * ----_. - _. --- .-
T8 1 554127766 0 '6203650 00001010 20100711 
T5 1 3305'7541 0 741il1~52 00001000 20100711 
T~ 1 6613'130 l'lI22S1241 _ Q.o Q_QQQJJ Q 2010Q711 

TP 1 116410050 0 631641'115 00001000 20100711 OF 
.. - .... -.--.-----~-- ._--_.. .-

~I 

~I 
.f 

" 



--'-'-. -'--_.( ----------_._--------- _ .... __ .-_ ... _ .. __ .. _------------- .. -- "'-"-'- _. - .,---------_ .. -

2'1 ' 

TIME 

TI 

- .-.-- ------,_ ... _._._ ... -.-- ---- ---- ---.- ... _- ... - _ .. -----_ ... -._ .. --- -'--'---"-'- ----_. --_. ---------

A REGISTER e REGISTER 
I"IGURE DIY4t& 
Be REGISTER 

AIM. 4t02"1062 
C REGISTER 

1 11761317 00000000 12021725 

J. ___ l __ 2~Ql~"6...l___ 1 10311'66 . 00000000 61716052 
T5 1 ·S.q0351 .. S1 05500716 01110101 66756062 
T2 1 30072313 1 12370021 1.10iOlll 6&156052. 

m ________ .m u,TR ____ nm _. __ L..ta..L~_~627 ____ _L_i_37&62lL .. n 11000 101 h 65156052 * 
T7 1 .. oa&1416 0 0375581" 00001110 12021725 
T~ 1 0072313& 1 '4'03423 11110101 61716012 
11 1_Ql'-~6..il:2· ,0 .. 0."_411175 _ a...o..QllQ.O..Q . ___ m_._ 12011121 
TP 1 03S1~S65 1 70 .. 703.... 11010101 657560&2 
T6 1 07231353 1 601571'" 11000001 65756052 * 

__________ T3 ____ .. 1_ ~_6 .. _~272j _Jt74;llZ_~77__ 00001000 .' ___ . _____ ..12021725 
TO 1 3&1~166~ 0 02761"13 00001110 12021721 
T8 1 72313531 1 62613210 11110111 61756012 

___ . ________ ._11_ .. _______ n_ 1 6 .. 627262 . 0 71"716Q ___________ nl..OOQ1.010._ ,__ 12021721 .. __ 
T2 1 Sl~56S"& 1 60437333 11100101 6&766012 * 
TR 1 23135312 0 71210716 00110100 12021725 

_. ___________ It_ _ __ 1_ ~627262.. 0 8 .. 663751_ _______ 00000010 .12021725 
T.. 1 14f161 .. ll 1 76 .. 15715 01110101 61716012 ---- --
Tl I 31353122 0 612717'1 10000010 12021721 

. ·T~ 1 627262~1 1 07 .. 4f 171.. _____ QJ11 a 1 a 1________ 617i6012 
----- -·---ff-------~e& .. 113 ... - --- ---10627206-&-' 01010101 61766012 

T3 1 13531227' 1. 73&&2267 11010001 61716012 
TO 1 27262"57 1 '6212532 _________ 01110101 65716052 * 
T8 1 &61~'116 0 00616303 ·10081110 12021711 

.T5 1 31.1227& .. 06tJt2S071 ,01110011 61716012 

)- --------------

,72603715 1 

T 2 ______ tJ 2'2~1 ~~ ______ . ___ ..JLJ1-'~!l~ .. __ __________ ~OOOO J 00 __________ 61716012 __ .. ________ . __ .. _______ . ________ ~_ 

TP 1 051S~20e o %02 .. 2676 00000100 657560&2 'I" 

--'-"'--- ---.. ---- .--.. ----_._- .- ----_.. .. -' -------- -- -_ .... - .. -_ .. _- --'---'- - ._--_._------



TI 

A REGIST.!R 

1 1616327. 

B IIrEGISTER 

o 02710031 

'laUftE DIV4I6 
Ie ItEGISTER 

OOOOOOQO 

AIM.. 410000002 
C REGISTER. 
---:--,------- ... --_ ... --_ .... _. 
0072'~27 

____ T-=-."'----_--'·1""-----'-7--"'-SQ'77&~_· ._. ___ jt. __ I0061.013 _________ .00000000 11060350 __ . _________ .. _ . __ . __ .. __ 
T5 1 72157721 1 37122~77 00100001 77050360 
T2 1 6~3376~3 I 6S4l15~61 10100101 77050350 
TR I" 506775060 731527~~ 01010010 007214t27 

-----'-T.:...:..7---"'--1-2"'-"1~17721~ 0 '02'~310 Gl0·11010 00727 .. 17·. 
T~ 1 ~3376~30 0 '2~tl'6' 01111000 00727~17 
Tl . 1"0.771060 0 . 417163376 _. _____ Ol.oJ 1010 0072' .. 27 
TP 1 15~7~1~0 0 20217~33 01101010 00727~27 

.. " T6 1 337'''301 1 31611~S6 10100001 77050350 
_____ T3' _ . ..1_ 67150602 JLJ13S ... 2SSL________ 01010010 00727~27 * 

'TO . I 57721~OI 1· 00375613 .10000101 77010310 
T8 1 31'~3013 1. 171.3121 00101101 77010110' 

._-.1L .. ______ 1_77i060_27 ______ ..1_ 2716071" 10000101 770103.10 
T2 1 77214105' 1 65312303 10100101 77060350 
TR 1 76 ... 30136 0 '31"~~30 00010010 00721~27 
T7 1 1506027.. 0 i1660S20 01010010 00727"27 
T~ ----17~21~0170--·---- · .... -O-II~60600 01010 11 0 00721 .. 27 
T1 1. 6~a01360 0 .. 50002 .. 0 01111010 00727~a7 
Tft 1 &D6027 .. 0 ___________ Q..._1.~14111J_ ... O_. ____ ._ 01011010 _______ 00727,4117 
T6 1 21~05701 1 2137 ... 671 10000001 77050310 
T3 1 .. 3013603 I SI7~103" 10101101 77050350 
TO 1 ~6Ql74t-"tL ______ . 0 41"023612 01010110 00727 .. 27 
T8 1 1 .. 01'01..-0--12706263------- 00111010 Q0727~17 
TI 1 30136031 1 15006036 101~1101 77010310 

·77416~73' 1 

_--,,-T2 ____ -.1 __ 6017"063 0 12~1~_~_l6 00000000 77010310 -.------- -------- -------'--------------'-

1 17503715 . 0 526706~1 00000000 71050350 ~, 

~---,---~----'- . -_ .... _--------_ ... _-

---.---.---.-----------------~--

--j~~ 



TIME 

Ta 

'Te 
T5 
T2 
.tR. _____ ..... 
T7 
T4l 
Tl 
TP 
T6 
T3 .- ........ _ ....... _._. 

TC 
T8 
T6 
T2 
TR 
T7 
T~ 
Tl 

'Tf' 
To 
T3 

__ . _________ iP .. ... 

T8 
TI 
Ta. 

TP 
....• --------_._----_ ..•.... 

... - _ .. _ ... __ ... 

A REGISTER 

o 0070415 ... 7. 

0 35130111.2"'5 
0, 73270512 
0 6666122~ 
O. 5$3_~_2"'.iO 
0 32705120 
0 6&1122410 
0 s.3~a."500 
0 27051201 
0 66122~03 
0 ~~~4I.6007 
0 70512016 
0 612241035 
0 .,2 ... 60073 
0 05120166 
0 122"03541 
O_~"'$OO7~0 
o 51201660 
0 2241035411 
0 415007303 
0 12016607 
0 241035"16 
Q_ ... ~QI:tZ.~O~ ... 
0 20166070 
0 "'03&"'161 
0 007303412 

0 7704l,7~36 

. ---.~ ".- _."- ... __ .--'."'-"-- .- •.. _---_ .. _._-----.,------- ----.-_._.-_ ... _-.----- ---" .-----_._. 
'IQUR! DIV~7 AIM. 

e R!GI~T!R Be REGISTER e REGISTER 

o 15134120111' 

0 4Ja 1612.26 
,0 3206577~ 
0 3~676213 
o. ~lall.l§J 
0 563676415 
0 ' ..... '203 ... 
0 ., 17a 1_~1 ~ 
1 2~O37~00 
1 13 ... 413677 
1 ~~$73J4I .. 6 
0 171330541 
1 0141 ... 41602 
l .. ~~'_~$·Q74l 
0 417077631 
0 S6612S0~ 
0 $3360732 
0 2-,~o~io6 
1 104166066 
1 023226 .. 3 
1 416231176 
0 41241277341 
0 !$~7a11~. 
0 011217 ... 7 
1 654137377 
1 :$_3a70717 

0 2~263720 

00000000 

0000.0000 
11000001 
100-01101 
O.llll.OO 1. 
01000001 
11011001 
10010101 
01100110 
00110000 
~tQ.Q tl. to 
01001001 
00100110 
O_QQQjJ)lO 
01000001 
00110101 

/ltQ.IJ)Q_Q I. 
01101101 
10001010 

.. __ _QQJ1QJJJL. 
00111010 
11000001 

. .. __ lQOl.1~.1 
11010001 

. 001·0 I 000 
000..1..0.0 0...0 .. 

".12i~t~_ll ... 
36523320 
36523320, * 

.... __ . ~~_5233..2.P * 
36523320 
36523320 
_~tla3320 
4I1254t4lS7 
"'12S~"S7 
4I12$~"57 
36$23320 
.. 12S .... 17 
~J_~~~.~§7 
36523320 
3652J320 

. .3"§.1~t~~ 0 
36523320 
41125" ... 67 
~'-t2S ~. ~.il_ 
41125 .... 57 
36523320 
. 3.~. 52 3 :'.~,(t 
36523320 
... 125 ..... 7 

. _3_6$.a~;'.~'t 

11000101 . 36523320 

} 

770"7~36 

.._- .... _ ... -. __ ...... __ .. _ ..... _.-.. _-----



TIME 

T8 

r. 
. T6 
T2 
TR 
T1 
T~ 
Tl 
T'P 
T6 
T3 
TO 
T8 
Tj 
T2 
TR 
T~ 
T ... 
T1 

__ ... _ .... _ .. : ... _ ...•. __ Tf . 
T6 
T3 
lO
TS 
T5 
T2 

TP 

A REGISTER 

o 16657606. 

Q 120"3"'Z6· 
.·0 6"'10717~ 
o 50216370 
Q ~Q"'3"7~1 
o ... 1071, ... 3 
o 02163107 
o 0"'3"'7611 
o 1 011 7 ~ 3. '. 
o 21637076 
o .q3.~7617S 
o Q717"'313 
o 16370767. 
o 3"'76t7$7 
o 71~.JI3737 
O. 63707676 
o ~7'IZ$-'5 
o 174937373 
O· 37076767 
o 7617.&7.' 
o 7 ... 373737 
o 70767677 
o (»17575.77 
o ... 3737317 
o 07676776 
o 17575.77"" 

o 6020200'" 

,i :.--

_____ ---.-.-.- - .-.... • - •••• ----_._------_ •• _--_. .--."--._------- ___ A _ ••• _ 

FI,GU"E DI~"'8 
ac REGISTER 

./M z .020200~ 173502 ... 7 O. 
e REGISTER 

1 720413"'5 . 00000000. 

C REGISTER 

·4116.1176 

'1 10133103 _QltQ~:tOOOO_. __ . _______ . _~1.f.l~j.7_t:.... _ .. 
O'---f73027Ci"O- 00110011 3612 ... 501 
o 251 .. 132.. . 10011001 3612 ... &01 
J. '~17704'-l. __ . ___ 0 1.QJ]111 0______ ~ 1653276 

-1 11113510 eU liU1110 .. --'--~-f 65 Ie 76" 
1 15372637 01010100 4Il'&3~76 
1 lit.iJL06_"_.. .0,,0.'-' 11lJ_ _ __ , .... 1 tj_'2l_~ 
1 76315566 01100100 "1653276 
o 25157255 10001001 3612~501 

1 3~ IJ~_~22 . _ QJl.POJ1Q_ .. ~tl.~~_~~~~· 
1 '31273253 01010110'. "'1663276, 
1· 25415113" . 01011.110 ... 1653276 
J. 161_'_1~O~__OOI~0100 __ . _ .. _ 4f 1 653116 
1 77603202 00110110 - '-~6i3276~----- -.-
o 267 .. 2326 10011001 361a~601 

1 .~"j..1.1!l".5. __ 01 .. 0 ttl1 0 _ ... 1653276. 
, 3~267521 0100011Q ·411611276 
1 33302650 0111 0110 ~1653a7'6 

.. _.,._-------_._-_._------

.. I. _1-2.61Jl.l~6._.. ._. 00011110 411663276 __ ' _' __ "".' ____ .. _.~._, _____ ... ___ .. __ .. ____ . _____ . 
f 264155663 01000110 411653276 
1 J0106155 10101110 ... 1653276 
1_~0.3i..6J..7 ~ L._ __ _.... 000 1 a 11 0 ___ ~16532 7 6. __ . ____ ... _ .. ______ .... _____ H _____ • ______ ,, ____________ • _____ _ 

~ "'0337311 11100110 .... 1613276· 
a .&1113S....· 10110001 36124101 
'" 4t241411731._L.,' __ a.o..oo.D.CHl~ _____ . _1..6_l.2.i.Ul._. __ .. 

o 113502417 00001001 361241501 
._.,-._ .. _. --.----- .. ----



"'-> 
~ 

FIGURE DIV~9 AIM = 35222771 O~103136 1 
TIME A Ht::GISTER 8 REGISTER 8e REGISTER c REGISTER 

T8 0 ili!100201S 0 00010113 00000000 161,5j677 

T8 a 0OOIC113' 0 02627176 00000000 6162:.100 
T5 0 0OO2C227 1 66273~7~ 01010001 61626100 
T2 o OOO~0t4S6 a 6·751761 ' 10010110 161S~677 
T~ 0'001C113.-11 0 070167~1 01100110 161SC677 
T1 0 002C2271 1 010132~2 010.1000 I' 61626100-
T~ U OO·04lt563 1 65763£·06 000'10001 61625100 
Tl a ()101134t6 a 6.1031205 11111110 161Sc677 
TP U u20~~71~ 0 72'1560421 10001110 161SC!671 
T6 0 U~o.q~63r 1 867S.q362 00010001 6162;,100 * 
T3 0 10113~62 0 63022~3S 11101110 161 S'~6 77 
TO 0 c02it!71~~ 0 06311301 00111110 16152677 
Tes a ~Q~S6311 1 76662122 00010001 61626100 
Tl:; a 0113~622 0 03636036 1010 I'll 0 161"SZ677 ' 
T2 Ll 02271 ~4,5 ' 1 OO~13.ql" l111QOOl 6162.,100, 
TI( 0 u.qS63113 1 0~06~132 01010001 6162blOO 
T7 0 11~.qb2.i7 1 73715366 00100001 6162;'100 
T4t 0 i271.q4te6 0 76104ltS4IS 10101110 1616i677 
T1 0 416631135 1 JS23063'2 01010001 6162il00 * Tft 0 13 .. 62272 0 02653256 10001110 16151677 
Tb 0 2714141t.,6S 1 0636505.-11 01001001 b162~100 

'T3 0 b6311363 1 71~S1232 01010001 6162~100 
TC 0 l4tt)2~727 1 62167561 01000001 6162S100 * T8 a 71.q~S~S6 0 S4Itt21167 10111100 1615c677 
TS 0 631135341 0 67336326 00101110 1615~677 
T2 0 "16221210, I, S6076075 01001000 161S.l677 

Tft 0 ~6227270 0 056'12336 10111110 1615cb71 ~F 



TIME A REGIST!R 
--- -- _ .... 

T8 o 11,.,1241411 

______ . _... . T 8. _CL.Z_~ 31 , 6_~ l~ __ 
.TS. 0 72635522 
T2 0 65~732~41 

___ . _____ ~._._ .. _._._'r.~ ~ 16 6 S.l.~ .. 
T7 0 2635i223 
T~ 0 5~73a~~6 

. _ J't . __ .. Q .. ~.I !~.S .. ll ~ ... 
fP 0 63&52230 

... T6 0 ~732~"6i 
T3 . 0 166511 .. 3 

.-.-- --'0···-- 0 35522307 
Ta 0 732~~616 

____ .. _ ... _ ._tl__ . _ 0 6_~ .. !ilJ~.~$_ 
T2 0 55223073 
TR 0 32~"6167 

___ . ____ .. _. _ J:_'--_ . 0 ~_i 11~ ~~~ 
T~ 062230736 
Tl 0 24141616741 

____________ .TJ!_ 0 .. ~lt~31_7J:! 
.T6 0 22307361 
T3 0 ~416167"2 

. __ . __ TO ___ .. 0 tl. ~~~7Q~ 
Ta 0 23073613 
TI 0 ~6167~27 

____ .. _____ T.~._ 0 1.1f~S.'05~ 

TP 

NI ~ 
.. _-----" .. ._._( 

B REGISTER 
- _." - - _.- -_ ....•.. _-
1 ~53166S1 

. . t._~l~~~~I~ 
o 72011jl .. 037 
o t5~011~3 

'1 7266~S4l6 
'r-'~~, 113.~2-'-

o 627&1666 
o l$~Z.~~tl_ 
o !411~2106 
1 11766 ........ 
l __ .c!~.~l~.l ~.~ .. 
1 6'-472301 
o· aS~14176~ 
1 .. _1~.~.ll1Q~. 
1 04l26~OS6 
1 71110162 
1 ~. ~_Q ~ Q ~ I: 1 
o 60~70705 
o 71&317S7 

. 0 l3 ~.~ a.f). Q_~_ . 
1 ~61~763" 
o 266"""S2 
1 t~l?~ J ~~ 
1 11736305 
1 03~3S0~7 
o 27272117 

o 135350'17 

FIGURE DIYSO 
Be REGISTER 

00000000 

."'--. _._-". --"--- .. -_ .. " ..... -- "-- -_._. _." -------

.A/M'. 
C REG I BTER . 

.~7~~003S . 

_ ___ . __ OOO.QQ~Q~ _ 417 ~~Q.Q~_~_ . 
00011101 303377412 
00111101 303377~2 
100POOOO ~74f~003S 
1 J 1000 10 ---·---·-~7 .. ~003i:-- *' - . - . 
00011001 303317~2 

0_10.1.' lll ... _. _ ~~~~Z?~.~ .. 
01011101 303377~2 
10000010 'I741~003S 

__ ._. ___ lU OOOO~_... ._._~7 __ ~~.Q.Q~~. __ . 
.10000110 ~7~4f0035 . 
00110001 303317~2 

. '-~l 0 OLtO .~7i~~Q ~~ __ 
11000000 ~74141003S 
11100010 'I7"'~003S 
ilQOO IjJL__ __________~ 7 ~4fOO 35 * 
00010101 303377~2 
00010001 303377~2 

._ClO.(Ltllll._ _ ____ . _~.Q 3 31'.~ ~ . 
11000010 ~7~~003S 
00011001 303377 .. 2 

_.11~0 0 0 ~___ . ~ l~ ~ 0 0 ~~___ . ___ . ___ . __ _ 
10100100 ~7-4~0035 
10100000 ~7~~0035 

._~~tQgo-,,--oo __ . ~7_ ....... _g.~~s. ______ .. __ 

00000000 ~741~003S 

-- ._._-_._------_._---,,_._----

- ------_.- .. --. -- --.---... _------- .--~-.----------- --



-_ .. __ ._------'._-_._--_._. - ( 
~j '. 

TIME 

T8 

.--------. --- .. "_ .. --~ -- ------"._---_ .... ----._------ ---'. --.----- -- -- .. - .. ---- --'---"-

A REGISTER B REGI$TER 

1 77-4712 .. 3. a 15231633 

\ 

FIGURE DIVSl 
Be REGISTER 

00000000 

AIM • 
e REGISTER 

--_._------ ._ .. 

06 .. 56137 

. T8 . _ l_._ta.l~ll~! _________ . ~_lJ ~~1~71 _.___ 00000000 113226-40 .... ____ . __ . 
T5 1· .. 530 .. 31" 0 61031022 ····-----0101"110----·-· ---06~6S131--
T 2 1 12610630 0 6265531" 1 0 1-00 11 0 06 .. 16137 . 

. ____ .tB _________ l 26"~j_"_60_ .. _ 0 63300107 11110100 06-455137 
T7 1 530 .. 31 .. 0 ---0-"-41765,,& ----.----.. - 00000010 0641'5137 
T~ 1 26106300 0 155~0"62 10110010 0'4111137 

.. T.t. 1_ .. ~~21~~tH·1 .. '_~_Q1J1_a~_ _ __ . .Q._'OOC.lOt_ .. _. _______ 71322'4IQ * 
TP 1 aO .. 31 .. 03 1 03 .. 22613 00010101 7132~6"0 
T6 1 61063007 1 70307 .. 70 10101001 713226"0 

.. __ T1 1 "21"~Jll7 .. _. __ J.n~_~1.7_a.~. '0000010 t ____ . ______ . __ 1_1 32i1!6"0 . * 
TO 1 0 .. 31 .. 036 0 .2365100 11010110 0'~1$137 
T8 1 1063007" 0 '''327567 11100000 0'415&137 

)1------

76072766 ,7~"SS603 

.TI._ ... _ .. __ l_-.J_11.l0 17Q . IL 71412~"j~ ... __ ... __ . _____ .10 11.00 1 Q.__ 0'411&137 ___ ... ___ ..... __ ... _ .. __ . __ .. ___ . '. ____________ .. _._ .. _ .. ____ _ 
T2 1 "31"0361 1 Z .. 613732 00100101 713226 .. 0 * 
TR 1 063007 .. 2 0 77075116 01010110 0'4116137 
T7 11 .. 601705 1 7153 .. 21" 00001101 713226 .. 0 * '. ··-·---··-·f4f---- ---l-:--ji"4fcfaii 2' ... -"0' " I 64t77 '-1- ----·-·-·--10100010---· 0 ... '&13' .. --.. -.- •. - .. -_._-----_ .... _. __ ._---- ----~-

TI 1 63007 .. 2" 0 f136 .. 011 11011110 0'''1,137 
·TP 1 ~6017050 a '234t7372 11100010 0'''11137 ·-·-··-·--,.6-·--·----·-i '-14i036T20 -. -··-O-·SSS'-31:f:.ij·-·----·· --lOa-Ire)! 0 --' 0'''55137 - .---- -.--.. --.-.. - .. ' 

T3 1 3007"2~~ 0 717"5~~7 lOlOOOOO 0'''55137 
TO 1 60170501 1 %S~36716 00000001 713~a6~0 * --"-----r· 403612-02--' ---- a 71 .... 00.' 101·11010 0.415137 
T& 1 0074t2t401 i ''''44t731 . 00000 1 0 1 7132H4tO * 

. __ . ____ ._. T2 __ . __ . _ .. I_Jlll_~IQI_~_ . ______ ~t_.lt~.!-'J!!~ _____ . ____ 00001000 06411137 * _____ . _____ . __ . ________ . ____ . ____ --.--_ 

TP o ' .... 55603 11'110010 06~5.i137 

----------------.-

.--.---- ... --.-.-----------------------'--------'----.~-'-----~----'-------..;..----.......------

.. 



._--._._-----_._._. __ ... _-_ ... --- _._._ .. _._----

TIME A Rt::GISTER 

TI 1 62577371 

15 REGISTER 

a 1-.. .. 6072& 

FIGURE DIV52 
ae "EGISTER 

0000000-0 

- "'-'~A I M~a--5'6 002 S 6 2------·:'-61 5 S 6 ~ IS 6 
C REGISTER· 

-_0_-____ -

o 

------=----=-:-- -------_.----_ ... __ ._----_._--.. -._--_._._-_ .. _--_._--_. 
2'~ .. O'16 . 

Ta 1 6331705~' 0 61537~63 . ______ ... _J'OO~OOOO ._. ____ . __ ._~_3310~J ___ . __ . __ ._._ .. ____ _ __ . ____ . _______ ._._._. _______ . ____ .. __ . __ . ________ . __ 
------:r-5--·----f-~6636 13-0--- .------ 0 72637055 1010101 0 27~~0716 

T2 1 1&~7~261 .1. 1513713~ 01100101 50331061 * 
TR 1 3317.J:t~~2 0 53036300 _____ ._. 11101110 27~~0716 
T7 1 6'36130~ 0 77637736 00100000 27~~071~ 

---.-.-----~-

T~ 1 1~7~26100 16237503 11101110 27~~0716 
____ .. _._.·_~_· ______ .I. __ 317QI~tll ________ l_~ 2 6110 ~_'l.__ _ _. _jtill 01..Lt . __ . __ , 0 3 3.1 0 fL __ 

TP 1 636130~3 1 26030203 01010101 50337061 
... T6 1 ~7~26101 1 26~37672 00000001 50331061 

T3 1 1705~21' 1_._ aS326S~0 _ ... __ . ______ . __ . 00110111 __ . ____ S033706_l ______ _ 
- TC-----·----i-36-T30~37------ I' 1332~503 .00110101 10337061 . . 

Ta 1 1~e6101~ 1· 17320~71 00110001 10331061 
______ rr. l_ZIlS~ IlZ? ____ ._ .1 __ 07 31 ~L~J___ __ 0 cttl.O 101 _._ ... ___ ._._ 50337_061_. _________ _ 

T2 1 6130~377 1 67377670 00000011 60337061 
TR 1 ~2610776 0 75317311 11101010 27~~0716 

____ .. _!'L __ .. _ '-.._Il S ~..l.U 5 ___. .' .l_~.~_~_~.~ ~_~_____ _____ O 0 tQJ~J a 1 ___ .. _... SO 3 31 061 _ _!. ____ . 
T~ 1 .130~3772 a 72~37160 10101010 27~~0716 
T.l 1, 2610~761 1 5S5303~1 00110101 60337061 *. 
TP 1 S~217712 0 521~10i211001010 27~~Q716 

------'---'--T-6 '-'---1- 3Q~3'72~----·-·---- 0 6S1~.Jt7S3 10000010 ------ 27~4III0116 ------.---.... -----.-.------.. -------

T3 1 61077650 0 123S16S~ 11001010 27~~0716 
TO 1 42177621 1 162S~532 01010101 50337061 

---T~a~' --- -1 '0 .. 3"7 7 I ~j------'-' -T-06000 4ii ~ 0 -'---' ------ 0 111 0111 10 337061 
TI 1 10776507 166650303 00010191 103370'1 

___ T 2_ . _____ ._l._~l~ 7 ~.!.1 , ______ ._ ... _J:_j!~.~_o qJlJL: ___ . _. __ . _: 0 0 g~lgJ_Q ________ ._~ ~ ~ 0' J.~___ .. __ ~_._. __ .. _" _ ....... _. __ . __ . __ . __ .. ___ _ 

TP 1 56002662 o elSS6~S6 11101010 27~~CJ716 

-------------_. ---.-.- ---------------.----.--'------~--~------,-----

'. ~I 
-, ----( ) 



'( 
~r o. 

'IQU"E DIYS3 AIM • O~363677 ,30736776 0 
TIME A REGISTER S REGISTE" BC REGISTER C REGISTER 

. Ta 0 03~23023. 0 221~077' . 00000000 31222'177 

'T8 o 2~~"Q77' 0 1'10032" 00000000 416ISS'00 
T5 0' 41S30177~ . o· 156222~7 00001100 31222~77 
T2 0 12603770 0 6~660306 000"11110 3122Z4I77. 
TR o 254107760 0 152705 .. 23 a0100110 31222 .. 77 
T7 o 530177 .. 1 , 

~"1'01'6 10010001 .. 61S1300 
T· .. a 26037702 o '2103''1' 00100110 31222 .. 77 
Tl o '''07760'' .. _-'1 l6t22S23 0001'1110 3122a .. 77 ---- ----"_.- -.----

TP. 0 a0177~10 0 a66070S6 00101110 31222"77 
T6 0 60377021 1, 1337665~ 11000001 ~6556300 

T3 0 4Iaz760.~3 1 16 .... 0033 01111001 4f655i300 
TO o 0177'1107 I 71077371 11000001 ,,611&300 
Tt o 03170217 1 '2'''321~ 10111001 41611.300 • 
T& o 07760 .. 36 o '6112'1"1 01'001110 312214f77 
T2 0 17'''107~ 0 175410111 00011110 312224f77 
TR 0 37102171 1 1507774f2 11000001 4f6Sli300 
T7 0'77'0~363 1 126~4f206 10111001 4f655&300 
T4I () 77:4107497 103407717 111000.01 "'II~:IOO 
Tl a 7702171' 1 '777.41141 00011001 """'00 -T' a 7'0~3'3' o 101147741 .1110'0010 . 3121a .. '7 
T6 o 741107"7~ 1 20106311 11101001 ~6SSi300 
T3 o 70217173 1 10163125 11011001 416556300 
TO o 60413836' I ·IOO~SSSS 11100001 4t6SS1300 
T8 0- "'0''''17 . & ·'.oo,o.n 11010001 .. "'1'00 

. T& o· 02171'717 1,061.775 . . 101QOOQl . ....... 00 
T2 O~O""1677 ' o· .I'7'77~ 00000000 "'111300 

TP 0 0".363677 0 10736776 00'000000 . "61&·5300 

: ";<::::-

";: . 
. ' 

: ,ct .. 
' ~ ".;" . ";; ~,~.'-. 

.. 



"IOUR! DIY!~ ,AIM .• 7~S20707 ' .. 7016161 0 
TIME A REGIST.!R • "EGISTER ae REGISTER c REGISTER 

- ------ _ .. _----------_. 

T8 1 7~S1'SJ4 1 1.40 .. 733 00000000 ·3711·1'~" 

Ta 1 2131304" t '.406'''17 00000000 410"6133 - ------------------ -~-
.T! 1 S276611~ a ~7260672 00010010 371116~4t 

T2 1 2!7S~230 .0 ~&672~411 10001010 371'1164t~ 
Tft 1 i3~30~60 0 62670766 10010000 371116"~ 

T' . 11.7"'11"0 0 t47121.1 i "OOCJ1110 '7 Ill'''''' . 
T-4 1" .• '_41'01 1- 11405571 01110001 40"'133 
Tl . 1 3',0 .. ,Q3 1 'la"1~2Q 0111£1111 ~a66"33 - .. --- _ .. _ .. _._--_ ..... - .-.-----...,......-.-.--.------~--

TPI 1 76611~O6 0 033S~026 10001100 37111641.q 
... T6 1 7S.q2 30 fs' I 66610300 01110111 410666133 

T3 . 1 730~6032 a 06652667 10000000 37Ir16~~ 
'TO '1 661140'5 , '~SI03602 01110111 40666133 
T8 1 54230152 o· 13.30~'3 10011.010 371116"~ 
TI 1 304'03tL __ . 1 27161212 01010·111 410'""133 --'" ----.. _------------ . --
T2 1 611410653 1 201.q0771 01110011 410666133 
TR 1 ~2301S27 1 023071io 01101011 .q0666133 
T7 1 0.q603257 1 ~76a64t36 00100001 410666133 
T4 1 .11406836 a ."26632 10000110 311.11644 
Tl 1, 2301S27~ a 14'66540 10001010 371116"~ 
Til _______ 1._. ~'032IlD a 100001'''' 11011000 3ZI116~4I --_._-----_._-,-_. 

.T6 1 1~06S361· 1 227410~041 00110101 ~0666133 
T3 1 301S27~3 1 067073.qS 00100001 ~066'133 
TO i 603257.01:. 1 S667~O~ 00tl-11001 40666133 . i 

T8 1 t40613616 0 '41723765 10000000 37111' .... 
TI 1 01'27~3~ a 10710S17 10011100 371116t4t4 
T2 1 03 a 17Jlll. __ .. __ . ____ a:_6..lL~.tL~_u ____ 00000000 4106"133 

Tft 1 7.qi20707 0 ~7016161 00000000 ~0666133 

_ ... _----"._- .-._._.- _ ... __ ._-------------- ---------_._-._-----



r 

~I 
i\ 

- .... _--._---.-
FIGURE DIV5S AIM :I 411676363 '310413510 0 

TIME A ~EGISTER B REGISTER Be REG r ST,ER C REGISTER 

T8 0 33130202. 0 141073355 00000000 413101232 

'T8 0 1~O1335$ 0 '-' .. 2 31 ~ 341 OOOQOPPO 4I3JQ1~3~. 
T5 0-;30166132 0 20267535 11100101 341670S~6 
T2 0 60355665 1 25056626 010·10100 413101232-
TR 0 410733553 1 1.7~_5~OQ} Ql;tQJJ lQO 4I~107232 
T7 0 01667321 1 716S141~1 10010010 413101232 
T411 0 03556657 1 4\66'1236'1 00010000 413101232 * Tl 0 01335536 0 ~1~l41.~Z~. 11101001 3~~7.0S4l.6 
TP 0 166732741 0 51623631 10100111 34167,0541 S 
T6 0 36666570 0 774137~4Il 01101011 3416706415 
T3 0 73355361 1 ~"3003S6 '00.10000 413107232 * TO 0 667321~2 0 466104112 00101'011 3416706~5 
T8 0 S5S657041 0 4J7"137"~ 01100011 3416706415 
T5 Q 3~S63610 0 . ~50J.7.4I7Q 0,IQI011 ~"61.Q5~_S. . . _. _____ 0"--__ ----

T2 0 67327"20 0 600317'17 11100001 3416706~5 
TR 0 666570410 0 160S3~66 01101001 3416705415 
T7 035536101 1 714130301 10010110 413107232 
T~ 1327~203 1 4162002541 . 00010000 . ~3Iof~-32- - . - - -- -------_.- -.-•.. "------- ...• 0 * Tl 0 665104106 0 410210276 11101001 3"6705~6 
·TP 0 553610141 0 56"1.~23" 01101111 3~6701~S 

. -'1 flO ffffl -3-4f670 6'41 6 . --- . - "-----------------T6 0 J21412030. 0 6301641f60 
T3 0 65704lf060 0 241021607 01 fOO 1 0 1 341f670S'I6 

"-'--'~--" 
tJ:t. .. _0_ ~ ~ 6 J 0 1 411 1 l~l~~_0.~3 _O.Q_Cl1l Q ctCL_. _ ~31 Ctl~1.~. 

~.-- ---'-"~--'--T8 a 27'120303 1. 76055351 01010010 ... 3107232 
.TB 0 &70'10606 0 107"2"'07 .1010110.1 3'16701~& 
T2 -.. - .. -- .. ----.--. Q3e..1QI"'lS 0 .tJJQ7211 . Ql.QQQ.O 1 0, _~31 07232 --.... -- .'. ---- ------

TP 0 ~1676363 0 310 ... 3510 01000010 '413107232 
--" --------... - .. --------.. .. _.- - - ------.-



-TIME A REGIStER 

T. 0 0~41'3'O 

TI ° 71Z01720, 
, T5 0 6361S6~O 

T2 0 ~7~33&OO 
TR O' 170'7200 
T7 0 3611'401 
T~ 0 741.1002 
T I, 0' "'71005 
TP 0 615'~013 
T6 0 ~3360021 
T3' 0 061200S7 

- TO ' 0 116~0137 
T8 0 3310b277 

___ ---=-T ,-=---_ a 67200576 
T2 0 S6~0137~ 
TR 0 36002771 
T7 0 72006763 
T~ 0 6~O'3'47 
11 0'S1027717 
TFt C 21017637 
T6 0 ~0137~77 
T3 0 00277177 
TO 0 OOS7637l 
T8 0 01374777 

'T& 0 02771776 
T2 ___ ~ __ 01.63774 

TP 

~f ------l( 

o 7201~OO~ 

'IGU"E DIV56 
ae REGISTER 

,AIM,. 7201~oo~ '13~37770 0 
I "EGISTER e REGISTER, 

1 'l1706720 00000000 ,~717~67~ 

1 1421426.. ~OOOOOOO 4717~674 
a 606336S~ 00000001 3020Jl0! 
o '1662636 00010001 30203103 . 
o t3760B72 00010011 30203103 
J 664112'2 11 fOl010 '''717~674 , 
o '7137707 00000001 3Q203103 

'1 167 63 ~ 11 _______________ 1 0 1111 00 -----'---____ 4~7__=_1_"__7 .. ....:...:6=_:_7 4 _____________________________________________________ _ 
1 15666027 10101100 ~7674674 
1 12440043 11111110 4767467~ 
1 _ 060 1 6 11 3 ----=1:.....=1,-=1--=--0__=___1 =-.;11~0=--___ -----,~-,-7 _67_4-'-6----,,'_4_, ___ _ 
I, 71722212 ,10111110 47174'74 

---------- ------

1 53152570 10111010 4757"67~' ' • 
o 777~2103 00010001 30203103 
o 1712031~ 01010001 30203103 
1 27754~27 00101100 ~7574674 
1 17627042 __ --=-1--=---0=1~0~1~1~1~0 ______ ~~7~S~7~4_6~74~ __ 
I 16314111 11101110 47174"~ 
1 16626237 10101100 ~1174'7~ 

_.-LJ"342'163 ,J 111111., ~1174'74 
1 12613152 101,11110 ~7S1467~ 
1 043~~331 11101110 - 47574674 
1 726077'6 __ ----"'1'-=-0..=1-=.0 0~0:::....=0~0'----__ ____=__~_"__7 S=--:!7'----.4t.!-::6-=::-7-'-.4 __________________ _ 
I '''303160 11111110 47174"4 .• 
o t3234663 00000001 30101103 

____ ---'--_16 ... 7 1 !"O __ ----"'O~O-=O-,=-O.,=_:O"'__"I~O'____ __ __=_3=_.:02~o......"a"_"'I_=O__=_3______'__ _________________ ~_ 

o 13~37770 00000001 30203103 

)~----



. "'.:. ....... -.' ............. 

-c \ -) 
~I 

t, 

fl'IGURE DIya7 AIM • 236766 .. 6 ,10~0301~ 0 
TIME A REGISTER 8 IEGIST!R IC REGISTER C REGISTER 

f8 0 11.I'ISI , Z3.04l3'& 00000000 20117362 

- TI - 0-73t04ta'1 J ,111"0113 00000000 17at04l'1 
T5 o· 67 .. 107111f2 -0- 03017601 01000110 20511362 
T2 o 67021705 1 57217230 001-01011 57260 .. 1 S. 
TR o 360~3612 0 7635706& 01001000 20511362 
T7 o 74flD74" a t" •• '.tfl .. 01000100 2011731. 
T-" o 70117011 I ""."06 10100101 172.041111 
Tl o '0411123 I 042-172241 10101011 ,72'0"1-1 - ---------~. 

TP o ~107~2~7 I 07020000 01101111 67260011115 
T6 o 02170517 1 " .. 22630 00100011 67260"15 
T3 a 0 .. 361236 0 1"5"06~ -00011000 20517362 
TO o ll''' ... '5 1- oe'3211s 11100001 6726.0-'11 
T8 a 21101173 • DaHI"1 10100011 17260 .. '. 
TI o 4IS61136' 1> 01 & 7137-1 l1GOI0Il 17260-'11 
T2 o O'''2~76' 1 '66&0"12 10101011 67260"15 
TR 0 1-7051737 1 '2'03~S3 10100011 57260"15 * T7 o 36123676 o 06516~32 00010100 20517362 
T4I 0- '''2-'717' I ..... 11671 10100011 ,7at04l'1 
Tl a JlO.17372 ° 117021!7 00111000 2011,a.2 

. Tft o 6113676. 1 73a067 .. _10100011 .7.60 .... 
T6 a .. 2.757&3 1 56075300 11001111 57260"15 * 
T3 o 05173726 o 7"60411306 001-10100 20117362 
TO 0 1236765 .. o r13411037~ 01010000 20511362 
T. 0'ltt7'7". I. t'IDOIOI 11101101 171.04111 

.T5 o 11.'S71 •• I ""'41,1 - .0000001_1 "2'04" • 
T2 ~67'1~1 - I 1-""706& 00000000 20117 •• 2 • 
TP a 2367,'4116 a 10411030'''' 01010100 20517362 



TIME A M£GISTER 

T8 1 4122'2332 

'IGURE DIYSS 
B REGISTER 8C REGISTER 

o '0122704 oooooeoo 

. A /.r--.-----2-6 0 , 16 0 1 
C REGIITE"· 

.'42014142 

___ -----:......;T.'*--·· 1 4761iO'4, 0 11110107 .00000000 ."20.244·a 
T& 1 17532171 1 27042651 01000010 S420244~ 
T2 1 37264363 1 54301104 00001100 !420a~42. * 
Tit I" 166S0746 . O' 53315745 0110000 1 23575335 
1'7 1 7Sl217l4 05111S20242 dOfIJiJI23t,i331. 
T4 1 12.".6io 0 541570S4 0110101' :23&7'33' 

"Tl- l' 6~la74'O '0512314QO ~1100111 231"'35 
--""'--~- -=='-=-=~~~---=-=-=~-=------=-=~-""--=-'!!......!!--'-----=-=--=--=--'::=-==-=:""="""- _. __ ._-----.... 

TP 1 53217140 0 57360550 01110011 2357b335 
T6 1 26436300 0 f46S6610 00100011 2357S33S 

'60151300 1 

.. .... _-_.------_. 

T 3 . 1 55 07:,-4-'--'6=--:::0-=-0 __ ----=-0_'=---4---::4::-=2-=.2_=_1 ~3 7=-----__ ----"0:...::-I--=-I-=-I-=-.;1 0::...,.::0:::....=1=-----__ --=2_35.",--:7:::::--5:......:,3--=:-3-,:.-5 __ _. ------.. _-_ ... _---_.-.-._._._--------
- TO . 1 32171400 O' .16'13136 .0011·0iOl 23171335 

T8. 1 64363001 1. 02341030 100'11 "0 14202442' 
__ ~ ____ .1. ~O'46003 1 %0126743 11000000 l~aoa442 

T2 1 2171~001 1 56457341 00001010 54202442 * 
TR 1 ~3630016 0 50635257 10101001 23515335 

________ T~1 ___ 1.07~~6~0~0~34~.~~0~'~4~3~6~10~7_6 ___ ~0~11~1~I~O~0~1 ______ ~2~3_S_7_&~33~S ___ 
T4 1 IJ1~001D 0 266&1423 00110111 2357.335 
T~ 1'31100160 a 10~aO!21 11110101 23571335 
T'P 1 7.'003"1 1 17103016 .00001.00 14I20a:~"2 
T5 1 71~00703 1 03~12611 10000000 &4202442 
T3 1 63001601 1 '3227131 10001110 . 5~202~42 
TO 1 ~6003~17 1 52662146 10001000 5~202~~2 

-----~-

TI 1 14007036 0 60233640 11110011 23571335 
* ._._-----_._----,---------------;---

TI 1 3'D1601~ 0'05"'4057 01011001 23571335 
T2 1 60034171 0 15112130. 001.0010 .42024 .. 2 

TP 1 60034171 . 0 ~1212'20 00100010 6~202~42 &,. 

_~_I-( 



·---.-,-(-- -

~I 
--- ._-_. __ ._--

-. ---'-'---. -'-'~-----~------=-::-:-::-:-=-:::--=-~~~-------'-----:~--~~---:-------=-------
FI;URI DIya, AIM. ~0000215 ·77~73026 1 

TIME A ~[GISTER 8 l'EGISTER 8e REGISTER C REGISTER 
----------------_._ ... _---_._--_._-------_ ... _._._--------- ---------,-,-----,------

Ta 1 66561&5! 1 1~1772~O 00000000 030702~2 

__ ~ ___ ~18 ___ 1 236005~O _____ LO~6~'~a~~~7~.2~--~O~O~O~OO~O~O~0~_~~7~~7~a~7~1~1~. _____ ~ 
TS l'~7~013011 00150~71 11011011 7~70753S 
T2 1 1'002603 1 162~2'32 QICHOO!! 7~707135. 
T R 1 3600 & ~ a 7 ___________ J.._-==2;..=2-'-~-==-2 ~_~____"3':_':3-----=-1.::-:1 O~l"_"'l'_=O_"'_I_=_! ____ --'7'--~.:.....::..7_"'_0_=_7_=_15 3=_.:5=,__· _______ _ 
T7 1 7~D13017 1 137726~& 10010001 7~707131 

~ T~ 1 70026036 a 42071757 11000000 0307Q2~2 
.---'-__ --'T-"'1 _____ ..L800&~01-~ _______ . _ 0 11113171 ______ . __ . __ -' 0101010 _ 030702412 

. TP. 1 ~0130171 1 56~5i130 01001011 7~70153& 
T6 1 00260362 oa21305~S 10100000 030702412 

~ ___ -!.T~3 _____ -'-____ tla.i.iOJ_~~__ ___ 0 0 7 .. IS 15 S 4If 00100000 030702411 2 . * 
TO 101301711 1'0322206& 11011001 7~1071'5 
T8 1 02,03623 1 1~36S'Ol 01010111 1~707531 

__ ..L...::T&~. 1 O'''07 .. 4t7 1 1'67231'1. 01011011 7~707131 
T2 1 13017116 0 12676106 10001100 030702~2 
TR 1 26036235 1 31~7S1~1 11011011 7~701&35 
T 7 16 .. 07 .. ~ 7 ~ ____ it j) 0 2 e 411 S 6 6 10 100000 03070 2 ~ 2 * 
T~ 1 30171166 1 1"'10002 01011111 7~70113' 
Tl 1 60162353 1 271~17'3 01010011 7~1071'1 

. ___ -~T-,--P'_ -'-".Q7~~727 1 14112224106, 01011101 7~707131 
T6 1 01'11666 0 35~S7~SI 00100010 0307~2~2 
T3 1 03623535 1 67236677 010-10001 7"701535 
TO 1 07"~7272 a 6310574112 00100100 030702412 
T8 1 1 '116&6~ -----'0"'-· --""~2-"'-"-=-O"=-"3'--4c:.=''------=1=-O ~1 O~O!,....!!!!O~O~0--------'O~'~O~7~O-=-2.....:..;t1fI=-----------------,--

.TI 1 3'235360 ~ 20a00156 . .10101000 03070242 
'2 1 7~.72721 'Q ~060233" 00000000 7~707'JI 

TP 1 033050&7 o .tt·7~76622 00000000 

---'-~----- ----.- -----

---,--._._-----_.- -~---- - ----------



TIME A Ie E GIS T.E R 
- .- ... ,"--' 

T8 o Q237~223. 

_ . __ . ____ ._i'~ ____ ... _Q_ .. ~.J_~~'_§j_7 :, 
.T5 0 12$S3~56 
T2 0 2532713~ 

. _____ . ____ i.!...____ _Q -,j2.~$6270 
T1 0 2&53~560 
T~ 0 S32713~1 

__ .,-_ ..1"_ .. 1___ 0.2.6.5_6_2.1_03. 
T~ 0 653~660. 

.. - T6 0 32~13..q1411 

._~~._. __ .. ' ._._!3~ 0 6$.§_21.031 
TO '0 i3~S6062 
T8 0 2713~1~~ 

._ .. ___ . __ ~i ' 0 66270311 
T2 0 J~560623 
TR 0 113~1~~7 

____ .. _. _._.r:z. Q ,~~il_~117 
T~ 0 ,~5606237 
Tl 0 1341~~76 

.~ ____ 1.. ..0 .21. 0311.15 
T6 0 S6062373 
T3 0 3~1~..q766 

_____ ._ .. _10 07.03117 S~· 
T8 0 60623730 
T5 0 ~1~4117661 

. ____ ~_. ___ .T.2 0 031l75~3 

TP 0 7411660235 

, ' 

- .-~ .•... - - .-_.- - -

~I 
'-II ' 

- ( 

• REGISTER 

• ~526S627 

l 11Jg_~~p J _ 
o S3~1172.q 
O. i04l17373 
Q. l_~~~~l.L_ 
o 16411077~6 
1 ;a373216~ 
1_ .~_e_~.$~l_ .. 
o 66237237 
o OSOS~'122 

" 1 j.2_Ct5.5.~ 1~" 
0'17307372 
O'2027~4II00 
1 262_1641170 
1 14113S0.qS7 
1 104l6.q30~ 

,,1 0_l6 7~jO_7 
I 61213065 
Q lS00~61411 
1 .. 7iI3_~OOO 
1 411331S~76 

o 62207616 
O~_SO~33S7 
o 2S3~~41162 
111636315 
Q- ,,3 ... 7411053 

o 2163641125 

_______ '._. _____ .. _ 0'-- ____ ........ ________ . ________ ... ____ " ______ ... __ _ 

FIGURE DIY60A/M'. 
". - ---_ .. - .. _---------------------_.-

7~66023S 21636~25 0 
SC REGISTER C REGISTER 

0000000Q~6&23216 ' 

, ,.O.Q,Q_PQ..OOO .. _. ,. ______ ._!t~i32'_6. __ _ 
00110001 312S~S21 
10101001 312541&21 

. .J~O 10110 Im ___ 312S .. 521 
00100001 312&~&21' 
10011010 ~6123216 
1.10 lQ_lo.o~ __ ~_..~.~.$_i32'.6 '* 
00101001 3125 .. &21 
01101101 312S~521 

_ ... , .110...0.0.110_... ~.l~.2a2.$6_ ... 
00101001 31~S~&21 ' 
10001.111 312541&21 
J1l100..0.1 0 .. tlZltl6 
11010000 ~6S2J2S6 
11000110 ~6S2J2S6 

. _ .UtOOQ.1 0.0 .411.~~.2 32&!. __ . , 
11101010 .. 652J256 
01100101 312S .. &21 
10.00_1 11t1. .. 6 62.~ 21.~ 
11100000 ~6S232S6 * 
00100101 3125411521 

.OJ_O:1 ttUU .. _ 31a5_4IIS_ll._. __ _ 
00101001 3125 .. 121 
10000110 .. 6523216 

, 0_0_001000 .. 652f2.i6 . __ 

00000000 4116523266 



-~~---I(' .--.. - ... ------ ---
~I 

TIME 

T8 

A REGISTER 

o 32272650 

. B REGI~T!R 
rlQUlte: DIV'I 
IC R!GISTER 

I 

'AiM'-'-' 36063112 
C REGIITER 

1 11"'0106 . ODOOOOOO 3111.246 

. Ta .~u.Ll.~3Q,JO' I ooa'4~OI HOOOOOO 111106"31 ----·-·--r-s- O· 63060215 ·1, ~6712!36 00100001 1116061131 
T2 0 ~61~0~32 0 47733~35 OO~10110 3171624 • 

. ___ ~_. _. __ -.O_.l ~ 3=-0 1""-'0"'--=6=----.:~'---_._,_=O----"-40=--.:6:o..:1'--""5c..:::.S-=5-=-1 ____ --=l"--"'I'--""'O~I..::;...a O,,",,-,1,"--,,0~ __ --=3-=1-=-7 ",-,16::...::;2:-111:.....:;:.6 __ 
. T7 0 30,02110 0 143'1500 01010110 1171'1~' 

T~ 0 61~04320 0 &3671666 01010000 3171'2~' 

)1-----

,213260~7 1 

_ .. _ ... _ .. _. ___ ]'J_._ .... ____ Jl. ... ~.30106~O ._ ... _ 0 021'1171·' _--=-OI"'-"0""-"1.....".0'-"'-I..!Ll=-.0 __ '-----='''-'!!lo...:..7 ........ 1-=...62=-4..:...::.:-· _. __ .... __ ._ ........ _. ___ ._. ____ . __ . ___ .... ___ .. __ ._ .. _________ _ 
TP 0 06021501 1 ~622&570 10100011 ~6061531 
T6 0 1~043202 O. 63561640 01010010 317162~6 
T3 0 30106~04 0 0227176601010000 317162~6 '---'---'-----"-0---"--' O' 60211011 t· 446644101 10001181 ·-11I"-"6-0~'-11-3,--1--·----····--··--·-·----····----····--......... ------

Ta 0 ~O~3a022 0 12461413 01010010 3171624' 
_.__ __ .1.L.__ Q0106-'044 0 71Q71305 11010·110 31716Z .. ' 

T2 0 02150111 1 40264563 10000001 ~6061&31 
.-------.. -_._ ... - ..•. __ .. _----- -----

* 
TR 0 0432Q222 0 $1467516 01000100 317162~6 
T7 O·lD6~04~4 0 56065672 01010010 317162~6 

----·------·f·~· 0 21&01110 0 .7001042 01111-010 3171624' 
Tl 0 43202220 Q 11132362 01010010 31716~~' 

. T~__Jt 0' .. 0 .... 411 1 6236S .. ,6· .10001101 ... 011.31 
T6 0 15011102 O. 156~3~7~ 01010010 317162~6 
T3 0 32022205 1 735~07~1 10110001 ~6061531 
TO 0 640~4f413 1 ~S5~2~35 10101001 ~60~1531 ------=--- * 
T8 0 50111016 Q t4l111213 QIO-lOl10 3171'.'" 

. TS a a022201.. ~ ~11'OI"I' ,01011010 31716.-.' 
____ T2.. __ ._q .. 0 ...... 131 . Q 01"2332 10000000 "'061111 

TP o O~5'11SS 00000000 . "60'.1&31 afl' 



TIME 

T8 , 

A R[GISTER I REGISTER 
FIGURE DIV62 
ae REGISTER 

-- ---_._-----_._----------- _.- -' .. - - - -----_. 
1 ~164iI07. 1 70177650 00000000 

~ 

---.----- .LL _. ___ .l 01100130- .----.~ .. 
12 .. , 5 ~_.o_ .. _ OCHlQQQQP 

00110100 
00110100 

-T5 
T2 

__ lL 
T7 
T" 

--~.-'--" 

.. _t1. __ 
Til 
T6 
T3 -----.- ._-

TO 
T8 
Ii 
T2 
TR 
T7 -_ .. _--_ .... --_ .. -

T .. 
Tl 
TP 
T6 
T3 
TO -- ---.. -_._--

TI 
T5 

-- ------_.- J~_ 

TP 
----_._.-"._--_'-. _ ... _--- -" 

~I 
-.01 

----- --_. __ ._- ( 

-I 16200261 1 054t21730 
1 3~4tOO54t3 1_73512650 

_._._.l __ Zl 0013 OJ ____ . __ .. __ JLZ60~6J!21 ____ 
1 62130261& 1 Z614t4t651 
1 ""00'''32 0 04t722022 
.t 1 D.ctlIO"t..L ___ t. 1121-"611 __ 
1 2002615_3. 1 04tl07526 
1 ~a06~327 1 1.27512 ... 41 
1 0Ol~06S6 o '''301 ttlQ -

1 00261S35 1-13332632 
1 0054t3272 o 7534t6'63 
1 013 Qjj 6 '--_ ... _____ -.lJ .. 2 ~~ $ 6 ~ ____ 
1 02615352 0 011726~7 
1 05 ... 32725 1 0"613310 
1 UO~~.6_$3 -_. _L.tU g2~ __ lQ 
1 26153526 o ;13050727 
1 S4t3272S5 1 70"""'50 
1 30'~.532 _rt _~J)5._~i"~_Q 
1 61S3S26S 1 61033652 
1 413272552 0 53i"'OQ2'" 
1 O§_~~_~~2"'- 0 S_~7~3J 7~_ 
1 15352650 O' 64t307S0S 
1 32725520 0 02 .. 50333 
1 ~.S'53~ .. 1 o~ a~1~060Cl 

1 &56532"1 a 65317413'" 

1 J 1 ~lOOl.__ __ __ 
0'0010100 
10001011 

_.OJ1_lQIOO. ___ _ 
01101100 
00001100 
lUQ1QJl 
00010100 
11000.011 

. _.~tlO 1110 a 
11000001 
00111100 
Q J 1_0Qt~0 
11010001 
00001100 

_I. Q lQPQIJ 
01010100 
10011011 
J o OP_QQJ 1 
11100011 
10010011 

J)OOOOttO. _ 

00000000 

AIM = 2 ... 7411103 
C REGISTER 

60336670 

~03~6.~'70 , 
60336670 
60336670 
17 .... '107 
60336670' * 
17 ..... 1107 

. ~0~3~670 
6033e»67Q 
60336670 
17~~)107 
60336670 * 
17 ...... 1107 
603~~_~670 * 
17"'~1107 
6033.6670 
~03~6b70_ 
17 .... 1107 
60336670 *. 
17 ...... 1107 
60336670 * 
17.q"'1107 
17 ...... 1107 
17 ..... 1107 
17 ...... 1107 
6033.670 

60336670 tt,. 

1 



l' 

'fa 1 004.07646' , 141111.0 
.TI . 1 11~1161S 1 202040522 
T2 1 23037233 .1. 17S~S~20 
TI l' 046076~'6 0 37266177 
TJ~ I t417'1'~ Q 004.11004 
,.. 1 11371331 ·1 72100'12 
11 I' "7." .. ,., I ·1"4"00 
T' 1 0417515 .. 7 1 16537505 
T6 1 031 .. 23317 1 0"21.3677 
T3' 1076046637 1 27663662 
TO . 1 17,1 ... 77' l' .610352Q 
TI 1372331'7' .•. • 1372377 
TI 1 7''''6371 1 63022710 

.) . 

FIaURE DIY63 
ae REGISTER 

00000000 
10010101 
0.0000111 
01001000 
01111110 
10110101 

___ .. J.~QOO lll __ .'_'" 
10000101 
10110001 
00010101 
.fol1oil-l" 
01.11000 
11010111 

----T-=-2- 1 751504772 . a 707310-50'--'- . ---- ----
00111010 

TR 1 7233176~ 0 42057056 
T7 1 '''6637S0 0 .'0130042 

----T-"7""4---····--I--jl.~·7720- .. -.. O"1iI0303i-"-' 
Tl I. 23317641 1 , ... 141.7 

___ --"-T_". __ . __ .1..4'.171.01.. __ .. _ ._1 laOl043~2. 
T6 1 15 .. 77206 0 ~~10"Ol" 
T3 1 3317'''1~ 0 52365765 

_____ .--.I.Q._.. .._1. 6~371i0.3~ ._O._2~.626~_t7_. 
T8 1 &4772061 1 46673!31 
TI 1 317604142 0 31112412 

__ . ___ . T2.. . __ J~6all.030.' . ___ .Q._.l.'J0470_1.4f. 

TP 1 1 .. 02741173 a ~121~3S6 

._. ---_. --.--.. 

. - .......... _j' , 

01001000 
.9 ~ 101 OJ9 
01101010 
10000001 

_ .. .let) O~1 O.t 
01101010 
01000000 
01101.QQO 
10010111 
01011Dl0 

. . .. Q=Q.Q.O 0 0'«10. .." __ 

00000000 

), 

AIM. ~OOOOOOI 1 . 
C REGISTER' 



TIME 

T8 

A REGISTER 

1 677~S772 

T 8 __ 1 __ 2_~~t~_S06-
, TS 1 7~13S21~ 

T2 1 70272~30 
__ __ J:_~___ ______ l~ __ ~A~~§O ~_J 

T7 1 413521~2 
T~ 1 0272~305 
T 1 ' l 0 ~ l~_ 06 1 2 
TP 1 13S21~2~ 
T6 1 272~3051 
T3 1 &6506122 

--.-.. - --"-_ ... - -'f"O . 1 . -3-5-a--l'~2~'~'-" 

T8 1 72~30S11 
TS 1 65061223 ----------. --- --t-2" "1 s'2'i~"2~~6 

TR 1 2~30511~ 
T7 1 50612231 
T~ 1- 2i~-2-~~62 
Tl 1~30S11~S 

_______ .1_P__ 1 O~ 1~.? 312 _ 
T6 1 1~2~~62~ 
T3 1 30S11~SO 

______ !Q_l ~_l2_?3 1 20 
18 1 ~2~~62~0 
TS 1 OS11~SOO 

________________ !_~ 1 _12~_~12 00 

TP 1 12231200 

8 REGISTER 
-- -

o 0172'1272 

Q' ~7_Q2272~ 
o 670~~620 
a 071306~~ 

'( __ ~ _~2 7 J 6 ~1_ 
o 03S6~~4f~ 
1 ~S261221 
o S_~7 ~ 3~_~~ 
a QIII!726371 
1 57S6~672 
o 12552665 
o~ -16-3~.iq536 

1 2262130~ 
1 4f5S3S7~7 
a 66 '1,-f7 70 
o 0620~Ci6~ 
1 52322060 
o~cfo~ji ~-2 
1 ~6022~1~ 
o "_?_~~603_2 
o ~7S332~7 
o 410305701 
o ~_~ 63~06S 
o 541505136 
o '2231~SO 
1 .. 4141033412 

. •. -

o 6~S27135 

FIGURE DIV6~ 
Be REGISTE~ 

00000000 

. AIM. = 
C REGISTER -

- - 1------ ~67-70j-16-

"6 7_ZQ'l1-~ 
31001061 
31007061 

.12 ~HH~O...QO Q 
00010111 
00010101 
11001010 
-OO~1(fl0T 

_ _ ______ ,_i~7 7 0 ZJ.6_ 

11101010 
QQ.QJ_QJ.Q t __ 
00010001 
01101010 
00010001 

--,00 (ffcffOl 
11101110 
11100000 

---" -. -- --_. '--'--~-' -

00010011 
00011001 
11101010 

-" -.--- .. --... 

10010101 
01101010 

_QQOIQLQJ 
000,10101 
10010101 -

__ 900 lP_OJtl 
00010101 
00010111 
JHtfo_ 0_o_o Q_ 

00010101 

31007061-
~6770716 

, _____ ~JJlQZ.Q_~t 
31007061 
~6770716 
31007061 

-3To07061-
~6770716 

~6770716 
-31001061 
31007061 
~6770716 ,-fa 07061--
"6770716 
~ ~ QQZQ_~! 
310_07061 
31007061 
31007061 
. ----_ .. _--- "----------

31007061 
31007061 
31007061 

31007061 

* 

12231200 ,6~S27135 a 



-------,.- (- -------------------- ---------------

~\ 
---- ----------- -- ----- ---------- -------- --------------

TIME A REGISTER 
I'IGUR! DIY6S 
Be REGISTER 

)---

AiM = -10000001 ,6~37530Alt 1 
C REGISTER B REGISTER 

1 .3333102 
-----,------------ -------- - -- ---- ----- ------------------

T8 1 60153200 00000000 01160135 

_________ -~_, __________ 1 ~~~~4t676 ______ --.1. 26~"~~4I~_________ OOQOOOOO ,., 176412 __________________________ _ 
T5 1- 61111575 -I ~26207~6 - 11010001 76617~4I2 
T2 1 22223372 0 203~10~~ 10~01010 0116013~ 

__ --'--TR _.-L_~_~_~~6765 1 ~77137Zj------ 00010001 766176412 
T7 1 11115152 0 '072701~ 10101110 01160131 
T~ 1 2223372A1t 0 031~0305 00100100 01110131 * 

_______________ ..iL_ _ ____ 1 __ 1~~§7651 _________ i __ l-~31 O~5~ ____________ 110 1 0001 76617'~2 
'TP 1 11157523 1 QO~50375 11011001 766116~2 • 

T6 1 223372~7 1 11751536 10011101 766176412 
___ T'----'3=___ ____ 1_ 41~676517 1 316S~230 -11011111 ___ --.Z66176~2 

TO 1 11175236 a- 0'~32030 00101010 01160131· 
T8 1 2337a~76 1 0307S7~2 11010001 766176~2 
T& 1 ... 761173 ________ , _~.0225~0 01011011 _ 76'176~2 __________________________________ _ 
T2 1 15752367 1 4~676166 10011001 766116412 
TR 1 3372~7S6 0 32776~01 00000110 01160135 
T7 16715173S 1 S350Alt06~ 11111001 766176~2 
T~ 1- 17123672 a 12112200 00100110 01160135 
Til 372 .. 7&6.. 0 16S0~7$6 00100000 01160'13& 

-Til 1 71&1'311 ________ L~322..0S"_6 11011001 7"-17'''' _____________________ _ 
T6 1 75236722 0 31S~3~2~ 00100110 01160136 
T3 1 72~756~6 1 51316033 11011101 766176~2 
TO 1 65173&12 0 ~5736326 00100100 01160135 
T8 1 1236722" 0 15155102 00100110 01160131 

. TI 1 2411,S''''1 i 203 .. 1267 , 110-11001 766176~2 
____ ----!.T-=-2_ 1 117'1123 _~_~_I_iZ2~L$._Q _____ ~ _____ 000000lO~ __________ 7~§_176"~ _____________________________ ~ _________ ~~-

TP o ~6~2S510 00000010 '766176 .. 2 ~F 

------- ------- ------- ---------------------------- ------------

-----. ------- ------- ----------------------------- -----



TIME A REGISTER B REGISTER 

T8 o 00312075 o 33376625 

FIGURE DIV66 
Be REGISTER 

00000000 

. A/M- :I 76212~16 

e REGISTER· 

______________ 11 ____________ "-___ ;133766-11-: _____ · 0_ 7105621_1 ________________ ·O.O.OJlMOO_ 70S~~122 __ ud __________ _ 

. T6 0 6677S~52 0 61367203 10001111 07233655 
T2 0 SS77312~ _0. '1113~06 11101101 07~33'5S . 

·OO~1~2~0 0 

TR o· 337~6250 0 6366i110641t _ 10001011 0723J655 __________ ... _. _________ . ____ . __ ~ _________ . ____ .. __ _ 
T7 0 6775.,520 06670S7 ... , loi"O0101 07233655-
T~ 0 677312~OO 'S2~777~ 10000001 ~723366S 

____ : __ .... ___ _11___ _D.....llJ 6. 2 S_Ol._u ___ ~ ___ ...l 022 5lll.l __ n __ :_______ ___ a 1 0 1111 0 .lJlI~_~ 22_ . • 
TP 0 775~S203 1 7621~36~ 01100000 70S"~122 
T6 a '7312~6~ 0 75063526 11001101 0723J6SS 

______________ !L __ _ __ 0 __ Zi.62_iOJ_L ___________ l __ O __ ~ __ U~_$_ll.. _________ . 001 00010 ______ , 0 S" ~ 1_~_~ __ .! __________ _ 
. TO . 0 7S~52033 1 01377525 ~1000000 705"'~122. _ 

TI 0 7312~067 1· ' ...... 33375 01110000 70S~"'122 
_. ____ li ___________ O_66ll0.1.i6____________ ___ 0 Z 2 5 31 S ... 11... ________ UlO 1 i 111 ___________ JllllJ..(i_~ __ _ 

T2 0 S~S2033S . 1 250"16~S 01010000 70Sill~122 * 
TR 0 312.,0672 0 73356360 10001011 07233655 

_________ ._lL ____ . __ O ___ ll.5.O.llJ..5 __ ~ ___ L_u...,72004lt _____ m__ 010111 00 705~"122 ___ ! ___ .. ____ . __________ . _____ .. __ ..... _ _ _. _._ .. ___ . __ . ______ . ____ ._ 
T., 0 . .,1203352 a 76 ... 31066 10011001 0723365& 
T.l o· 12"'06725 1 056 ... 0271 000 1 00 1 0 '05~~ 122 •. 

_. __ . ___ -__ ll________ ... 0_-.2 iO.l.S6_1.3. ______________ , 0326 ... 72 ill C 1 000 a 00 h ______ 1 0 5 ~ ~·12_i ______ _ 
T6 0 52033527 1 00215772 01100000 705.,.,122 
T3 0 2~067257 1 72377007 01001100 705"~122 

_______ 1a.__ --O-..Ull-~~ ~_~ _______________ a.._llll~Q_~_~_____ 111-01011 07 2 316 S 5 
TI 0 a033S27~ 0 736237~6 10100101 07233615 
TI 0 ~"72S71 I '738~230 011J0010 70&~"li2 * 

___ .. _T1. ___________ 0 01165_3_53 _ I '0030~01 ___________ . ____ 11000100 705~~12~ ______ !.. ______________________________ . ____ _ 

TP a 76212.,15 1 00~1"2~0 10000000 70S~4t122 

._---'-- ---_.-._---_._--_. - -_._-- .-... _------ _ .. ------_ .. --_.-' - -- :-- --- ... -.-'--_._--_-.:..._------_.---..:.-

---'--~- -_._-- ---_._-- - ... --- -

'. "-> I • "-> 
eN 

~----------------{ ... - -.- -----------.--.-----



-~ -----(-- -----_. -----.------------------.--.. -----.-- --_. -- ---.-- -_. ----._-- -- ._. --.- --------

~-, 
j----

______ __ 0"- __ _ ___ .. ____ . _____ ..... ____ ._.~. __________ • _______ • __ . ______ • ________________ ._. ___________ ---' .• ______ ... ________ -;_. • .' ______ .' __ ." __ .• _ 

'IGURE DIV67 AIM = 37716231 ·06621"35 1 
TIME A REGISTER B REGISTER . ac REGISTER t REGISTER 

T8 o l~230727- o 141131''''5 00000000 1"2541061 

_-1'__ __ _~ __ ~"_lll~ 7 5______ ________ 0 1 7 7 S 4116 56 00000000 63523726 
T6 0·$06371731- 124115411"52 11001011 6352J126 
T2 0 21 .. 76367 1 226,6065 1.0001011 63523726. 
TR 0 ~317"7&7 _ 1 4110251012 __ ..1.1011111 63523726 

------f7-------c)-063-'17_3'---- 0 ,.710210 001' 0 110 1"25.,.051 
T~ 0 1 .. 763675 1 51"3856 10001001 63523726 
_IL _______ tLlll"I~7_2.-. ___ 0 __ 57525327 __________ 00100100 ___________ 1 .. 25.,.051 -- - ._-.---------
TP 0 6371136.. 0 .. 3627027 10100100 1"25~OSl 
T6 - 0 417636750 0 33022220 11110110 1 .. 25411051 

__________ ___ IL _____ O_J?_" ~t7i_Q __________ JL_2 .... 306 3~ ______________________ 00 11 01 OQ___ ________l._~ 25 411051 -* 
TO 0 371736"1 '-'''02''&02 alDOl-Ill 63523726 
Ta 0 76367503 1 1&5763411" 00001011 63523726 

__ , ___ . _________ T' _ ______ Q. __ l_~~_~_20~ _____ · 0 ~7S42704t _____________ 00 1.1 0 1 00_______ ___ _1"25"'051 
- ------ - .. _._-- -------_._----------

T2 a 1173e .. l.. 0 23772052 10010000 1"25"051 
TR 0 63~7S031 1 ~2S27063 11001011 63523726 
T7 0 .. 7572062 0 '3"S~1~2 10100100 1 .. 2541051 

----------~-- -----O-~--1736 .. 1~~-----------D-Ti~~ .. SI6:--------- 10100000 141214011 -- - _._----_. __ ._ .. -. - ----- --------
* 

Tl a 367S0311 1 2203~2'2 11001011 63123'26 
_____ ~ __ ~~ ______ g_1illO·62~ ____________ ~61&_ .. 6~ _______________ 101010,11 _________ 63523126 _ .. _------_ ... -. -.---- .. --- -----

T6 a 736~1""6 a '76011~" 00110100 1"25411061 
T3 0 67S0311S- 1_ S23~S"37 11001001 63523726 
TO a 67206232 0 52161052 11010100 1~25"GSI 

--------:T=-=':---- 0 3.~1 ... 4f64t a ,2IS'37' . 10100000 14f25~OII 
---- -----------._------

TI 0 75031110 0'116-407 .. ' ,1011'0100 141214011 
_____ ~2 ____ .Jl120'2_3~JL_ -I "37~-'lt~__ 00001000 14f2S4_0~1-=---1 __ 

Tft o 7206~320 o 76225116 01100100 14125 .. 051 ItF 

----------------_.-._---------.-----_._-----



TIME 

T8 • 
T8 

. T5 
T2 
Tft 
'17 
T4 
Tl 
TP 
T6 
T3 
TO 
TI 
Ta 
T2 
TR 
T7 
T4 
T,1 
Tft 
T6 
T3 
TO 
T8 
TI 
T. 

TP 

~I -~--( 

A REGISTER 

a 06~6262" 

o 32035730' 
o 6~073660 
o &Q167S4t0 
a 20357301 
o 48'36601 
o 0167.11104 
&1 03173011 
o 0736'0~~ 
0 167S~0~6 
o 35~30115 

' 0 73"0233 
o "140 ... 7 
a 57.301156 
o 36602335 
o 754104t672 
o 73011S65 
0.66023313 
o '40416726 " 
o 3Il1S6'" 
o 60233530 
a ~O"672'O 
o 011S6S~1 
., 01"1302 
o 0"'71604 
a 1116.4111 

0 1156S4tll 

8 REGISTER 

0 tl031730 

o .02450%0 . 
o e612761~ 

.0 j14t66~365 

1 6205~116 
o 6~'1f1162 
0 17335011 
1·111164105 
1 '5017~57 
0 1264t4t67~ 

1 16013733 
,. 07102233 
l' ·'0'060341 
o 004t23727 
1 il234t2212 
a 03531372 
1 706662~0 
t 12030766 
a .... 716 .. 03 
o 17244713 
o e61~64t72 
a 74t724t731 
1 621531 .. ' o .... 410~2 
010721610 
a 41"31"0 

o 10731660 

:FIGUR! DIY68 . AIM' • 115654tl1 . 20731660 0 
ae REGISTER C REGISTER' 

00000000 ·2'4,1"341 

·00000000 113.224'3 
01000100 264tIS534t 
10011000 26~lSS341 . 
01101101 &13622 .. 3 • 
10001010 26411113 .. · 
01001110 26411113. 
01100101 11312243 
01100001 513622 .. 3 
10010000 264115534t 
01100101 513622413 
·00110101 11361.413, 
1010.1'01 51361a43 
10010100 264111341 
00110111 &'13622413 
10011010 26 .. 16534t 
10001011 113622413 
01110001 1136114' .. 
10001' 110 26411134 
01010010 2'411111-' . 
01001010 2'''1IiS3~ 
10010010 26~IS&3" 
011-01001 513622 .. 3 • 
11001010 • '''11·''4 
10010010 26~'111'4 
00000000 113'22413 

00000000 5136i2 .. 3 

)f-------



---_._--.-----(' . ----.------- -- ----_ ... ------------_.- ... ---_._---

~l 

TIME A REGISTER e REGI$TER 
---_._ ..... _. -.---- ---,.-,-- 02~216t2 -" -- .. -.-- .. , .- .. ---.---- " .. --

0 0 02176161 

'T8 o 02116161 0 ~6006.t170 _ ... .. -- - 1&--- O· O.tl3i~3;.ij2- . ~7-~2~36-r --, 0' 
T2 0 1017070.tl 0 ~.tI~01141S 
TR 0 21'61610 0 ~~.-! 31Sl_~ __ 
T'1-- 0 ~31413412C 0 02006~3S 
T4I 0 071010~1 1 60515563 
Tl 0 l.1i1.6102 0 160~2767 
TP 0 37~3.t120S 1 -7-0 ~-o-i~ 56 
T6 0 77070.tl13 1 t1351S022 
T3 0 7tJ_~.~ I Q2 6 _Q- 3~7~3.t166 
TO 0 7413~206~ 0 "7~363'O 
T8 0 70Z04l130 0 .... 5231 .... 

_ Tl.-" --- .... Q.. 61_~lQ~~'t -- ---- Jt 66607! 1,"_ 
T2 0 "3"20S~O 0 02226.t13.t1 
TR 0 070"1301 1 60755561 
Tl __ 0_ _l tttQ ~_6 Ol ___ g .1_~j __ ~~J _~~ . 
T .. 0 3"205"05 1 7160S .... 6 
Tl 0 70"13013 1 15175002 

,-1-'!_ 0 6_'Q~tO~~ _0 __ ~U703"26 
T6 0 "20S"OS~ 0 6.141362S0 
T3 0 0 .. 13C130 0 70&237 .... 

__ 'tQ __ . 0 .I02~QifLl --.l ~ 3 S ~Z "'J~Q _ 
T8 0 2054105 .. 2 Q 3~130"21 

, TI 0 ~13013041 0 .77102~6 
T~_ 0 02802_610 1 _1_'-t~_05' 5 

TP 0 15175170 0 OS337.t150 
-,_.------." --------- ... - -

A/M:I 75115110 FIGURE DIV69 
Be REGISTER e REGISTER 

00000000 4I236Q676 

00000000 .. 2360&76 
--'0-0-0 foo,,-r" --- .-"'-- ----35 ~ 1720-1----

1 0 1·0 1 00 1 3541 1 7 2 0 1. 
_ ____ JJOOOQ,.OO_l ,___ 364111201 

1111000 1 ·------------35~T120 -r ---- . 
10100110 ~2360676 
q __ , OJQJtl!t 3 S iI11 ! 2Q._ 
10101100 .. 2360576 
00001110 ~2360S76 * 
!'QJJJtQJ:»J__ _ 3 6"1 7 2 0 1 
000I0011-3S~17201-----* 

10011001 3S~17201 
. JJO 10000 1 _ __t$_~l 'IQJ_ 

11010001 35~17201 
10100110 412360576 

__ QJHtlOOll__ _ ____ 35411 ~20 1_ 
10101100 ~2360~76 
01001110 ~2360S76 * 

__ . __ l.Q l_lQ __ (tQ.l __ . __ ~ $ "11. 2 OJ __ 
10010011 354117201 
10al0001 35~11201 
00101110 _ __~_2 3 6_Q...$_~.~___ _ * 
11010001 36~11201 

.00010001 3S~11201 * 
___ .JtQJ)j)_Q.QOO __________________ ~_'-~J1_2.Jl.-t * 

11000001 '3!~11201 

) ------- .. --- - -------------.- -----

,05331"50 0 



---;-------------

FIGUREDIY10 
ac REGISTER 

-------------------------- ----~---

Al M -= 15626505 
TIME A REGISTER I REGISTER C REGISTE" 

---------------------::-~:--::------------:--------

T8, 0 11631731 a 122220441 00000000 ,26510&15 

TI 0222~20"41' 0 1304112141 00000000 51201262 ------------. T Ii ~----- 0" 41414141110 0 6416721'15 --"-10.:.....;0::......::0=-.;:;1-=-0-"'-0--"'-0 -----2-'=-'=-...c5=-=,:...:...0'"""--S-=--I-"-'-5 -, ----- ---- -----
T2 0 111102200.11256020 01101010 26570515 , 
TR 0'2222041'11 1 111352412 01010101 51201262 
T 7 - 0 4At.".103 -=1--=-15=-"=----=1-=-1----=-1-=-.-:'-0 ------'0=---=O~orl..:::....1 O-=-l::....::,l=------~i-=---l =-20=-.-:7=-=2.:.....::: • .....:::.:2-· _-
T4 0 111022060 117341070 101~'010 26.70111 

,12111521 

---'-------'--,T,::::..-I ___ . __ .. _(L_2220~4111_______ 1 1527'1'1'2 00010001 51207262 
---- ------------- --------------------.. ---------- ---'--- - ---

TP 0 ~4I~II033 1 03002320 01010111 51201262 
T6 0 11022067 1 6122~2415 00010101 51201262 

___ T~3_' Q __ ..J 2 0" 411 56 0 60 160" 2 1 111 0 1 0 1 0 2651' 0 Ii 1 S 
T~ '0 .. 411103341 0'00233S77 11100000 26570515 
TI 0 10220671 1· %3016&51 01010111 51201262 
T6 _Q ___ ~0"411~J_~ ____________ JL_J 666~~_~L________ 0010 1'0 1 0 2617011 Ii --------ri---- ----- 0 '111 0:3 3 '1 5 , 1 06 1 5312.. 0 1 0 1 0 1 0 1 - --------61 207262--- --------- - ---- ---------------------
TR 0 02206113 1 615411235 00010101 51201262 
T 1 _____ JL..Q.~ .. 1 5626__ __ _ 0 75 0 e 6 3 0 1 111 0 111 0 265 7 05 1 S 
T4 0 ,110334155 1 854'62041 00010101 61201112 * 
T1 0,22067132 0 116441327 10101000 26170&15 

___ --'-:::-T'_ ~_ .. ~ 415 6266 _ 1 14111 ~ 30 ____ --'-"'-0...;....1 0_",1,,---,,1;....;:..1-,,-1-=-..1 _ __------"1'----'1--'-'-2..::.....07_2---"_2 __ * __ _ ________ _ 
T6 a 10334552 0 !0'3~010 10101010 26570515 
T3 0 206113241 0 60Sj2S55 10100000 26570515 
TO 0 41562660 0 072350'11 011.01000 26510515 

---~---:-

Ta 0 03141521 & J1Q733Jl 01010011 51201262 
T5 0 06'13242 0 01"6511 100Pl~10 26570115 

___ -----=-T -=---2 _______ 0_ 11' 2 6_[ 0'__ 0 117172 42 , 00000000 51207262 

TP o 16626505 o 12111521 00000000 51201262 

- -- -- ------_.--- _ .. ----------------------'--

~I, -----Ie ___________________ m_ ------------------ ---- - ------. 

o 



c. '" . 
, -) 

~l ~ i! 
, --, 

. to.) 
0) .. 

,.IOU"! DIV71 AIM • 32021~13 ,77~02621 1 
TIME A REGISTER I REGISTER Ie REGISTER C REGISTER 

TI 1 67311127. ) 114.416' 00000000 772130" 

'Ta' 1 22313112 I 07100'''' 00000000 7721307. 
TI 1· ... ~'2' ... 25 '1' 06063702 ·11000110 77253Q76 . 
T2 1 1141705. 1 15373013 100iOll0 7-725J076~ 
TR 1 23136127 1 61211234 11010110 7725J076 
T7 1 ... 617.216 a ,"a"'11 01001'001 001.411'01 

.- T4If . 1 14'7053" o ·S2ai3·32. 010tl001 OO"~701 
Tl 1 3116127·0 ~ 2633i1fll' OlagleD! 001.4'01 . ---------... Tft 1 6274112561 1 ... 50 ... 6336 11100100 7721.3076 
T6 1 .. 57063 .. 2 0.3"'0'31776 01010001 0062 .. 701 
T3 1 13612701· 1 61356765 '10000110 77253076 
TO 1 27 .. 25612 0'ta4'2073 01011,001 001.4701 
T8 1 IJOl34241f o "'662071 00011001 0082 .. 701 
TI 1 36127010 ' 0'1720206' 01111001 0012 .. 701 
T2 1 7 ... 266121 1 170711 ...... 01010110 77253076 
TR 1 7053 .. 2 ... 2 o 00726~32 00001001 0052 .. 701 * 
T7 1 ·612705015 1 70022055 11110110 77253076 
Ttli l' 4121'61213 1 ·t·14t"41 11100110 71.a,076 •• 
Tl 1 01342"27 1 22441111 10110110 772130" '. -Tft 1 11701017 1 74.7'''.0 .10000110 1721307' • 
T6 1 21'12137 '·00S .. 2376 10110000 77213076 * T3 1 1342 ... 277 1 10777762 100'00110 77213076 
TO 1 27050S77 1 30143153 11110110 7721307' 
TI 1 l.a11176 QOI ... Z .... 7 . 01'011001 aOI'.,oa * .TI 1 1-,'411771 1 71172117' .10010100 . 7721307' 
f2 1 70101773 ., 1370 ... 36 00100000 7711307' 

TP 1 70101773 a 71775S61 00'100000 '77253076 It, 

~~----'-----"·r------"--:'-----'-'------------""--'-----~--"---'~---'---------"""--."""" . .';""'" .. ,-... ..... , ... ;:.i,...-,';-.,;,~;;-;~2 
~ +/< 



, ;~: ~ < • , , 

~IGUR!DIY72 ,AIM .• 77~tI6~6 '01563506 0 
TIME . A RlGISTER B ~EGISTER 8e REGISTER C REGISTER 

, !t~ft,. 0" 00156117 1 f6'''36~OOOOOOOOO 611 ~"';07 

__ ~;_'~~~i~3"~~~~\L'~ __ O~i'~"~S~~S6~1~O~' __ ~~1~'~13~2~2~·3~~~6 ______ ~O~O~O~O~Q~OO~O~,. ______ ~'~1~1~~1~I~O~1~,------------------------~-----
·TI 0 71307500 0 50~77~01 11001101 16633570' 
T2 0.72617200 .0.1173~70S 10100101 16633&70 
TI 0 t&~36~OO 0 52625505 101gol01 16633570 

. ';i;~.::, ;'/'~t' 0',1 •• 75010' a •• ~.610S ."11'0110'1 .' ""1',0' . 
'i·:::,:4,· ''0'.6171000 0 .'b~ 11 01 010111'01 . t "'1,,170 

·~Tl. 0 "4'14000 0 ""1'710~ OOODllCU 16.' •• 70 
T~ a 307500Q~ 0 03573103 11001101 16633570 
T 6 0 6 1 Z 2000 1 1 1 2 ~ 3 ~'6 1 7 00 1 00000 6 11 ~ ~ 207 
T3 . 0 ~3'~0003 1 06335636 00100010 611~~207 
"0 '0 01100007 . 1"613771~ 001130010 '11~4a07 
,·T. 0 17200016 0022223~0 11111101 1.SI3170' 
.,. 0 3'~OQ031 1 07723301 00110'0 10 6 11'~4207 
T2 0 75000073 . 1 71122021 10111010 611~~207 
TR a 72000167 1 63522262 00110010 611~~207 * 

____ --~T1~--~0~6~~~0~0~03~5~6~--~a~5~s~21~7~2~S~S------~11~1~0~1~1~OI~ ____ ~1~6~6~33~5~7~0~ _______________ ~----------·~--·-~,~ .,.>. 0 .ItO0073~ 0 '2"'3~25 11001101 1,,'aI70 
'1'1 0: "OOl"D . 0 '171~7"1 101£10111 16"3170 
I'- O' "'003161 1 ZI116113 00100010 61144.07 * 
.T6 0 0000734112 0 00267337 11001101 16633570 
T3 0 00016705 1 03625207 00100100 611411~207 
TO 0 00035613 1 80716015 101~1010 611~~207 

II:· 001073 .. 26 0 JO.6114. 1,0010111' 1"'."0 
'TI 0'Ot'67011 I ',2,1770100IPOOIO '114G07 • 
12 0 OUI6132 1- !16.763 •. , ' 00000000 11.31'70 . * 
TP . 0 77~216~6 0 01163506 11011101 16633570 

--------------~~--------------~, )r~----~ 



c' ) 
",:~' 

, I. 

'I(JURI DIY73 A'fIt • 36762602 ,7~6411004ll411 a 
TIME A REGISTER B REGIST!R Be REGISTER C REGIST!R 

T8 1 5610.526' 1 416 .. 1171 00000000 1141"'~ 

'T' ' 1 361"'10, I 77121065 00000000 11 ... 7614 
TS 1·7427&420 '0' 10112235 11100101 22380163 ' 
T2 1 70573041 1 17041134tOI QI011110 6842161 ~~ 
TR 1 61366103 1 155&0037 00011000 554276141 
T7 1 42714107 I' 0076,1603 10010110 114'76'" 
T .. 1 O17S04t17 1 76302433 01111010 11 .. 17614 
Tl 1 la'610S6 0 11177261 10000011 223101.3 
TP 1 275~207S 1 1731S'370 01111010 6542,761411 
T6 1 S'30~173 1 16 .. 7361411 00011000 5S"'27'1~ 
T3 1 36610367 1 0263024& '10011000 5842761" 
TO 1 7'4207&' I' 72121326 11011·000 1141216'" 
T. 1 73 ... 1737 1 '360341'1 10111010 &541216141 * T.I 1 6610a.7, ' O' '·1101t .. , 11100101 223101.3 
T2 1 5 .. 20757" o 06712072 00001011 22350163 
TR 1 30 .. 17371 1 623 .. &013 11011010 55412761" 
T7 1,61036762 a a020 .. 121 11100111 22350163 
Tif l' 4a07.74, 1 '7:7137271 010010,10 11"27'141 
Tl 1 04171713 1'&'0174117 01101000 II .. a7'1~ * ·T .. 1 ~"67Ia,' .8.6"1111, 00100111 223101.3 
T6 1 2076745~ o 17732527 00100101 22310163 
T3 1 41'37130 o 123311413 101'00 101 22310163 
TO 1 03176260 0573 .. 367 .. 00100001 22310163 
T8 1 07'741140 ~, 11 .. 17all 10000101 22310111 

.T& 1 17.71301 1 011611110' .10011010 11 ... 76141 * 
T2 1 3"62102 ,1 41317'20 00000000 223101 •• * 
TP 1 36761602 0 7"6"00"~ 01'100101 ' 223101'63 



FIGURE DIY7 .. ,AIM' :I 7"170301 '57266103 0 
TIME A REGISTER I REG-I STER ac REGISTER C' REGISTER 

T8 1 7'1711330 0 12011202 00000000 ,323Jl1,'6 
# 

T8 1 6S;S6~176 ' 0 IOI~7251 00000000 "1~60601 
,T5 - 1 63755314t 0 53625611 00010110 32317176 
T2 1 27132770 0 51702731 10110110 323111,76 ' 
TR 1 57665160 o l6335270 00010010 323111'76 
T7 1 3755.' .. 0 01112177' 01010000 323171'6-
T .. 1 72327701 -1, ltOAt3571 11101001 ~1"60601 
II 1 7"IJI03 1 117J'1102 00001101 .. 6"'0601 
TP 1 75537 .. 01 1 703 .... 200 11101011 "S"60601 
T6 1 732710f1 1 .. 051222 .. 10001001 .. S .. 60601 * T3 ' 1 66576036 o 13615S"1 00010110 3231'7176 

'TO ',1 51374074 0'1112'611 11018110 32317176 
- ' 

T8 1 32710170 0,26"4'31 00010110 32311176 
TI 1 65160360 a .7721270 00010'010 32!17176 

.. ~_.- .-------

T2 1 63'''07''1 1 1"2"24102 11101001 "5"60601 
TR 1 27%01703 1 17367600 01000011 .. 5 .. 60601 
T7 1 5;1603607 1 05337223 01101001 .. S .. 60601 
T4f 1 37407 .. 17 1 12 ... 0252 1010 lOCH ".46,601 
Tl 1, 7J01703' o 776&161~ 00010110 32317176 ,It 1 7'O3'O7~ o 2101214' ,11010100 32317116 
T6 1 74074171 1 21526710 10100011 "S"'0601 
T3 1 70170363 1 2003S .... 4t 11101001 .. 5 .. 60601 
TO 1 603607 .. " 12766571" 00100001 .. 5 .. 60601 T. 1 ~"4I1717 1 ,4'1'3At34 11101001 ..'At'060! 
"~I 1 0 1"03·63' 110 .. 11" .. 10100001 41''''0601 

.. ,. 1 :01.07.4177 0- 41223122, 00000000 41''''0101 

Til 1 74170301 o 17266103 00000000 .. S .. 60601 

, ~~ -
, ~ 

," .. ~ . ~ 

))--~-



--------------------- :-- j 

~I \ 
TIME A REGISTER 

-re ----_.--.... , .... _---- .-. o 3'.,.0 .. 060 

'T8 0 317SI~37 
-f s - -0.-63'-330 ;,,-
T2 0 ~7566176 
T R _ _ __ ._Ql~ 5 5.~~_~~ 
T7 0 37130772 
T~ 0 7566176~ 
T 1 Q '1 ~ ,_~. ~Z_iQ 
TP 0 73307720 
T6 0 66~1'6~1 
T 3 Q __ 6~_~~7'§J)l __ 
TO 0 33077205 
T8 0 6f17e~13 
T$ _ JJ __ ,_~375027 
T2 0 30772057 
TR 0 61J6~136 
.11 _tt: ~37_~027~ 
T~ 0 07120570 
TI 0 176~1361 

. T~ __0 ~_7~.~_~_~ 
T6 0 7120570. 
T3 0 16~13611 

8 REGISTER 

- ----O-ir7-SS~3' 

o 31207~~1 
--r --s-3-i- f2--~-t2' 

o ,6631S66 
1 66306665 
'-. -.-' .•. - ------,,-- "_." "---

o '~7013S3 
o 501103~S 
o ~~S~6~_~_2 
o 13S6230~ 
1 30361121 

__ 0 OQOSOO~" 
l' 131~5~21 
1 21116S3~ 

._ l_~JQ_~a7$3 
, 65705"'~1 

o 51707703 
_ JL_~_~_tP.l~~6 . 
o a212~07~ 
1 .6255510 

_________ T.P ____ ... ___ .....Q L50a7~.23 ____ _ 

_ O_~_~_6_~_70_Q • 
o 1775~.21 
I 2173~353 
1 S~~7414121 

---OITi6564t4j-T8 0 710s,a~e 
. TI 0 6413.11. a 00047130 

_________ _ r.~ __ .a ___ s._lal .. ~J_~t_ P ___ I~_~1 02Q 1 

TP o "'17~231 o 111601410 

, -------- -----------
I 

-F"l-G-URt----'jj I"V',"s _···-----_·_····--------------··---··--"-7""'--- .-... -- ---3777"56"1'--3" - -~-OO-3S~7OT-----T--------

ac REGISTERC REGISTER 
-- -- -_. -000-00-00-0·----· _ ... -----. ---------0617 ~ ·fo ,-.. - _. --.. --- ... --

OOOOOOO~ 71603370 
·-----010Too -oT ------7T6033 7"0---- -- -
OO~10010 0617~~Or 

___ 01 OOQJQJ ____ ._ 71603370 
10111010 0617~407 
10111010 0617~~07 
00.01 (l to _ _ J~~_'_7 ~_~Ql __ 
10111010 0617~~07 
11011101 71603370 

-I tl 1..1 Cll~ _ o6.ll_~_~o._Z_ -* 
01000101 11603370 
01000101 11603370 
o I o.lOJ OJ ___., l6 o.l.~7. Q 
00000101 71603370 
10100010 06171~07 
'Oll._tO_lO _ _ ____ Q_~11~~02 _____ _ 
10101010 0617~407' 
01000101 71603~70 
.0.1 Ql01Q __ - Jt~j_'-"~QL __ _ 
00100010 0617~~07 • 
10000101 71603370 

__ 01 00_0 I_Q_1. ________________ Z..l~0t.370 _________________ . _____________________________ _ 
101~0010 0617~407 

. 11101010 0617~~07 * 
. ___ OQQJ.Ql.O_Q___71 tJt~l~() ____ ~ ________ _ 

00-010000 - 71603370 &F 

- -- - ---- ---- -- - ------- --- -------- -------- --------------------- ----------------------_._------------------~--



TIME A REGISTER 

T8 

T8 
.·f5 '. 
T2 
TR --... _--_._ ... ,..,-
T4I 
Tl 
TP 

.. T6 
T3 
TO 
TI 
T5 
T2 
TR 
T7 
T4I 
Tl 
TP ----------- _. ------_ .. 

~I 

. T6 
T3 
TO 
TI 
T5 
T2 

TP 

.. - --{ 

o 16 i ~fl f~o . 

o 707021~0' 
o 6f60~3(,)1 
o 4134110603 
o 070214107 

. --- -- --- ---- ------ ----

o 160413017 
o 3~106037 
o 71121 ~O.~7 
o 60413017.7, 
o 411060377 
o 021410777 - -"._' .--- ..... . 

'0 041301777 
o 10603777 
_0 2 t~tQ7776 
o 413017775 
o 06037772 
o t41oIZ7~4l1 
o 30177750 
o 60371721 
a ~077_7Ei4l~_ 
o 0177760 .. 
o 03177210 
o. Q?~7~412J' 
o 17J7S04l2 
o 37Z72105 
o 771'''2 J.~ 

o 77'641213 

I REGISTER 

1 l07021 .. 0 

1 07065121 
1 0601"5123 
1 06017331 
1 061641.,415 

.- T "06275-0'f4t 
1 06-417052 
1 O~J~_~~.Q~. 
1 10273S77 
1 12411~261 

1 t~J.~_~. ~.~ ~ 
1'302505341 
I' 624166352 
a '.~_I?;lt~~ 
1 e"301272 
o '52070576 
9 ~!.~~~ ~?~ 
Q 25507075 
1 63331172 
Q_ .i~7~Q3_1.~ 
o 3671 .. 02 .. 
o 15006007 
1 . ~?J~11 ~.~ .. 
Ci 052541305 
1 2265 .. 712 

__ ~t .. ~.?l~J P.?~ __ 

o 23655013 

.... __ . -- --=-----
'IGURE DIY76 
BC REGISTER 

00000000 

,AIM' :I 
C REGISTER 

070$41017 . 

00000000 .,0723760 
o fooI! 0'1 jo1"2Jf6lf 
01101101 70723760 
.Q.!.OOQLQL 70723760 
01 00 1 001 -'-"---'-70 72"37', 0;-
01101101 7072J760 
QJ.QQtlJ1J.. 7Q?~~760 
01001001 70723760 
01101101 70723760 
. .Q'!.Q9 1!..Q t _. . .... 7 O_?~J!~ 0 . 
01011101 70723760, 
01001.101 70723760 
.QJ 1 Q.9l.0 Q ?Jl~.~Q 1 7 
01111001 70723760 
10010010 0705~017 
10Q~HH>.tQ 070541017 
10100010 070541017 
01011001 70723760 
0&1..0 Ul~lQ O'Q.~1.9 t~_. 
10101010 070S~017 
10100100 070541017 * 

33741 7 71 S ··- .. --~o~ 411641 55 ----r·-- ---

Q.1.OO 1 0 O_L_ .. _____ ... ?Q.Z~_!Z!Q. __ ._. .. __ ._ .. __ ____ ... _,_ _ _ ..... _ ... ___ .. 
10100110 070541017 
01000101 70723760 

_ ... _qgJ;JJ~l OQ.Q..._. ___ . _. . _ .. 7J:J.7~~~ ~Q_. __ . 

00001000 7072J760 ~F 

... _---_._._.- .... __ ._--- _._ .... _._-_. __ .. _ .. __ .-......... _----_ .. _._-_._._------



~I 
---_._._._-------------

AiM. ~06074102 ,.IGURE DIY77 ,O~1"0070 1 
TIME A ~EGISTER 8 REGISTER Be REGISTER t REGISTE" 

Ta o 22130102 1 .41012110 00000000 71131776 

. __ .. _____ .J:L .. __ ._jL~_~_QJ_ II 1.0..._ .. __ .. _._ i 13662100 00000000 71131776 
TI 0·&002~321 I· 10276177 11001000 71531776 . 
T2 0 200606"3 1 33227265 Ql1.Q1110 71531776, 

____ T-=-=-R~ ____ Jl_~i1llZ_ .. ' . ___ LlI31J..~~_.__ 0110 1110 ___ ~317 7~. ___________ ______ .. _. ________ . ____ . ___ . ______ _ 
T7 0 002~3a16 o ~32f3762 10010001 062~6001 
T~ 0 OOI0'~3~ o 1~7tS7~7 10110001 062~'001 

_. ___________ lL.Jl. __ .DllIlQll· l __ Hlt~6J.6_ . _OD1Jl.llM __ . . __ .1_1 SIlZ1f ____ ._ _ .. 
, TP. 0 024132162 o ~5611635 10110001 06246001 

T6 .0 OS06~3"" o 31001"76 11110001 062"6001 
__ -----'-T-=-3 ___ ._ Q...n 115 0 7J.0_ . ___ . ___ "O. __ ~~!jJ Z$_. _'_ . __ . ___ 10 0 1 000 t ___ . 0 6 2 4f 600 1 . * ____ . ___ _ 

TO 0 2~321621 1'16613262 00101·110 71131776 
T8 0 i06~3~"3 I 26361662 01001110 71531776 

___ . .Ll. ___ . 0 215_07101 ~ __ ._. _.L_jL"Lt§_~_3.. __ .. ________ ~J 00 lUQ ___ . _. ______ . ___ 71131776 
T2 0 ~3216216 o 27335707 00110001 062116001 
TR 0 06"3~~36 1 ~06""617 10001100 71531776 

___ . ______ ... T.l_. _. _Q...J.-iQ7JQ.l_2 .. 0 ___ 2775 1 ~.37._. . J)OO 1 OOQl .. ___ . _____ . 062116001 
T~ O' 321621615 1 40~7~776 11000100 7113"" 
Tl 0 6~3"~3152 o 21310175 10110001 062 •• 001 

. ____ .·I~_._._._.JL'07JQ7.2~ t _S~t~1.2.6.~_. ____ . __ .OO_oOl..lJJt__. ______ 71S31_l_Z!.. ___ .. _ ... _ .. -. _ .. __ ._--------
T6 0 21521652 o 3762.760 00110011 062~6001 
T3 0 "3~~3S2l 1 60316650 11101110 71531776 

____ JJL ___ '_' __ O. ___ QL1~Z.~_$_~ _.~12J_S..2_q __ ... ________ l 00 1 000 1 062~600 1 
T8 0 IS21'12" ° 40011701 . 11010001 062~'OOl 
T5 0 3~~3S210 O· '030 1 621 . 1 0 11 0 a a 1 0' 2 ~'O a 1 

______ . __ TI o 7107a'_20 _ . .1_IQ_O~J~.~~ 01000000 ___ .. ___ . __ Jl~..t~'Q.Q.l ________ . _____ ._ .. ________ . _____________ . __ ~ _ 

TP o 0670~260 o 7665762" 00000001 
--- ---_.----_.- - _._-

---... ---. _. 



TIME 

T8 

T8 
.T5 
T2 

" 't~ __ _ 
T7 
T.q ,.1 
TP 
T6 

__ 13 
TC 
T8 
T5 
T2 
TR 
T7 
T .. 
Tl 

__ ' ____ JjP 

~I 
0'1: 

T6 
T3 

'TO 
T8 
T5 
T2 

TP 

A REGISTER 
-' 

o 32777271 

, 0 i_121-7524f ~ 
o 3641137261 
o 75076522 
o 7217S2~5 
o 6 .. 372513 
o 50765226 
o 21152.,55 
o .. 3726132 
o 07652265 
o 1752.,562 
o 3725132 .. 
o 76522650 
o 7$2t115520 
o 725132"1 
o 65226503 
o S2~~5206 
o 25132.,1" 
o 52265031 
o 2415152063 
o 5132"1"7 
o 22650316 
o .qSS2C635 
o 132411 .. 73 
o 26503167 
o &_$2063S6 

o ~2S71"22 

( 

B ~EGISTER 

1 572175241 

1 2$1_20737 
1 t1I"362235 
o 1551.,2 .. 3 
1 _,IZ~_Z~1~7_, 
1 "1 ... 11775 
o 1007134141 
1 _5_~,:.t2535 1 
o 35 ... 22273 
1 67307137 
Q_ S"~76727 
O· 56341.,311 
Q. 3"707355 
o 1_766.,266 
1 21613115 
1 55751011 
o 3057257" 
o 0025362" 
1 1411660210 
1 23603207 
1 3173125" 
o 00 .. 32002 
1 15-'1276 .... 
1 25170177 
1 41"52373" 
1- 112t117010 

o 52 .. 02376 

,- , 

FIGURE DrV7S 
ec REGISTER 

0000000,0 

OOOOQOOO 
00001110 
01111001 

, .Q_O.o.O.110 0 
10 fooo 10 
11011001 
00001010 
01111001 
00101100 
1000JU Q.l 
.01110101 
10100001 
QOO 1 J'OO 1 
10101110 
00001110 
11010001 
11010101 
00011110 
00101..100 
10001ClI0 
11111101 
00000010 
00011000 
00000110 
00001100 

11010001 

A/M·= 
C REGISTE~· 

721214f.,6 

72121l1li ... 6 
72121 .... 6 
05656331 
7_~ t21 ~~6 
72121 ~"6· 
05656331 
72121~~6 
05656331 
721214t4t6 
05656~31 
05656331 
05656331 .. 
05656331 * 
72121~4t6 

72121~~6 

OS6~_~~31 
05650331 * 
72121 ...... 6 
72121~~6 
72121~~6 

OS656331 * 
7212 ~,.q"6 
721214f~6 

72121~"6 
05656331 

05656331 "F 

~0000261 1 



TIME A REGISTER B REGISTER 
-----.--------Ta 1 ~01513~5 1 ~~37~1~' 

fl'IGURE DIY79 
Be REGISTER 

--.. - ------:--

00000000 

-------... ----- --"---. AIM .--Ii --_. --S"3 203-7 & 0-- ------"'·0·0 2 7 3 2 3 

C REGISTER· 

2711303~ 

T8 1_~3~03'32' 1 07tl~_37_~__QQQQOOOO _ .... ____ ... _._IJJ62A17.rt3_ 
.TS "1 67007~66 1 673~2637 01011101 5062"7~3 
T2 1 56017152 .0 07072635 01010100 2716303~ 

_-:=:T,..:-:-"_ I" 3_~0~6326 _______ 1 70021 S36 01011101 5062 .. 7 .. 3 
T7 1 7007~61e 0 61130~22 10(10110 ----... 2711303 .. " 
T~ 1 60171525 1 72321120 01001111 5062"7~3 

______ ~ ______ 1J.__ __~~3~_~~ __ .___0 _dS727_~ _. ______ ._ Hll~0100 ______________ 2716303~ 
T~ 1 oa7~6525 1 0~673172 00011011 5062~7"3 
T6 1 01715253 1 61"3~3~1 01001011 5062~7"3 
T3 1 03632526 0 6"1~6760 10100010 271SJ03~ 
TO ----'1--0-' .. 6 5 2141t'-- --- ----- -o--'r 76' 6 i''-~ -------~ 0_000000 2 7Ii 303--" 
Ta 1 17112131 1 07371633 01011101 1062~7~3 
TC 1 36326263 .. J __ '!'Q62!~~_~_____ 01g1~ 10t_____ . __ ~~~!~7~~__ __ ... 
T 2 -- - -. ---"1 7-~-6S 2 5~ 6- . 0 02 S 3 0 ~ 2 .. 1 0 11 0 1 00 2 7 1 6 " 0 3 ~ 
TR 1 71525315 1 7532511~ 01001101 S062"7~3 
T7 1 63252632 a t3727~67 10100000 2715303'1 

'--'--'--f~-' -.- ---~-~6i2&~'5" -- - . f 10673012 - ---- foofDTf--- 6062417 ... ' 
Til.' 15253113 1 11"3~102 01001111 5062~7"3 

--.-
1 

___ . __ .. ___ T_P____ _1 ~~t~~~_~'- _______ ~J __ ~.6163~J_ _. ____ J~gl.g10 11_____ .. ____ . ____ 5062 .. '4t3 
.- ... -------... --- .... _-_. _ .. _- --_._-----

T6 1 6saS~666 0 ~2101710 10110110 2715303~ 
T3 1 52531S35 1 166~070" 00010101 5062~7~3 
TO ___ I.J~S~~~!I~ __ __ 1 053 .. 6756 010_0000 1 5062417~3 
Ta 1 12i~'1'7 I 6~131671 01011011 I062~7~3 

--_._._.- ... _-_._--- - ---_.---------,-----:--

TI 1 21315316 0 724tl0631 10~10010 271S303~ 
____ T"----Z=___ _____ l_-'_1'-327J.~__ _.Q. __ O~l~l41~!-,. ___________ oo~gJtllU_J .' _. ____ '-Cttl .. 7 .. 3_. ___________ . _ .. _____ . __ . __ _ 

TP 1 211~10~3 . 0 '5317137 00000000 S062~7~3 &F 
.-._-_ .. - -.---- ------ .... -----.---.-.-------.-.-.--.. -- .. --- -- ----~-

-----i( ---- ( . 
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* ;1 • -1* , SCIENTIFIC DATA SYSTEMS 

IDE NTI FICATION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURATION: 

PURPOSE: 

STORAGE: 

SOURCE 
LANGUAGE: 

LOADING 
PROCEDURE: 

SDS PROGRAM LIBRARY 
PROGRAM DESCRIPTION 

P and S Register Tester 

M. Mulholland, SDS 

August 2S, 1964 

SDS 930 

Catalog No. 304003 

To exercise the P and S Registers by storing and executing BRM's through
out memory. By comparing the "mark" of the BRM with an expected value, 
the program checks whether the computer stored the correct location. 
Therefore, the test checks whether the P and S registers functioned properly. 

o - 221
S

' 146 locations 

SYMBOLS 

Load the P and S Register Tester into memory at the completion of the Auto
matic Instruction Diagnostic program using the normal fill procedure. 

1. Set Bpt 3 if on Iy one pass is desi red th rough the memory. Set the mode 
switch to RU N. 

2. The program stores BRM's throughout memory, starting at location 100
S

• 

3. The computer executes the BRM's. 

4. In case of an error, the computer halts; move mode switch to IDLE. 

The registers contain the following information. 

A = Expected location 

B = Actual location designated by "mark" of the BRM instruction 
just executed 

X = Which 4K bank, X = 0 through 7 

P = 0037 

C = 07100053 

373 



LOADING 
PROCEDURE: 
(cont .) 

374 

Catalog No. 304003 

5. Set Bpt 1 if an error occurs. The computer wi II execute repeated Iy 
the BRM just executed. 

6. To inhibit the error halt, set Bpt 2. 

7. Move the mode switch to RUN. 

8. If Bpt 3 is set, the computer halts when it has executed all of the 
BRM's. 

9. If the mode switch is set to RUN, the program reexecutes the set of 
BRM's. 

10. If Bpt 3 is reset, the computer will loop through the program repeat
edly until Bpt 3 is set. 



1 * 
2 * L&ADER FBI( P "'~ D ~ f<ElIISTER;:i EXER~I~ER 

3 * 
JOOO2 41 &~G 2 

OC'002 2 32 JOO12 S WIM 10.2 
oe003 c ~1 00002 6 BRX 2 
OCOO~ 0 32 00176 7 WIM 126 
00005 0 32 Jel77 8 WI'" . 127 
00006 0 71 JOO1~ .9 LDX 8 
oe007 c 01 00176 10 BRU 126 
00010 00077756 11 eCT 777Sb 
oeOl1 00000:100 12 eeT a 
OC012 :lO16~ 13 ass 116 



W 
'I 
0-

1 * 
2 * L~ADER F~R P AND S REGISTERS EXERCISER 
3 * 

00002 4 eRG 2 
00002 2 32 00012 5 WIM 10.2 
00003 . n 41 00002 6 BRX *-1 w 

00004 0 71 00011 7 L.DX· 9 
00005 2 32 04000 8 wIM 2048.2 
00006 0 40 21000 9 BRTW 
00001 0 41 00005 10 BRX *-2 
00010 0 01 04000 11 BRU 2048 
00011 0 00 40000 12 HLT* 0 

13 * 
14 • C.RD READER L~ADER 
15 * 

04000 16 eRG 2048 
04000 0 71 00011 17 LeAD L.DX 9 
04001 0 02 03606 18 RC8W 1.4 READ CARDS BINARY 
04002 2 32 00000 19 WIM 0.2 
04003 0 40 21000 20 BRTW BUFFER READY TEST 
04004 0 41 04002 21 BRX *-2 
04005 o 40 11006 22 FILE CFTW 1 END l!F FILE TEST 
04006 O. 01 04012 23 BRU MSllE 
04007 o 40 12006 24 CRTW 1 C~RD READER READY 
04010 o 01 04005 25 BRU FILE Ne 
04011 o 01 04001 26 BRU LeAD+l 

27 PAGE 
04012 0 76 04012 28 MSIZE LOA * 
04013 0 61 04014 29 MJf\J ErtDI 
04014 0 06 20100 30 E6Dl EeD 64 
04015 0 35 20000 31 STA 8192 
04016 0 72 20000 32 SI(A 8192 
04017 0 01 04013 33 BRU MSIlE+l 
04020 0 16 04014 34 L.DA EeDl 
04021 0 54 00063 35 SUB .~620101 
04022 0 35 00077 36 STA 63 
04023 a 16 04025 37 LDA lERe 
04024 0 01 00000 38 BRU 0 



39 PAGE 
04025 00000000 40 ZER6 OCT a 

41 EOD 6PO 620000 
04026 a 00 00000 42 PZE 
04027 0 00 00000 43 PZE 
04030 0 00 00000 44 PZE 
04031 0 00 00000 45 PZE 
04032 a 00 00000 46 PZE 
04033 0 00 00000 47 PZE 
04034 0 00 00000 48 PZE 
04035 a 00 00000 49 PZE 
04036 0 00 00000 50 PZE 
04037 0 00 00000 51 PZE 

52 PAGE 
00000 53 ORG a 

00000 a 75 00064 54 INIT LDB =~7777 MASK 
00001 0 35 00060 55 STA WK2 
00002 a 76 00065 56 LOA -e620210 Eeo FeR eVER At( 
00003 a 35 00015 57 STA Ee02 
00004 0 76 00077 58 LOA 63 
00005 0 35 00057 59 STA WKI 
00006 0 06 20200 60 EeD 128 
00007 0 71 00066 61 LOX .e70100 
00010 0 76 00061 62 LDA 8RM STeRE aRM INSTRUCTIeNS 
00011 2 J5 10000 63 STA 4096_2 I~ L.Ow 4K OF MEMORY 
00012 0 41 00011 64 BRX .-1 
00013 0 71 00067 65 LDX =-e70101 
00014 a 01 00100 66 8RU 64 

67 PAGE 
00015 0 00 00000 68 EOD2 PZE !;REAT THAN 4K 
00016 0 76 00070 69 LDA zelO 
00017 0 63 00015 70 ADM E"D2 INCREMENT BANK E6D 
00020 0 71 00071 71 LOX -e70000 
00021 0 76 00061 72 L.DA BRM STORE 8RM INSTRUCTIeN 
00022 2 35 00000 73 STA 0.2 IN 6VER AK MEM6RY 
00023 0 41 00022 74 BRX ·-1 
00024 0 71 00071 75 LDX ae70000 
00025 2 41 00000 76 8RX 0.2 



W 
'J 
(X) 

77 PAGE 
00026 0 00 00000 78 TESTP PZE 
00027 0 46 00200 79 eXA TEST RECiISTERS 
00030 0 54 00072 80 SUB -I 
00031 0 70 00026 81 SKM TESTP ceRRECT 
00032 0 40 20200 82 8PT 2 Ne 
00033 0 01 000'5 83 BRU REP8RM YES 
00034 a 75 00026 84 LDB TESTP B Cr!NTAINS ERRctR ADDRESS 
00035 a 37 00062 85 STX S.VEX 
00036 a 71 00060 86 LDX ~K2 
00037 0 66 20014 87 Rey 12 MERGE 
00040 a 46 00340 88 RCH 340 BANK 
00041 a 66 20014 89 RCY 12 L.eCATI"N 
00042 0 00 00000 90 HLT A cctNTAINS cctRRECT ADDRESS 
00043 0 71 00062 91 LDX S.AVEX 
00044 a 75 00064 92 LDB ae7777 MASK 
00045 Q 40 20400 93 REP8RM BPT 1 REPEAT BRM 
00046 2 01 37777 94 8RU 16383.2 
00047 2 41 00000 95 BRX 0.2 
00050 0 61 00060 96 MIN WK2 
000!1 0 60 00057 97 SKR WKI LAST BANK 
00052 0 01 00015 98 BRU Ef'D2 Ne 
00053 0 40 20100 99 BPT 3 YES-REPEAT ReUTINE 
00054 0 00 00000 tOO HLT Net 
00055 a 76 000'2 101 LDA r-e:s TP+ 12 
00056 0 01 00000 102 BRU P"'IT YES 

103 PAGE 
00057 Q 00 00000 104 wKl PZE 
00060 a 00 00000 105 WK2 PZE 
00061 a 43 00026 106 BRM 8RM TESTP 
00062 0 00 00000 107 SAVEX F'ZE 

108 E"D ~PD 620000 
00000 109 END 

00063 00620101 
00064 00007777 
00065 00620210 
0006t:: 00070100 
OeOt;7 00070101 
00070 00000010 
OC071 00070000 
OC072 OOOOOUOI 



REPBRM 
E6~1 

LeAD 
E~Jj 

00045 
04014 
04000 
04026 

MStlE 
EBD2 
lERe 
wKl 

04012 
00015 
C4025 
00057 

SAVEX 
FILE 
8RM 
WK2 

00062 
04005 
00061 
00060 

TESTp 
IN IT 
Eeo 

00026 
00000 
04067 



BOOTSTRAP 

START 

LOADER 

M SIZE 

CALCULATE 
MEMORY SIZE 

INIT 

STORE EOD 
FOR SECOND 

4K 

INIT+5 

STORE 4K 
BANK NUMBER 

INIT+9 

STORE BRM'S 
IN FIRST 4K 

BANK 

INIT+12 

BRANCH TO 
FIRST BRM 

I 10°8 

EXECUTE BRM 

I 
I 
I 

6 

380 

SDS 930 P & S REGISTER JTESTER 

A 

TEST P 

IS "MARK" YES 

OF BRM CORRECT? 

NO 

TEST P+4 

HALT? NO 
(BPT 2 RESET?) ..r-

YES 

TEST P+12 

AL T FO R ERROR 
AND CORRECT 

ADDRESS DISPLAY 

REP BRM REP BRM' 1 

REPEAT P BRANCH TO 

OBJECT BRM? OBJECT BRM 

NO 

REPBRMIJ 

~ EXECUTED ALL 
4K BRM'S? EXECUTE BRM 

NO T 
I 
I 

------0 EXECUTE 
NEXT BRM 

REP BRM 14 

L( LAST BANK NO B 
TESTED? 

YeS 

REP BRMf6 REP BRM '7 
REPEAT 

YES EXERCISER? NO HALT 
(BPT 3 RESET?) 

B 

EOD 2 

EXECUTE EOD 

EOD 2' 

INCREMENT 
EOD2 INST. 

EOD 2' 

STORE BRM'S 

EOD 21 

BRANCH TO 
FIRST BRM 

EXECUTE BRM 

I 
I 
I 

o 
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IDE NTIFICATION: 

AUTHOR: 

DATE: 

COMPUTER 
CONFIGURATION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

SUBROUTINES 
REQUIRED: 

STORAGE: 

SOURCE 
LANGUAGE: 

LOADING 
PROCEDURES: 

SDS PROGRAM LIBRARY 
PROGRAM DESCRIPTION 

Catalog No. 594003B 

SDS 925/930 Rapid Access Data (RAD) Fi les Apocalyptic: 
Diagnostic Program 

SDS 

June 16, 1966 

Any SDS 925 or 930 Computer with one typewriter attached to 
the W-buffer, and one or more RAD fj les attached to any 
channel using interlace 

To provide the operator with a means of testing and checking 
out the SDS rapid access data files 

None 

None 

The program nominally occupies 370a
10 

loca.tions from OOOOa 
to 7174

a
• When operated, a minimum of 4K locations are used 

METASYMBOL 

Standard fj II from paper tape or cards 

@1966, 1967, Scientific Data s.ystems, Inc. 

• 
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SECTION I 

METHOD OF OPERATION 

1. 1 INITIATING THE PROGRAM 

Cata log No. 5940038 

1.1.1 The program is supplied on paper tape or cards with a self-loading bootstrap. 

1. 1. 2 To load the program, place the program medium (cards or paper tape) into the 
appropriate reader, reset all BREAKPOINT switches, and follow the standard fi II 
procedure. 

1. 1.3 When the program is loaded, a message RAD APOCALYPTIC DIAGNOSTIC 
is typed to indicate that the program is now under operator control. 

1. 2 OPERATING THE PROGRAM 

1. 2. 1 By the input of the appropriate directives at the keyboard, the operator can 
initiate procedures that will check out the RAD file under test. 

1. 2. 2 When the program is loaded and started norma lIy, an in itia I izer routine sets up 
certain run-time parameters to initial values. The initializer is not operated again when 
a restart is made; all run-time parameters retain the values they had before restart. 

9. 

1.3 REGAINING OPERATOR CONTROL 

1. 3. 1 To regain operator control after the test program is activated, the operator sets 
BREAKPOINT switch 1 or moves the RUN-IDLE-STEP switch to IDLE, presses RESET or 
START, moves the switch to STS and then to RUN. If the instruction in location 0001 is 
destroyed, he executes a BRU to location 0300. Th is wi II return control to the keyboard. 

1. 3. 2 When a restart at 0300 is made, all parameters retain the values they had initially; 
the initializer is not operated again. 

1.3. 3 Recovery of operator control via any method other than described in para
graph 1. 3. 1 is not recommended. 

1.4 BREAKPOINT SWITCHES 

1.4. J BREAKPOINT switches exercise the following functions: 

BREAKPOINT 1 RESET Continues sequence of operations 

SET Returns control to the typewriter in the immediate 
mode after the control line has been executed. 
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BREAKPOINT 2 

BREAKPOINT 3 

BREAKPOINT 4 

RESET 

Cota log No. 594003B 

In the interrupt test, keeps the sector address 
constant. 

SET In the interrupt test, advances the sector address by 
1. (After BREAKPOINT 2 is placed in a SET 
position, it is returned to the RESET position. ) 

RESET In the compare function, a I lows bit summary typeout. 
In the interrupt test, continues sequence of opera
tions. In the octal card read function, continues 
card read operation. 

SET During the execution of the compare func,tion, 
suppresses bit summary typeout. In the interrupt test, 
aborts testing and returns control to keyboard. In 

RESET 

the octal card read function, aborts reading and 
returns contrc)I to the keyboard. 

Allows a II status and error messages to be output at 
the keyboard. 

SET Suppresses all message output except in those certain 
cases (specifically named in the directive descrip
tions) where typeout is not suppressible. 
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SECTION II 

PROGRAM DIRECTIVES 

Catalog No. 594003B 

2.1 The following discussion assumes familiarity with the SDS 925/930 Diagnostic 
Control Program (catalog No. 004009) and the test language described therein. 

2.2 The operator directs the operation of th is program through the input of directives, 
each named by a unique mnemonic. These directives are entered at the keyboard or by 
card reader. Most directives have optional or required parameters that follow the 
mnemon ic ca II, and optiona I iteration count or p lace marker identifiers that precede the 
mnemon ic directive. 

2.3 Functional directions fall into two categories: 

a. Environmenta I directives, wh ich perm it the user to in itia I ize and modify 
certain environmental parameters that affect subsequent operational directives. 

b. Operationa I directives, wh ich val idate data transfer operations. Some of 
these directives directly perform data man ipu lation and comparison; others faci I itate 
the task. 

2.4 The directives associated with the program are described in paragraph 2.6 of th is 
section. 

2.5 Table 2-1 lists the directives of this RAD apocalyptic diagnostic program. The 
directives are arranged alphabetically by mnemonic name. The subparagraph reference 
after each mnemon ic indicates the location of the detai led description. 

Table 2-1. RAD Directives 

Directive Class* Function Mode** Paragraph 

ADR E Declare Device Starting Address I 2.6.6 

BAK E Return To Starting Address lor C 2.6.7 

C 0 Compare Data lor C 2.6.23 

CHN E Declare I/O Channel I 2.6.1:2 

CTR 0 ~ Counter Control I or C 2.6.2 

DLY 0 Time Delay I or C 2.6.26 

ERR 0 Error Report lor C 2.6.4 

INT 0 Priority Interrupt Test I 2.6. 16 

* **See footnotes, page 5. 
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-
Table 2-l. RAD Directives (Cont.) 

Directive Class* Function Mode** £laragraph 

JMP U Jump To Location I or C 2.6.27 

LEN E Set Record Length I or C 2.6. 11 

MARK 0 Mark Identify I or C 2.6.28 

OCT U Octa I Card Read I 2.6.22 

PAT E Dec lare Test Pattern lor C 2.6. 14 

Q o " Query Tests lor C 2.6.25 

R 0 Read Record I or C 2.6.20 

RNON 0 Read Record, Inh ibit Band lor C 2.6.21 
Incrementation 

S E Move Device Address lor C 2.6.8 

STOP 0 Stop Identify I or C 2.6.29 

TDA 0 Type Dev i ce Address lor C 2.6. 10 

TRY E Declare Retry Count I 2.6.5 

TYC 0 Type Counters lor C 2.6.3 

TYP 0 Type I/O Buffer lor C 2.6. 13 

UNT E Declare Unit Environment 2.6. 1 

UPA D Update Device Address lor C 2.6.9 

W 0 Write Record lor C 2.6. 17 

WNON 0 Write Record, Inh ibit Band I or C 2.6. 18 
Incrementation 

WSEQ 0 Write Sequentia Ily lor C 2.6. 19 

XC 0 Declare Compare Typeout Mode lor C 2.6.24 

XPAT 0 Rotate Pattern lor C 2.6. 15 

* E = Environmental; 0 = Operational; U = Utility 
** I = Immediate; C = Control Line 
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2.6 DIRECTIVES USED WITH THE RAD APOCALYPTIC DIAGNOSTIC PROGRAM 

In the following discussion, trailing parameters are referenced as P
1
, P

2
, P

3
, 

etc. ; and leading parameters are iteration counts, i, or place markers, m. 

2.6. 1 Directive: 

Purpose: 

Parameters, 
Trail ing: 

Parameters, 
Leading: 

Mode: 

Format: 

2.6.2 Directive: 

Purpose: 

Dec lare Un it Env ironment (U NT) 

To establish the hardware environment to be tested and to specify 
the un it sequence in mu Itip Ie-un it insta IIations 

P 1 (octa I), where 0 ~ P 1 :;;"7 

P 2 (octal), where 0 ~P 2 ~4 

P 3 (octal), where 0 ~ P 3 ~ 1 

None allowed 

Immed iate on Iy 

Exp lanation: P1 specifies the un it assignment number (0 through 7), 
P

2 
specifies the number of basic (.5 million character) storage 

modules contained in the device (that is, the device capacity). 
This number is the last digit of the dash portion of the model 
number; -X4 shows 4 modules or a two-million character device. 
If a two-million character device is specified, two entries are 
made in the unit list (namely, two one-million character units),. 
Eight is the maximum number of unit entries that can be made. 
When th is I im it is exceeded, a typeout occurs that indicates that 
the unit list is full. Any nonzero value for parameter P 3 purges 
any previous entries in the un it list. 

Counter Control (CTR) 

To provide the capabi I ity of setting, resetting, incrementing, 
decrementing, and testing the fifteen counters maintained with in 
the RAD program. These counters may be tested individually or 
in combination. The first nine counters (l through 9) are genera 1-
purpose counters that can on Iy be modified by th is directive. The 
last six counters (10 through 15) are modified internally by other 
functions in response to various conditions which occur. Table 
2-2 contains a detai led description of each counter and its use. 
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Parameters, 
Trailing: 

Parameters, 
Leading: 

Mode: 

Format: 

Example: 

Catalog No. 5940038 

Table 2-3 indicates the logical indicators (bits) used as entrance 
parameter P 1 to specify wh ichcounters are operated upon. 

P
1 

(octal), where 0~P1~77777 

P 2 (decimal), where 0 < P 2 ~ 9999 

P 3 (decimal), where 0 < P 3 ~2 

P 4 (decimal), where 0.::;. P 4 ~ 9999 (maximum) 

P 5 is alphabetic word TYPE or is not present 

Place mark (m) allowed 

Immediate or control line 

m CT R, P l' P 2' P 3' P 4' P 5 

Exp lanation: P1 specifies wh ich counters are to be operated upon, 
P 2 is the val"ue of the operation, P 3 indicates the operation, and 
P 4 is the test value. Each bit of tHe 15-bit parameter P'I repre
sents a counter (see table 2-2). In P 3' 0 equals set value, 1 
equals increment by value, and 2 egua"ls decrement by value. A 
counter tests true if the counter value is greater than P 4 (the test 
value) or the counter is less than zero (negative). In both cases, 
the test takes place after the counter has been modified by P 2 
(the value of the operation), using the operation specified by P 3 
(set, increment, decrement). Each time a counter tests 'true, 
the counter's name and value are output on the console type
writer if parameter P 5 contains the word TYPE. 

The CTR directive may be preceded by a p lace mark parameter to 
provide conditional branch ing within the control line. If any 
counter specified by P 1 tests true, the place mark branch is taken; 
if not, the control line continues in sequence • 

•• + 4CTR,01011, 1, 1, 12, TYPE ••. + 4.STOP,OOOl 
This indicates that counters 1, 4, and 10 are to be incremented 
by 1 and tested for value greater than 12. If any counter tests 
true, its name and value are typed, and control continues at 
p lace mark 4. Otherwise, the next directive in I ine is executed. 
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Counter Name 

Counter 1 

Counter 2 

Counter 3 

Counter 4 

Counter 5 

Counter 6 

Counter 7 

Counter 8 

Counter 9 

Record Counter 

Channe I Errors- Read 

Channe I Errors-Write 

Coup ler Errors- Read 

Coup ler Errors-Write 

Data Errors 

Catalog No. 5940038 

Table 2-2. RAD-Maintained Counters 

Counter Number 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

General purpose 

Genera I purpose 

Genera I purpose 

Genera I purpose 

General purpose 

Genera I purpose 

General purpose 

Genera I purpose 

General purpose 

Use 

Shows the number of records that have 
passed since the last address declaration. 
Th is counter is unconditionally set to 1 
when an ADR or UPA directive is executed, 
and is incremented by 1 each time the S 
directive is executed 

Shows the number of channel errors that 
have occurred during read operations 

Shows the n.umber of channe I errors that 
have occurred during write operations 

Shows the number of coup ler errors that 
have occurred during read operations 

Shows the n.umber of coup ler errors that 
have occurred during write operations 

Incremented by 1 for each data word that 
does not compare with the test pattern 
(see C directive). 
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Table 2-3. Counter Logical Indicators (Bits) 

Octal Value Counter 

00001 Counter 1 

00002 Counter 2 

00004 Counter 3 

00010 Counter 4 

00020 COU1ter 5 

00040 Counter 6 

00100 Counter 7 

00200 Counter 8 

00400 Counter 9 

01000 Record Counter 

02000 Channe I Errors- Read 

04000 Channe I Errors-Write 

10000 Coup ler Errors- Read 

20000 Coup ler Errors- Write 

40000 Data Errors 

Note: Indicators are logica"y merged to operate on more than 
one counter. For examp Ie, P 1 == 77777 wou Id spec ify 
a" counters. 



Page 10 of 194 

2.6.3 Directive: 

Purpose: 

Parameters, 
Trailing: 

Parameters, 
Leading: 

Mode: 

Format: 

2.6.4 Directive: 

2.6.5 

Purpose: 

Parameters, 
Trai ling: 

Parameters, 
Leading: 

Mode: 

Format: 

Directive: 

Function: 

Cata log No. 5940038 

Type Counters (TYC) 

To interrogate the 15 counters maintained with in the program 

P 1 (octa I), where 0 ~ P 2 ~77777 

None allowed 

Immediate or control line 

TYC, P 1 

Explanation: Parameter P
1 

indicates the counters to be typed by 
placing a one bit into the bit position corresponding to the 
des ired counter. 

Error Report (E RR) 

To typeout the value of the five error counters 

P
1 

(decimal), where 0':s'P
1 

5,.9999 

None allowed 

Immediate or control line 

ERR, P 1 

Exp lanation: Parameter P 1 is the error report frequency. Every 
time the ERR directive is executed, an internal counter is 
incremented by 1 and then compared with thevalue specified by 
P 1" If th is counter is greater than P l' the value of the five 
error counters are output on the typewriter and the internal error 
frequency counter is reset to zero. If P 1 is zero, the five error 
counters are set to zero. 

Dec lore Retry Count (TRY) 

To cause an interna I retry counter to be set at the va I ue spec i
fied by parameter Pl. Th is counter is referenced when an error 
occurs during data transfers (see Wand R di rectives, 2.6. 17 and 
2.6.20, respective Iy). 

m 
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Parameters, 
Trailing: 

Parameters, 
Leading: 

Mode: 

Format: 

2.6.6 Directive: 

Function: 

Parameters, 
Trai ling: 

Parameters, 
Leading: 

Mode: 

Format: 

Cata log No. 5940038 

P 1 (decimal), where 0 ~P 1 ~9999 

None allowed 

Immediate only 

$TRY, P 1 

Dec lare Device Starting Address (ADR) 

To establish the initial operating points in the RAD envaronment 

P 1 (octal), where '0 ~P 1:£.7 ' 

P
2 

(octal), where 0 's'P
2 
~7777 

None allowed 

Immed iate on Iy 

Explanation: P 1 specifies the unit and P 2 specifies the band and 
sector address on the un it. The P 2 parameter in itia I izes the two 
address counters maintained by this program. One counter is 
called starting device address; it can only be changed by this 
directive (ADR) and the UPA (Update Device Address) directive 
(see paragraph 2.6. 9). The other counter is ca lied the current 
device address. It is initialized by this directive (ADR) and by 
the Return to Starting Address (BAK) directive (paragraph 2.6.7); 
and incremented by the S (Move Device Address) directive 
(paragraph 2.6.8). All data transfer operations start at the 
address specified by the current device address counter. The 
program is in itia I ized with un it' 0, band 00 sector 00 as the 
starting device address. 

$ A DR , 1, 31 25 ,C R 

--------'TT 
Directive _____________ ...J 

Example: 

Immediate mode 

Band 31
8

, sector 25
8 

starting address of unit 1 ----------~ 

Carriage return (field separator) ---------..... ' 
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2.6.7 

2.6.8 

Error 
Message: 

Directive: 

Function: 

Parameters, 
Trailing: 

Parameters, 
Leading: 

Mode: 

Format: 

Directive: 

Function: 

Parameters, 
Trai ling: 

Parameters, 
Leading: 

Mode: 

Format: 

Catalog No. 594003B 

If the unit specified by P does not exist in the RAD environ
ment as defined by the U~T directive, an error message is typed. 
If the band address exceeds the capacity of the unit specified by 
P l' an error message is typed and a band and sector address of 
00 00 is used. 

Return to Starting Address (BA K) 

To set the current device address equal to the starting device 
address 

None allowed 

None allowed 

Immediate or control line 

BAK 

Move Dev ice Address (S) 

To cause the current device address to be incremented by an 
amount equal to the number of sectors required to contain the 
current record length as set by LEN (Set Record Length) 
directive (see paragraph 2.6. 11). If the current device address 
is incremented past a unit address boundary as set by the UNT 
directive, the next unit in the unit list is selected as the current 
un it, and the band-sector address is set to 00 00. 

None allowed 

Iteration counts (i) allowed 

Immediate or control line 

is 

Exp lanation: The iteration count effectively moves the current 
device address by i (n) sectors, where (n) is the number of 
sectors needed to contain the current record length. 
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2.6.9 Directive: 

Function: 

Parameters, 
Trai ling: 

Parameters, 
Leading: 

Mode: 

Format: 

2. 6. 10 Directive: 

Function: 

Parameters, 
Trai ling: 

Parameters, 
Leading: 

Mode: 

Format: 

2. 6. 11 Directive: 

Function: 

Parameters, 
Trai ling: 

Parameters, 
Leading: 

Mode: 

Cata log No. 594003B 

Update Device Address (UPA) 

To cause the current device address to be initialized as the 
starting device address. When this directive is executed, the 
record counter is unconditionally set at 1. 

None allowed 

None allowed 

Immediate or control line 

UPA 

Type Device Address (TDA) 

To cause a typeout RECORD STARTING ADDRESS UBBSS 
where U is the current unit number, BB is the current band 
address, and SS is the current sector address. 

None allowed 

None allowed 

Immed'iate or control line 

TDA 

Set Record Length (LEN) \ 

To establish the length of logical records for all data transfers 
and compare operations 

P 1 (decimal), where 0 ~P 1 < 4096 

None allowed 

Immediate or control line 
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--------------------------------------------------------------------------------------~~ 
Format: 

2.6. 12 Directive: 

Function: 

Parameters, 
Trai ling: 

Parameters, 
Leading: 

Mode: 

Format: 

2.6. 13 Directive: 

Function: 

Parameters, 
Trai ling: 

Parameters, 
Leading: 

Mode: 

Format: 

LEN, P 1 

Exp lanation: Parameter P 1 is the des ired length, expressed in 
words, where 1 ~P1 ~ 4096. If P1 has a value of zero, the 
record length is set to 4096 words (1 band). If the program is to 
be run on a minimum configuration system (that is, 4K memory), 
then the I im its are 1 ~ P 1 ~ 128 (name Iy, the record length is 
lim ited to 2 sectors). The program is initia I ized with the record 
length set to 64 words (1 sector). 

Declare I/O Channel (CHN) 

To define the I/O channel associated with the RAD 

P 1 (a Iphabetic), where A .:s. P 1 ~ H 

None allowed 

Immediate on Iy 

$CHN, P
1 

' 

Explanation: P1 is the mnemonic identifier of this particular 
channel and is input in the form of a single alphabetic character, 
in the range A through H. Channe Is Wand Yare represented 
by letters A and B, respectively. The program is initialized 
with channel A being assigned. 

Type I/O Buffer (TYP) 

To cause the contents of the Vo buffer area to be typed at the 
console typewriter 

P 1 (dec ima I), where 0 .:s. P 1 < 4096 

None allowed 

Immediate or control line 
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2.6. 14 Directive: 

Function: 

Parameters, 
Trai ling: 

Parameters, 
Leading: 

Mode: 

Format: 

Cata log No. 5940038 

Exp lanation: Parameter P 1 determ ines the re lative location 
with in the buffer where the typ ing is to start. The re lative 
location of the first word of the buffer is 1. If the parameter is 
o or blank, the standard value is set to 1. Words typed are 
preceded by the ir re lative location with in the buffer. The 
number of words typed out is equivalent to the length of the 
record read length. The un it-band-sector address at wh ich the 
last data transfer was initiated is typed prior to the output of 
the data. 

Set Test Pattern (PAT) '\ 

To set the test pattern for the write and compare operations 

P 1 (0 cta I), whe re 0 ~ P 1 ~ 77777777 

P 2 (decimal), where 1 ~ P 2 ~8 

None allowed 

Immediate or control line 

Exp lanation: The des ired test pattern is spec ified by parameter 
P 1 as 1 to 8 octa I digits. Parameter P 2 spec ifies the number of 
octal digits inp~t in Pl. The pattern generated for write and 
compare operations is based on the number of octa I digits input 
in Pl. If the number of digits, N, is an even divisor of 8 (the 
numoer of octal digits in a 24-bit word), the pattern generated 
is cyc I ic every word; that is, every word in the pattern is the 
same. If N is not an even divisor of 8, however, the pattern is 
cyclic every Nth word. 

Example: PAT, 52, 2 

PAT, 543, 3 

PATTERN GENERATED 

Word Pattern 

1 52525252 
2 52525252 

1 
2 
3 

54354354 
35435435 
43543543 
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-----------------------------------------------------------------------------------... ~ 

2~ 6. 15 Directive: 

Function: 

Parameters, 
Trailing: 

Parameters, 
Leading: 

Mode: 

Format: 

2.6. 16 Directive: 

Function: 

Parameters, 
Trai ling: 

Parameters, 
Leading: 

Mode: 

Format: 

PATTERN GENERATED 

Word Pattern 

4 54354354 

The program is in itia I ized with a pattern of zeros. 

Rotate Pattern (XPAT) 

To cause the first word of the existing pattern to be rotated right 
the number of bit positions specified by parameter Pl. The word 
obtained as a result of this shift is used in conjunction with the 
pattern digit count dec lared by the last PAT directive t() define 
a new pattern. 

P 1 (decimal), where 0 ~ P 1 < 48 

None allowed 

Immediate or control line 

XPAT, P
1 

Priority Interrupt Test (INT) 

To test the optiona I priority interrupt avai lable with the RAD for 
interrupt interva I tim ing, mu ltip Ie interrupt occurrence, and 
correct sector reporting. 

P 1 (octal), where 0 ~ P 1 :::...7 

P 2 (octal), where 200.:s. P 2 ~277 

P 3 (octa I), where P 3 is any zero or nonzero va I ue 

None allowed 

Immediate on Iy 
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Error 
Messages: 

Catalog No. 594003B 

Exp lanation: Parameter P 1 spec ifies the un it to be tested (0 
through 7). Parameter P 2 specifies the interrupt link address, 
200

8 
through 277

8
• Parameter P is used to indicate the instal

lation of the optional arm ing fea~ure: zero indicates that it is 
not installed, any nonzero value indicates that it is installed. 

Interrupt testing starts with sector 00 and advances sequentially 
through sector 7784 

The testing can on Iy be done in the immediate mode. To abort 
testing set BREAKPOINT 3. 

If P1 unit is not in the RAD environment as previously defined by 
the UNT function, an error message is typed and control returns 
to the keyboard. If an error occurs in interrupt testing, it is 
reported on the typewriter and that sector is tested again. Th is 
continues unti I the sector interrupt is received correctly or 
BREAKPOINT 2 is set and reset, at wh ich time the next sector in 
sequence is tested. A number of error typeouts can occur: 

a. INTERRUPT TIMING ERROR XX. XX indicates that an 
interrupt was received but was outside the a"owable time 
limits (1 disc revolution per 35 ms).XX.XX represents the 
e lapsed time in mill iseconds from address POT to the interrupt 
occurrence. 

b. COUPLER SECTOR XXXX YYYY indicates that the sector 
address that was input in parallel (PIN) does not equal the 
sector address that was output in para"e I (POT). XXXX is 
the expected sector address and YYYY is the sector address 
received. 

c. MULTIPLE INTERRUPTS XXXX occurs when more than one 
interrupt was rece ived in two disc revo I utions (70 m i" i
seconds). XXXX is the number of interrupts received during 
the 70 ms after the disc-address POT operation. 

d. INTERRUPT NOT RECEIVED occurs when an interrupt is not 
rece ived with in 70 m i" iseconds after the address POT oper
ation. If any sector fails to give an interrupt signal, the 
program does not loop on that sector but se lects the next 
sector in sequence. 
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2.6. 17 Directive: 

Function: 

Parameters, 
Trail ing: 

Parameters, 
Leading: 

Mode: 

Format: 

Error 
Message: 

2.6. 18 Directive: 

Function: 

Cata log No. 594003B 

Write Record (W) 

To cause one record to be written on the RAD, starting at the 
current device address. 

P
1 

(octal) 

Iteration counts (i) allowed 

Immediate or control line 

iW, P
1 

Exp lanation: If Parameter P 1 is zero qr not present, an attempt is 
made to write over bands that are write-protected. If Parameter 
P 1 is nonzero, any write-protected bands are skipped; when a 
write-protected band is encountered, an error message is typed. 

Errors are detected in the channe I and the coup ler and reported 
at the typewriter ( if BREAKPOINT 4 is reset) before the retry 
counter is checked to determ ine whether to repeat the write 
operation. Iteration counts are not performed if the retry count 
is exhausted before the write is successfu Ily comp leted. 

If an error is detected, one or more of the fo Ilow ing messages 
is typed: 

WRITE ERROR CHANNEL ERROR 

WRITE ERROR COUPLER ERROR 

WRITE ERROR RECORD LENGTH ER NNNN XXXX 

WRITE ERROR COUPLER SECTOR YYYY ZZZZ 

In the typeouts above, NNNN is the expected word transfer 
count (the write record length), XXXX is the actual transfer 
count, YYYY is the expected sector address at comp letion of 
the data transfer, and ZZZZ is the rece ived sector address. The 
error report is followed by a typeout of the current device address. 

Write Record, Inh ibit Band Incrementation (WNO N) 

To serve as an alternative write function, identical to W, except 
that nonband incrementing EOM's are used. 
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Parameters, 
Trai ling: 

Parameters, 
Leading: 

Mode: 

Format: 

2.6. 19 Directive: 

Function: 

Parameters, 
Trail ing: 

Parameters, 
Leading: 

Mode: 

Format: 

Catalog No. 5940038 

P 1 (octal) 

Iteration counts (i) allowed 

Immediate or control line 

iWNON, P
1 

Exp lanation: (same as W directive, paragraph 2.6. 17). 

Write Sequentially (WSEQ) 

To test the disc fi Ie's obi I ity to perform gather write operations 
between adjacent sectors without the attendant loss of access 
time (1 disc revolution). 

Due to the special nature of this test, certain restrictions are 
p laced on its use: 

a. At least 8K words of memory are required. 

b. The test cannot operate in write-protected areas. 

c. If the disc fi Ie has the optiona I priority interrupt, and if the 
interrupt link address is not in the first special system 
interrupt group, then the priority interrupt modu Ie shou Id 
be removed. 

d. Care should be exer~ised in choosing the initial starting 
address so that unit address boundaries wi II not be crossed. 

None allowed 

Place mark (m) allowed 

Immediate or control line 

mWSEQ 

Exp lanation: When the test is run, the following sequence of 
operations wi II occur: 



Page 20 of 194 

Error 
Messages: 
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____ -..:_ ...... \io 

The current device address at the time the directive is executed 
is dec lared at the starting device address; starting at th is address 
4096 words of information (one band or 64 sectors) wi II be trans
ferred to the disc. This information (consisting of the unit-band
sector address of the sector being written) is transferred, one 
sector at a time (that is, each sector gets its own address 
written). Extended mode Vo operation is used, with end-of
record interrupts occurring at the completion of each sector 
transfer. At this time, channel and coupler error indicators are 
checked and the next sector transfer operation is initiated. 

After the write operation is completed (whether normal or 
aborted), the entire 4096 words are read back into the I/O buffer 
area for subsequent verification. (No provision is made for 
automati c verification; it is recommended that th is directive be 
followed by a TYP directive ,to allow visual verification. ) 

The p lace mark branch will be taken if any errors are detected 
in the write operation. 

Upon exit, the record length wi II be set to 4096 words. 

The following typeouts, all suppressible with BREAKPOINT 4, 
may occur: 

a. INTERRUPT TIMING ERROR

RECORD STARTING ADDRESS UBBSS 

Th is occurs if the preceding sector fai led to transfer in less than 
20 milliseconds (that is, 1 disc revolution was lost). UBBSS is 
the un it-band-sector address of the sector fo IIowing the one that 
failed, numerically one greater. (See timing chart, figure 2-1.) 

b. CHANNEL ERROR 

RECORD STARTING ADDRESS UBBSS 

This typeout occurs if a channel error is detected during any 
transfer operation. USBSS is the same as in step a. 

c. COUPLER ERROR 

RECORD STARTING ADDRESS UBBSS 

Th is typeout occurs if a coup ler error is detected during any 
transfer operation. UBBSS is the same as in step a. 
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I Interrupt 
t Gap 

C><I SECTOR 12 

t 
Start 

Operation 

2.6. 20 Directive: 

Function: 

Parameters, 
Trai ling: 

Parameters, 
Leading: 

Mode: 

Format: 

Error 
Messages: 

! Interrupt 

C><I SECTOR 13 

t 
Start 

Oper
ation 

Sector 12 
Successfu Ily 
Transferred 
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I Interrupt 

C><I SECTOR 14 

t 
Start 

Oper
ation 

Detect Fai lure 
for Sector 13 
Report Sector 
Address as 14 

, Interrupt 

t 
Report 
Fai lure 
Abort 
Write 
Oper
ation 

Figure 2-1. Timing Chart 

If any of the errors are detected, the ongoing operation is com-
p leted (that is, the sector after the one that fai led is transferred), 
the error is reported, and a II further write operations are aborted. 

Read Record (R) 

To cause one record to be read from the RAD, starting at the 
current device address. 

P
1 

(octal) 

Iteration counts (i) allowed 

Immediate or control line 

i R, P 1 

Exp lanation: If P 1 is zero or not present, write-protected bands 
are read. If parameter P 1 is nonzero, write-protected bands are 
not read and an error message is typed to indicate a write
protected band is encountered. 

Errors are detected in the channe I and the coup ler and are reported 
at the typewriter, (if BREAKPOINT 4 is reset) before the try count 
is checked to determ ine whether or not to repeat the attempt to read 
correctly. Iteration counts are not performed if the retry count is 
exhausted before the read is successfu IIy comp leted. 
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------------------------------.------------------------------------------------------,~~ 
If an error is detected, the following messages may be typed: 

2.6.21 Directive: 

Function: 

Parameters, 
Trai ling: 

Parameters, 
Leading: 

Mode: 

Format: 

2.6.22 Directive: 

Function: 

Parameters, 
Trai ling: 

Parameters, 
Leading: 

Mode: 

READ ERRORS CHANNEL ERROR 

READ ERRORS COUPLER ERROR 

READ ERRORS RECORD LENGTH ER NNNN XXXX 

READ ERRORS COUPLER SECTOR YYYY ZZZZ 

In the above, NNNN is the expected word transfer count (read 
record length), XXXX is the actua I transfer count, YYVV is the 
expected sector address at the comp letion of the data transfer, 
and ZZZZ is the received sector address. The error report is 
followed by a typeout of the current device address. 

Read Record, Inh ibit Band Incrementing (RNON) 

To serve as an alternate read operation, identical to the R direc
tive, except that nonband-incrementing EOM's are used. 

P
1 

(octal) 

Iteration count (i) allowed 

Immediate or control line 

iRNON, P
1 

Exp lanation: (same as the R directive, paragraph 2.6.20). 

Octal Card Read (OCT) 

To read cards from card reader 1 on the channe lind i cated by the 
CHN directive. 

None allowed 

None allowed 

Immed iate on Iy 
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Format: 

Error 
Messages: 

2.6. 23 Directive: 

Function: 

Parameters, 
Trai ling: 

Parameters, 
Leading: 

Mode: 

Format: 

Catalog No. 5940038 

$OCT 

Explanation: The card format is as follows: 

o 00 11 11 22 3 7 8 
,_1 ___ 8/,_9 ___ 4; ,_5 __ q 7~ __ --,4,.P ? . . ,,_3 ___ 0_, 

unused address 1st word 2nd word 8th word 

Up to eight locations may be altered by each card. These loca
tions may be contiguous with the address named in columns 9 
through 14. If a blank field or column 80 is passed, the program 
alters the named locations, then reads the next card. Leading 
zeros in each fie Id must be punched. Cards wi" be read until 
the hopper is empty. 

Another function of th is directive is for patch ing purposes 
uti I iz ing the JMP function (see paragraph 2.6. 27). 

An alphabetic or nonoctal digit in the address or data word fields 
or a channel error will result in an error typeout. 

When the card reader is not ready, a message is typed. In order 
to resume the control I ine sequence of operations or to make the 
card reader ready to read more cards, BREAKPOINT 3 must be 
set and reset. 

Compare Data (C) 

To perform a word-for-word comparison of the I/O buffer area 
with the current test pattern as defined by the last PAT directive 
executed. 
None allowed 

Place mark (m) allowed 

Immediate or control line 

mC 

Explanation: This comparison takes place on N words, where N 
is defined as the record read length expressed in words. In the 
event that the record read length is greater than the record write 
length (name Iy, the record write length is not modu '0 sector 
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Error 
Messages: 
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length), then a word of zeros is used as the pattern compare 
word to verify that zeros were written past the record write 
length to the next sector boundary. 

When the directive C is used in the control line, it may be pre
ceded by a p lace mark parameter. If the p lace mark is present, 
the branch occurs when compare errors are detected; otherwise, 
control line execution continues in sequence. 

Example: ..• + 5C ••• 5. STOP, 0 

If any compare errors are detected, the p lace mark branch is 
taken and the next directive executed is the STOP directive 
(see paragraph 2.6.29) appearing at p lace mark 5. If a" com
parisons test all right, the next directive after 5C + is executed. 

If a compare error is detected, the following message is typed 
(except for special case noted in paragraph 2.6. 24): 

COMPARE ERRORS @ AAAAA 

N EEEEEEEE RRRRRRRR 

In the above, AAAAA represents the unit-bond-sector address at 
wh ich the last data transfer took place, N is the re lative loca
tion of the word in the I/O buffer, EEEEEEEE is the expected 
word pattern, and RRRRRRRR is the word rece ived. 

If any compare errors are detected after a II comparisons are made, 
a bit summary typeout occurs in the following format: 

SUMMARY AAAAA 
BIT POSe DROPPED 

o X 

23 X 

GAINED 
X 

X 

In the above, AAAAA represents the unit-band-sector address at 
wh ich the last data transfer took p lace and X is the number of 
bits dropped or gained in a particu lor bit position. 

Setting BREAKPOINT 4 suppresses the compare error typeout; 
setting BREAKPOINT 3 suppresses the bit summary typeout. 
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2.6.24 Directive: 

Function: 

Parameters, 
Trai ling: 

Parameters, 
leading: 

Mode: 

Format: 

2.6.25 Directive: 

Function: 

Parameters, 
Trai ling: 

Parameters, 
leading: 

Mode: 

Format: 

Catalog No. 5940038 

Declare Compare Typeout Mode (XC) 

To determ ine in wh ich mode the compare typeout is to take 
place. 

P1 (octal), where 0 ~ P 1 < 1 

None allowed 

Immediate or control line 

XC, P
1 

Exp lanation: P 1 specifies the compare error report made. If P 1 = 
0, the norma I mode is reported; if P 1 == 1, the inh ibit mode 
prevai Is. The first compare error is reported in the norma I 
manner but a II subsequent compare error typeouts are suppressed. 
The breakpoint options as indicated in paragraphs 1.4. 1 and 
2.6. 23 remain in effect. 

Query Tests (Q) 

To request that certain tests be performed. 

P 1 (octal), where 0 ~ P 1 ~ 77 

Place mark (m) allowed 

Immediate or control line 

mQ, P
1 

Explanation: P
1 

indicates which SKS (Skip If Signal Not Set) 
test or tests are to be performed. If any of the test resu Its are 
true, the branch to place marker is taken. If a not-true con
dition prevai Is on all tests requested, the branch does not occur; 
the next directive in the control line sequence is executed 
instead. 

Tests may be requested using the following values for Pl: 
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2.6.26 Directive: 

Function: 

Parameters, 
Trai ling: 

Parameters, 
Leading: 

Mode: 

Format: 

Parameter P 1 

2 

4 

10 

20 

40 

SKS Test 

Coup ler Error 

Write Protected 

RAD Ready 

Channe I Active 

Word Count = 0 

Channe I In terrecord 

Cata log No. 5940038 

Typeout 

CPLR. ERROR 
1 

WRITE PRaTE CTE D 
1 

RAD READy2 

CHANNEL ACTIVE
2 

WD. COUNT=ZER0
2 

CH INTERRECORD
2 

A zero or blank is used for P
1 

if a channel error test is desired. 
If an error exists, CHN. ERR 'AAAAA is typed and the place mark 
branch is taken. AAAAA is the un it-band-sector address at 
which the last data transfer took place. 

A combination of tests may be requested by merging respective 
parameter values. For example, P 1 = 11 would test for both 
channe I error and channe I active. 

Time De lay (DL y) 

To cause a time de lay for the number of mill iseconds spec ified 
by the trai I ing parameter. 

P 1 (dec ima I), where 0 .:S. P 1 < 9999 

Iteration count (i) allowed 

Immediate or control line 

iDLY,P
1 

Explanation: P
1 

specifies the number of milliseconds delay this 
directive provides. The maximum time de lay a "owed is 9. 9999 
seconds (namely, when P1 = 9999). If P1 is zero, a standard 
value of 35 ms (one disc revolution) is used. With a preceding 
iteration count, the delay is i (P 1) milliseconds. 

1 T d " d" • ypeout suppresse In not-true con Itlon 
2 

Typeout preceded by a "not II in a not-true condition 
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2.6. 27 Directive: 

Function: 

Parameters, 
Trai ling: 

Parameters, 
Leading: 

Mode: 

Format: 

2.6.28 Directive: 

Function: 

Parameters, 
Trailing: 

Parameters, 
Leading: 

Mode: 

Format: 

Cata log No. 594003B 

Jump to Location (JMP) 

To interface the control program with user-supplied subroutines. 

P
1 

(octal), memory address 

P
2 

through P
10 

(octal) 

Iteration counts (i) allowed 

Immediate or control line 

iJMP, P l' P 2 through P 10 

Exp lanation: Parameter P 1 is the octo I address of the user-
supp lied routine. Th is directive wi II execute a BRM instruction 
to this location. Parameters P2 through P10 may be used by the 
subroutine as entrance parameters. 

Two returns are provided. The norma I return is a BRR instruction 
directed to the location spec ified in P 1" Th is return a lIows any 
iteration count specified to be executed. 

If, however, the contents of the location specified by P1 are 
increased by 1 (MIN) before the BRR instruction is executed, 
iteration is not allowed. 

Mark Identify (MARK) 

To cause the word MARK XXXX to be typed at the console 
typewriter. 

P 1 (four a Iphanumeric characters) 

Not allowed 

Immediate or control line 

MARK, P
1 
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2.6.29 Directive: 

Function: 

Parameters, 
Trail ing: 

Parameters, 
Leading: 

Format: 

Cata log No. 5940038 

Exp lanation: P 1 spec i fies the four a Iphanumeri c characters, 
XXXX, typed out on the typewriter. The typeout MARK XXXX 
is not suppressible. 

Stop Identify (STOP) 

To cause a typeout STOP XXXX, and to cause the computer to 
halt. When the user clears the halt, the operation resumes at 
the next directive in the control I ine sequence. 

P 1 (any four legal alphanumeric characters) 

None allowed 

STOP, P 1 

Exp lanation: P1 spec ifies the four a Iphanumeric characters in 
the typeout STOP XXXXi XXXX are these characters. Th is 
typeout is not suppressible by any BREAKPOINT switch .. 
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IDENTIFICATION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURATION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SDS PROGRAM LIBRARY 
PROGRAM DESCRIPTION 

Catalog No. 094017B 

900 Series Interrupt Arm-Disarm Feature Test Program 

A. Kliszewski 

December 14, 1964 

Any 900 series computer with typewriter, 1 to 896 channels 
of system interrupts and the arm-disarm feature. Also 
required to perform the test is special module card 
#109745. When this card's input is connected to computer 
signal Rti, any PIN command should set all armed interrupts. 

To check out, thoroughly, the operation of the arm-disarm 
feature. 

None 

Octal locations 001, 023-027, 031, 033, 100, 200-3163. 

About one minute per set of 32 channels when all are 
present and operating correctly. 

USE: 1.0 Loading 

Normal FILL procedure. The program is available on an 
absolute binary paper tape. 

2.0 Control 

The program may be restarted by moving the RUN-IDLE
STEP switch to IDLE, pressing START, then STEPping 
once and RUNing. Also, Breakpoint Switch # 1 will, when 
set, return control to the input stage (restart all tests), 
from any test. During tests #3 and 4, Breakpoint Switch 
#2 will, if set, cause control to be transferred to the next 
test. Starting with Breakpoint Switch #4 set will transfer 
control to t~ diagnostic loop. 
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USE: (Cont) 

METHOD: 

Catalog No. 094017B 

3.0 Input 

3.1 As soon as the line "READY TO START TESTS ... " is 
typed out, the computer is ready for input which consists 
of the interrupt group number N which is set into the A 
register, and M, the number of channels in the group to be 
tested, if M < 32, set into the B register, both in binary 
form. The groups consist of 32 interrupt channels each 
and are numbered sequentially 0-27 (0-33 octal). 

3.2 Before proceeding with the tests, the special test cable 
must be connected to the Nth group of interrupts. 

3.3 If the system tested comprises interrupt channels wired 
for single instruction execution, a simple modification to 
the program may be made from the console at this point. 
This consists of changing the BRM instruction in location 
numbered (177 + m) octal where m is the single instruction 
channel number (1 < m < 896) to a MIN (1777 + m) instruction. 
If m = 1, test #7 in the program will not work without some 
modification. 

3.4 To start the tests, clear the HALT. 

4.0 Output 

4.1 Nand M are typed out immediately after the HALT has 
been cleared. 

4.2 If no failures are detected during the tests, the only 
subsequent type out is a series of TEST i COMPLETE, 
i = 1, 2, ... , 7. 

4. 3 Whenever a test has failed, typeout will identify the 
interrupt channel numbe.r (1 through 32) with the offending 
"COUNT" a~d the "PASS" number. The COUNT corresponds 
to the number of times the corresponding channel has been 
interrupted. The PASS number has meaning only in tests 
three and four which consist of M passes each. 

The program generates that coding which constitutes the 
linkage and service for the interrupt channels: 
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METHOD: (Cont) Locations 200-1777 
2000-2037 
2040-2177 

Catalog No. 0940l7B 

linkage 
32 counters 
32 counter incrementing 
interrupt service routines. 

This is done immediately after loading. 

The tests are as follows: 

Test 1: 

Test 2: 

Test 3: 

Test 4: 

Test 5: 

Test 6: 

A. Disarm all 32 interrupts 
B. Generate interrupts on all 32 channels 
C. Check that all counters contain zero 

A. Arm all 32 inte r rupts 
B. Generate interrupts 
C. Check that all counters contain ones 

A. Selectively disarm ith channel 
B. Generate interrupts 
C. Check that counters 1 through i contain 

zeros, counters i + 1 through 32 contain 
ones 

D. Clear counters 
E. Do above for i = I, 2, ... , 32 (i = pass 

number) 

A. Selectively arm ith channel 
B. Generate interrupts 
C. Check that counters 1 through i contain ones 

and counters it 1 through 32 contain zeros 
D. Clear counters 
E. Do above for i = 1, 2, ... , 32 

A. Arm odd channels, disarm even ones 
(simultaneously) 

B. Generate interrupts 
C. Check that odd counters contain ones, even 

counters contain zeros 

A. Same as Test 5, but odd and even channels 
have reverse roles 
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METHOD: (Cont) Test 7: 

Catalog No. 0940l7B. 

Modify the first interrupt service routine to 
disarm channels 2 - 32 

A. Arm all channels 
B. Generate interrupts 
C. Check that all counters contain ones (they 

should, since the disarm instruction was 
given afte r the inte r rupts attained waiting 
status) 

The Diagnostic Loop: This is a loop consisting of AIR, 
POT (word selected by user), and PIN (to initiate interrupts). 

The selected word is keyed into the A register when the 
program type s = DIAGNOSTIC LOOP and halts. 

Note: Counters are cleared at the beginning of all tests. 



SCIENTIFIC DATA SYSTEMS 
MTtp- MT I , 

Page 1 of 10 

IDENTIFICATION: 

AUTHOR: 

ACCEPTED: 

SDS PROGRAM LIBRARY 
PROGRAM DESCRIPTION 

Media Conversion Routine 

WilliaITl Birney, SDS 

A. p r i 1 2 9, 1 96 5 

Catalog No. 00001 7C~:~ 

COMPUTER 
CONFIGURATION: Any 4K SDS 910, 920, 925, or 930 with one or ITlore peripheral 

devices attached to any buffer or channel and a console type
writer on the W buffer. 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

SUBROUTINES 
REQUIRED: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

To c6py variable length records on binary or BCD cards, 
paper or ITlagnetic tape, or typed input, to cards, paper or 
ITlagnetic tape, typewriter or line printer. 

N/A 

Depending on the peripherals and channels involved in the 
conversion; one or ITlore of the standard I/O handlers is 
required: 

Buffered Extended Peripheral 

PTYIO Cat. No. 020019 503001 Typewriter / Paper 
CDRP " 030005 533002 Card Read/ Punch 
MTAPE " 040004 540001 Magnetic Tape 
PRINT " 060005 563001 Line Printer 

Relocatable; requires 1140 (021648) locations (not including 
I/O handlers), plus teITlporary record storage. 

N/A 

META-SYMBOL 

~:~This version of the routine can be used to perforITl conversions involving peripherals 
attached to a channel which is restricted to interlaced I/O, in addition to channels 
perITlitting buffered I/O (Wand Y). Also, three ITlore breakpoint control options 
(see 2.3.11), and an error halt when writing is atteITlpted on a file-protected talJe, 
have been added. Binary records can now be listed on a typewriter or line printer. 

Tape 

@1965 Scientific Data Systems, Inc. 
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LOADING 
PROCEDURE: 

USE: I. a 

Catalog No. 00001 7C~:~ 

The I/O handlers needed must be loaded with the routine itself. 
The version (buffered or extended mode) of each handler used 
depends on which computer is being used and which channel 
the peripheral device involved is attached to. When using a 910 
or 920 computer, the buffered handlers must be used, 
regardless of whether either buffer is interlaced. When using 
a 925 or 930 computer, the extended mode handlers must be 
used for peripherals on channels C through H, and n~ay be 
used for peripherals attached to interlaced channels A and B. 

For example, if the media conversion involves a line printer 
on Channel D, the extended mode version of PRINT ITlust be 
loaded. If the conversion involves a paper tape reader on 
the W buffer (925 or 930 only), the buffered version of PTYIO 
ITlust be loaded unless that buffer has interlace capability, in 
which case either version of PTYIO will suffice. If the 
conversion does not involve, for example, cards, then neither 
version of CDRP need be loaded. Note that only one version 
of a handler ITlay be loaded, so that it is not possible to 
perforITl both interlaced and non-interlaced I/O with peripherals 
using the saITle handler. For example, a conversion may 
not involve a typewriter on channel E and a paper tape unit 
on the Y buffer or a non-interlaced channel B. 

If Media Conversion is loaded by the Monarch loader, the 
(buffered) handlers will normally be loaded automatically 
from the Monarch Library. Therefore the versions of the 
handlers required for the conversion{s) to be perfor:med 
should be in the Monarch Library. 

If Media Conversion is loaded by the Universal Binary Loader 
(UBL) instead of the Monarch. Loader, the versions of the 
handlers required for the conversion(s) may be loaded prior 
to loading Media Conversion or immediately afterward. In 
the latter case, the DBL will expect to find the handlers in 
the Library provided (for details, see the DBL PrograITl 
Desc ription) . 

. }.1EDIA SPECIFICATION LLST 

The program accepts an input list to 'the typewriter ~uriit I, 
W buffer) and performs the specified conversion{s). 
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USE: (C ont. ) The list is of the forITl 

Dl is input device 

U
l 

is input unit nUITlber 

C
l 

is in put channel 

D is output device I i 
U. is output unit nUITlber 

1 

C. is output channel 
1 

D 
i 

is a two-letter word: 

Input 

C R - card reade r 
PR - paper tape reader 
TY - typewriter 
MT - ITlagnetic tape 

Catalog No. 00001 7C~:~ 

/ C AbC. eL t(; 

SeT "t FIliit.. ~t,t,)4'.tY 

n:)\,.,f' f J(NtIJ AT1'!« tuF: 

SE1" &.p2.~ 17> ''Tt>~ c)AJ i.E/rfj e)(.~",( 
2:si:sn 

Output 

card punch - C P 
pa pe r tape punch - PP 
typewriter - TY 
ITlagnetic tape - MT 
line printe r - LP 

When D. (device) specifies CR, CP, PR, PP or LP, then U. 
(unit) ITl

1
ust be 1 or 2. When Di specifies TY, Ui ITlust be 1,1 

2 or 3. In either case, if Ui is oITlitted, it is assuITled to be 
1. Ui is either 0, 1, .8 •• , 6 or 7 if MT is used, and ITlay 
not be OITli tted. 

Ci' if present, is one of W or A, Y or B, C, D, E, F, G, H. 
C i is as sUITled to be W if oITlitte d. 

ExaITlple of a legal list: MTI Y - CP2W, LP. 

The prograITl converts data froITl the forITl designated in 
Dl Ul Cl to the forITls specified successively in D2U2C2, ••• , 
and DnUnCn. Each output triplet DiUiCi (i > 2) ITlust be 
separated froITl the preceding one by a COITlITla. The last ITlust 
be followed by a pe riod or a carriage return. Blanks in the 
list are ignored. Except for a slash (/), any character in the 
list which cannot logically follow the preceding ones causes 
an error mes sage to be output to the console typewriter and 
cancellation of the entire list. A slash cancels the input list. 
In both cases the typewriter requests a new list. 
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USE: (C ant. ) ExaITlples: (a) 
(b) 

Catalog No. 000017C>:< 

PR3W -MT2, LPY 
PRW-MT2, LPY 

ExaITlple (a) will not cause any conversion to take place since 
only units 1 and 2 of the paper-tape reader can exist. A 
list-error ITlessage will be printed by the typewriter. 

ExaITlple (b) will cause a variable length record or records 
on pape r tape unit 1 to be transmitted by means of the W 
Buffer to the computer and then to be recorded on magnetic 
tape unit 2 (W Buffer) and printed on line printer unit 1 
(Y Buffer). 

2. a TRANSMISSION 

2.1 Transmission Mode 

All input/output data is assumed to be BCD (decimal) unless 
breakpoint switch 1 is set, in which case media conversion 
will take place in binary mode. The switch is tested before 
each paper tape, magnetic tape or card input or output 
operation, and therefore should not normally be moved until 
the entire list is executed or a halt for EOF (see below) occurs. 

All media conve rsion is done in four characters /word mode. 
When the number of characters input is not a multiple of 
four, the following will take plac e: 

(a) Paper tape (BCD) or typewriter: the last word transmitted 
is padded with "60" codes. (On BCD paper tape or 
typewriter output, each "60" is converted to "12".) 

(b) Paper tape (binary): "a" codes are used for padding. 
(c) Magnetic tape: "a" codes are used for padding. 

In BCD mode, "12" (blank) codes input from paper tape or 
typewriter are converted to "60" ("0) codes, and "77" (-ttl-) 
code s a re ignored. Each" 6 A" is converted to a "12" on 
output from BCD paper tape or typewriter. 

2.2 Transmission Errors 

2.2.1 An error message is typed if any of the following errors 
occurs: 
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USE: (C ont. ) 

Catalog No. 0000 1 7C~:~ 

(a) Magnetic tape - character or longitudinal parity error 
which remains after 11 reread attempts, or after 6 
write attempts (2 attempts each on 3 sections of tape). 

(b) Typewriter, paper tape - parity error flip-flop set in 
buffe r. 

(c) Line printer error, or card reader or card punch error. 

The message is "Halt due to error in transmission". 

After the message is printed, a halt occurs. If the error 
occurs during output of a record, clearing the halt resumes 
conversion. If the error occurs during input, clearing the 
halt ha s one of two effe cts depending on the setting of 
breakpoint 2. If breakpoint 2 is reset, the input information 
is ignored (no output takes place), and a new record is input. 
If breakpoint 2 is set, conversion resumes and the contents 
of the record in the input buffer are used for output. Thus if 
a card reader error halt occurs, breakpoint 2 should be 
reset and the card causing the difficulty should be discarded 
or replaced in the hopper, before the halt is cleared. 

2.2. 2 "Buffer error during typewriter input of list" is printed if 
such an error occurs during list input. In this case, a new 
list is requested. 

2.2. 3 It is recommended that re cords read from paper tape or 
written on magnetic tape (except end-of-file) contain in 
excess of two words, to prevent malfunction. 

2. 3 Details of Trans mis sion 

Input: 

2.3.1 Input from cards or magnetic tape: records are transmitted 
until EOF or end-of-tape is reached. When EOF or end-of-tape 
is reached, an appropriate mes sage is typed and one of two 
actions is taken by the operator when the machine halts: 

(a) The RUN switch is moved to IDLE, STAR T button 
depressed, RUN switch moved to STEP, back to IDLE 
and to RUN, causing the program to request a new input 
list. 

(b) The R UN switch is moved to IDLE and back to RUN, 
causing the program to continue transmitting records 
ll.L"ltil the next EOF is reached. 
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USE: (Cant.) 2.3.2 Input from typewriter: records (separated by CR, i. e., 
carriage return) are transmitted until breakpoint 4 is set. 
C ode delete (" 7 7" or +H-) characte r s are i gno re d. 

2.3.4 Input from paper tape: 

(a) BCD: As for magnetic tape; CR serves as EOR (end-of
record) and stop code plus gap as EOF. Records in a 
file should not be separated by gap. Code delete char
acters are ignored. Successive records are transmitted 
until EOF occurs or breakpoint 4 is set. 

(b) Binary: As for magnetic tape; gap serves as EOR. 
Successive records are transmitted until breakpoint 4 
is set, or until an end-of-library record is punched 
on paper tape or cards. (An end-of-library record 
consists of the octal word 017170000.) 

Output: 

2.3.5 Magnetic tape: If input source is paper tape (BCD) or 
typewriter, the CR at the end of each record is suppressed, 
and "12" codes are converted to "60 rr codes. When any 
output magnetic tape is at end-of-tape following cOITlpleted 
transmission of a record, an end-of-tape message is typed 
and a halt occurs. Action is then taken as in 2. 3.1. 

2.3.6 Cards: If input source is paper tape (BCD) or typewriter, 
the CR at the end of each record is suppressed, and "lZ" 
codes are converted to "60" codes. If a BCD (binary) input 
record exceeds ZO (40) words in length, it is divided into 
ZO (40) word segments for output on successive cards. 

2.3.7 Typewriter: A CR is inserted at the end of each record input 
from magnetic tape or cards. If breakpoint 1 is set, binary 
input is as sumed, and the record is unpacked. The output is 
in effect an octal listing of the binary record. If breakpoint 1 
is reset, BCD input is assumed, and trailing blank words 
(four "60" characters) are suppressed, and "60" codes are 
converted to "lZ fJ codes. If a record (BCD or unpacked binary) 
exceeds Zl words in length, it is divided into Zl word segments 
for output on successive lines. 
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USE: (Cont.) 2.3.8 Line printer: If input source is paper tape (BCD) or 
typewriter the CR at the end of each record is suppressed, 
and "12" codes are converted to "60" codes. If input was 
binary (breakpoint 1 set), the record is unpacked, and the 
output is in effect an octal listing of its contents. If an EOF 

'occurs, the printer will upspace and print a blank line, 
which is to be disregarded. This enables the prograITl to 
deterITline any error in printing the last line in the file. 

2.3.9 Paper (BCD): A CR is inserted at the end of each record 
input froITl ITlagnetic tape or cards. Trailing blank words 
(four "60" characters) are suppressed. Conversion of "60" 
codes to "12" codes takes place. A stop character is inserted 
after the last record in a file, and the first record in a file 
is preceded by gap. 

2.3.10 Paper tape (binary): If breakpoint 3 is set, it is assuITled that 
the input is in META-SYMBOL forITlat. If input is froITl cards 
or ITlagnetic tape, only the first logical record on each card 
or card iITlage is output. The rest is deleted. (The length 
of a META-SYMBOL logical record is specified in bits 4- 8 
of the first word of the record.') 

2.3.1 r Caution: If a binary record input is listed on the typewriter 
or line printer, it is unpacked and therefore cannot subsequently 
be duplicated, for exaITlple, on ITlagnetic tape. 

e.g., 1. 

e.g., 2. 

CR - LP, CP with breakpoint 1 set. The contents 
of each card read will be unpacked and listed on 
the ·printer, and this unpacked record will be punched 
on binary cards. Thus the binary cards will contain 
garbage. 

CR - CP, LP. with breakpoint 1 set. Each binary 
card will be duplicated, and then its contents will 
be unpacked and listed. Thus the conversion will 
be successful. 

2.3. 12 The accoITlpanying tables show ln detail the functions of the 
breakpoints and the ITlechanics of each possible conversion. 
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USE: (C ont. ) Breakpoint 

1 

2 

.3 

4 

Function when Reset 

BCD input/ output 

Delete output of 
record when input 
error occurs 

Normal mode 

Normal mode 

Catalog No. 00001 7C~:~ 

Function when Set 

Binary input/ output 

Do not delete output 
of record when input 
error occurs 

Delete data trailing 
each logical record on 
card or magnetic tape 
in META-SY.MBOL 
format, when punching 
paper tape. 

Halt before input of 
each record (paper 
tape or typewriter 
onl y). 



Device End of Record 

Mode Input Output In Out 

BCD MT TY gap carr. ret. 

BIN MT TY gap CR 

BIN MT PF gap gap, 

BCD MT PP gap CR 

BCD MT LP gap ups pace 

BIN MT LP gap ups pace 

BIN MT CP gap . next card 

BCD MT CP gap next card 

either MT MT gap gap 

(BCD) TY MT CR gap 

(BCD) TY PP CR CR 

(BCD) TY LP CR ups pace 

(BCD) TY CP CR next card 

(BCD) TY TY CR CR 

BIN PR MT gap gap 

BCD PR MT CR gap 

BIN .PR CP gap next card 

BCD PR CP CR next card 

BIN PR PP gap gap 

BCD PR PP CR CR 

BCD PR LP CR ups pace 

BIN PR LP gap ·upspace 

BCD PR TY CR CR 

End of ,File Line 
Length 1 

In Out (Wds) 

EOF record 21 X 

EOF record 21 

EOJ:.~ record 

EOF record 4t+-& gap X 

EOF record blank line 33 

EOF record blank line 33 

EOF record 40 

EOF record 20 

EOF record EOF rec. 

X 

33 

20 

(21 ) X 

-ti+ & gap EOF rec. 

40 

+H- & gap 20 

-H+ & gap -H+& gap X 

-Hi- & gap blank line 33 

33 

-Iff- & gap 21 X 

----- - ----- ----

2 3 4 

X 

X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

'"'d 
\l> 

(JQ 
CD 

-...0 

o 
........ 

........ 
o 

() 
\l> 
M-
Il> 
t-' 
o 

(JQ 

Z 
o . 
o 
o 
o 
o 
........ 
-..] 

n 
~~ 



Device End of !Re,:ord End of File 

Mode Input Output In Out In Out 

BIN PR TY gap CR 

either CR MT ~d of car'c gap EOF sig. EOF rec. 

BIN CR PP end of card gap EOF sig. 

BCD CR PP end of card CR EOF sig. -ttl- & gap 

BIN CR CP end of card next card EOF sig. 

BCD CR CP end of card next card EOF sig. 

BCD CR TY end of card CR EOF sig. 

BIN CR TY end of card CR EOF sig. 

BCD CR LP end of card ups pace EOF sig. blank line 

BIN CR LP end of card ups pace EOF sig. blank line 

BCD X TY,PP blank recor( causes CR output 

J I 
EOF to LP causes upspace, blank line. 

1 Trailing blank words (60606060) suppressed. 

2 "77" codes deleted 

3 "12" - "60". 

4 "60" - "12". 

- -

Line 
Length 
(Wds) 1 2 3 

21 

X 

40 

20 

21 X 

21 

33 

33 

, 

4 

X 

X 

I-'(j 
III 

(JQ 
(1) 

I-' 

o 
o 
I-+, 

I-' 

o 

(') 
III 
M-
III 
t-' 
o 

O'Q 

Z 
o . 
o 
o 
o 
o 
I-' 

-J 
() 
~~ 
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IDENTIFICA TION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURATION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

SUBROUTINES 
REQUIRED: 

STORAGE; 

"TlMIl'IG: 

SOURCE 
LANGUAGE: 

LOADING 
PROCEDURE: 

USE: 

Xerox Data Systems 

X~O'5 PROGRAM LIBRARY 
PROGRAM DESCH IPTION 

Extended Mode 110 Te st ProgralTI 

England/ Vor gitch, XDS 

September 30, 1965 

6fT A, 
r\ ~~,~ 

Catalog No: 851107 .. 11AOO 

524001B 

f! 11"'5 

Any 925/930 COTl1.puter \vith a type\vriter attached to the '\"1 

channel and a J?ap~12~...I?uncJ~ ... ,§::.~.~L,",~~.~~ .. e.E_.?n any interlaced 
cornrnunication channeL The W channel need not be inter-
~"'4IIi "'·i'~~~~ri~\>:,,,-·);\.;'ilj"i''''·' -~' 

laced for the typewriter. 

To test as nlany of the extended I/O operations as pos sible 
with papcl' tape. Given a communication channel that is 
kno"\vn to be good then the prograrn serves as a paper tape 

None 

None 

"TheprograTI1 occupies 843
10 

locations from 01 77 to 01721 

octaL 

N/A 

M.ETA-SYMBOL 

The program is supplied on paper tape or cards with a self
loading bootstrap. Use the standard fill procedure. 

The progranl \vill load and address the type'.vriter for controL 
The progralll Il1ay be returned to the type'writer control at 
any time by using the START; STEP, R1JN procedure. 

© 1969,1970, XI'!TOX Data Systems, Inc. 
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USE: (Cant) 

ME TfIOD: 

Catalog No. 8511 C7 ... 11 AGO 
-----,-------' -- ------,------"---.--,-.'.-,--~----

To select the reader and punch units to be used enter; 

'CU' P to select punch and 

'CUI R to select reader. 

Where C is the channel number and nlay be any digits 0-7 
andU is the unit, either 1 or 2. The reader and punch need 
not be on the s aITle channel. 

The test is started by entering the letter'S.' Control of the 
test operation is then a function of the Breakpoint Switches. 
The following table,surrllnarizes the switch functions. 

Switch Reset 

1 R un in the normal D"lode 
as deterITlined by the 
other switches. 

2 ContinrH.' to run the test 
selected by switch 3. 

3 Selects punch D'1ode. 

Set 

Stop and return to key
board control at the end 
of the current pas s 
(either punch or read). 

Cycle test runs ironl 
punch to read to 
punch, etc. 

Selects read TI1ode .. 

(Used when switch 2 is reset or when starting the 
test) 

4 Stop and type diagnostic 
ITlessages whenever an 
errOT oc cur s . 

Do not stop and type on 
error s but continue to 
Tun. 

When running cyclic tests from punch to read, etc., the 
tape froIn the punch should be inserted into the reader. 

Punching 

The progranl punches 4 blocks of 64 characters each in one 
pass. The characters fOTlTI a counting sequence froln 00 to 
77

8
, The fir st block is started with leader and output with 

an IOSP. All punching is done in the one character per 
word rnode. When the 'Nord count reaches zero an JOSD is 
loade d to punch a second blo ck of 64 char a cter s. I'.J ole ade r 
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METI-IOD: (Cont) 

Catalog No. 851107 "11 ACO 

is punched betvveen the first and second blocks. This results 
in one physical block 128 characters long. Starting with 
leader two additional blocks of 64 characters are then 
punched with an IOSD. 

At the conclusion of each output operation the channel 
address register is stored and COII1.pared vvith the expected 
value. If they do not agree the pl'ogran1. types the expected 
and actual values. 

rhe prograln tests the channel during the output operation 
to see if the channel should erroneously dis connect before 
the word count reaches zero. 

Reading 

Each of the four blocks is read with a different set of 
COH1ITlands and counts so as to test as many operations as 
possible. After reading a block a general subroutine checks 
for input parity errors, channel end address agreeD1.ent with 
expected, and the data read character by character. Error 
Hll:bbdgc[) >A(lthLlock nUlnOt~rtj w.ti.tue t..y peu iu Lile eveJ:'JL. U.1 

anyone of these tests failing. 

The handling of each block is described below: 

Block 1 

The fir st block is one half of a 128 character physical block. 
Reading 1 character per word an IOSD with a count of 64 is 
used to read this block. The program checks to see if the 
count reaches zero and the channel becoITles inactive at the 
sarne tiD1.e. 

Block 2 

This is the second half of the fir st physical block and is 
read with an IOSP with a count of 65. The read should 
terD1.inate because of the end of record. The progranl checks 
to see that the word count does not reach zero and the 
channel relTIains active a.fter the CIT (interrecord test) 
instruction skips. The tape is finally stopped with a dis
connect before the data is checked. 
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~-~----,-----

Block 3 

-BloCK 31.s a:64cha-racter physical block. It is read \vith 
2 -channel cornrnanc1s. The first is an ISOP with a count of 
32. If the count goes to zero before the channel disconnects 
then an IORP with a count of 33 is loaded. This should 
cause the interrecord indicator to be turned on at the end of 
the record. The count should not reach zero and the channel 
should rcm.ain active. The tape is again stopped with a 
dis conne ct befor e the data is checked. 

Block 4 

This is the third physical block of 64 characters and is read 
with an IORl) with a count of 56. The prograITl waits for the 
channel to be inactive then checks to see if the channel 

- ignored the last eight characters. If the tape was errone
ously stopped after the 56th character this will be visually 
discernible to the operator or will show up as a failure on 
the first block of the next read pass. 
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SDS PROGRAM LIBRARY 
PROGRAM DESCRIPTr~N 

"', Catalog No. 012013C~:~ 

IDENTIFICA TION: Utility and De bug Package (AID) 

AUTHOR: J. A. Barnett, SDS 

ACCEPTED: October 12, 1965 

COMPUTER 
CONFIGURATION: Any 900 Series SDS cOITlputer with a console typewriter. 

PURPOSE: Provide various utility routine and de bugging aids for the 
prograITlITler's use during on-line prograITl checkout. 

PROGRAMMED 
OPERATORS: None 

SUBROUTINE 
REQUIRED: None 

STORAGE: 50308 - Relocatable; 0-116 during loading. 

TIMING: N/A 

SOURCE 
LANGUAGE: META-SYMBOL 

LOADING 
PROCEDURE: AID is available on either self-loading cards or paper tape. 

1. Paper Tape: 

Paper tape copies of the package are loaded with Binary 
Input - Relocatable Paper Tape Loader, Catalog No. 000019. 
Use the standard FILL procedure. When the cOITlputer halts 
after reading a few inches of tape, place the address at 
which the package is to load in the A Register and clear the 
halt. 

2. Cards: 

Card copies of the package are loaded with Binary Input -
2 Card Relocating Loader, Catalog No. 030007. To load 
the package into the 925/930, place the load address in the 
A Register and use the LOAD-FROM-CARDS switch. On 
the 910/920 place 03200002 in location 1, the load address 

~:~Updated to provide DUMP output using the unbuffered Model 9372 Line Printer~ 
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LOADING 
PROCEDURE 
(Cont. ): 

Catalog No. 0120 13C 

in the A Register, press START, 0203606 in the C Register 
and the RUN-IDLE-STEP switch in RUN. 

When loading is complete the typewriter will be addres s ed 
for input of the first line. The loading process destroys the 
contents of locations 0 through 0116. The package itself 
occupies 50308 contiguous words starting at the location 
specified in the A Register. 



Page 3 of 22 Catalog No. 012013C 

PART I 

PART II 
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GENERAL INFORMATION 5 

Introduction 5" 

I/O Devices 

Formats 

Communications, Linkage 

Package Table Areas . 

OPTIONS 9 

C - Assignment of Control Media 9 

ASSIGN - Assignment of Peripheral Devices • 9 

GO - Resume Computation 10 

LOAD - Load Pro grams in Standard Format . 11 

DUMP, DUMPO, DUMPI...; Dump Selected Portions 
of Core. 11 

PUNCH - Output Selected Portions of Core in 
Standard Format 12 

BOOT - Output a paper tape bootstrap. 13 

STORE - Alter Core Locations or Stored Val ues of the 
Registers 13 

TYPE - Type Out Stored Value of Registers and 
Selected Portions of Core 14 

TBCD - Type Out Selected Portions of Core in BCD. 15 

IN, OUT - Search MelTIory and Type Out. 15 

ORG - On-Line Translator Initializer 17 

INSER T - Insert a Block of Instructions in a Program 19 

SNAP - Take Dynamic Snapshots of a Program While 
it is executing. 

REMOVE - Remove A.ctive Snapshots or Inserts 
Presently in Memory . 

20 

21 
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PART I 

GENERAL INFORMATION 

INTRODUCTION 

AID is a package that embodies a group of commonly used utility programs and 
debugging aids. The package is intended as a helper for the programmer or 
engineer who is attempting to do on-line checkout of his program. Request for 
various functions are made by the user in the form of input lines. As an example, 
dumping of locations 100 through 200 would occur after the input of the following 
line: DUMP 100 TO 200. In general, an input line will consist of an action word 
(DUMP, LOAD, etc.) followed by a list of parameters. (See APPENDIX II for a 
Backus Normal ForITl description of the syntax of legal lines. ) 

Lines ITlay be input from the typewriter, card reader of photo reader (see Assign
ITlent of the Control Media, page 9 ). An input line is terminated by one of the 
following conditions: 

1. Encountering a carriage return (052 code '~'). If input is from cards, 
the remainder of the card is skipped; if input is from the photo reader, 
the reader is immediately disconnected. This allows the next character 
to be read without loss of data. 

2. Reading 80 characters. Input is immediately disconnected and a 
carriage return is used as the 81 st character (no data is lost on paper 
tape) . 

3. Encountering gap on paper tape. 

4. End-of-file conditions on card reader causes control to return 
immediately to the typewriter. 

5. If a channel error is encountered, the line being input is disregarded 
and control returns to the typewriter. 

6. If a delete character (077 code '+++') is input, the line being input is 
ignored. On cards the relllainder of th.e card is skipped, on paper 
tape the reader is disconnected. Except with card input, the next line 
is as sUllled to start with the next character input. With cards, input 
starts with the next card. Use of the delete character is not considered 
an error, but a convenience for the user to inhibit error lllessages. 
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7. Null lines (i. e., those consisting of blanks and carriage returns) are 
permissable. No action will be taken; they may be used as desired to 
space input. In a like manner, blank cards are ignored. 

After a line has been input t it is checked for correctness. If an error is found, a 
message is typed out. No processing occurs until the entire line has been checked. 
Therefore, when an error message is typed, it is only necessary to re-enter the 
offending line in a corrected form. (See On-line Translator description for exception 
to this rule. ) 

I/O DEVICES 

Provisions are made for use of the following devices: 

Mnemonic Name Comment 

TY typewriter 

PR photo reader 

PP paper tape punch 

CR card reader 

CP card punch either buffered or unbuffered 

LP line printer 

-
The devices are all assumed to be unit 1 on the W buffer and are addressed in a 
non-interlaced fashion. (The channel and unit assignments are assembly pararrleters 
and thus may be easily altered to fit the requirements of a particular installation.) 

FORMATS 

All numerics entered are considered to be octal unless terminated by a decimal 
point (period). 

Example: 

100 = 100
8 

= 64
10 

100. = 1448 : 100
10 

Any numeric may be preceded by a + or - sign. If a numeric is used to specify a 
location it is computed, and its value mod 214 is used. 
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In the subsequent description, the following conventions will be used: 

num 

loc 

a 24 bit numeric quantity 

a 14 bit addres s quantity 

In several instances it is necessary to specify bounded regions of memory, i. e., 
DUMP 100 TO 200. The generic loc TO loc wi~l be used to represent this type of 
entry. In all cases, the second location must be strictly greater than the first 
location; if not, an error message will be issued. A blank must separate the 
symbol 'TO' and both numerics enclosing it. 

Certain sections of the package will accept Hollerith strings as input. A Hollerith 
string is a set of characters enclosed by single quote marks (I). The Hollerith 
information is packed 4 characters per word and left justifies in successively 
higher locations of memory. Blanks embedded in the Hollerith string are made 
into 060 8 codes. 

Examples: 

Caution: 

lA' = 21606060
8 

f-b""b-oA' = 6 060602 1 8 

IABCDE' = 21222324
8 

25606060
8 

Neither a carriage return (052), delete character (077) nor a quote 
mark (014) are legitimate in a Hollerith field. 

In all cases (other than the on-line translation or in Hollerith strings) blanks, 
COITlITlas, tabs and equal signs are treated identically. Further if one character of 
the four (say a blank) is sufficient to'deliITlit a field, then several will work equally 
well. In other words multiple blanks, etc., are not significant when used to 
deliITlit a field. 

Examples: 

A,B A, "h, = B 

A=B A,B::: Au B 

however 

12. * 12,. A = B $ AB 

i. e., delimiters ITlay not be embedded in a field. 
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COI\/iMUNICA TIONS LINKAGE 

After loading is complete, a BRM to the package is put in cell 2. The user's 
program may communicate with the package via a BRM ~:'2. This will generate the 
necessary return linkage between the package and the user's program" The 
package may also be reached by placing a BRU 2 in the C Register. Further, the 
package may be entered by executing a BRU to the location used as the load 
addres s. If this latter method of entry is used, dis regard the next paragraph. 

Upon entry to the package the contents of all registers, the status of overflow 
indication and the conditions of the interrupt system (enabled, disabled) are saved. 
The W buffer status is then checked. If it is active, 1 second of time is counted 
off. After this, the buffer is unconditionally disconnected and the interrupt 
system disabled. If the buffereoriginally tested ready, then the interrupt system 
is immediately disabled. The stored values of the registers may be displayed 
or altered {see TYPE and STORE directive descriptions}. To return control to 
the user's program, follow the procedure described as the GO directive. The 
package does not make use of any POP's. 

PACKAGE TABLE AREAS 

When either the INSERT or SNAPS:fIOT directive is us ed, an entry is rnade in the 
ALTER-POINTS table. This is a table which is internal to the package and allows 
for twenty (20) such entries to be made. When an insert or snapshot is removed, 
the table entry as signed to it is opened for another entry to be made. The table 
overflow error message is issued when an attempt is made to have more than 20 
inserts and snapshots in core simultaneously. 

As snapshots and ins erts are entered, information pertinent to them is put in 
the Package Table area. The current location of this area may be displayed 
using the TYPE directive or altered using the STORE directive. It is the user's 
responsibility to make sure he doesen't destroy his own program. If the ORG 
directive is used when entering an insert, the next available Package Table 
Locations is located somewhat after the ORGed location. See description of 
the REMOVE, INSERT, and SNAPSHOT directive for further information. 
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PART II 

OPTIONS 

ASSIGNMENT OF THE CONTROL MEDIA 

Input line s a re read froIn the control Inedia. U pan the c oInpletion of loading and 
after the occurrence of any error, the typewriter is assigned as the control Inedia. 
To as sign the control Inedia, one of the following line s should be entered: 

C = TY 

C = PR 

C = CR 

Read the next and subsequent lines from the typewriter 

Read the next and subsequent lines froIn the photo reader 

Read the next and subsequent lines from the card reader 

ASSIGNMENT OF PERIPHERAL DEVICES 

Several of the options provided with the package will operate on ll10re than one 
I/O device. The selection of the device is Inade by the user when a line of the 
following forIn is entered: 

ASSIGN F
I

, F
Z 

where F. is one of the following: 
1 

BI = PR subsequent loading takes place froIn the photo reader 

BI = CR subsequent loading takes place from the card reader 

BO = PP subsequent binary output is on the pape r tape punch 

BO = CP subsequent binary output is on the card punch 

LO = TY subsequent dumps are made on the typewriter 

LO ::: LP subsequent dUInps are Inade on the line printer 

ExaInple: 

ASSIGN LO = LP, BI = PR 

The above line causes subsequent dUInps to occur on the line printer and subsequent 
loading to take place froIn the photo reade r. 
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Point of Intere st 

After loading, the following assignments are automatically made and no ASSIGN line 
need be entered unless a different option is desired. 

ASSIGN BI = PR, BO = PP, LO = TY 

RESUME COMPUTATION DIRECTIVE 

To restore the registers and indicators to their stored values, one of the following 
types of line s should be entered: 

GO 

GO loc 

After the registers and indicators have been restored, computation will resume at 
the location specified by the stored value of the P register. If a numeric is used 
(as on the second line above), its value will be used instead as the transfer addres s. 

Example: 

GO 200 

The above line will restore the A, B and X register, the overflow indicator and 
interrupt system, and then transfer to location 200. 

LOAD DIRECTIVE 

The package provides a resident loader for use with either absolute or relocatable 
programs that contain no POP's or External References or Definitions. The decks 
are input from the device specified as BI on the last ASSIGN line. To initiate 
loading, a line of the following type should be entered: 

LOAD loc, GO 

If the numeric (loc) is entered, it is used as the relocation bias. If not, the ending 
address + 1 of the last relocatable deck entered is used. If the symbol GO is 
entered, decks will be loaded until an end transfer card is input; if not, upon 
encountering any end card, control is ~mmediately returned to user input. In any 
case, if an end transfer record is encountered during loading, the transfer address 
replaces the stored value of the P registe I' and control returns to user input, i. e. , 
the transfer is not taken until the GO directive is used. 
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Examples: 

LOAD 

Load one deck and return control to user input. 

LOAD 200 

Load one deck and use 200 as the relocation bias. 

LOAD GO 

Load until an end transfer record is encounte red. 

LOAD 200, GO 

Use 200 as the relocation bias and load decks until an end transfer 
record is met. 

Point of Intprest 

Encountering an End of File on the card reader immediately terminates loading. 
The relocation bias is ignored when loading absolute decks. 

DUMP DIRECTIVE 

Selected portions of memory may be dumped in either octal or instruction format. 
Instruction format is a line containing the octal contents of 8 locations with the 
mnemonic op-code printed directly beneath the numeric. The output device is the 
one specified as LO in the previous ASSIGN line. In all cases, if an output line 
would be all or s then it is not output. 

To produce an octal dump, a line of one of the following types should be entered: 

DU MP lac TO lac, lac TO lac, 

or 

DUMPO lac TO lac, lac TO lac, 

To produce an instruction durnp, a line of the following type should be entered: 

DUMPI lac TO lac, lac TO lac, 
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ExaITlple: 

DUMPI 1000 TO 3777, 500 TO 577 

Will cause locations 1000 through 3777 and locations 500 through 577 to be dUITlped 
in instruction forITlat. 

Point of Interest 

No ITlatter what locations are given for a dUITlp, the beginning address wi 11 be a 
ITlultiple of 8 and the ending addre s s will be a ITlultiple of 8 plus 7, i. e.:, DU MP 
5002 to 5010 will dUITlp locations 5000 through 5017 inclusive . 

. BINARY PUNCH DIRECTIVE 

Selected portions of ITlemory and end transfer records may be punched out in the 
standard, absolute, ?inary format. The output will occur on the device specified 
as BO in the previous ASSIGN line. A line of the following type will 'cause this 
action: 

PUNCH F
l

, F 2' •.• 

Where F. is one of the following 
1 

loc to loc 

loc 

Examples: 

Punches out all locations between the specified. addresses. 

Punches out an end transfe r record to the specified lo
cation. If this does not appear in the PUNCH state:ment 
an end record without a transfer address is punched. 
Further, a field of this type, if used, must be the last 
one entered. 

PUNCH 107 TO 210, 300 TO 577, 120 

The above line would cause location 107 through 210 inclusive, location 300 through 
577 inclusive and an end transfer record to location 120 to be punched on the de
vice specified as BO. 

PUNCH 107 TO 210, 300 TO 577 

SaITle as the above exanlple except an end record without a transfer address is 
punched. 
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PUNCH BOOTSTRAP DIRECTIVE 

A bootstrap to load programs in the standard, absolute, binary format from 
paper tape may be punched out on paper tape A line of the following form will 

cause this action: 

BOOT 

The above line will output the bootstrap on the paper tape punch. See 
Appendix IV for information on how to use the bootstrap. 

ALTER DIRECTIVE 

The stored value of the registers and selected areas of memory may be set to 
values specified by the user. A line of the following type will cause this action: 

STORE F
I

, F Z ' F 3 , • · . 

whe re F. is one of the following 
1 

A = num 

B = num 

P = lac 

x = num 

I = 1 or 0 

o = 1 or 0 

the numeric replaces the stored value of the A register 

the numeric replaces the stored value of the B register 

the numeric replaces the stored value of the P register 

the numeric replaces the stored value of the X register 

if the numeric equals 1, the stored interrupt flag is set to 
enable; the flag is set to disable if the numeric is 0 

if the numeric is 1, the stored overflow indicator is turned 
on; if 0, the indicator is turned off 
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T = lac 

lac = num 
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the nmneric becoITles the value used as the Package 
Table Area location 

the numeric replaces the contents of the specified location 

lac TO lac = num the numeric replaces the contents of all memory 
locations specified between the two lac t s 

Exanlple: 

STORE 200 = 5, A = -1, 1000 TO 1400 = 0 

The above line sets the stored value of the A register to -1, location 200 to 5 
and zeros cells 1000 through 1400 inclusive. 

DISPLAY DIRECTIVE 

The stored values of the registers along with selected areas of memory may be 
output on the typewriter. A line of the following form will cause this action: 

TYPE F l' F 2' F 3' . . . 

where F. is one of the following 
1 

p 

A 

B 

x 

I 

o 

type out the value of the stored P register 

type out the value of the stored A register 

type out the value of the stored B register 

type out the value of the stored X register 

type 1 if the stored interrupt indicator is enabled, 0 if 
disabled 

type 1 if the stored overflow indicator is on, 0 if off 
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ALL type out the stored value of all the registers and indicators 

T type out the Package Table Area location 

lac type out the contents of the location specified by this nUIT1ber 

lac TO lac type out the contents of all locations which lie between the 
first and second locations 

ALT type out the locations at which there is either a snapshot or insert 

When IT1emory locations are specified, the op-code will be typed along with the 
octal contents. 

ExaIT1ple: 

TYPE 200, A, B, P, 300 TO 310 

The above line types out the stored values of the A, Band P registers, contents of 
location 200 and contents of location 300 through 310 inclusive. 

DISPLA Y IN BCD 

Selected portions of IT1eIT1ory IT1ay be typed out in BCD. A line of the following 
forIT1 cause s this action: 

TBCD lac TO lac, etc. 

The locations specified are typed out, not IT10re than 20 words per line. 
If several areas are specified, the typewriter is double spaced between them. 

ExaIT1ple: 

TBCD 105 TO 114, 306 TO 340 

If the above line were entered, locations 105 through 114 and 
locations 306 through 340 inclusive would be output on the typewriter 
in BCD. 

SEARCH DIRECTIVE 

The package IT1akes prOV1Slons for searching specified areas of core and typing 
out locations within those areas whose contents lie in a particular value range. 
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Input of a line in one of the following forITls causes this action: 

IN loc TO loc, Fl, F2 

The area searched is specified as Iloc TO loci. 

Fl is one of the following: 

Fl = nUITl look for all locations in the specified area 
whos e contents are C = nUITl 

Fl = nUITl
1 

TO nUITl
2 

look for all locations in the spe cified 
area whose contents, C, satisfy 
nUITl < C < nUITl 

1 - - 2 

F 2' either a nUITleric or nothing, is entered. If no F 2 is 
given, it is as sUITled to be 77777777. F2 is us ed to ITlask 
the contents of the location as well as the value ranges 
before cOITlparisons are ITlade. As an exaITlple: 

IN 100 TO 200, 1000, 37777 

If the above line were input, locations 100 through 200 
inclusive would be searched for all locations whose address 
portion equalled 1000. 

OUT loc TO loc, Fl, F2 

See above for use of lac TO lac and F2. 

Fl is one of the following: 

Fl = nUITl look for all locations in the specified area 
whose contents, C, 1= nUITl. 

look for all locations in the specified 
area whose contents, C, satisfy 
C < nUITl

I 
or C > nUITl

2 
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OUT 200 TO 300, o TO 100000, 7700000 

If the above line were input, locations 200 through 300 
inclusive would be searched for all locations whose OP 
codes were neither HLT's nor BRU's. 

ON-LINE TRANSLATOR DIRECTIVE 

An on-line translator is provided in the package. In contradistinction to other 
operations in thepackage, COITlITlas, equal signs, blanks and tabs are not inter
changeable. Blanks are disregarded as before but COITlITlas are significant. 
Therefore, it is recoITlITlended that lines be punctuated exactly as described below. 

To initiate on-line translation, a line of the following type should be entered: 

ORG loc 

The location specified on the ORG line is the location at which the subsequent 
instruction is to be entered. As each line is entered the present value of the 
location counter is increITlented and typed out (if input is froITl the typewriter). 

If a line of the following type is entered: 

ORG 

Then the last value of the location counter is us ed. This is a convenience 
to expedite error recovery with the On-Line Translator. 

The following directives are recognized: 

l. RES nUITl 

2. ORG loc 

3. DAT F 1, F
2

, F3 

the nUITleric in the addre s s field is added to the 
location counter. 

the location counter is set to the specified 
address. 

where F. is either a nUITleric or a Hollerith 
string. IThe nUITlbers and Hollerith inforITlation 
are put into successively higher locations of 
ITleITlory and the location counter is increITlented 
accordingly. 
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4. END or END loc when an END directive is encountered, control 
is transferred back to the rnain body of the AID 
Package. If a location is specified, it replace s 
the stored value of the P register. 

5. See Appendix 1 for the list of op-codes and their octal equivalent. With 
the rnnernonics, relative and indirect addressing are done as in META
SYMBOL, e. g., $±-nurn rneans the present value of the location 
counter + the nurneric. ~:<nurn or ~:<$ rneans that this instruction 
is indirectly addressed. 

Example: 

ORG 1000 
1000 LDX 1100 1001 07101100 
1001 LDA 11 01 1001 07601101 
1002 BRU $+2 would generate 1002 00101004 
1003 ADD 1102 1003 05501102 
1004 STA 1200,2 1004 23501200 
1005 BRX $-2 1005 04101003 

ORG 1100 
1100 DAT -30,0,1 1100 77777750 

1101 00000000 
1102 00000001 

ORG 2000 
2000 DAT 'THIS IS A TEST', -4 2000 63343162 

2001 60316260 
2002 21606325 
2003 62636060 
2004 77777774 

2005 EOM 2641 2005 00202641 
2006 LDX 2005 2006 07102005 
2007 MIW 2005,2 2007 21202005 
2010 BRX $-1 2010 04102007 
2011 EOM 14000 2011 00214000 
2012 LDA ~:<l 00. 2012 07640144 
2013 STA *$+1 2013 03542013 
2014 HLT 1 2014 00000001 

END 2005 PREG = 2005 
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INSER T DIRECTIVE 

The package makes provision for patching a program by 'inserting' a sequence of 
code as described below. A line of the following type will cause this action: 

INSER T loc 

Example: 

location code 

1000 
1001 
1002 
1003 

LDA 
STA 
SKN 
BRU 

100 
101 
102 
$+2 

the s e line s ar e input: 

INSER T 1002 
BRU $+2 
DAT 1 
ADD $-1 
STA 101 
MIN 102 
END 

memory before patch 

the following is the resultant code in memory 

1000 
1001 
1002 
1003 

T 

T+1 
T+2 
T+3 
T+4 
T+5 
T+6 
T+7 

LDA 
STA 
BRU 
BRU 

BRU 

DAT 
ADD 
STA 
MIN 
SKN 
BRU 
BRU 

100 
1 01 
T 
$+2 

T+2 

1 
T+1 
101 
102 
102 
1003 
1004 

T = fir st available locations in Package 
Table Area (see page 8) 

ins e rted instructions 

original instruction 
linkage back to original program 
linkage back to original program 
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This exalllple illustrates several illlportant features of the insert action. 

1. The insertions are placed in the first and successively higher Package 
Table Areas locations. 

2. Relative addressing refers to the INSER T area. 

3. The inserted instructions are executed before the original instruction. 

4. An insertion lllay be lllade at any location including a transfer or skip. 
Note that two BR U r s are placed after the original instruction. 

5. The on-line translator is used. 

6. If an ORG directive is used. 

a. The user lllUst provide the linkage (BR U) to the ORGed region 
hilllself . 

b. The two BR Us back to the progralll will be generated irrllnediately 
after the last instruction entered. 

c. The locations after the second BR U will now be considered to be 
the first available locations for the next snapshot or insert. 
This is true even if ORG is the first instruction of the patch. 

7. If an error occurs during the translator input, the original instruction 
will not be disturbed and no entry will be lllade in the Alter Points 
Table. Therefore, there is no need to reset the insert. If it is 
desired to continue lllaking the insert, type I followed by a carriage 
return. This will save re-entering all instructions entered before the 
error. 

See the description of the RESET directive for further inforlllation, also the section 
on use of the On-Line Translator. 

SNAPSHOT DIRECTIVE 

Dynalllic snapshots can be lllade frolll any place in lllelllory. To initiate this action 
a line of the following type should be entered. 

SNAP loc, nUlll, loc TO loc, loc TO loc, etc. 
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The first numeric specifies the location at which the snapshot is to take place. 
The second numeric specifies the number of tirnes that the snapshot is to be done. 
The bounded areas are dumped on the typewriter. 

The snaps hot is made by replacing the original instruction with a BR U into the 
Package Table Area. The following sequence of events then takes place each time 
program control passes to the BRU: 

1. The present values of the registers are saved. 

2. The stored register values are typed out. 

3. The specified regions of core are dU1.llped on the typewriter. 

4. The saved values of the registers are copied back to the register. 

5. The original in struction is exe cuted. 

6. Control is transferred back to the user program. 

The above steps are repeated each time that program control is transferred to the 
snapshot location. Upon entry a life counter is decremented. When the snapshot 
has been taken a number of times that equals the specified life count, the original 
instruction is put back in line and no further snaps hots will be made at this 
location. Further, the Alter Points entry is erased. Program control is then 
transferred to the snapshot location which now contains the original instruction. 

Example: 

SNAP 300, 2, 360 TO 377 

The above line will cause the registers to be typed along with a du1.llp of locations 
360 through 377 the next two times that program control passes to location 300. 

Point of Inter e st 

Read the des cription of the INSER T and REMOVE directives for further information 
on the handling of table space. 

RESET DIRECTIVE 

To remove inserts or snapshots from core a line of the following type should be 
entered: 
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REMOVE F
l

, F 2' ... 

where F. is one of the following 
1 

S rerrove all snapshot entries 

I rerr ove all ins ertions 

Catalog No. 012013 C 

loc rerrove the snapshot or insert that was made at this location 

The corresponding Alter Point Entries are removed and made available for other 
uses and the original instruction is placed back in line. 

Caution: Because of the way that snapshots and inserts are performed and 
removed, it is not advisable to have more than one of them active 
at any particular location. 
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APPENDIX I 

OP CODES AND THEIR OCTAL EQUIVALENTS 

OP Code Octa.l 

HLT 0 
BRU 1 
EOM 2 
EOD 6 
MIY 10 
BPO 11 
MIN 12 
POT 13 
ETR 14 
MRG 16 
EOR 17 
NOP 20 
EXU 23 
YIM 30 
BPI 31 
WIM 32 
PIN 33 
STA -35 
STB 36 
STX 37 
S1<S 40 
BRX 41 
BRM 43 
ReB 46 
SKE 50 
BRR 51 
SKB 52 
SKN 53 
SUB 54 
ADD 55 
SUC 56 
ADC 57 
SKR 60 
MDE 60 
MIN 61 



Page 2 of 3 Catalog No. 012013 G 

APPENDIX I (Continued) 

OP Code Octal 

XMA 62 
ADM 63 
MUL 64 
MUS 64 
DIV 65 
DIS 65 
SKM 70 
LDX 71 
SKA 72 
SKG 73 
SKD 74 
LDB 75 
LDA 76 
EAX 77 
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Shift Mnernonic 

RSH 
RCY 
LRSH 
LSH 
LCY 
NOD 

Register Change Mnemonics 

CLA 
CLB 
CLR 
CAB 
CBA 
XAB 
BAC 
ABC 
CLX 
CXA 
CAX 
XXA 
CBX 
CXB 
XXB 
STE 
LDE 
XEE 
CNA 

APPENDIX I (Continued) 

,Octal 

06600000 
06620000 
06624000 
06700000 
06720000 
06710000 

04600001 
04600002 
04630003 
04600004 
04600010 
04600014 
04610012 
04620005 
24600000 
04600200 
04600400 
04600600 
04600020 
04600040 
04600060 
04600122 
04600140 
04600160 
04601000 

Alternate Forrns of the Directive 

E may be used instead of END ° may be used instead of ORG 

Catalog No. 012013 C 
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<NULL> 
<ALPHA> 
<NUMBER> 
<DECMAL> 
<PLUS> 
<MINUS> 
<HOLRTH> 
<DONE> 
<DLMIN> 
<DLMOUT> 
<ILEGAL> 

<SIGN> 
<NUMERIC> 
<DEC> 
<BCD> 

<SYM> 
<DLM> 
<NUM> 

<HaL> 
<TRM> 

<TERM> 
<STRING> 
<LINE> 

Catalog No. 012013 C 

APPENDIX II 

BACKUS NORMAL FORM DESCRIPTIONS OF LEGAL 
INPUT LINES 

-

-

-
-
-

-
-
-

• -r 

-

-
-
-

-

-

-

.-

-

.-

A/B/C/D/---------/X/Y /Z 
0/1/2/3/4/5/6/7/8/9 

+ 

$/)/~:~/6./ ( 
/ /=/, If. 
')/:/>/7/[/</ /l/;///M/$ 

<PLUS>/<MINUS> 
<NUMBER >/< NUMBER> <NUMERIC> 
<NUMERIC> <DECM.AL>· 
<DLM >/<SIGN >/<ILEGAL >/<NUMBER >/< DECMAL > 

/<ALPHA>/<BCD> <BCD> 

<ALPHA >/<ALPHA > <SYM> 
<DLMIN >/<DLMOUT > 
<NUMERIC >/<DEC >/<SIGN > < NUMERIC> 
/<SIGN> <DEC> 
<HOLRTH> <BCD> <HOLRTH> 
<DONE> 

< NULL >/< NUM >/<SYM >/ <HOL > 
<TERM>/<TERM> <DLM> <STRING> 
<STRING> <TRM> 
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APPENDIX III 

SUMMAR Y OF LINE FORMA TS 

c = I t~ 1 

ASSIGN BI = t ~~, ' BO = {~: J ' LO = I ~~ } 

GO {LOC} 

LOAD {RELOCATION BIAS} , {GO} 

I ~~~:O} DUMPI 
loc TO loc, ETC 

PUNCH {loc TO loc }, {TRANSFER ADDRESS} , ETC 

STORE 

T 
A 
B 
P 
X 
I 
o 

= n UITl} , flo c = n UITl} , {I 0 c TO lo c = n UITI }, ETC 

TYPE 

T 
A 
B 
X 
P 
I 
o 

ALL 
ALT 

floe J ' {loc TO loc J, ETC 
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APPENDIX III (Cantinued) 

Op Cade I ~:, I {~:cnurn J 

INSER T lac 

I 

SNAP lac, life, { lac TO lac I ' ETC 

REMOVE { lac 1 ,f s, I ' { I I 

{O~~ 1 lac TO lac, L nurn J 
urn Tan urn { rnask J 

BOOT 

TBCD lac TO lac, ETC 



----------.... -..•.. ~ ....... ".- ................... .,,, 
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APPENDIX IV 

USE OF PAPER TAPE BOOTSTRAP OUTPUT BY THE BOOT DIRECTIVE 

The bootstrap occupies locations 0, 2-53
8 

and is used to load programs in the 
standard absolute binary format. The bootstrap is loaded with the FILL pro
cedure. The breakpoints are interro gated during loading and cause the following 
action: 

BP2 

Breakpoint 2 set will cause the bootstrap to halt after it has loaded itself. 
This option is useful when the bootstrap and the object program are on 
physically diff~rent tapes. Clear the halt to continue loading. 

BPI 

Breakpoint 1 set will cause the bootstrap to halt each time that an end 
record is encountered. If the end record specifies a transfer address, 
the transfer will be taken when the halt is cleared. Ii no transfer address 
is on the end record, the bootstrap will attempt to load the next progranl 
when the halt is cleared. 

HALTS 

P = 00007 BP 2 Halt 

P = 00014 Buffer Error Halt 

P = 00043 Checksum Error 

P = 00050 BPI Halt 

The bootstrap will not load programs that contain POP definitions or 
external references and defini.tions. 
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IDENTIFICA TION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURA TION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE; 

TIMING: 

USE: 

SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRIPTION 
Catalog No. 03400(!3) 

Card Reader Te st Program 

S. Vorgitch, SDS 

May 26, 1964 

Any SDS 920 or SDS 910 with a typewriter, and SDS 
Model 9151 ca.rd reade r. 

To provide an acceptance test for the SDS 9151 card 
reader. 

None 

Octal locations 200-613 (268 words). 

Not applicable. 

The Card Reader Test Program consists of a self
loading paper tape and a special 64-card test deck. 
The card deck is sequentially numbered and must be 
in cor re ct orde r to run the te st. 

To perform the card reader te st, proceed as follows: 

1. Load the program by normal Fill procedure. Whe"n 
the program is loaded the computer will halt. 

2. Check the test deck for correct sequencing of cards. 

3. Select either the binary or Hollerith test by means 
of Breakpoint Switch 1. 

. BP 1 set: Hollerith read te st 

BP 1 re set: Binary read te st 

4. Load the test deck and turn on the EOF ON 
indicator. 

5. Clear the co:mputer halt to start the test. 

Normal Run 

If the te I?t de ck reads through succe s sfully one of the 
following me s sage s will be typed out, depending on the 
mode selected: "Binary te st co:mplete" or "Hollerith 
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USE: (cant.) 

-------,-------.----------------------------------
Catalog No. Q34001B 

te st complete ". The computer will then halt. A t this time 
the test deck may be reloaded and the program repeated 
by clearing the halt. 

Note: During the Hollerith read test, the VALIDITY 
CHECK light will be on continuously. 

Error Indication 

If an error occurs during the test, a message will be 
typed and the computer will halt. If an error halt occurs, 
the entire program must be re started. 

The following error messages are possible: 

1 • BIN c he ck err 0 r : 

The binary check character (52522525) read from 
columns 1 and 2 of the last card is not correct. The 
A register contains the pattern read from the card 
while the B register contains the value which should 
have been read. 

2. HOL check error: 

Either the Hollerith character (T) read fr.o:m column 
3 is not correct or a validity check has occurred 
while reading it. The A register contains the binary
coded value of the Hollerith character read from the 
card while the B register contains the vahle which 
should have been read. 

3. IDN check error: 

The identification number read from the last card 
doe s not sequentially follow that of the preceding 
card. The A register contains the 'sequence number 
read from the card while the B register contains the 
expe cted sequence numbe r. 

4. Error in column N: (8.:s. N > 71) 

The information read from the particular card, column 
is not correct. For the binary test, the A register 
contains the binary pattern read from the card, while the 
B register contains the pattern which should have been 
read. For the Hollerith test, the A register contains 
the Hollerith value 'read from the card, while the B 
register contains the binary pattern that should be in 
tha t card column. 
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USE: (cont.) 

METHOD: 

5. 

Catalog No. 034001 B 

Error in column M: (M = 80>:< or 81 >:<) 

On each odd numbered card (columns 4 and 5) columns 
72 through 80 are skipped using EOM 12006. Even 
nutnbered cards are read until an end of record inter
r~pt (12) is received. If the 12 occur'~ before column 80 
or an II is received after column 80, the appropriate 
error note is printed. 

6. Signal not present: 

At ce rtain place s, the program te sts for the pre sence 
of the following signals: 

Card Reader ready to feed (SKS 12006) 

Card Reader ready to read one column (SKS 14006) 

The program will loop before continuing until the partic
ular signal is received. Upon terminating the test, the 
Card Reader end-of-file signal (SKS 11006) is tested. 

Each card in the te st deck contains the following fields: 

1. Binary check character (columns 1 and 2). 

2. Holle rith che ck characte r ' (column 3). 

3. Identification nutnber (columns 4 and 5) .. 

4. Test data (colutnns 8 through 71). 

Colutnns 6, 7, and 72-80 are blank. 

The test data contains every possible colutnnwise cotnbi
nation of punches arranged in ascending binary order. 
Colutnn binary information is read from top to bottom, 
where the l2-row is the most significant bit and the 9-row 
is the least significant bit. 

Each field on the card is read and interpreted for correct
ne s s as follows: 

1. Columns 1 and 2 are read in the binary tnode and form 
a check character whose octal value is 52522525e 

2. ColuITln 3 is read in the Hollerith mode and is the letter 
"T". The octal value is 63. 
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METHOD: (cont.) 

Catalog No. 034001 B 

3. Columns 4 and 5 are read in Hollerith and converted to 
binary by the program to form the card identification 
number. This number is then checked for correct 
sequence. 

4. Binary te st: Columns 8 through 71 are read in the binary 
mode, one column at a time. Each column is checked 
against an internal binary counter. Between columns, 
the W buffer is disconnected and the program waits for 
Card Reader ready (SKS 12006) before reading the next 
column. 

Hollerith test: Columns 8 through 71 are read in the 
Hollerit~ mode, one column at a time. The octal value 
read from a particular column is used to select a binary 
pattern from a table. This value is compared with the 
internal binary counter pattern. The two patterns should 
match for non-valid Hollerith characters. The validity 
error signal should be set for non-valid Hollerith 
characters. 
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IDENTIFICA TION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURATION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

SUBROUTINES 
REQUIRED: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

LOADING 
PROCEDURE: 

iX[DLS PROGRAM LIBRARY· 
PROGRAM DESCRIPTION Catalog No. 851057-11AOO 

394005 

Memory Lock-out and Power Fail-safe Test 

S. J. Vorgitch, XeroxDataSystems 

December 2, 1965 

Any X,DS 930 with Memory lock-out (manual or pro gram 
controlled) / Power fail-safe 

To verify the operation of the memory:'.1ock-out/Power 
fail-safe options . 

None 

None 

369 locations from 0100
8 

to 0660
8 

N/A 

META-SYMBOL 

The program is supplied on self loading cards or paper 
tape. The Memory lock-out register must have been 
previously reset (start button or reset manual lock-out 
switches). After loading without error, the program will 
half with 01078 in the P register. At this time, the A 
register can be initialized with a starting random numbe r 
and the Breakpoint Switches may be set. Location one is· 
used for program recovery. 

@1969, 1970, Xerox Data Systems, Inc. 
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USE: (Cant) 

.: ... 

I METHOD~' 

I 

1. 0 

Catalog No. 

Breakpoint Switches have the following meaning: 

SWITCHES 

1 

2 

3 

4 

SET RESET . 
i 

Use random numbers Do not use random 
numbers to fill 
memory. Use A 
register input at 
loading halt (p=Ol 078 ) 

This Inachine has 
the Memory lock
out option. 

Perform Memory 
lock-out test. 

Memory lock-out 
is manuaL. 

to fill memory 

This machine does 
not have the Memory 
lock-out option. 

Perform Power fail
safe test. 

Memory lock-out is 
under program control. 

2.0 ERROR INDICATION 

For Memory lock-out (programmed and manual) the 
typewriter output is the only verification of proper operation. 

For Power-fail save descrepancies are indicated by a type-
out of the memory address that did not compare after power up. 
The program will then halt with P = 0572. The A-~~~gister 
contains the data expected and the B register contains the 
data read out of memory. Clear the halt to continue com
paring. 

After loading, memory size is computed. If required 
(B'.P. 4 set) a note is printed requesting the operator to 
CLEAR ALL MANUAL SWITCHES. Location 378 is then 
loaded with a BRM to a power off subroutine and the 
program will halt to accept a random number seed and 
allow Breakpoint setting. After the idle-run sequence 
memo".y is filled with random number from 010.008 to 
the end of memory. These numbers are then compared 
and B. P. 3 is tested. If reset., the sequence of filling and 
comparing is cycled until power off occurs. If B. P. 3 is 
set ~ a ITlask is generated with one bits corre sponding to 
the maximum number of memory lock-out areas according 
to the memory size. 

1 i 

'_. --' -----"---------.. -.. ~.-----.--.. ---.----.--.---------------_. -_._._j 

--1----
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USE: (Cont) 

Ca~alog No. 851057-11AQO 

If lock-ollt is manual (B. P. 4 set) . the actual locked-out 
areas will be typed as the program attempts to write 
(STA) into all of memory. The switches can be changed 
at any time. Locations 0-511 10 (manual memory lock-out 
switch 1) should never be locked out. 

In both the power fail- safe and the memory lock-out 
programs. B. P. 3 is interrogated. This permits going 
back and forth between the test programs. 
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METHOD: 

Catalog No. 074001 B 

Each functional routine is essentially independent of the 
others and attempts to accomplish its operation in as 
straight forward a manner as possible. The program 
attempts to prevent the tape from running off the :reels 
in either direction. By using the write end of file 
operation, sections of the tape can be set off for further 
test without having to work from the beginning of the 
reel on every pass. 

A t the start of eve ry routine J the status of the tape is 
te sted and if the operation obviously cannot be accom
plished the program does not attempt it. No reverse 
operation will be started if the tape is at the load point. 
No forward operation except write end of file will be 
started if the tape is on the end of reel marker. No 
write operation is attempted if the file protect is on. 

All reading, spacing and searching operations will be 
unconditionally terminated when an end of file is 
encountered. 
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IDENTIFICA TION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURA TION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRIPTION 
Catalog No. 074001 B 

42 KC Magnetic Tape Test Program, W' Buffer 

A. W. England, SDS 

May 4, 1964 

Any SDS 900 series with a typewriter and one or more 
magnetic tape units of any type except 9145 attached 
to the W buffer. The buffer must be int~.rlaced. 

To provide a simple and. easy means for initial checkout 
and testing of 42 KC magnetic tape units. 

None. 

The program occupies 587 words from 4008 to 15128. It 
uses the HELP Word Output Subroutine located at 2008. 
The area from the end of the program to the end of 
memory may be used as input and interlaced output 
record image. 

The program is sufficiently fast to keep the tape operating 
at full speed for all operations. 

USE: 1.0 LOADING 

To load the program, insert the paper tape in the paper 
tape reader and follow the normal FILL procedure. 
When it is loaded, the light on the typewriter will indicate 
that the program is now under operator control. 

1.1 REGAINING OPERATOR CONTROL 

If at anytime the operator should lose control of the 
program he may return it to the keyboard mode by 
moving the RUN-IDLE-STEP switch to IDLE, pressing 
START, moving the switch to STEP and then to RUN. 
If for some reason location 0001 is destroyed he may 
execute a BRU to location 400 to return control to the 
keyboard. 

2.0 CONTROL FUNCTIONS 

The following list contains a call letter for the various 
control functions the program will perform. These may 
be typed anytime the light on the typewriter,is lit. 
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USE: (cont. ) 2. 1 

Catalog No. 074001 B 

PARAMETER CONTROL 

These functions cause the program to set up the various 
paramete r s for the te sts which will follow. 

2. 1. 1 P, Set Pattern 

The previously typed 8 octal digits are set up as the 
pattern for writing operations. 

2. 1. 2 L, Set Record Length 

The previously typed octal number will be established as 
the record length for all subsequent te st operations. For 
write operations it determines the number of words to be 
written. For read it determine s the maximum number of 
words which will be stored in memory. The maximum 
length record is 77778 (4095). If a larger number is 
entered it will be reduced to this maximum. 

2. 1. 3 U, Set Unit Number 

The previously typed octal digit is used to identify the 
logical tape unit number which is to be te sted. The 
program adjusts all tape unit addre ssing instructions 
accordingly. 

2. 1. 4 C, Set Record Count 

The record counter is incremented by one every time 
the program passes a record in the forward direction, 
and decremented by one for the reverse direction. 
After a rewind it is cleared to zero. This control 
function with the letter C is provided so that the user 
can reset this counter whenever he wishes to start a 
serie s of operations for which a count is needed. The 
previously typed 8 octal digits will be saved as the new 
re cord count. 

2. 1. 5 Z, Set Parity 

If the preceding digit is even the program converts all 
read and write EOM' s to the BCD even parity mode. If 
the digit is odd it converts all read and write EOM' s 
to the binary odd parity mode. 

2. 2 TAPE OPERA TION CONTROL 

2. 2. 1 Breakpoint Functions 

Breakpoints 1, 2 and 4 apply generally to all tape 
ope rations. Breakpoint 3 is used when writing. 
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USE: (cont. ) 

2. 2. 2 

2. 2. 3 

2.2.4 

BP 1 RESET: 

SET: 

BP 2 RESET: 

SET: 

BP 3 RESET: 

SET: 

BP 4 RESET: 

SET: 

W, Write 

Catalog No. 074001 B 

Continuous operation. The operation will 
continue as long as this Breakpoint is 
RESET or until the end of tape is reached. 

Stop continuous operation. If initially 
SET do only one operation. 

Perform all operations without stopping 
between records. 

Stop after each record. 

Write normally. 

Write a continuous record as long as 
this Breakpoint is set. 

Stop if a read or write error occurs. 

Do not stop on a read or write error. 

The previously set p~ttern will be written as a record of 
length indicated by the L function. Records will be 
continuously written as long as Breakpoint 1 is RESET. 
If Breakpoint 3 is SET one long continuous record will be 
written. If Breakpoint 4 is RESET and a write error 
occurs, the program will halt and print WRITE ERROR. 
If Breakpoint 4 is SET the error will not cause a stop. 
If the tape is situated on the end of tape marker the 
write routine will write a Tape Mark to signify end of 
file, then type END OF REEL, and return to keyboard. 

I, Write with Identification 

This function is the same as Write except that the 
record count number is written as the fir st word 0{othe 
record. This provide s a unique identification word for 
each record. The record count word is inserted as the 
first word of the image so no additional words are added 
to the record. 

R, Read 

The next record on the selected tape unit will be read 
into memory. If the re cord is longe r than the pre se t 
record length, the program will skip the extra words. 
If the skip remainder of record operation is not 
functioning and additional II interrupts occur, the 
program will count the se and print the count at the end 
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2.2.5 

2. 2. 6 

2. 2. 7 

2. 2. 8 

2. 2. 9 
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of the record. A s long as Breakpoint 1 is RESET the 
program will read records sequentially until an end of 
file or the end of tape is encountered. If Breakpoint 2 is 
SET, the program will stop the tape after each record; 
otherwise the tape will run without stopping. 

If a read error occurs and Breakpoint 4 is RESET, the 
program will stop and type READ ERROR. If BP 4 is 
SET, the program continues. 

B, Backspace 

If the input number prev:ious to the B is cleared to zero 
by a carriage return then the selected tape is backspaced 
one record at a time as long as Breakpoint 1 is RESE:T 
or until the load point or an end of file is encountered. If 
the input number previous to the-B is non zero then it is 
decremented by one after each backspaced record and the 
backspacing ope ration is terminated when it reached zero. 
The counted backspace may also be stopped on Breakpoint 
1, the load point, or an end of file. If Breakpoint 2 is 
re set, the spacing will proceed without stopping between 
records. If Breakpoint 2 is set, the tape will be stopped 
after each record spaced and then re started to continue 
over the next one. 

S, Space Forward 

Space forward is the same as backspace except that it 
will also stop when the end of tape is reached. 

X, Search-Forward 

The selected tape is searched forward using the read
scan mode until a record is found whose first word is 
equal to the previously typed octal number. When the 
record is found it is read into memory. If an end of file 
or the end of tape is encountered before the record is 
found the tape is stopped. 

Y; Search Reverse 

The selected tape is scanned backward until a record 
is found whose first word (last word scanned over in 
reverse) is equal to the previously typed octal number. 
If an end of file or the load point is encountered before 
the record is found, the tape is stopped. 

D, Rewind 

The selected tape is started in a rewind and the program 
returns to keyboard control. 
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2.2.10 E, Erase 

This function is similar to write except that instead of 
writing information, it eraSe s tape for a distance equal to 
the specified record length. 

2. 2. 11 F, W'rite End of File 

A tape mark is written on tape to indicate End of File. 
The record counter is not incremented by the operation. 
The operation may be executed even though the tape is 
on the end of tape conductive leader. 

2. 3 OUTPUT CONTROL 

2. 3. 1 

2. 3. 2 

After the tape has been read or moved by some other 
operation, the results may be inspected using the follow
ing control characters. 

N, Tape Record Count Number 

The program will type the current contents of the 
record counter. 

T, Type Record Read 

If the number of words read was less than or equal to 
the pre set length, the program will type: RECORD 
LENGTH < OR ::: LLLL, where LLLL represents the 
record length. If the number of words read exceeds 
the present record length, the program will type: 
RECORD LENGTH> LLLL. 

After typing one of these mess,ages the program will 
begin to type the record irnag~ in octal numbering each 
eighth word in octal. This output will continue until 
either Breakpoint 1 is SET or until the entire record is 
typed. 

If Breakpoint l-is SET when the T key is struck only 
the record length will be typed. 

3. 0 STA ':PUS AND ERROR MESSAGES 

The following me s sage s will be typed by the program to 
inform the operator of the status of the tape operation: 
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USE: (cont.) 3. 1 WRITE ERROR 

This indicate s that the progralTI detected a write error 
and Breakpoint 4 was RESET. The tape is stopped and 
the progralTI returns to keyboard control after typing. 

3. 2 READ ERROR 

This indicates that the progralTI detected a read error 
and Breakpoint 4 was RESET. The tape is stopped 
and the progralTI returns to keyboard control after 
typing. 

3.3 SKIP REMAINDER OF RECORD ERRORS: nnnnnnnn 

This indicate s that the record read was longer than the 
pre set record length and that when the progralTI attelTIpted 
to ignore the relTIainder of the record, it still received 
I I interrupts. The nUlTIber of interrupts is indicated by 
the octal nUlTIber nnnnnnnn. Control returns to the 
keyboard after typing. This error stop lTIay not be 
disabled by Breakpoint 4. 

3.4 FILE PROTECT ON 

This is typed whenever the user asks for a write or 
erase operation on a tape which has the file protect 
ring relTIoved. After typing the progralTI returns to 
keyboard control. 

3.5 END OF REEL 

This indicate s that a forward operation has reached the 
end of tape. 

3. 6 LOAD POINT 

This indicates that a reverse operation has reached the 
beginning of tape. 

3.7 TAPE MARK 

This indicate s that a read, scan, or space operation 
has encountered an End of File record as indicated by 
the reading of a Tape Mark. 

4.0 FUNCTION SUMMARY 

In the calling sequence the slTIal! letter d is used to 
denote an octal digit. 
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Function De scription 

Clear digit accum.ulator 

Set te st pattern word 

Set record length 

Set logical tape unit num.ber 

Set record count num.ber 

Set to even parity (BCD) 

Set to odd parity (Binary) 

Write 

Write with record count ID 

Read 

Backspace 

Backspace by count 

Space forward 

Space forward by count 

Search forward and read 

Search reverse 

Rewind 

Erase 

Write end of file 

Type record count nurr.tber 

Type record read 

Catalog No. 074001 B 

Carriage Return 

ddddddddP 

ddddL 

dU 

ddddddddC 

OZ 

lZ 

W 

(octal count) 

(octal count) 

I 

R 

B 

B 

S 

S 

ddddddddX 

dddddddd Y 

D 

E 

F 

N 

T 
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PROGRAM DESCRIPTION 

Multi-Magnetic Tape System Exerciser 

A. W. England, SDS 
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All 920, 925, and 930 syst~m.s, or any 910 system.s with a 
typewrite r, which have one to sixteen tape units attached to 
the Wand/or Y buffers. T'-To interlace is required and the 
tapes m.ay be of any density and speed within the lim.itations 
of the buffer to which the"y are attached. 

This program. is designed to exercise from. one to sixteen 
tape units by first writing random. num.bers in random. 
length records on all tapes under test and then reading 
these records back and cOlnparing them. with the num.bers 
written. An attem.pt is m.a de to tabulate and output all 
useful inform.ation concerning the errors m.ade, if any, 
the m.ode of operation of each unit" and the num.ber of 
passes over the tape. 

The program. occupies the first 1155 'words of m.em.ory. 
The rem.aining m.em.ory m.ay be used for test record 
storage. 

The program. requires approxim.ately 20 m.inutes to write 
or read a full reel (2400 fe et) of tape. 

1.0 LOADING 

Place tape in reader and FILL. When loading is com.plete 
the light on the typewriter will light if no loading error 
occurred. 

2.0 KEYBOARD CONTROL 

When the keyboard light is on, the operator has control 
over the program.. By actuating various keys he m.ay 
set the test param.eters, inspect results or start the 
exerciser test running. 

2.1 REGAINING KEYBOARD CONTROL 

Control m.ay be returned to the keyboard m.ode at any 
tim.e by m.oving the RUN -IDLE -S TEP switch to IDLE, 
pressing the START button, and Inoving the switch 
first to STEP then to RUN. 

*Supersedes Program Descri ption Cata log No. 044004B @ 1969, Scientific Data Systems, Inc. 
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3.0 CONTROL FUNCTIONS 

The following list contains the call letters for the various 
functions which the program will perform. These may 
be typed anytime the typewriter light is lit. 

3.1 SELECT UNITS, "U" !) cp) 
The units to be exercised are selected by first typing the 
letter "U" followed by the several unit numbers separated 
by COmlTIaS and finally a carriage return. After the last 
unit number foilo:w~d by a comma is entered a carriage 
return must be given to -terminate the unit select opera
tion. Units on the W buffer are numbered 00- 07 and on the 
Y buffe r 1 0 - 1 7

8
, 

3.2 SET STARTING RANDOM NUMBER, "N" 

The initial random number is set by first typing the 
octal number desired (up to 8 digits) and then the letter 
N. The number being typed can be set to zero by typing 
a carriage return. 

3.3 SET MAXIMUM FILE LENGTH, "M" 

The maximum number of records in the test file is set 
by typing the desired number of records in octal followed 
by the letter M. If the entire 2400 foot reel is to be 
written a maximu~ count of 10000

8 
or greater should be 

sufficient. -

3.4 SET MAXIMUM RECORD LENGTH, "L" 

The maximum number of words in a record is set by 
typing the limit in octal followec~ by the letter L. If the 
specified maximum. is les s than or equal to 8 or greater 
than the rnaxim.um. m.emory available then the m.aximum 
length is set equal to the memory available. 

3.5 MODE SELECT 

The recording mode, either BCD or Binary is selected by 
typing the appropriate letter. 

3.5. 1 Select Binary Mode, IIBIl 

Typing the letter B will caus e the appropriate EOM 
instructions to be converted to the binary n"lode of opera
tion. 
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3.5.2 Select BCD Mode, "D" 

Typing the lette r D will caus e the EOM ins tructions to be 
set for BCD operation. 

3.6 SELECT OUTPUT MEDIA 

The output of the various n~es sages and counters during 
the operation of the program can be on either the on-line 
typewriter or on paper tape for off-line listing. This 
is controlled by typing the appropriate letter before starting. 

3.6. 1 Select Typewriter Output, "T" 

The typewriter is selected by typing the letter T. 

3.6.2 Select Punch Output, "P" 

The punch is selected by typing the letter P. 

3.7 INITIATE TAPE OPER.ATION 

After the appropriate parameters have been set the tape 
exercise operation may be initiated. There are three 
ways in which this may be done. If nothing has been 
recorded then the exercise must be begun with a START 
WRITE. However, once a file of information is written 
on tape and the program is stopped the other two starts 
can be us ed. 

3.7.1 Start Write, "S" 

To begin the exercis e operation, type the letter S. The 
program will rewind all units and start to write a ran
dom number test file on the selected units. 

3.7.2 Continue Operation, "C" 

Once the exercise operation has been stopped with 
Breakpoint 1 (see section 4. 1) it can be resumed from 
the point at which it was stopped by typing the letter C. 

3. 7. 3 Restart Read, "R" 

If during a read pas s the program is stopped and the 
operator would like to reread the file from the begin
ning he can type the letter R to restart the read pass. 

3.8 OUTPUT OPERATIONAL STA.TUS, "0" 

The operator can inspect the status of the operation at 
anytime by stopping the program with Breakpoint 1 
(see section 4. 1) and typing the letter O. The program 
will then type out the status of the exercis e operation 
as follows: 
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3. 8. 1 Type of Pas s 

It types READ or WRITE depending on the type of pas s in 
progress. 

3.8.2 Mode of Operation 

It then types the mode of operation, either BINARY or BCD. 

3.8.3 Unit 

The UNIT NO. of the tape unit currently being addressed 
is typed. 

3. '8.4 Program Counters 

After this information the program will type a table of 
17 counters each identified by a three or four character 
symbol. These symbols and their definitions follow: 

MRC 

MRL 

WRC 

RRC 

WPC 

RPC 

WEC 

MaximuITl Record Count. This is the octal nUluber 
entered with the M key at the start of the exercise 
operation. 

Maximum record length currently being used. 

Write Record Count. If in a write pass this 
indicates the nurnber of records written. In 
a read pass it indicates the total number written 
in the previous ~Nrite pas s. 

Read Record Count. This indicates the number 
of records read during a read pass. 

Write Pass Count. The number of write passes 
completed. 

Read Pass Count. The number of read passes 
completed. 

Write Error Count. The number of write errors 
that have occurred. 

RWEC Rewrite Error Count. This number of rewrite 
errors. 

PREC 

CPEe 

Permanent Read Error Count. The records that 
were read bad 10 times. 

Character Parity Error Count. The number of 
character parity errors that have occurred since 
the start of the exercise. 
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WCEC 

CHI 
CH2 
CI-I3 
CH4 
CH5 
CfI6 
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Longitudinal Parity Error Count. The number of 
longitudinal parity errors that have occurred. 
For each read try only one character or longitu
dinal parity can be counted and character parity 
has priority', 

Word Count Error Counts. The number of word 
count errors that have occurred. A word count 
error occurs if the record read is longer or 
shorter than the record expected. 

Errors in Channels 1-6. Channell is the most 
significant bit, channel 6 the least. These 
counters are also output whenever a read error 
occurs if Breakpoint 2 is RESET. After a read 
error output they are cleared. 

4.0 BREAKPOINT SWITCHES 

The four Breakpoint switches are used to change the 
status of the program while it is running. These functions 
are as follows: 

4. 1 BREAKPOINT 1 

RESET: Norlnal 

SET: S~op operation. After almost every tape opera
tion there is a STOP point. If Breakpoint 1 is 
set the program will mark its place and return 
to the keyboard control mode. Operation can 
be continued by typing the letter C. 

4.2 BREAKPOINT 2 

RESET: Output counters and messages whenever the 
normal output situation occurs. 

SET: Skip the output of messages and counters. This 
will inhibit a1l output except the OUT OF SYNC 
message and the FILE PROTECT ON message. 

4. 3 BREAI{POINT 3 

RESET: At the end of a read pass go on to another write 
with new random numbers. 

SET: At the end of a read pass go back and reread the 
same file again. 

4. 4 BREAKPOINT 4 

RESET: Run without halts. 

SET: Halt on a write error or at the end of a read pas s. 
Clearing these halts will allow the program to 
continue. 
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5. 0 MESSAGES 

The program will type or punch status messages at various 
times in the operation of the exercise. These are 
de scribed below: 

• 
5. 1 END OF PASS 

At the end of a write or read pass the output will be 
either WRITE or READ, PASS DONE. This is followed 
by a carriage return and the following two line s: 

WRITES READS WHITE ERR REWRITES BAD READS 
aaaaaaaa bbbbbbbb ecce ecce dddddddd eeeeeeee 

where the a's represent the number of write passes in 
octal, the b's the number of read passes, the CIS the 
number of write errors which have occurred, the d's 
the number rewrite error s, and the CiS the nUInber of 
records whichwer.e read erroneously 10 tiInes. 

5. 2 REWRITE ERROR 

If a write error is detected the prograIn erases .backward 
over the record and atteInpts to rewrite it. If this 
second attempt is also in error the program outputs the 
followingcoun te I' title s: 

WRITE PASS RECORD NO. WRITE ERRS REWRITE ERRS 

This is followed on the same line by the mode of operation 
(Binary or BCD) and the unit number. On the 
next line below the appropriate title it outputs the write 
pass count, the write record number count, the write 
error count and the rewrite error count. All counts are 
in octal. 

5. 3 READ ERROR 

If a read error occurs,the program rereads the record 
nine Inore times and then outputs the read pass, record 
number, mode, and unit number. This is followed 
by a carriage return, the message, READ ERROR 
another carriage return and then nine, eight-octal-digit 
counter s which repre sent the following quantitie s (froIn 
left to right):character parity error count, longitudinal 
parity error count, word count error count, errors in 
channel l, channel 2, etc., to channel 6. On the next 
line the prograIn outputs a good or bad rue s sage for each 
of the 10 reads. This consists of the letter G if the read 
was correct or B if the read was incorrect. 
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For exarnple: 

BGGGBGGGGG 

Indicate s that the fir st and fifth reads were bad and all 
other s were good. 

5.4 READ PASS OUT OF SYNC 

The first word of every record is the nurnber of records 
preceding it on the tape. When each record is read,the 
program cornpare s thi s fir st word with the read re cord 
count. If they disagree the prograrn backspace sand 
rereads the record a second tirne, if they still disagree 
then the difference between them is computed and the 
program spaces over as rnany records as necessary to 
position itself in front of the correct record. If the first 
word of this record does not agree with the read record 
count after two attempts the prograrn ends the read pass 
and outputs the following. As in a read error it outputs 
the read pass count, read record number, mode, density 
and unit number. This is followed by this message: 

READ PASS ABORT, OUT OF' SYNC. 
aaaaaaaa bbbbbbbb 

w he r e the a I s rep res en t the fi r s t wo r d 0 f the fi r s t 
record read that did not agree with the read record 
count, and the bls represent the first word of the record 

read after spacing to what should have been the correct 
record. The program then goes to the end of read pass 
section where the end of pass output will be produced and 
from there on to another write or reread pass. 

If a tape mark or the load point was encountered when 
spacing, the program te rrninate s the read pa s sand 
outputs TAPE MARK before the other outputs. If it was 
the load point which was encountered it also outputs 
LOAD POINT. In either case the two words· a and b will 
be the same since only one record was read. 

5. 5 FILE PROTECT ON 

1.0 

Before the prograrn attempts to write on a tape it te sts 
the file protect for that unit. If the file protect should 
be on, the program outputs: FILE PROTECT ON (Mode) 
UNIT NO. n. and returns to the keyboard mode. 

WRITING 

At the start of the write pass all units are rewound. The 
prograrn then sets the tape control table for the lowe st 
nUlnbered unit and waits for it to be ready. As soon as 
this unit is ready a check is rnade to see if the tape is at 
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METHOD: (cont.) the loadpoint. If it is not,another rewind is given and the 
program waits until it is ready and at the load point. A 
three inch section of tape' is erased before the first random 
number record is written. After writing this record on 
the first unit the control table is set to the next higher 
numbered unit and the record is written again. This 
continue's until a record has been written on all units 
under test. The program then generates a new record of 
random numbers and starts writing this on all units. 

1. 1 WRITE ERROR 

If a write error occur s the prograITl erases backward 
to the front of this record and attempts to rewrite it. If 
this second attempt is also in error then the program 
outputs the rewrite error rrlessage. It then erases 
backward over the record again, erases it forward and 
atteITlpts to write the record again on a new section of 
tape. An error here is considered a new write error 
and the process continues until a correct write is made. 

1. 2 END OF PASS 

The write pass is concluded if one of two conditions 
occurs: Either the write record count reaches the maxiITluITl 
record count or an end of reel is encountered on any tape 
under te st. When one of the se occur s the prograITl write s 
an end of file on all units and rewinds theITl. It then 
au tpu ts the end of pa s s ITle s sage and proce e ds to the read 
pass. 

2.0 READING 

A read pass is .similar to a write except that the prograITl 
reads each record into ITlem6ry and compares it with 
the random nUITlbers which it regenerates for each read. 
The first record ITlust be read starting from the load 
point. This insures that the tape. is always positioned 
prope rly for the start of the pas s. 

2. 1 READ ERRORS 

When a read error occurs the prograITl will always reread 
the record nine ITlore tiITle s for a total of ten atteITlpts 
regardle ss of whether or not a subsequent read was 
correct. It then outputs the results of these reads. 
·Several conditions can cause a read error. 

The program counts a character parity error as any 
buffer error which occurs before the gap is reached. 
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2. 1. 2 Longitudinal Parity Error 

If no character parity errors have occurred before the gap 
is reached and the buffer error is on after the tape stops, 
the prograIll counts a longitudinal parity error. 

2. 1. 3 Word Count Error 

A word count error is defined as a record which was not of 
the length expected. The prograIll tests for this in three 
ways. If Illore words than expected were read the read 
routine falls out of the loop too soon. The prograIll als 0 

checks to see if the read loqp s houlddetect the end of 
record before expected. The third test is bas ed on the 
fact that the prograIll always writes records that consist of 
a Illultiple of four characters. The refore, if the buffer 
contains anything othe l' than ze ro at the end of the read 
an error has occurred. 

2.2 READ SYNCHRONIZATION 

When each record is read the first word is compared 
against the program. record count. If they disagree it 
m.eans that the program. and tape are no longer synchronized. 
To guard against a read error causing the disagreem.ent, 
the program backspaces and reads the record again. If 
they stil1 disagree then the program com.putes the num.ber 
of records to be spaced over in order to reach the desired 
record and m.oves to that point. It reads the new record 
and again checks the first word. If this word disagrees 
with the record count and a second read attem.pt does not 
correct the disagreement then the program. aborts the read 
pass and outputs the appropriate m.essage. If a tape mark 
or the load point is encountered while spacing to the correct 
position the pass is aborted without further read attem.pts. 

2. 3 END OF FILE 

If the program. should detect the buffer ready after the first 
word is read then a check for end of file is Inade. If the 
ready condition was caus ed by the reading of a tape m.ark 
then the read pas s is com.plete and appropriate Illes sages 
are output. If there is no tape m.ark character then the 
program. assumes that the tape mark was read erroneously 
and term.inates the read pass anyway and outputs an END 
OF FILE READ ERROR message. 



Page 10 of 10 

METHOD: (Cant) 

Catalog No. 850676-11 

3.0 BCD MODE 

In the BCD mode randon1 numbers are generated and 
written the same as in binary. However, on the read pas s 
all non compares between the generated number and the 
number from tape are checked to see if they are caus ed 
by the 12 to 00 conversion. This occurs because both 
the character 00 and the character 12 will be written 
on tape as a 12 but this character will always be read 
into memory as a 00. 



= 

SCIENTIFIC DATA SYSTEMS 

Page I of 11 

IDENTIFICA TION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURA TION: 

PURPOSE: 

PROGRAMMED
OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE:: 

LOADING 
PROCEDURE: 

SOS PROGRAM LIBRARY 
PROGRAM DESCRIPTION 

Catalog No. 544001 B 

Extended Mode Multi-:Magnetic Tape Exerciser 

S. J. Vorgitch, SDS 

May 20, 1965 

Any SDS 925/930 systeITl with I to 64 tape units attached to 
interlaced channels A through H. The typewriter on channel 

--A(W) is used for control. 

The prograITl is designed to exercise 1 to 64 ~agnetic tapes 
on channels A throughH. The exercise operates under 
interrupt control in the extended ITlode using all four function 

; codes and all SKS' sand EOM' s associated with the cahnnel 
-and ITlagnetic tape. 

None 

The prograITl occupies 1976 locations froITl 1008 through 3770. 
The reITlainder of ITleITlory may be used for test record storage. 

The prograITl requires approxiITlately 10 to 15 ITlinutes to write 
or read a full reel (2400 feet) or tape. 

META-SYMBOL 

I, I 

Self ... loading 

USE: 1.0 LOADING 

The prograITl is loaded using the standard -fill procedure. The 
typewriter will be addressed if no loading error occurred. 

2. 0 KEYBOARD CONTROL 

When the keyboard light is on, the operator has control over 
the prograITl. By actuating various keys he ITlay set the test 
pararr.t.eters, inspect results or start the exerciser test running. 

@1965 Scientific Data Systems, Inc. 
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REGAINING KEYBOARD CONTROL 

Control may be returned to the keyboard mode at any 
tin1.e by moving the RUN-IDLE-STEP switch to IDLE, 
pressing the START button, and moving the switch first 
to STEP, then to RUN. 

3.0 CONTROL FUNCTIONS 

3. 1 

The following list contains the call letters for the various 
functions which the program will perform. These may 
be typed anytilue the typewriter light is lit. 

Select Units, "U" 
:I I!) i eV r.?;( .sl.~'/"E- w,,if\T '1"tSr 

The units to be exercised are selected by first typing the 
letter "U" followed by up to sixty-four unit nUITlbers 
separated by cOITlITla's. After the last unit nUITlber is 
input wi th a COITlITla, a carriage return will terITlinate unit 
selection. Units are nUITlbered 0- i for channel A', 10-1 7 
for channel B, .... 70-77.for channel H. 

3.2 Set Starting Random Number, "N" 

The initial random number is set by typing the letter "N" 
followed by an octal numbe r and entered with a carriage 
return. 

3. 3 Set Maximum File Length, "M" 

The maxiIYlum file length iss et by typing the lette r "M" 
followed by an octal numbe r and entered with a carriage 
return. Due to the writing technique used, the minimum 
file Ie ngth is th re e re co rds and the input maximurn may 
be exceeded by three re cords. 

3.4 Set MaxiIYluIYl Record Length, "L" 

The maximum number of words in a record is set by 
typing the letter ilL" followed by an octal number and 
entered with a carriage return. The minimum record 
length allowed by the program is four words. The 
maximum reco rd length is dete rminedwithin the pro gram 
by the memory available. 
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Select Mode,"B" or "Dll 

The recording mode can be set by typing a "B" for binary 
or a "Dl' for BCD. 

3.6 Initiate Tape Operation 

After the appropriate parameters have been set the tape 
exercise operation may be initiated. There are four 
ways in which this may be done. If nothing has been 
recorded then the exercise must begin with a START 
WRITE 0 r if the tape unit (s) is in the te st mode and not 
at load point the WRITE: TEST may be used. However, 
once a file of information is written on tape and the 
program is stopped the other two starts can be used. 

3.6. 1 Start Write, l1S11 

To begin the exercise operation, type the letter 
lIS". The program will rewind all units and start 
to write a random-number test file on the selected 
units. 

3.6.2 Continue Operation, "C" 

Once the exercise operation has been stopped with 
Breakpoint 1 (see section 4.1) it can be resumed 
from the point at which it was stopped by typing 
the letter lIC 1' • 

3.6.3 Restart Read, "R" 

If during a read pass the program is stopped and 
the operator would like to reread the file from the 
be ginning he ca~ type the lette r R to re s tart the 
read pass. 

3.6.4 Write Test "K" 

To perform in this mode the tape unit specified 
must be in the test mode and not at load point. 
The program will write random length, random 
number records until stopped with Breakpoint-1. 
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3.7 Add or Remove a Unit From Test, "P" 

, If during a read or write pass the program is stopped with 
Breakpoint 1. a unit can be removed from the exercise by 
typing the letter "P" followed by a minus (-) and the unit 
number terminated with a, carriage return. A unit can 
only be added to exercise prior to a write pass. This is 
accomplished by stopping the program after the read pass 
(B. P. 4) then setting B. P. 1 and clearing the halt. After 
the rewind the typewriter will be addressed. Type the 
letter P followed by a plus (+ or &) and the unit number 
and terminated with a carriage return. 

3.8 Output Operational Sta:t.us, "0" 

The operator can .inspect the status of the operation at 
anytime by stopping the program with Breakpoint 1 (see 
section 4.1) and typing the letter O. T?e program will 
then type out the status of the exercise operation indicated 
by section 3.8.1 - 3.8.4. Set Breakpoint 1 to terminate 
output and return control to the typewrite r. 

3.8.1 Type of Pass 

It types READ or WRITE depending on the type of 
pass in progress. 

3. 8. Z Mode and Density 

It then types the mode of operation, either 
BINAR Y or BCD and the tape density. 

3.8. 3 Unit 

The UNIT NO. ~f the tape unit currently being 
addressed is typed. 

3.8.4 PrograITl Counters 

Afte r this information the program will type a 
table of 18 counters each identified by a three or 
four character symbol. These symbols and their 
definitions follow: 
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CRN 

MRL 

WPC 

RPC 

WEC 

RWEC 

PREC 

CPEC 

LPEC 

WCEC 

Maximum Record Count. This is the 
octal number entered with the M key at 
the start of the exercise ope ration. 

Current Record Number. Indicates 
record numbe r just completed. 

Maximum record length currently being 
used. 

Write Pass Count. The number of write 
passes completed. 

Read Pass Count. The number of read 
passes completed. 

Write Error Count. The number of 
write errors that have occurred. 

Rewrite Error Count. This number of 
rewrite errors. 

Permanent Read Error Count. The 
re co rds that we re read bad lO time s. 

Character Parity Error Count. The 
number of characte r parity errors that 
have occurred since the start of the 
exercise. 

Longitudinal Parity Error Count. The 
number of longitudinal parity errors that 
have occurred. For each read try only 
bne character or longitudinal parity can 
be counted and character parity has 
priority. 

Write Count Error Count. The number 
of word count errors that have occurred. 
This is accomplished by "PINning" the 
channel and comparing with the expected 
record length. 
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Read Count Error Count. The nUlTIber 
of word count errors that have occurred. 
This is accolTIplished by "PINning" the 
channel and .colTIparing with the expected 
record length. 

Errors in Channels 1-6. Channel 1 is the 
lTIost significant bit, channel 6 the least. 
These counters are also output whenever 
a read error occurs if Breakpoint 2 is 
RESET. After a read error output they 
are cleared. 

3.9 Write Error Message Option 

3.9.1 Type I'X" to inhibit the write error lTIessage 
(5.2.1). 

3.9.2 Type "y" to restore the write error lTIessage. 

4.0 BREAKPOINT SWITCHES -

The breakpoints are used to change the status of the 
progralTI while it is running. These functions are as 
follows: 

4. 1 Breakpoint 1 

Reset: 
Set: 

NorlTIal 
Stop operation. After allTIost every tape opeJ;ation 
there is a STOP point. If Breakpoint 1 is set the 
progralTI will lTIark its place and return to the 
keyboard control lTIode. Operation can be continued 
by typing the letter C. 

4.2 Breakpoint 2 

Reset: 

Set: 

Output counters and lTIessages whenever the 
norlTIal output situation occurs .. 
Skip the output of lTIessages and counters. This 
will inhibit· all output except lTIessages described 
in section 5.4 - 5.9. 
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4.3 Breakpoint 3 

Reset: At the end of a read pass go on to another write 
with new randoITl nUITlbers. 

Set: At the end of a read pass go back and reread the 
saITle file again. 

4.4 Breakpoint 4 

Reset: 
Set: 

Run without halts. 
Halt on a write error or at the end of a read or 
write pass. Clearing these halts will allow the 
prograITl to continue. 

5.0 MESSAGES 

TheprograITl will type status ITlessages at various times 
in the operation of the exercise. These are described 
below: 

5.1 End of Pass 

At the end of a write or read pass the output will be either 
WRITE or l:tEAD,PASS DONE. This is followed by a 
carriage return and the following two lines: 

READS 
bbbbbbbb 

WRIT~ ERR 
cccccccc 

REWRITES 
dddddddd 

BA.D READS 
eeeeeeee 

READ ERRS 
ffffffff 

where the als represent the nUITlber of write passes it?
octal, the bls the number of read passes, the CIS the 
number of write errors which have .occurred, the dIs the 
number rewrite errors, the e I s the nUITlber of records 
which were read erroneously 10 times; and the fl s the 
number of erroneous reads. 

5.2 Writing Errors 

5.2.1 Write Error 

If a write e:t"ror occurs and the message is not 
inhibited (3.9), the .following line will be output 

WRITE ERROR ITlode density uuuuuuuu 

where the uls represent the unit nUITlber. 
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5.2.2 Rewrite Error 

If a write error is detected the prograITl erases 
backward over the record and atteITlpts to rewrite 
it. If this second atteITlpt is also in error the 
prograITl outputs the write pass count, the write 
record nUITlber count, the write error count, the 
rewrite error count, and the nUITlber of parity 
errors. All counts are in octal. 

5.3 Read Error 

If a read error occurs, the record is re - read nine ITlore 
tiITles. During the reread, a "B" or "G" will be typed to 
indicate that the re -read was either Bad or Good. After 
nine re-reads a read error ITlessage is typed indicating 
on the first line the read pass nUITlber, the record. nUITlber, 
the ITlode, density, and unit followed by a carriage return. 
Nine octal nUITlbers are then typed which represent the 
nUITlber of character parity errors, the nUITlber of longitudinal 
parity errors, the nUITlber. of read count errors and the 
nUITlber of tape channel errors. (CHI-CH6) 

5.4 Unit N Aborted Record ~ync Error 

The first word of every record is a record nUITlber 
identification. This nUITlber is cOITlpared with the record 
nUITlber expected. If they disagree the tape is backspaced 
one record and re-read. If the record nUITlber is still in 
error, the tape is backspaced a ITlaxiITluITl of 8 record,s 
looking for the last record read correctly. If successful 
the tape is spaced forward one record and the process is 
repeated. If the previous good record was not found or 
the recovery procedure failed a second tiITle, that unit is 
declared out of synchronization and reITloved from the 
exercise. 

5.5 Unit N Aborted Density Test Failure 

If, while atteITlpting to erase forward off the load point 
prior to the write pass, the prograITl cannot ascertain the 
densi ty of a uni t the unit is reITloved froITl the te st. 
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5.6 .Unit NAborted Non-Ready Condition 

,If during the course of program. operation a unit does not 
com.e ready after approxim.ately 5 m.inutes it is rem.oved 
from. the exercise. 

5.7 Unit N Aborted Write Count Error 

If, after a write operation, the results of PINning the 
channel do notcom.p3:re with the expected address after 
two attempts, the unit is rem.oved from. the test. 

5.8 Unit N Aborted Excessive Errors 

Each unit under test is initialized to permi~"the typing of 
200 error m.essag~s. If any unit exceed's this lim.it it is 
rem.oved from. the test. Type an "S" to reset the error 
counter and re-start the test. 

5.9 All Units Rem.oved Froln Test 

If during program operation, the unit count i~ found to be 
zero due to progratn aborts or consolerem.oval (section 
3.7) a m.essage is typed and control is returned to the 
console. 

1.0 WRITING 

At the beginning of the write pass all units under test are 
rewound and erased forward approxim.ately 3.5 inches. 
A random. length record of random. num.bers is generated 
within the program. and is used to write 3 records on the 
first tape in the unit list. The whole record is first 
written using the function codes IOSP and IOSD. The 
first half of the generat~d record is then written to tape 
with the IORP function code. The third record is the last 
haif of the generated record and is written with an lORD 
function code. This process is repeated for all units 
under test, after which, another tecord is generated and 
writing returns to the first tape'in the unit list. 

The IOSP arlUS both the zero word count and end of record 
interrupts, whereas the IOSD, IORP,- and lORD only arm. 
the end of record interrupt. 
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Write Error 

If a write error occurs the program erases backward to 
the front of this record and attempts to rewrite it. If this 
second attempt is also in error then the program outputs 
the rewri te error message. It then erases backward over 
the record again, eraseS it forward and attempts to write 
the record again on a new section of tape. An error here 
is considered a new write error and the process continues 
until a correct write is made. 

1 .2 Wri te Count Error 

After each write operation the channel is PINned and 
cOITlpared with the expected terlTIinating address. If they 
differ an error note is typed indicating the m.ode, density, 
unit, channel and two octal numbers which represent the 
number of words written (result of PINning the channel) 
and the number of words atteITlpted. After the note a space 
reverse is performed and a re-write is attempted. If 
unsuccessful the error note will again be printed followed 
by an abort message (see 5.7). 

1 . 3 End of Pas s 

The write pass is concluded if one of two conditions occurs: 
Either the write record count reaches the maximulTI record 
count or an end of reel is encountered on any tape under 
test. When one of these occur s the program writes an end 
of file on all units and outputs the end of pass message., 
It then rewinds all units and proceeds to the read pas s. 

2.0 READING 

A read pass is similar to a write except that the program 
reads each record into memory and cornpares it vv'ith the 
random numbers which it regenerates for each read. In 
addition, the proceed mode of reading is inhibited (IORF) 
such that the tape will stop and te st ready before proceeding 
to the next read operatiQn. The first record nl.ust be read 
starting frolTI the load point. This insures that the tape is 
always positioned properly for the start of the pass. 
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Read Errors 

When a read error occurs the prograITl will always reread 
the record nine ITlore tiITles. for a total of 10 atteITlpts 
regardless of whether or not a subsequent read was 
correct. It concurrently outputs the results of these 
reads. Several conditions can cause a read error. 

2.1.1 Character Parity Errors 

The prograITl counts a character parity error as 
any channel error which occurs before zero word 
count. 

2.1.2 Longitudinal Parity Error 

If no channel errors have occurred before the zero 
word count is reached and the channel error is on 
after the tape stops, the prograITl counts a 
longi tudinal parity e r ro r . 

2.1.3 Data COITlpare Error 

Any data word (except identifier) which does not 
cOITlpare with the word expected is considered 
caus e for nine re - reads. 

2.1.4 Read Count Error 

After each read operation the channel is PINn~d 
and the results cOITlpared with the expected 
terITlinating address. If they differ the record 
is re-read nine tiITles. 

3.0 BCD MODE 

In the BCD ITlode randoITl nUITlbers are generated and written 
the saITle as in binary. However, on the read pas s all non 
cOITlpares between the generated nUITlber and the nUITlber 
froITl tape are checked to see if they are caused by the 12 
to 00 conversion. This occurs because both the character 
00 and the character 12 will be written on tape as a 12 but 
this character will always be read into rneITlory as a OD. 
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Paper Tape Reproducer Program 

A. W. England, SDS 

15 August 1963 

Any 910 or 920 with punch, reader, and typewriter. 

To reproduce paper tape. 

N/A 

The program occupies 270 10 locations froITl 200 8 to 
616 8 , The next 512 words are creserved for rec'ord 
table storage. The reITlainder of ITleITlory is used to 
hold the records of the tape'to be reproduced. 

All operations proceed at the ITlaxiITluITl rate of either 
the punch (60 characters per second) or the reader 
(300 characters per second). 

TO LOAD PROGRAM 

A. Insert tape in reader. 

B. With COMPUTE switch in IDLE pre s s START 
button. 

C. Move COMPUTE switch to RUN. 

D. Set BP 1. 

E. Raise and lower FILL switch. 

TO REPR,ObUCE A TAPE 

A tape ITlay be reproduced by first reading it, then 
verifying it, punching one or several copies of it, 
and finally verifying the copies. Each of these func
tions of the progratn will be described below. Upon 
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com.pletion of each function, control will be returned 
to the operator via the typewriter, which is signified 
by the illum.inated typewriter light and the presence 
of 000001 in the I/O address lights. 

A function is initiated by typing one control letter; 
R, V, or P. The letter P m.ay be preceded by a 
num.ber to indicate the num.ber of copies to be m.ade. 

Below is the procedure for reproducing tapes: 

A. Read 

1. Place the tape to be reproduced in the reader. 

2. RESET BP 1. 

3. Type R. 

4. When the tape runs out of the reader, SET 
BP 1. 

B. Verify 

1. Place the tape to be verified in the reader. 

2. Reset BP 1. 

3. If the re i s only one copy to be ve rifie d or if 
there are several copies to be verified one at 
a tim.e, RESET BP 2. 

4. Type V. The tape will be read and verified. 
If an error is found, the reader will stop at 
the end of the copy and the prog rann will type 
VERIFY ERROR. 

5. If several copies are to be verified at once, 
SET BP 2 and type V. 

W'hen the tape runs out of reader or onto the 
the last length of trailer, SET BP 1. 

c. Punch 

After the tape has been read and verified, it m.ay 
be punched as follows: 
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1. If the tape is to have a short leader RESET 
BP 3. If it is to have a long leader (for 
mounting on a reel) SET BP 3. 

2. If the tape is to have a short trailer, RESET 
BP 4. If it is to have a long trailer, (for 
mounting on a reel), SET BP 4. 

3. If only one copy is to be made, RESET BP 2 
and type P. When the copy has been punched 
the light will corne on. 

4. If more than one copy is to be punched, SET 
BP 2 and type a carriage return, then the 
num be r of copie s to be made, and the Ie tte r P. 
The program will punch the desired number 
of copies and stop. If it appears that there 
is not sufficient paper tape to punch all the 
copie s, BP 2 may be RESET and the prograITl 
will stop after the copy it is then punching. 

D. Verify New Tape 

Follow procedure as outlined in B above. 

III. ERRORS 

A. Reading 

1. If a Read error occurs, the program will stop 
the tape a.nd type READ ERROR. 

2. If the tape to be reproduced exceeds the ca
pacity of memory, the program will stop the 
tape and type STORAGE' FULL. 

3. If the tape to be reproduced has more than 
51 2 blocks on it, the program will stop the 
tape and type TABLE FULL. 

B. Verifying 

If a copy fails verification, the progralTI will stop 
the tape after that copy and type VERIFY ERROR. 
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BREAKPOINTS 

BP NO. RESET SET 

1 Normal Stop 

2 One Many 

3 Short Leader Long Leader 

4 Short Trailer Long Trailer 

When a tape is read, the program records the gap 
length preceding the punched information and stores 
this in the record table. It also maintains the starting 
addresses of each record read. When Breakpoint 1 
is set, the read is stopped and an end indicator is in
serted in the table. 

Verify is similar to read except that no attempt is 
made to verify the length of gaps. Each word of the 
record read from tape is compared with the corre
sponding word in memory. Any disagreenlent is 
indicated. 

Punching utilizes the gap count generated during read 
to reproduce the proper length gaps between records. 
Each record is punched from memory with gaps as 
required. At the beginning and end of the tape the 
program punches either short (3 feet) or long (10 feet) 
leader depending on the settings of Breakpoints 3 
and 4. 
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LIST PAP~R TAPE REPR80UCER 
00200 0 71 00027 6t.GIN LDX SC5 
00201 0 76 00026 LOA SC.q 
00202 2 35 00000 STA 0.2 
00203 2 72 oonoo SKA 0.2 
0020.ij 0 o 1 00207 BRU *+3 
00205 2 77 3~OOO EAX NEG2K.2 
00206 0 01 o () 2'0 1 BRU *-6 
00207 0 37 00612 STX LIMIT 
00210 CI 76 0024"1 LOA R8 
OO? 1 I 0 35 00001 STA 1 
00212 0 02 2000.q ENTER DIR 
00213 0 02 00001 EaM RK~WI 
0021~ 0 32 00012 ~I I M T 
0021b 0 76 00012 LOA T 
00216 a 75 002515 LUB c.q 77 
00217 0 70 00252 SKM R 
00220 0 01 002.22 BRLJ *+2 NST R 
002?1 0 01 110266 B~U READ 
00222 0 70 00253 SKM P 
00223 0 01 00225 BRU *+2 NST P 
002?'4i 0 01 00373 BRU PUN(:H 
00225 0 70 002S"l SKM V 
00226 0 01 002;~O BRU *+2 NeT v 
O()227 0 01 OQ.q71 BRU VERIFY 
002:30 0 70 002.q7 SKM CR 
00231 0 01 00233 BRU *+2 NST CR 
00232 n 01 OQ2~6 BRU CLEAR 
00233 0 1 ~ 00256 01 l:il T I::TR C.q ACCUMULATE DIGITS 
0023~ 0 35 00012 STA T 
00235 0 .&:16 3000:3 FH':H 30003 
00236 a 76 00250 LOA peNT 
00237 0 67 OOUOI L~H 1 
002.qO (1 S6 002S0 ADD peNT 
002~1 0 67 onoOl LSH 1 
002..,2 0 65 00012 ADD T 
OQ243 0 3S OO?50 aTA peNT 
002"1"1 (1 01 00212 R8 BRU ENTI::R 
002..,5 0 ..,6 30003 CLEAR RCH 30003 CLEAR peNT 
002"'16 0 01 002.t:13 BRU *-3 
U02~7 00000052 CR eCT 62 
00250 0 00 OO(JDO ,peNT PlE 
00251 0 00 00000 RPCNT PIE 
00252 ClOOOO051 R aCT 6 1 
00263 'OOOOOO~7 P GCT .q7 
0025"1 0OOOOO6f) V eCT 66 
00255 00000077 c.., HeT 77 
00256 0 76 00575 READ LOA R 1 SET INTERRUPTS 
00257 0 75 00576 LOB R2 I 
00260 0 36 000:31 STA I 1 W IB~u ceNB 
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00261 0 36 00033 !iTB I~W 18~U 12RD 
00262 0 76 00611 LOA START STARTING ,ADlJRESS 9F' ST9R 
00263 0 35 00610 STA ADDR 
002A4 0 35 00616 STA T6l 
OO:?6S 0 71 0057~ lUX TBLS TABLE SIZ; T9 TaLC 
00266 0 02 2Q002 Elii' t::NAdLE INTt::RRUPT 
00('67 0 02 03~0.q EeM RPTwoq START Rt:AUt::R 
00270 0 00 00000 WAITII HLT WAIT I I 
00271 0 32 ~O610 C9NB ""IM* ADDR 
0027G 0 6 I 00610 MIN A DDI~ 
00273 0 76 00612 LDA LIMIT 
0027,q 0 73 00610 SKG ADDR 
00275 0 01 ~O32~~ E~ R U * E3 
00276 0 o 1 '10277 8RU* *+ 1 
00277 0 00 00270 PIE WAITI, 
00301J 0 40 20010 12RD SKS SBEW 
00301 0 01 40321 BRU* EI 
00302 0 32 0001'1 ,~ 1 M T+2 
0030J a 76 OOOI~ LDA T+2 
0030"1 0 7? 00026 SKA se"! 
OO:::10~ 0 01 40321 BRlJ* EI 
00306 0 ~ I OfJ310 6RX *+2 T~LC+l T9 TBLC 
00301 0 01 "10322 SitU- E2 
00310 0 76 00610 LOA ADDR 
00311 2 35 01616 STA TBLE.2 
00312 0 76 00577 LDA j;'3 BRU CSNA 
00:11::1 0 35 00031 STA I 1 W 
0031~ 0 7e: 0032Q LDA BIAS 
00315 0 02 0360"l ESM RPTw4 
00316 n 01 ~O317 8RU- *+1 
00317 n 00 0032~ PZE ceNT 
00320 77700000 bIAS eCT 77700000 
00321 0 00 00343 E 1 PlE ERRI 
00322 0 00 00355 E2 PZE ERR2 
00323 0 00 0036-1 1::3 P 'z e: f.~f(3 

0032~ 0 55 00557 caNT . AUD C 1 00000200 
on:~25 0 40 21)"'100 SKS BPI 
00326 0 a I 00336 B~U STep 
00327 a 01 0032~ BRU *-3 
00330 0 1 ., 00560 CGNA ETR C2 37700000 
00331 ~ 16 01616 MRG T6LE.2 
00332 2 35 01616 ~TA TEILC:t" 
0033:3 0 76 00575 LDA Rl 
0033"1 0 35 00031 STA I 1 W 
00335 0 01 00271 A~U CG~A 

003~6 2 76 01616 STep LOA TBLE..2 
(J0337 0 I 6 000?5 MRG SC3 
003~O 2 35 01616 STA "BL.E.2 
003.q1 0 02 00000 E9M 0 
003~2 n a 1 00212 BRU ENTER 
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U03"13 0 02 00000 ERR! E9M 0 
OO~~"'l,q 0 02 2000~ OIR 
003~S 0 02 03641 ESM TYPW«1 
003~o 0 1 2 00562 MIW EM1 CR REA 
003~7 0 12 00563 MU~ EMI+l D SP EFt 
00350 0 1 2 0056~ M I ~I E:MI+2 ReF< Cf{ 
00351 0 02 14000 TeF ESM T9 PI~ 
00352 n 40 21000 SKS SBRw 
00:153 0 o 1 OO~162 B~U *-1 
00354 0 01 00212 BRU ENTER 
00355 0 O? 00000 t::R~2 ESM 0 
003F;6 0 02 20004 DIR 
OO:~57 0 O? 03641 ESM TYPW"t 
00360 a 12 005t;S MIw E r~2 CR TAf.i 
00361 0 1 2 00566 MIW EM2+1 Lt SP F 
00362 0 1 2 00567 MIW EM2+2 U LL CR 
00363 0 o 1 O():~51 BRU Tep 
0036"1 0 02 20()O~ Ei<R3 DrR 
00365 0 02 036~1 Et.tM TYPI~4 

00360 0 12 00570 ~IW EM3 CR 8T9 
00367 0 1 2 00571 M I I~ EM3+1 R ALiE 
OO:~7(J 0 12 00&72 MIW E'M3+2 SP fOUL 
00371 0 12 00573 MIW EM3+3 L • • C~ 
U0372 0 01 00351 BRU Tep 
00373 0 76 00250 PUNCH LUA peNT 
0037~ 0 5~ 0002"1 SUo SC2 
00375 0 35 0025\ STA RPCNT 
00376 n 76 00600 LOA R4 
00377 0 36 00"12.41 STA SWI / 
00"100 0 71 0057~ LOX TBLS 
OO~OI 2 76 01616 LDA TBLE.2 
OO.q02 0 I~ anO?7 ErR SC5 
00-103 0 36 00610 STA ~[lDt( 

004ClO4ll 0 76 0061"1 LOA SLC SHeRT LEADER CeUNT 
00405 0 40 20100 SKS BP3 
00"106 0 76 00613 LUA LLC LeN!,; LEADt::R ceUNT 
00407 0 O? 20004 orR 
00410 Cl 1 4 00560 caNE ETR C2 
00411 n 37 00012 STX T 
00"12 0 02 0164"1 Leap ESM PPTW.q 
00"113 0 54 00561 SUB C3 
OO~I"I 0 72 00(125 ~KA AC3 
00.,,5 0 o 1 OO"i23 BRU 9WI-l 
00"110 0 7 1 00'122 LlJX pwc 
00"117 '0 35 00013 STA T+I KILL TIME 
QO.q2lJ 0 4 , OO~17 BRX *-1 
00"121 a 01 00"112 BRU Leap 
00-122 OOO~iOOOO pwt: aCT 60000 
00.q23 0 7 1 00012 l .. DX T 
0042.ct 0 20 00000 swt NSF' 
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00"125 2 7f, 01"'17 LUA TBLE+l.2 
on.:j~6 0 1 .q ODG27 ETR ses 
00'127 0 1 2 'lO610 &UT MIW* ADDR 
U04l30 0 61 OQ610 MIN ADDt< 
QOA:l31 0 73 DOblO SKG ADDR 
OO.q3~ a 01 006l3.q BRU *+2 
00"'33 0 01 OO~27 Bf(U eUT 
OO,q3~ 0 02 I.qOOO EttM TGPW 
DO.q~& a '11 00"136 Bk'X *+1 
OO.q3b 0 40 21000 SKS SBRIAI 
tJO'l37 0 01 OO~36 BRlJ *-1 
00"1"'0 2 53 01616 SKN T8Lt.2 
00"1"'1 0 01 00"150 BRU C9NF NeT DGNE 
00'1"'2 a 76 00601 ceNe LUA RS DeNt:. 
0061"'3 0 35 004?,'l STA SWI SCSWI) BRU C9ND 
004''1~ 0 76 00611C1 LDA SLC 
Ol1.q.q5 0 .qo 200.qQ SKS sp.q 
OO'l46 0 76 00613 LUA LLC 
OQ'l"l7 0 01 00410 t;RU CeNE:: 
00"150 ? 76 01,616 C9NF' LOA TBLE.2 
00451 0 1 .q 00027 ETR see; 
oo.qsc: 0 35 ('J0610 STA ADDR 
OO~53 2 76 01616 LOA TSLt.2 
0041541 Cl 01 OO.qIO 8~U CRNE 
OO~5S 0 02 I.qOOO C9ND E9M TSPIA; 
UO"t56 0 40 21000 SKS SBRW 
00'l57 0 o 1 00"156 BI<U *-1 
00"160 0 "10 20200 SKS BF»2 
00461 0 01 OO.q63 e~u *+2 
00"162 0 01 00212 BRU ENTER 
OO"f63 0 76 00251 L04 RPCNT 
00"16~ 0 54 0OO2·Q SUB SC2 
OO~66 0 35 00251 STA RF»C~T 

00"166 0 72 00025 SKA SC3 
00"167 0 01 00212 BRU ENTER 
00"170 0 01 OO~~76 BRU PUNCH+3 
on~71 0 76 00602 VERIFY LOA R6 BRU VI 
00.q72 0 75 00603 LOB R7 BRU V2 
00.t473 0 36 00031 STA I 1 W 
OQ.q7"i 0 36 00033 srB 12W 
00"17& 0 71 DOEl7.q caNTY LOX T~LS 

OO"l7b 0 ~6 30003 RCH 300U3 
on.q77 0 35 00615 BTA VFLG R(VrLG) 
00500 2 76 01616 LDA TE1LE.2 
OOSOI 0 72 00025 SK4 SC3 
011502 0 01 Or)5~3 BRU VD9NE 
00503 0 '41 00027 ETR SCS 
on50~ 0 3S 00610 STA AODR 
00505 0 75 00026 VL99P LDB SC~ 

00606 0 02 0360~ E9M RPTW4I1 
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00S07 0 02 20002 EIR 
aORIO 0 ~o 20~OO PAUSE SKS BPI 
DOS 11 0 01 00212 8RU ENTER 
00512 0 01 Ol1blO BRU *-2 
00513 0 32 00016 V 1 WIM T+"1 
0051~ 0 76 00016 LDA T+"1 
UObl!5 0 70 "10610 SKM* ADDR 
00516 0 36 00615 STB VFLG 
00S17 0 6 I OOblO MIN ADDR 
0052U 0 01 "10S21 BRU* *+1 
OOS21 a 00 00510 PZE PAUSE 
(10522 0 32 00016 V2 WIM T+"1 
00523 0 40 ?OOI0 SKS SBEW 
OOS2~ 0 36 00615 STB VFLC; 
onS26 0 76 00016 LDA T+"1 
00526 11 72 00026 SKA SC"1 
00527 0 36 00615 STe VFLG 
00530 0 76 00610 LUA AODR 
00531 0 75 00027 LUB SC5 
OO~3~ 0 01 .-q0533 8RIJ* *+1 
00533 n 00 0053"1 PZE *+' 
OOS3~ 2 70 01617 SKM TSLE+I.2 
00535 0 01 005~O 8~U V'?:A 
OOS36 0 "1 I 00500 BRX C9NTV+3 
(lO537 0 01 OO~"16 BRU Elfk41 
00540 0 76 00026 V2A LDA SC"1 
005"11 n 35 00615 STA VP'LG 
005'12 0 01 00536 BRLJ *-"1 
OQS"'~ 0 53 00616 VUBNE RKN VFLG 
0054"1 0 01 005S,q ht(U VC9NT 
005~S 0 02 20no~ t.RR~ DIR 
005"'6 0 02 036"11 EijM TYPW"1 
O(jS~7 Cl 1 2 0060"! MIw EM"! CR VER 
00550 0 1 2 00605 MIW Eft1~+: IFY SP 
DOSS! 0 I 2 00606 MIw EM~+2 ERRS 
0("1552 0 I 2 00607 MIW EM"q+3 R •• CR 
00553 0 o I 00351 Bk'U TSP 
005S"q 0 -10 20200 VC9NT SKS BP2 
00555 0 o 1 00"175 8f~U ceNTV 
OO~56 0 01 00212 BRU E ~I T E ~ 
U0557 00000100 C 1 OCT 100 
00660 :;7700000 .C2 seT 37700000 
onS61 OOloooon C3 SL;T 00100000 
00662 526125:21 EMI eeT S251262,.2~'225SI.SI~6SIS2 
OOSfl5 ·S?6:32122 t. ~12 eCT 52632122."l3251226.6~~343S2 
QOS7U 526263'16 ~1~3 9CT 626263,,!6.SI21272s.12266~"13."l33333b2 

0057"f 7777701")() T8LS D~C -512 
oaS75 0 01 OOi~71 RI BRU CE1N!:1 
OOS7b 0 01 00300 R2 8RU 12f<D 
00577 0 01 00330 R3 BRLJ CSNA 
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00600 0 20 oonoo 1':"1 N9P 
00601 0 o 1 00"155 R5 ARU C9ND 
00602 n 01 00513 R6 ARU V 1 
00603 0 01 00522 R7 Bf<U V2 
(Jr)6041 St?6S2551 t:.M"1 eCT 5~6b2S51.312~7012,2SSIS1"16.S1~333b2 
00610 n 00 oauoo ADUlt PZE 
00611 0 00 01616 STAIt'T PZE TE\LE 
OO~I;' 0 00 ooono LIIVJIT PlE 
0('1613 16000000 LLC St.:T 16000000 
0061"1 0"'1400000 SLC OCT O"'l~OOOOO 
00615 0 00 00000 VFLG PlE 
00616 0 00 ooono TE:lL PZE 

01616 TbLf EQU TBL+512 
0360"1 RPTW..q B99l 0360..q 
20010 S dEl~ sael 20010 
20"100 tlPI BeeL 20~OO 
20200 bP2 BBFll 20200 
20100 ~P3 Beal 2(:1100 
200"10 dP~ BSGL 200"10 
OQ023 SCI eaAL. 2~ 
0OO2~ SC2 8aSL 2"1 
00025 SC3 t3BeL 25 
00026 se"! deal 26 
00027 SC5 8aeL 27 
036~1 TYfJW4 8991. 036"11 
14000 T9tJW saal 1.,000 
?1000 St:!Rw BBel 21000 
00012 T t:l119l 1 2 
016"41 PPTW~ EHHll 016"1~ 
00001 RKB\JI BaSl 00001 
3"1000 N~G?K !:Ieel 3'\000 
00031 I 1 W BeeL 3 1 
00033 I2W 81:l9l 33 
OOt'OO END BEGIN 
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IDENTIFICA TION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURA TION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

USE: 

SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRIPTION 

flIAlC#t;:l!J ffT' ~rr&/.(l~ 

V() tlV1'~' ~(Ail' 

Catalog No. 040003 

Paper Tape and Magnetic 'Tape Copier 

Reider D. Ander sen and Philip H. Hartm.an t SDS 

March 24, 1964 

Any 900 series com.puter with 4K memory and one 
magnetic tape unit 

To copy paper tape to magnetic tape and magnetic tape 
to paper tape. 

None 

Locations 2008 to 733 8 and 733 8 to end of memory for 
buffer area 

N/A 

I. LOADING 

The program is loaded via the standard FILL procedure. 
Set the nece s sary Breakpoints before loading. 

II. PROGRAM RESTART 

Move the RUN-IDLE-STEP switch to IDLE, press START, 
move the switch to step and then to RUN. Or, BRU to 
location 200

8 
• 

. III. OPERATION 

Breakpoints Set 

A. 1 

B. 2 

Operation 

Paper tape to magnetic tape 
unit 1 (continued until halted). 

Magnetic tape unit 1 to paper 
tape (continue s until halted 
or an End-of-File is 
encounte red). 
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USE: (Cont) Breakpoints Set Operation 

C. 1, 2 Verify Magnetic tape unit 1 
and paper tape input 
(continues until halted or 
an End-of-File is encountered). 

D. It 4 Same as A, but halts after 
each re cord. 

E. III 2, 4 Sanleas C, but halts after 
each record. 

F. 2,4 Same as B, but halts after 
each read and each punch 
output. 

G. 1, 3, 4 Backspace one record on 
Magne tic tape unit 1. 

H. 1 , 3 Backspace one file on 
Magnetic tape unit 1. 

I. 2, 3, 4 Skip one record on Magnetic 
tape unit 1. 

J. 2,3 Skip one file on Magnetic 
tape unit 1. 

K. 1, 2, 3 Write an END-OF-FILE nlark 
on Magne tic tape unit 1. 

L. 1, 2, 3, 4 Rewind Magnetic tape unit 1. 
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IDENTIFICATION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURA TION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

USE: 

SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRIPTION 

Catalog No. 094016 

:power Fail-Safe Interrupt Tester 

J. Gaines, SDS 

13 April 1964 

Any 910, 920, or 930 

To provide a program to test the .Power Fail-Safe 
Interrupt System 

None 

323
8 

locations 

N/A 

1. 0 This program gives the us er the ability to go. through 
a power OFF ION cycle and provides a positive indica
tion when an error occurs. The operation is as follows: 

1. 1 Set Breakpoint 2. 

1. 2 Load the paper tape by the normal F!I .. L procedure. 

1. 3 The operator can proceed with an OFF ION cycle at 
this point (i. e., turn·<coluputer OFF then ON). ~:~ 
As far as the routine is concerned, there is no 
limit to the speed with which power can be turned 
off a.nd on. . 

1. 4 If an error that disrupts the program occurs during 
an OFF ION cycle, the computer halts. 

Clear the halt to return to the program which then 
awaits another OFF ION cycle (paragraph 1. 3). 

~~Halting of the computer after setting Breakpoint 2 but prior to the OFF ION cycle 
. implies a memory failure independent of the Fail fe interrupts. If such an 

error occurs, go to paragraph 1..5 a couple· r ·S;;"~::l 0 

If the user suspects memory failure, hE 
SDS Catalog No. 00400"7. 

the Memory Tester Routine, 
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. METHOD: 

Catalog No. 094016 

A slow off-on alternation of the most significant 
active bit in the P Register gives the user a 
simple visual indicator of whether the program 
is continuing to run properly. 

1. 5 To re-initialize, if it is necessary, branch to 
location 00001, set Breakpoint 2 and return to 
paragraph 1. 3. 

The program contains three parts: a power off routine, 
a power on routine, and a larger routine which forms 
the interrupted program during the OFF ION cycle. This 
latter routine generates and tests random numbers 
endlessly. 
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IDENTIFICATION: 

. AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURATION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

SDS PROGRAM LIBRARY 
PROGRAM DESCRIPTION 

Catalog No. 394001 

Model EJ - 30 System Junction Box Digital Checkout Pro gram 

A. Klis zewski, SDS 

November 11, 1964 

SDS 930 computer with EJ -30 junction box, and an AID 
converter. 

Also required: special test. cable (Part No. 110047). 

To checkout the digital portion of the EJ -30 junction box. 

BID 

Octal locations: 12-15, 23-26, 100, 101, 172, 200-577, 
640-777 

Function of use. 

Loading is by FILL pr;ocedure. 

Restart is by IDLE, START, STEP, RUN. 

Breakpoint Control 

BPI and BP2 are interpreted together (binary coded) as the 
PIN input connector to which the te st cable is connected. 

One or both of them must be set at all time.s. 

BP3 set causes the program to type out the numbe-r· of 
succes sful loops completed and halt. 

." .-. 

BP4 set causes the POT-PIN diagnostic routine to be entered. 

• 
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USE: (Cont)· 

Catalog No. 39400 I 

Error Indications 

Two kinds of errors are detected: 

a. SKS errors (SKIP when no SKIP was expected or vice 
versa). 

b. PIN-POT errors (the word POTted out differs from the 
word PINned in). 

Whenever an SKS error is detected, the program halts in the 
SKSERR subroutine. The SKS instruction which caused the 
error is in the A register. To continue as though no error had 
been detected, clear the HALT. 

Whenever a PIN -POT error is detected, the program halts in 
the PIN ERR subroutine. The A registe r then contains the 
word POTted out, while the word PINned in is in the B register. 
To continue as though no error has been detected, clear the 

HALT. 

PIN -POT Diagnostic Routin~ 

This routine is entered when restarting the program with 
BP4 set. It halts to allow the user to set the A, B and X 
re giste rs. I~ then performs the following: 

POT out contents of A register to EJ - 30 POT register, 

PIN in the EJ -30 POT register through the appropriate 

connector, 

Stall (based on contents of X register), 

POT out contents of B register to EJ - 30 POT register, 

PIN in the EJ -30 POT register through the appropriate 

connector, 

Stall, 

Repeat the sequence indefinitely. 
." .. 

.. 
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METHOD: 

Catalog No. 394001 

If BP4 is set, only the PIN-POT diagnostic routine is 
executed. 

Otherwise the program. perform.s all the tests possible with 
the given connection. These include: 

SKS tests if cable is connected to PIN input No. 1 or No.2. 

POT -PIN tests 

. POT-PIN test through ADC if cable is connected to PIN 
input No. 3 

"Strobe" puIs e te sts 

In the absence of errors, the progralTI will keep repeating 
these tests until BP3 is set. It will then halt to allow the 
user to change connections. 
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EJ30 C~OSED-LOOP TEST 

...J . '. ___ '.' 

L. Israel 
26 Oct 1964 

Part No. 110047 is a cable for use in a closed-loop test of 
the EJ30. Fins 20-43 at the "input" end of the cable are 
connected d1rectly to pin 20-43 at the Uoutput" end of' the 
cable. Also, pins 1-12 at the "output" end are connected 
respectively to pins 20-31 on that same cable card, and 
pins 1-16 at·the "input" end are cOlmected respectively to 
pins 20-35 on that same cable card. 

1. The "output" end of' the cable should be plugged to 
A04J05 of' the EJ30 (POT output register connector)·. 

2. When theJ!:tnputU end of the cable is plugged to A04J20 
of' the EJ30 (PIN input # 1), the POT register is fed 
back to the # 1 PIN inputs, and the high order 16 bits of 
the POT register are fed back (respectively) to SKS 
test lines 00-15. 

3. When the "input" end of the cable is plugged to A04 J22 
of the EJ30 (PIN input.# 2), 'the POT register is fed back 
to the # 2 PIN inputs, and the high order 16 bits of the 
POT register are fed back (respectively) to SKS test lirre 16-31. 

4. 'Vfhen the "input" end of the cable is plugged to A04J24 of 
the EJ30 (PIN input # 3), the POT register is fed back 
to the # 3 PIN inputs, and bits 05-12 of the POT register 
are fed back to bit pOSitions 16-23 of the ADO input 
word. The remainder of the bits in the ADO input word 
will float at "1 S1 in the absenoe of any grounding. 

5. Activati~ the EOM strobe pulses will respectively 
reset to ort the high-order 12 bits of the POT register, 
;"1i thout regard to the location to which the "input" end 
is plugged. 

This cable, and the test, \v~tth whioh it is used, are designed 
to operate properly wi t...~ ,] int erlm versi on of the EJ30 
used for Autonetics, NBS, .\,etllltron. However, the design 
specifioations for the final version of the EJ30 should be 
such that no changes in either the cable or the test are 
requ1red. 

"AdOO ~ 
\5!t::f3~. 



- 2 -

The EJ30 closed-loop test vrill have the following broad 
charact'er1stics: 

1. Only the digital I/O portion of the EJ30 1';111 be checked. 

2. Breakpoint switches 1 and 2 will represent the PIN input 
connector to ,.qhich the test ca.ble is plugged (binary coded). 

3. In order to make the test attractive as an acceptance test, 
the number of successful loops made on the entire test 
will be printed out (typewriter) after each pass, whenever 
breakpoint 3 1s set. 

4. For test purposes only, breakpoint 4 may be set, causing 
the folloi,iing sequence of actions: set POT register to 
contents of A~ PIN, stall based on positive-valued 
'contents of index register (large positive 1s longest stall), 
POT contents of B, PIN, stall based on X, and repeat 
this sequence indefinitely. 

5. The test 1vill perform the follo,.qing sequence of actions: 

a. Reset POT register, check that.no SKS tests are met. 
b. Set POT register, check that all SKS tests are met. 
c. Repeat a. 
d. In turn, set POT register to each configuration which 

has only a single bit set, and check PIN input. 
e. In turn, set POT register to each configuration which 

has only a single bit reset .. , and check PIN input. 
f. Set POT register to a large number of pseudo-random 

configurations in sequence, and check PIN input each time. 
g. Read in ADC input and check that data 1s as per specs; 

this should be in conjunct.ion with test f. 
h. Set POT register to ones and issue the proper commands 

for the EOM strobe pulses out of the EJ30; check 
that bits .0-11 of the POT register were reset. 

Tests a, b, and c should be bypassed when breakpoints 1 and 
2 are in state 11. Test g should be included only when 
breakpoints 1 and 2 are in state 01 or 10. !' 

The tests should be repeated indefinitely, subject to 
previous qualifications, tallying the number of loops. 
If any error is detected, the program should halt, and 
the contents of A, B and X should contain sufficient 
diagnostic information to specifically pinpoint the error. 
For instance, the Sign bit of A could specify PIN error 
or SKS error, While B and X could contain the expected 
and actual test patterns involved (obviously different). 
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