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Thb procedure yie-1ds the TRANSPOSE of the Eige.nvectors. The lTlatrix 
identification i8 t.hen r('vt'rsE'd on prinlin~ to yield proper sub8criptin~. 

Palle 8 - OVERFLOW CHECK swrrcn 

Should he set to PROGRAM. 

Phase 3 basic and Phase 3 Auto Divide -- "TYPEV" block should read: 

02758 
02710 
02182 
02794 

25 
25 
25 
25 

0397102426 
0397302427 
0396502428 
0396702429 

To Type + 6. Out J-2 
To Type + 8. Out J 
To Type- tlZ. Out 1-1 
To Type t 14. Out I 
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FILE NO. ABSTRACT 

05.0.003 IbM lo2C-EI~ENVALU[S OF ~EAL SYMMETRIC MATRICES ON THE 1620 DATA 
PROCtSSING SYSTEM -CARD-

AVAILABLE 1ST wUARTER 1902 

AUrHUR- ~EIL lE~IS 
IB~ 

816 KAPIOlANI Bl~G. 
HONOLULU 13, HAwAlt 

DIRECT I~QUI~IES TO AUT~OR 

INh.L SOLVE FGR. THE Elbi""AlUE~ AIIH; ASSOCIATED ElGEN"ECTOR~ 
OF A KEAL, SYMMETRIC MATRIX TO ORDER SO. FLllATlMb POIItIT 
~idT~I'IETIC IS USED FO"- ALL CALCULATIONS IN PHASE 2 AND 3. 
~0 OTHER SUBROUIIMES A~E ~S~O IN ANY OF THE THRi~ PHASES. 
20,000 POSITIONS OF CORE SJOkAGE ARE UTILIIE~ BASIC 1620 
C~Rv SYSTEM wiTh DIRECT DIVISIO~ ANb INDlkECT AVORESSI~G. 

ThiS PROGRAM AND ITS b~CUMENTATION .Ek~ WRITTEN BY AN 
leM EMPl.PVEE. IT wAS OEV.CLlIPH: FlIR A SPEUftC PURPOSE AND 
SUB,.,J TIED FOR GENERAL DISIri.l8uTlr.,. TO l:'lEri.cSl~L PAkllES 
IN ~CPc ThAT IT HluHT PRO~i HELPFUL T~ OlHcK KEhBEkS OF 
T~~ CATA PROCESSI~b CL~~u~IIY. ThE PkOGRAH A~b 115 
lJuCG,..E:-'TATlU'" ARE ESSENTIALLY IN I~E AUTHiMS lJiUbiNAL 
Ft.R';:.~ IBM SERVES AS: IHi.. lHSTl<:lBtJrION AGENCY Ifw 
SuPPLY'ING THIS PROui<Ah. \'UEStIOt.iS COHCEiUdNG ThE USE OF 
ThE r~OGRAM SHOULD BE ~1~lCTcD ,~ THE AUT~kS AlliNlleN. 

c ~~ 
\~ ) 

PR>BLI!X DEFlJf.[TIOli 

The physical reasons for wisbing to solve the eigenvalue problem come 
from a wide variety of nelds, including vibration analysis, factor analysis 
and systems in Cbnamic equilibrium. Probably the most basic reason comes 
from the frequent need to solve a system of n linear differential equations 
in n unknowns: 

xi = ailxI + +alnXn 

x2 = ~xI + +~~ 

~ = BulxI + ...• + BnnXn 

(I) 
If the colwm vector (. Xl . . . . Xn ) T is denoted by x, then this can be 

vr1 tten as a single -.trix equation 

x' = Ax 

where A is the n x n coefficient matrix. 

A solution to this equation in the form x = VeAt is sought, where 

V is a colUDl vector •. This leads to the equation VeAt = AVeAt or 

( A-U ) VeAt = O. i'hus an eigenvalue, together with a corresponding 

eigenvector V, yields a solution x = VeAt of the matrix differential 

equation. 

For an N x N square, SYJIIEtrical matrix, A, the problem to be solved 
is to find a number A and a vector V such that AV = AV. Each A is referred 
to as an eigenvalue, characteristic root or latent root of the matrix A; and 
each related N-dia:!nsional ·vector, V, is called an eigenvector or character
istic v~ctor corresponding to the eigenvalue. The eigenvectors are mutually 
orthogonal, i.e:, the inner or scalar product of any two resulting eigen
vectors equals zero: 

( Vi' V j ) = O. 

It can be shown that a solution exists if and only if 

DET 'A-U' = 0,· where I is an Nth order unit matrix. This relation-

ship results in an Nth degree polynomial which bas, in general, N real 

eigenvalues or roots. 

- 2 -
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PR>BLaI DEFIBITIOB COlT. 

The Jacobi Method 
(1) 

C. G. J. Jacobi bas shown a method of reducing a real s".etric 
matrix A to diagonal form by a series of plane rotations. Be proved that 
the diagonal entries of t.b1s reduced matrix are approxiately the associated 
eigenvalues of A. J'urtber, the off-diagonal elements can be MIle smaller 
than any pre-assigned value, 6. 

A plane rotation is an ort.bogonal, unitary matrix of tile form 

Uij = 

1 
1 

1 

cos 9ij 

sin 9ij 
cos'9ij 

-sin 9ij 

1 
1 

Where 9 is a function of &til ajj' &tjOf the original -.trix A. Bote that 

Ui3 = uij · If 9 is chosen such that 8 = 1/2 Tan-
l 

( 2 ~j/ (~i - ajj ) ) 

then the element ~j reduces to zero upon application of the s1m1.lart ty 

tranafor-.tion lUij A ltfij and is said to be annihilated. Repeated' 

operations of the form kUij ... lUij A ~ ~ 
lUij kUij to 

tile _trix A would eventuall,y lead to a _trix conSisting of the approxi_te 
eigenvalues along the principal diagonal and the off-diagonal el.e.ents less 
than any preassigned value, 6, provided k is II8de large enough. 

Jacobi aonih1.lated tile largest off-diagonal ele_nts by the method shown 
above. The eigenvectors are then found by tile _trix product 

k~j •.. lutj 1 where k is the IWIIber of rotations required to form 

tile eigenvalues, above. 

- , -

o o· 

1620 PROGRAM M&TlI)D 

The classical Jacobi method requires the evaluation of arctangent and 
square root functions. Tbe _thad also necessitated a COlllPlete search of the 
matrix to determine the largest off-diagonal element which was then rotated. 
In the interest of speed and preCision, the following method is empl.oyed in 
the 1620 program. 

The rotation angle, 9, is approximated by: 

Tan 9/2 = r Y = Btj / 2 ( Bti - ajj ) , 

if the absolute value of r is less than Tan 22.50 • 

If r is greater than or equal. to Tan 22.50 , then 450 is used for 8. 
If r is less than or equal to -Tan 22.50 , then -450 is used for 9. 
The values of Sin 8 and Cos 9 which are needed for the rotation are then: 

2y 
Sin 8 

177 
Cos 9 = 1 - y2 

1 + y2 

which involve only simple arithmetic operations. 

The selection of the elements to be rotated is: 

1) During phase 1 a value for 6, the preCision required, is entered. Later, 
all off-diagonal elements will be rotated until they are less than 6 . 
.An initial search argument, E , is generated in phase 1 also. 

2} During phase 2 all off-diagonal. elements greater than E are rotated 
until all Btj (. i ., j ) are less than E, whereupon E is replaced by 

E/IO and so on until E is less than 6 at which time phase 2 terminates. 

3} After each rotation, a sense switch is interrogated to determine if 
the operator desires the rotation angle to be punched out for li. ter 
use in phase 3. 

- 4 -



1620 POOGRAM MRTBOD COIIT. 

Phase 2 Calculations: 
(2) 
Since only the ith and jth rows and columns are affected by anyone 

transfol'1lBtion, the matrix IIl1l.tiplications are replaced by the equivelant 
calculations and substitutions: 

1) afj = 8tj ( c2 - s2 ) + s c ( ajj - Bti 

2) 8ft = Bti c2 + a jj 82 + 2 a jj s c 

3) a.b = au s2 + a jj c 2 - 2 aij s c 

4)a{k = Btk c + ajk s 

5) a,\k = ajk c - Btk s 
k = 1,2,3, ... '.,N; but f i or j. 

where s =, Sin 9 and c = Cos 9 and the primed elements replace the 
1.Ulprimed elements of the A Matrix. 

Phase 3 Calculations: 

Similarly, only the i th and jth rows of the matrix used to fonn the 
eigenvectors are affected by a particular rotation. The. formulas used are: 

1) V'U = Vu c:+ Vkj s 

2) V 'kj = V kj c - V ki s 
k = 1,2,3, .•.. ,N. 

- 5 -
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INPUT - OUTPl1l' AND DATA PRKPARATIai 

With the exception of the matrix Size, H and the IIBtrix coordinates I and J, 
all data is entered in standard 10-digit normalized floating point fonn. 

First Card (colWDIls 1 - 13i 

H H ~~~~~~I:,,'::,,~~ i 

H H is the matrix size in fixed point and is right justified. N must lie between 
2 and 51. 

~ 6. ~ 6. 6. 6. 6. 6. 6. 6. is the minimum search argument, delta for the desired 
preclslon. For instance, if it was desired that all off-diagonal elements be 
reduced to a value of less than .00000001, delta might be chosen as 4210000000. 
See Procedural Options, page 16. 

Succeeding Cards (columns 1 - 15; 
(- ) 

I I J J A A A A A A A A A A 1 for each element on or above the principal 
diagonal. - --

I I is the row designation and must be less than or equal to J J 
J J is the C01WDIl identification and must !lot be greater than H 
A A A A A A A A A A is the matrix element in normalized floating' point format. 
(-) A flag is punched over the low order A position for negative values. 

Note that iOlags are not required for field definition. A recommended 
sequence for p1.Ulching is by row, i.e., all' a12, a13' . ~2' a 23" •• etc. 

Last Card(colWDIl 1), 

1 An addi tiona! record mark must follow the last record. 
If errors are made in the p1.Ulching of the matrix elements, they need not 

be corrected before operating the program. The operator will be given the 
opportuni ty of entering corrected record( s) from the ,console during phase 1-
(See "ANY CHANGES," page 9.) 

Record marks may be duplicated or gang-punched if desired but certain 
checldng features will be sacrificed. 

Output Records 
-:,-... 

Output cards and typewriter records are autoomatically prepared. (See 
sample problem.) 

- 6 -
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Program "A" 

Program "B" 

MACHINE REQUIREMENTS 

Basic 1620 equipped with 1622 card read-punch. 

Basic card 1620 with direct division and indirect 
addressing features. Program B requires 6'10 
less time than Program A for any given problem. 

Other features, such as extra memory and additional instructions, 
have no effect on program operation. 

A paper tape version of Program "A" is currently available from 
the 1620 program library. 

-7-
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PROGRAM OPERATION - GENERAL 

I/O Check Switch------------ STOP 
OVERFLOW Check Switch---- STOP 
PARITY Check Switch-------- STOP 

ON OFF 

n' 

Sense Switch 1 
Sense Switch Z 
Sense Switch 3 
Sense Switch 4 

Data on Cards 
Punch rotation angles 
Data will type out to verify 
Errol" entered from typewriter 

Data entered via typewriter 
Do not punch rotation angles 
Data will not type out 
Normal 

When a typing error occurs: 

1) Place sense switch 4 ON 
Z) Depress RELEASE, START 
3) Place sense switch 4 OFF 
4) Re-e n ter record correctly from typewriter. 

Clear memory. (31 00003 OOOOZ) 
Prepare card punch and typewritef forms. All program halts n04: 
accompanied by error typeouts or error indicators are normal. 
They are included to allow pro~ram or data preparation. 

All three p!lases are loaded by standard SPS methods: 

Depress Load Key, then START 

The transition between phases, however, is done automatically. 

PHASE 1 

1) Load program and data cards into 16ZZ read ho?per: 

A. Phase 1 program 
B. Control Record card 
C. Data ca rds 
D. Trailer card (record mark in column 1) 
E. Phase Z program 
F. Phase 3 program 

Z) Depres s LOAD 

3) When machine halts, depress START 

4) Follow instructions typed out on the console typewriter. 

-8-
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PHASE 1 CONT. PHASE 1 <ONT. 

5) Typeouts will occur with the following messages and their 
indications: 

LABEL TYPED NORMAL ERROR 

CONTROL RECORD ERROR 
N=XX X 
DELTA=xlClClClClClCXXX X 
MATRIX TOO LARGE 
MATRIX TOO SMALL 
DAT A ERR OR ADDITION X 

record too long 
record too short 
I greater than J 
J greater than N 
record mark missing 

IJ DUPUCATED X 

SINGU LARITY POSSIBLE X 
MATRIX LOADED X 
ANY CHANGES X 

COUNT WRONG 

X 

X 
X 

X 

X 

X 

X 

X 

CORRECTION POSSIBLE 

Re-enter correct control record 
via typewriter 

Re-enter correct control record 
Re-enter correct control record 

I-I 
Enter correct record: llJJAAAAAAAAAAl 
by typewriter, depress RELEASE and 
then START 

If in error, correct by 'ANY CHANGES', 
below 
None, (All less than. 000001) 
OK if last record is in 
Type YES! or NOl. If YES, enter 
any additions or corrections as in 
'DATA ERR', above 
One or more elements are misSing, 
enter as in 'DATA ERR', above 

6) The program wil~ load into storage exactly N (N+l)/2 records. 
Should the data deck contain more than this number, the last 
record entered for any I and J will dominate, i. e., will destroy 
the earlier record. 

7) Tbe field address of any diagonal element is given by: 

Address= 07248 + 10 I for any (I, I). 

The field address of any o~her element is given by: 

Address= 07758 + J(J-3)*S + 10 I for any A(I, J). (II]) 

8) Program execution time is • 3(~ 12) seconds or slightly less 
tban full read speed. 

It is important that no changes to 1620 storage addresses above 07000 
take place between phases 1 and 2. Phase 2 assumes the existence 
of the data matrix and certain other information left in storage by 
phase 1. 

-9-
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9) Phase 2 will be automatically loaded wben Phase I terminates. 

PHASE 2 ----
1) Sense switch 2 on if the eigenvectors are desired. 

2) Depress START. 

3) Program execution time is about. 0052 N
3 

minutes. U the vectors 
are desired, punch time (3.4 milliseconds per rotation) must be 
added. The numbe~ of rotations performed is generally bounded 
by 1. 3 ~ and 2 N"", depending on the size and conditioning of the 
matrix. 

4) If sense switch 2 is on. i. e., the eigenvectors are desired, phase 
3 automatically loads into memory. if sense switcb 2 is off. the 
program terminates and the card reader is unloaded by the 
program. 

1) 

PHASE 3 ----
If the eigenvectors are desired. depress Reader START tben START 
at the completion of phase 2. Follow instr-lctions typed out on the 
console, typewriter. Insure that all pbase 2 output data cards (in
cluding the last one) follow pbase 5. 

2) A maxi.mum of 32 eigenvectors will be typed out on the first pass. 
U N is greater than 32. reload the data cards now in the reader 
output hopper and bit START for the remaining N-32 vectors. 

3) Average executio!l time = .004N
3 

minutes. 

4) Since phase 3 is independent of the other two phases. it may he run 
at any later time at the user's convenience. To operate phase 3 
alone, perform the following o?erations: 

(1) Clear melDory (31 00003 00002) 

(2) Load p!lase 3 program in Reader hopper. 

(3) Depress LOAD key. 

(4) Wben phase 3 leads. depress START. 

-10-
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PHASE 1 - MATRIX LOAD 

Trailer Card 

Matrix Data 

Control Record 

Matrix Loader 
Phase 1 

N = Matrix Size 

-11-
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Messages 
Errors 
Data List 

~ 

PHASE 1 

0040Z , Start 
Clear Data 

Area 
~nitialize 

I. ,Tape 
'Read - N. D 
RNCDor 

RNTP 

NerUy 
, Control 

.B~c~ 
OK 

Bad Error 
- - "Message 

Last Record 
• Read Z 

Read: 
-1. J. AlJ 
RNCD or RNTP 
, -

Error Invalid 

Message""--

Gut 

Test 
Validity 

No End 

Count No 
Short 
Error 
Message 

. Valid 

Store AU 

Return 

Count +1 -

Ask 
Interrogate 
operator-End? 

End 
. Tstend 

Count = 
N (N+l)/Z? 

'Yes 
. Exit 

Instruc-
tions 

Halt 

Phase Z Load 
and Go 

-11.1-
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PHASE Z 

r-' --.--- -

!TyPe 
~-~ewE 

~ 

02178 t Entry 
I 

!Initialize 
1_ -.-- I-----.J 

----.---~et Search ' 

.AcI.r<E 

,L 
AU 

~_.~{~ __ ~M·n _, 
, __ ~'~let 
'Set + 450 Yes " ' 

-. -< '. ;;./ >. 4142, 
'Rotahon ? 

---- L._ _ -tNo'-SINCOS 
Form: Form: 
AI AJ AU ,Angle (9). 

• , • . AI,AJ.AIJ __ . __ ~. __ J _' __ '. __ "" __ 
--' -' =-=:L-i:._.~ 

~!ex!e!¥, AU ' 

EIGENV ALUE COMPUTE 

;/Rota~e 
~tate i (Punch I 

l R::::.- ~LI_:!~ _~;. ~~ 

H <3---

.U.step I Relet 2 
creme~ ~crement 

and t,e.t. '--ryr let .-------
,dex/' ~ 

Typout 
frype----l 
ISolution i 

- -]'A(I. J~y: ~ 
. ~ 

____ . ~~1l3. 
Phale 3 
! Load aDd Go 

-12.1)-
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PHASE 3 
0~7~ . .1. _EQ.~ry. 

: Set Pass 1 EIGENVECTOR COMPUTE 

j <:::l~at: 
Set I Matrix .....-, 

3fsxx 3f~or ' 

__ ---'\j~R~ea~ 
I 

Read N 

.-i-----..L Read 
. Read ----

I, J, SIN, COS 

-T - --- :;:: :u 
File Yes ~1"VN 
End ~1"V3Z or . 

"1 No V33--VN . ~~-"", 

_-Coulput ",----, 
Form Address: 
,VII, VlJ, VNI 

r 

,,9 = 45
0 

...... ,. ? ',,-
HRDWAY 

VKI=VKI- C + VKJ • S 
VKJ=VKJ' C - VKI· S 

.' YKJADD + ?4 
;VKI or J=~ (VKI+VKJ) 

~VK.T or 1= 1: tfV~~ _ VKI) 
--- !. 

, \ \ 'Store 
Store 
iVKI. VKJ 
L ________ .. _" 

J End
K

=K+l 
No. ; ...... ___ _ Yes "'VKI=VNI -----:-~top 

--.." ...... ,? ~~~~~~~s 

. -13.1-

Set 
Pass 2 

~ 

",.No end 

~~",. 
end ' 
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PRECISION AND TIMING 

For test purposes, two types of matrices are considered. A well behaved 
matrix C, and the notoriously ill-conditio:led Hilbert matrix, H defined as: 

C (1. J) = Z D (1, J) - D (1, J + 1) - D (1, J - 1) 

where D is the usual Kronecker delta {unctio!}, i. e. D (1, I) = 0: D (I, J) = 1 

for I I J and H (I, J) = 1/ (I + J - 1). 

The eigenvalues of C are given by /',- i = 4 sin Z ( (pi * I) / (Zn + 2) ) 

i = I, 2, •..••• n. 

A moderately conditioned matrix, X, was also tried. 

Test results were: 

Precision 
Matrix Size C. H or X_ Time (No. of Correct Digits) 

5 H 65 seconds 4 

6 X 90 seconds 7 

7 H Z minutes 

10 C 5-1/4 minutes 7 

10 H 8 minutes o 

20 C 29 minutes 4 

20 C 32 minutes 5 

20 C 38 minutes 6 

Since the floating point routines do not round after arithmetic operations, 
a general deterioration of precision is to be expected in the results of this 
program. 

Program "S" requires 6% less time than program "A". 

-14-
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The reader will notice minor discrepancies between the results of 
program A and B. These are due to the computational differences 
of the direct divide and programmed divide methods. The results 
from program B have proved, in general. to be more accurate. 

PROCEDURAL OPTIONS 

The procedure of redclcing all off-diagonal elements to a machine zero 
(delta) raises a problem in the selection of this input variable. U delta 
is chosen either too large or too small, precision will be lost. The 
effects of incor rectly choosing delta are: 

1) Delta too large -

2) Delta too small -

a} fast processing speeds 
b) moderate to large error in Phase 2 
c) moderate to large error in Phase 3 
d) may necessitate a re-rlln to :>?tain the 

precision required. 

a) slow processing speeds, particularly 
in Phase 3 

b) small to moderate truncation errors 
in Phase 2 

c) moderate to large errors in Phase 3 
d) :!.ery large errors and floating ~~int 

overflows if less than about 10- . 

The author has found empirically that the relation 

DELTA = MAXIMUM AIJ (1 f J) * 10- 9 ) 

is very close to an optimum value in terms of precision and sp·eed, with 
precision very heavily weighted. Deviations from this value by a factor 
of 10 affect the results to a. small degree. IncreaSing delta by a factor 
of 10 results in a small time reductio:)., whereas decreasing delta by 
a factor of 10 results in a very small increase in precision. 

-15-
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o 
THIS IS A COMPLETE RECOR:) OF CONSOLE OPERATIONS FOR THE 1620 E1GENVALUf PROGRAM. 
TEST MATRIX 3 X ) - SWITCHES I, 2 AND 3 ON. BASIC CARD 1620. 

310000300002 sst ON-JATA ON CARDS,OFF-DATA ENTRY VIA TYP. 
SS2 ON-PUNCH ROTATION ANGLES Off-NO PUNCH. 
SS) ON-OATA TYPEO OUT TO VER'FY,OFF-NO TYPE. 
SS4 ON-ERROR ENTERED FROM TYP.,OFF-NORMAL. 
CUAR CARD PUNCH AND READY FORMS. 
PLEASE LOAO DATA AND HIT START 

N= U3 , )ELTA = 4110000000 
AI01,OU -1120000000 

: g~:g~~: ~ 
A 02,02) ... 1120000000 
A 02,03) '" l1000000U 
A(03.03) '" 120000000 

HAVE YOU ANY CHANGES, TYPE YES(RCJMK) OR NO(RCJMK) 
NO* -
E- 51101J0000G 
t~TRIX LOAjED-\iHEN PHASE 2 LOAJS, HIT START 
E '" 501 OIJOOOOG 
E '" Ji9101J0000G 
t - li81000000U 
;:: = li71000000U 
E = Jib 100000011 
i. .. Ji51000000U 
E = ~ 100000011 
£ - li31~ 
E .li21 c:MJooooG 
c:-lill000000U 

AI01} ~ 5134142151 
A 02) - 5058578544 
A 03} C& 511999999"3 

30011 ROTATIONS. 
t-1AX I MUM AIJ, (I NOT'" J), '" 3981672426 

EIGENVALUES DONE, WHEN PHASE 3 LOADS, HIT START 

LOA:, PHASE 2 OUTPUT HIT START 

V(Ol,01) ,.. 1050000018 V(02,OJ) 07V7101.12 
Vl03. 0 1l OK 050000030 
V 01,02) 050000005 
V 02,02) 07~10699 
V 03,02) .. 050000030 
V 01.03) '" 0707107GB 
VI02.03) - 362605540 
V 03.03) - J070710697 

END . 

\1 

r: /J 1 
I~ 

o n' 
THIS IS A COMPLETE RECORD OF CONSOLE OPERATIONS FOR THE 1620 EIGENVALUE PROGRAM. 
TEST MATRIX 3 X 3 - SWITCHES I, 2 AND 3 ON. 1620 W/DIVIDE AND INDIRECT AJuRESSING. 

310000)00002 
SSI ON-DATA O~CARDS,OFF-DATA ENTRY VIA TYP. 
SS2 ON-PUNCH ROTATION ~NGLES,OFF-NO PUNCH. 
SS) ON-DATA TYPEDOU~ TO VERIFY,OFF-NO TYPE. 
SS4 ON-ERROR ENTERED FROM TYP.,OFF-NORMAL. 
CLEAR CARD PUNCH AND READY FORMS. -
PLEASE LOAD DATA AND HIT START 

N- 113 , DELTA", 4110000000 
A~OI,OI) '" ua A 01,02) ... ~II 
A 01,0) '" 
A(02,02) .. ~'2~ 
A(02,O) '" 1100000011 
A(03,O)) - 120000000 

HAVE YOU ANY CHANGES, TYPE YES(RCuMK) OR NO(RCUMK) 
NO* 
E- J 11 0000000 . 

MATRIX LOAOEJ-WHEN PHASE 2 LOA~;S, HIT STMT 
E - ~0100000011 
E '" Ji9100000011 
E '" ~looooooll 
E .. 47100000011 
E '" 46100000015 
E = !i51000000t5 
E .. 44100000015 
E .. lt3.100000011 
E = ~2100000011 
E .. 411 0000000 

A(01) 513414215) 
A(02) ... 5058578477 
A(03) .. 5'119999993 

150011 ROTATIONS. 
MAXIMUM AIJ,(I NOT ... J), ... 4011832334 

EIGENVALUES DONE, WHEN PHASE 3 LOADS, HIT START 

LOAD PHASE 2 OUTPUT HIT START 

V(01,01) :0: '1050000020 ,V(02,Ol) :0: 070710714 
_ V(03,0l) 050000035 

V(at,02) 049999999 
V(02,02) - 070710708 
V{O),02) 05000004 
V(01,O) - 07071072i 
V(02,0) 2794764015 
v(0),03)- ~070710697 

END fCi 

~·I - ,.~ , r./ 



PHASE 1 

ALL 1620 CARD SYSTEMS 

SPS LISTING 

c 

*. THI5 IS PHASE 1 - t-lATRIX LOAD!:./'( AI'IY 16~0 
* 1. 

004v2 I)CRG 4021. 
(,/U4V2 10 0042C -7258 TFM START&6,072!>SZ 
Ou414 26 -72!11:1 1.13115 START TF 7258.ZERO,2Z 
C.1.I426 11 0(;419 (J:)u-l M~ *-7,].10Z 
Ou438 14 C()417 0(JOKC c: 5TAHTI.3.20,10L 
0U45;; 47 00414 G12vO bNL 5TARTZ 
00462 15 u1639 OG009 TOM Swlt,I.9" SWITCH 1 OFFZ 
00474 34 OUOOo UUli.i2 RCTY Z 
0(,;486 39 03223 00100 wAn ~I:.SSIZ. 
vu498 34 uuu00 vulU2 RCTY Z 
~)li51 " 39 03313 0..;100 WAH ,'1I:.S52Z 
01,.522 34 JUuOU ;1",lv2 Rcn Z 
(J0534 39 03399 00100 wAn MESS3Z 
00546 34 DC/O(JO (Ju102 RCTY Z 
0,,558 39 J3489 O~100 WATY MESS4Z 
Ol.i570 34 uUiJOO U0102 RCTY Z 
J(j582 39 i.J3575 00100 wAn MESS!lZ 
00594 34 OU00l; 00102 RCTY Z 
00606 39 02277 OU100 WATY DATAZ 
00618 34 lJOOOC 0U102 RCTY Z 
VC63u 4!i J0641 00641 TMPSTR H TEMP,TEMPZ 
C0642 46 0(,;698 00100 dCl TAPE", ENTRY VIA TYJ.>Z 
()v654 34 JOUO(; I.J'': 102 RCTY Z 
ul666 36 (,3116 0OlCO RNTY 1-1Z 
C0678 46 0u654 004UO bC4 *-241, 
0J690 49 OU71 :; (;°2°0 t3 TAPE&12Z 
J':'698 DORG *-31, 
';0698 % c' 3116 (;J'5CJ0 TAPE FINe!) I-}", r<lA!) N AND L>i:.L Ti~Z 
0'-.i710 4, 1..11,.958 ,131213 iJNk CNTRLRtI&11l 
Cv 722 3£ -:'3116 (,'JUUU SF 1-1" , Si:.T N FLA(jl 
l(.J734 33 ~3117 0uOOO CF I, " N&Z 
uu746 26 07247 03117 Tf E,IZ 

0 Ou7!l8 26 u72n 03117 TF N.IZ 
Gv77~ 34 Vv:.;(. .... -,,1,; " I\CTY Z 
';J782 3':1 v2L 71 ,,',1100 \'11. T Y ~1[QL'I\Ll 
.)..,7'14 3!i v7240 ~ .. 1 vi) 'N,'lTY I:.-IZ 
C08l.l6 38 ~U4" ;,J4vO "'J~CD E-1", PUNCH NZ 
C("818 3<; v263'J vulOO WATY DELTAKZ 
vvb30 3!i L 311e 0(101) ",my J-ll 
)"c42 32 L 311 d vvuc..o Sf' J-l", :.;U ,j,~LTA flAG': 'Jd ..,,,654 26 ,,72">,7 1..13127 TF DI:.LTA.J&8Z 
("v866 16 1,3}(.·4 -·)CiJeJ Tn', C0uNT." (00.\T;,(;Z 



(~1" 
y' 

C) 

o 

Cu87!:! 14 v7227 Jt.\)NO 
0:J890 47 0(,,99.; ',H1vO 
0('9J2 34 UUJvloi uv1J2 
00914 39 (,2341 v0100 
00926 34 (JUOQe u0102 
00938 38 0311b OlllC10 
0095J 49 UU654 vli000 
liJ958 
0",958 34 UueOl; 001v2 
00910 39 li25.1 00100 
01ol982 49 00926 00000 
00990 
00990 14 li1227 1.100-3 
010.,2 46 CJ1046 Ci1300 
011J14 34 li (;;J 0., ... 0102 
01026 39 02441 00100 
011.138 49 (,,\')926 uv'OOO 
01046 
ulO46 11 u7247 JuJ-l 
01U58 23 07247 U7227 
011.170 26 07247 00099 
01082 13 07247 000-5 
01094 26 01733 Ou098 
0110~ 26 01247 03115 
01118 15 03130 0(,000 
01130 46 0118b 0~100 
01142 34 ()OOU() ()01J2 
0115"--16 03116 00100 
01166 46 \,11142 00400 
oli78 49 01198 OvOOO 
01186 
01186 36 v3116 0(.'500 
01198 45 01254 03116 
01210 15 0313v 01.1000 
01221 1 
01222 15 03116 OvOCO 
01234 15 01639 00001 
01246 49 CJ165u VliO()O 
01254 
01254 45 02050 03130 
CiU66 32 03121.1 00000 
Q1278 32 03118 OuOOO 
01290 32 "3116 00000 
013(J2 24 ()7227 03119 

' .. ___ (jl~~_~_4_?_u2u51.1 0130U .. - ..... __ .. ,.-

8illa i' ~i058 Bfio~ 
~13'C 46 01838 Y12CO 
01362 24 Ct128 07246 
01374 47 01398 01300 
01386 26 07247 03129 
01398 26 C0641 03119 
01410 12 00641 OUO-3 
01422 23 ()0641 03119 
01434 26 00641 00099 
01446 13 00641 DOO-5 
01458 11 00099 -7758 
01470 21 wU(,98 03117 
01482 32 ~Ov95 J~OCO 
01494 2b U1512 OlJ099 _ 
01506 24 -000C 03115 
Ol~18 46 01578 01200 
01530 34 uOOOO 00102 
u1542 39 02721 Ovl00 
01554 38 03116 OOlgO 
01566 12 .;3104 000-1 
01578 26 01596 00099 
OU90 '26 00000 03129 
01602 47 U1626 OU300 
01614 11 02190 000-0 
01626 11 j3104 000-1 
01638 49 01118 O()OOO 
01650 34 00000 OU102 
01662 39 1.12993 00100 
01674 34 00000 00102 
01686 37 CJ3093 OV100 
01698 46 v1674 ~u400 
C1710 45 C2u86 03097 
01722 14 03104 -·0000 
01734 47 J2142 01200 
01746 34 ~OOOC ~Ul02 
01758 3~ ~2663 OUI00 
::77: ~S 07238 001~O 
C1782 34 uOOOO __ .J~ 
01794 34 00000 Uvl02 
018u6 39 03643 Vvl00 
01818 36 UOOOU O~500 
0183u 49 JO~~v ~JGCO 
Cl&38 
~le38 14 ~3121 ~uOM5 

o.i t-:,50,lOZ 
df'iH LESS!lOZ 

, ReTY Z 
WATY BIGZ 

NERk RCTY Z 
WNTY 1-1Z 
d T,I.1PSTR&24Z 
DORe; *-31 

CNTRLR ~CTY Z 
wATY ERRORCZ 
B NERRZ 
DORG *-3Z 

LESS50 CM N,3tl(;Z 
oNL SIZEOKZ 
RCTY Z 
WATY S:·IALLZ 
B NERRZ 
DORG *-3Z 

SlZEOK Al-1 E,1.10,PLUS 1Z 
M E,N"N'lN&lc/2Z 
TF E.ACZ 
MM E.5.10.~10/2ciNciN&lcZ 

TF TSTENOC,ll .AC-1. t SET LND TESTZ 
TF E.ZI:ROZ 

LOOP TDI'1 INPUT&1.0" ~~ECO;;\D ~,ARi'..IIOZ 
HEAD (lCl R!:.AD2Z 

RCTY Z 
RNTY INPUT-1n 
BC4 *-24Z 
B *&20Z 
DORG *-3Z 

READ2 'RNCl) INPUT-13,.,KEA[)Z 
~t-i~ GUT.lr-.PUT-l)" FILE TE!.>TZ 
TO:" INPUT&U 
DC 1.@.*Z 
TOM INPUT-l3,OZ 
TOt., S .... l&l,l"SWITCH 1 ,Ii 0 .... , Ol.l 
~ ASK."INI.iUIREL 
OORG *-3Z 

GUT' 6NR INLARM.INPUTC,l •• CH~CK RECOROZ 
RCROOK SF JNPUT~9 ••• FLAG·AIJl 

SF J NPUT-l1 ••• FL.AG JZ 
SF INPUT-D, •• FLAC:. Il 
C N.JZ 

._, ._, __ ,."L, __ I~L:.~~~~ __ 

aL. tAHRMZ 
, 8E. S TOR 11 , .. DOt:S UJZ 

C INPUT-l,E-l" A1J VS £Z 
BL STORIJZ 
TF E,lNPUT"AIJ INT~ ~ IF HIG~~RZ 

STORIJ TF TEMP,JZ 
SM TEMP.3.10l 
M TEMP.J •• J~J-3a Tv 4 DIGIT~Z 
TF TE~P.A~" AIAIJaZ 
MM TEMP,5.10. S*TEMP-6 OIGIT$Z 

PATCHl AM AC.07758Z 
A AC-l.1,,& lO*Il 
SF 9~ ••• FI~LD NOW; JlulTSZ 
TF STO~E&6.Al •• SlT CCMPA~L: 

STORE C 0.ZERO.2, OCCUPIED TESTZ 
BE OIJOBUZ 
RCTY Z 
WATY DUP, •• TYPE DUP. ~R~ORZ 
WNTY INPUT-13Z 
SM C~UNT,1.10, COUNT-IZ 

DIJOBU TF *&18.ACZ 
TF O.INPUT •• STORE IF I NOT _ JZ 
uNO RETU~NZ 
8TM OUTOUP,0.10Z 

METURN AM C~UNT.l.10. COU~T&lZ 
SWl B LOOP ••• DUMMY - NOPZ 
ASK RCTY Z 

WATY INQUIRZ 
RCTY Z 
kATY ADD ••• YES OM NU t~TtRtO.Z 
~C4 *-24Z 
bNR INL.ARM&36.ADD~4l 

TSTENO CM COUNT, •• COUNT VS NiN&laz 
SNE CTWRNGZ 

EXI T RCTY Z 
WATY EEQUALZ 
WNTY C-9Z 
IKTY Z 
RCTY Z 
~ATY I '::"'U:-~ 
RNCD oooou,. ,LUAD PHA5: ~ l" ····'~~l 
u 00C~0."fX~CJ1~ LCAD:KZ 
DCM~ *-3Z 

STORII eM INPUT-e,4:;,lO. I,r, .q S:\!lLLZ 

1.( 

:a:;'SU,&t£iAi3&Jltiili ¥4.P..i 44 4T ~ 

~ ~ .t 

..... , ~i " , 



:Jll.i!>\i 46 
J18c.Z 34 
;.11:174 3'1 
,jlal.i6 36 
\,;1898 16 
':;191" . Zl 
Jl'J22 24 
(;1934 46 
(..1<;46 34 
U19~8 39 
01970 38 
v1982 12 
C1994 26 
02\,)J6 26 
02018 47 
02030 17 
02042 49 
C1050 
u2~50 34 
(;2-162 15 
02i)73 
02'i)74 38 
01086 39 
02098 34 
0111(; 36 
;)2122 46 
02134 49 
02142 
02142 14 
C2U4 39 
02166 38 
02178 49 
02190 25 
02202 2~ 
02214 25 
0222. 25 
02238 34 
02250 39 
02262 38 
02274 42 

02276 

"7158 
07.158 
02277 
OU41 
02441 
02541 
02639 
02663 
02671 
J2679 
02721 
02793 
02893 
C2993 
03093 
031v4 
031;)5 
0(;641 
(;3115 
03117 
03119 
03129 
07227 
07237 
07247 
07248 
03129 
03195 
03143 
Ouu99 
03197 
03223 
Ci3313 
03399 
03489 
03!>7!> 
;"3643 
C:""tv2 

Jl()98 ullvC: 
uv .. ,(;(; v\·l J? 
iJ267'1 \.:u100 
1.13116 \,/ulCJC 
u1928 -7249 
01927 !J3117 
-"L\)l,; l. 311~ 
~1994 ii1200 
(;u:.;O(., (;v1.)2 
02721 OCIUO 
1.13116 OUl0e 
03104 000-1 
u2012 U1'J2B 
-()~Ov 1.13129 
u2042 O~300 
0219C 000-0 
Jl616 0(,;000 

uOOOQ OCIJ2 
;)3139 O,,000 

1 
C3116 OUI00 
(;2793'00100 
00000 00102 
u3116 u0100 
(.;2098 ;)v"OO 
1.11198 01.1000 

00000 (,1(,102 
02893 OOlUO 
0310v \JulOO 
v165.i OCOOO 
032U3 03116 
03205 03117 
03209 03118 
03211 03119 
uOOOO Ci0102 
03197 00100 
u3120 00100 
00000 (JuOOO 

"i 

1225 (J"010 
50 OCJ010 
52 
50 
SO 
49 
12 

4 
4 

21 
36 
50 
50 
50 

4 
5 
1 

10 
1l-

2 
2 

lU 
2 

Iv 
le

I 

66 
1 

13 
45 
43 
45 
43 
34 
44 

I 10K. 

EC I:. SIo:A 

It>;LAt<:-t 

CTWRNG 

OUTOUP 

* ELEMNT 
D'IAG 
DAT·A 
IIG 
SMALL 
ERROHC 
CELTAK 
EEQUAL 
NEQUAL 
J lLARM 
DUP 
kCWRNG 
NUMbER 
INQUIR 
ADD 
COUNT 
RM 
TEMP 
ZERO 
I 
J 
AIJ 
t'l 
llELTA 
E 
XYZ 
INPUT 
CARDIN 
INSURE 
AC 
()UTTYP 
ME~S1 
MESS2 
MESS3 
MESS4 
MESS5 
INSTRC 

..,H llOKZ 
F'ICn L. 
'"IITY II LI\I( ':7 
wNn INPUT-I3Z 
TI-','1 *&30.D!AG-I0" IIUliaz 
A *&17,1., L~AllaNUIAL&10*ll 
C 0.H.r.:O,2, uC( U~' 11:.0 Tl.S T Z 
hI:. I:.l;LSI(Al 
RU Y i. 

.wAH O,JPZ 
WNTY INPUT-D •• , lMt; I<EC(,iIWZ 
st~ COUNT,l,lOZ 
TF *!.18.1ICK&.'OZ 
TF 0,I.'IPUT.2, sr, .. HH All 
uNO *1,,241. 
~To''' OUTOUP.O.I0Z 
U RETU,RNZ 
DO"G *-3Z 
kCTY z. 
TDI-I If\4PUT&10, ,', 11'4':'UKI\I~Cl :~"IZ 
DC 1,@,*Z 
wNTY INPUT-l3Z 
WATY RCWRNG ••• !:lAD RECORDZ 
~CTY Z 
~NTY I~PUT-13 •• , CO/Hod:.CT '<CC;vi\DZ 
BC" *-Z4Z 
t; F.:t::A02G 12Z 
DORG *-3Z 
RCTY Z 
WATY NUM~ERZ 
WNTY COUNT-4Z 
~ ASK ... ENTER "IIS~Ij;u "I:.i.JkJZ 
TO OUTTYP&6.I-lZ 
TO OUTTYP". JZ 
TO OUTTYP6012.J-lZ 
TO OUTTYP"14.JZ 
ReTY z 
WATY OUTTYPZ 
WNTY INPUT-9Z 
sa z 

DONG *-91 
PHASE 1 CONSTANTS! 

DS8 1225.10,7758Z 
D56 IO.lO.Oll5IZ 

~, 

DAC Sa,PLEASI LOAD DATA AND HIT START .• 1 , 
DAC 50,MATRIX TOO t.ARGE.RE:o.ENTER CON.TROL, RECOR.O VIA TYP.,Z 
DAC 50.MATRIX TOC SMALL.RE-ENTER CONTROL RECORD VIA TVP.'Z 
DAC 49.CONTROL RlCORO E~R~R.k~-ENTER VIA TyPEWRITER NOW,l 
DAC 12" DELTA N @Z 
DAC 4,EIIf @Z 
DAC 4.NN @Z 
DAC 21~SlNGULARITY POSSI6LE@Z 
DAC 36.JJ bUPLICATED. ~ECORP USED WILL BE .z 
DAC 50;DATA ERH OR ADDITluN.INSERT VIA TYPE~kITE~ NOW ez 
DAC 50,COUNT WHON~.YCUR A~SWER ~UST 8E YES TO QUERY @Z 
DAC 50,HAVE YOU ANYCHANG~S,TYPE YES~RCDMKD OR NQIRCDMKa!Z 
/)AC 4.NOX@Z 
OS 5Z 
DC 1.@Z 
05 
DC 
DS 
OS 
OS 
OS 
DS 
OS 
DC 
os 
os 
DC 
os 
DAC 
OAC 
OAC 
OAC 
DAC 
OAC 
DAC 
OE,. .. D 

10 , nIP S TR & 11 Z 
10.-0Z. 
2Z 
2Z 
10l 
2,7221Z 
10.7237Z 
10.7241Z 
1.@,7248Z 
.AIJZ 
66Z 
1 ,f. INPUTCr14Z 
.99Z 
13. A'OO.Ooa _ @Z 
4~,SSl ON-DATA ON CARDS.OFf-DATA ENTRY VJATYP •• Z 
43.552 ON-PUNCH ~OTATIO~ ANGLES,OFF-NO PUNCH •• Z 
45.553 ON-DATA TVPED OUT TO VE~IFV,OFF-NO TVPE •• Z: 
43.554 ON-ERROk eNTEReD FROM TYP.,OFF-NORMAL.fZ 
34,CL~AR CARD PUNCH AND ~EADY FOkMS.@Z 
44.MATRIX LOADED-WHE~ PHASl 2 LOADS. HIT STARTeZ 
START-lll 

) 

C' 

o 
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PHASE 2 

BASIC 16Z0 CARD SYSTEMS 

SPS LISTING 

/ 

1" 
(~'I 

j 

• THI S IS PHASE 2 - EIGENVALUES COMPUTE BASIC 1620 Z 
* 1 

02178 15 00401 00-01 ENTRY TOM 401,1,91 
02190 Ib Ub202 -vOOO TFM lIC.UDA-I.0Z 
022,"2 Ib 05983 000-1 START TFM 1t1.l0. l"'lZ 
02214 16 05985 000-2 TFM J.2.10. J"'2Z 
02226 16 02256 -7751 TFM CMPARE'6.7751 •• SET S~ARCHZ 
02238 15 04975 00001 JlJl TOM SwUl.1 .. 1 OFFl 
02250 24 -7751 07240 CMPARE C 7751.E-7.2.,LESS THAN EZ 
02262 47 (J4914 1.11300 BL STEPt ... ,****NO til TZ 
02274 15 04975 00009 HIT TOM S1II1& 1.9 •• 1 O~Z 
02286 16 02321 -124e T.F~ I.ADD(r11. 7 .z4!! •• SI~T 1 "DOZ 
02298 21 02320 05983 A IADDlrlO.I .. All ADDZ 
02310 26 06167 UUOOO lADD TF All.OI 
02322 16 02357 -7248 TFM JADD" 11. 0724 6Z 
02334 21 ;;2356 0591:1; A JADDlrl0.J •• AtAJJDZ 
02346 26 \16177 v0000 JAi>O TF AJJ.OZ 
02358 26 02393 0.2256 TF *t.35.01PAtH,~6Z 
02370 '11 02393 000-1 AM *lr23.7.10. AIJ ADOZ 
02382 26 06187 OCOUO AIJADD TF AIJ.oz 
02394 26 v6197 06167 TF Al:oHAJ.AIIZ 
0241.16 16 i.l046'1 -2441 F5 A I i'll AJ,,\JJ .. A I-,AJZ 
C2418 16 U0445 -61~7 
02430 49 v0402 -6177 
02 .... 2 47 02486 01200 8NZ SIC.lP2Z 
(/2454 26 06233 06097 TF NEWAIJ.ZEkOZ 
02466 25 0625Ci 06187 TO TEMP,AIJZ 
{;2478 4'1 02654 00000 D FORMAIZ 
~2486 OORC> *-3Z 
02486 26 -.10099 06lon S..:IP2 TF AC.AIMIAJZ 
02498, 16 00469 -HH FA AC .AC .. 2'1AI-AJDI 
02510 16 ;)0445 -\1099 
02522 49 00422 -0099 
02534 16 ()0469 -2569 FD AIJ.ACZ 
02546 26 1.1126\.1 06181 
02558 49 J1422 -.)09'1 
02570 24 00096 06240 AhGlET C 96.TAN225 •• ALPHA Tu TAN 22~;Z 

0 
02582 47 030l" 01300 BL SI/liCOS ... JUMP I F AL~HA SI'1ALLl 
02594 25 06250 00099 TO TE~P.AC •• ALPHA Slu~Z 
026~6 16 (J0469 -2641 FJv' A I ~ll AJ .HALF l 
;;2618 26 ;';1260 \)0191 
v2631.i 49 ,,1262 -eOe I 
02642 26 06233 OU099 TF NEwAIJtAC .. AIJZ 
02654 26 06213 06171 FORMAl TF lit-iliA 11. AJJZ 

%~ 

'::,"C2m:t:n;::,."",.,t!, U,'",I,¥,W.¥M ; p, ,.,qa .. 4aau@.UUaUt .. (." _(4 .... $'*$.;;: iA· .. 44:kUO ,# ... \¥\i*+.!MA.#II¥IIA!1f.i#!Hfl#Q,I!Mr .... i!. 



->2606 16 U04t.';1 -,/vl r~ :~.:. w,\ 11 ,.; ii, , /lilt"Ji 
02678 16 0044:.> -6213 
("2690 4'1 lJ\J422 -6167 
L'27J2 16 u046c; -2737 FH NEwAII,HALFl ~-\ 
027.14 26 0126W 06n3 U. 02726 4'7 01262 -60a7 
02738 20 1.164!13 U,,099 TF ,~t.""AI 1 ,AC" 1/2",Al&AJCZ 
02750 2b (,,6223 00213 TF 1'it.I'oAJJ,NEwAIIZ 
02762 16 00469 -"2.7'77 FS . NEIoIAII,AIJZ 
02774 16 u(J445 -6213 
()2786 4'1 00402 -61ti1 
112798 16 \.iU46'i -2833 FA ~f:.I~AJJ ,AI Jl 
02810 16 "i)44!> -6223. 
02822 49 00422 -6H17 
02834 15 04567 00009 TOtv\ SW2&lt9., SW2 ONZ 
02846 15 05987 00000 TOM J&2Z 
v2857 1 D( l,@,i<Z 
02858 44 02,)Ol 002'.>0 BNF PLUS, T Er"p , , I~ ALPHA-£: 
C287Ci l' 1,;5'186 ULlOOO MIJ'WS TOM J&I,8,lIZ 
02882 15 ()5247 uCOlll TOM SW3&1,1" SW3 OFFZ 
02894 49 04046 I,I.)OvO I:l SlOREZ 
029U2 OORG *-3l 
029,,2 1:.> ,,''t8b uvJutl PLUS TO,\\ J&I,8Z 
(..2914 15 05241 uUOlJ9 TON SIo/3&l,SI,', SW3 Ol\l 
02926 26 .;62!>1.J 0021.3 . TF TEMP,NEIoIAlll 
<:2938 26 iJ6213 06223 TF NEWAII,NEWAJJZ 
02950 26 ()6223 06250 TF NEWAJJ, TEMP •• SWITCH AI-AJZ 
02962 44 02994 Ob233 bN,.. *r,32,f\EWAIJZ 
02974 33 (J6233 viJOOO eF NElriAIJ", INVEIH AIJ .:.IGNZ 
02966 4'1 (J4()46 u~OOO tj STOREl 

I ... ~ ..... ~ •• .' •••• 

02994 DORG *-3Z 
02994 32 06233 00000 SF Nl:.WAIJZ 
J3v(,6 49 04046 iJ0000 S STOREZ 
03014 OORCi . *-3l' 
03u14 26 vb)11 00099 SINCOS TF SetAe .. GAMi-IAl 
03026 16 1.10469 -306] FA Ae tAe tt 2 GA~IMAZ 
03u38 16 00445 -.,;099 
03()50 49 V0422 -,,099 
03U62 26 06301 0,)099 TF S2tACZ 
03u74 16 00469 -3109 FM setsez 
03U86 26 v126..) 0t/311 
03098 49 01262 -6311 
03110 26 u6C105 00099 TF cuS,Ae" GAf~JJ,A**,Z 

03122 16 00469 -115'-; FA AC tONE::" l&GAMMA**2Z 
q~,u. 16 00445 -0099 

~1 /\ 

~L .• j 

Q:H46 4~ U0422 -('071· 
03158 26 06250 00099 TF TEMP,ACZ 
03170 16 0()469 -320~ FO S2.TEMPZ 
03182 26 0126101 06301 
03194 49 v1422 -6250 
Cl32u6 26 ,",!l99!i OilO\}9 TF SIN.AC" SI::~Z 
03218 26 ,/626" V6C7"f TF TEr.'P2.0NEZ 
ell3:" 16 0Ci469 -32£..5 FS TEMP2tCOS,. I-GAt~MA**~Z 
C3242 16 u0445 -6260 
03254 4'1 00402 -600~ 
03266 16 0046') -3301 FD TE~;P2, TU4PZ 
03278 26 ..:1261. 0626C 
()32~O 4'1 u1422 -62!>O 
033G2 26 06G05 0(,099 TF ·CUS.ACl 
03314 16 0(J469 -3349 F,.! cos.eosz 
03326 26 I; 1260 06005 
03338 4') (,1262 -6;)\)5 

03350 2b v63.2l "JC9,; rf C2,AC,. C**2l 
03362 26 ,,6301 C.Jbon TF ::.~ ,O'JE" 52t.Cil,r lZ 
03374 16 00469 -340', FS 52 ,e2" NoSI fi**2Z 
03386 16 uu445 -6301 
03398 49 (~040 2 -6321 
0341.; 16 l,U46<J -3445 Ft-· SIN,C0Sl 
C3422 26 J1260 ()5,)~:> 

C3434 '+') (;1.:62 -<.>OU? 
03446 26 06311 000';;') TF Sl t ACl 
03458 16 0046':1 -3493 AAA FM SC .Alt>llAJ •• SC~AII-AJJaZ 
u3470 26 0126u G6311 
034tl2 4') 1.11262 -61,7 
\13494 2{, .,62,;" J00')9 TF Hf'.lP ,ACZ 
C3~ v6 26 "uI,,9'J 06321 TF AC ,Cll 
03518 16 0046') -35'3 FS AC .S21 
03530 16 (iU445 -,,099 
03!>42 4<) uu402 -63Ul 
':>3554 16 t..i,;469 -35d,) Fi.-j AC,II1JZ 
03'66 26 .;1261. UJ099 
:"3,70 4';1 Ull62 -61~7 
035:: .- :!;69 -3625 FS A(.Tt.:.:MPl 
ll36u2 16 C C!, ,~: ... _ C ')') 

0 03614 49 u()402 -625: 
036lb 20 ,,6233 O;;C)-) t;f:i~Alj,A(i 
~. 36:;d 10 vC46'.i -3673 Fr< se,AI': 
036'0 26 ,; 126,-, J6311 
03662 4'.1 ,,1262 -6181 
03674 16 ,,046') -370') F .\ A(,Aez 

t& 



ttHbHWid f" j tf "" H tJ, 

~'3686 16 .,,,,44;; -",(. "'jr; 
03698 4'7 vu422 -~,0,)9 

C· ~37LJ 2b ,,626"; "JO~9 TF T:'fI,P2 • .',( •• _ "41 J*SCZ 
.1 03722 16 'vU46'> -37':>7 F:i C: ;AIIl 
II :)3734 2(.. ";lib,, :"..,321 

03746 4', ",1262 -6167 
C37,a 26 '~6213 U .. ~99 TF ~.L.\AII.A(t. 

(./3710 16 .. 0469 -38~5 FM S2,AJJZ 
03782 26 u126U 0(,301 
03794 49 .. 1262 -6171 
(.38",6 16 u(,469 -3841 FA .';:':"'!d 1 .ACl, 
03818 It> \,044; -6213 
;;3b3U 49 ,)U422 -~O'79 

0384.2 16 00469 -3877 FA NEw~11 ,TEI·i~2Z 
038S4 16 v0445 -6213 
03866 49.00422 -6260 
" 3878 16 ll0469 -3913 F;': !j"AIlZ 
03890 26 ,,126~ v63')1 
039",2 49 u1262 -6167 
03914 26 06223 00099 TF NEwAJJ.ACZ 
03926 16 00469 -3961 FM C2,AJJZ 
03938 26 0126C 06321 
("39!)~ 4'1 \,1262 -6177 
,,3962 16 0.)469 -39')7 Ff... Nl::viAJJ.ACZ 
(;3974 16 ~C445 -t,,223 
03986 49 :10422 -,,0~9 

03998. 16 (,.\.1469 -4033 FS NEWAJJ, TEf·1P2Z 
04"10 16 00445 -6223 
v4w22 49 00402 -6260 
04U34 15 ,)4567 C";Ou] TDI/: S";2~1,1 •• Svl~ vFFl 
C;4U46 2& iJ4()64 C2357 STOkE TF */,18.JAOOlilll 
C4U58 26 OQOOU 0&223 TF' OOOOO,NEWAJJ., STURE AJJl 
04070 26 04088 ll2393 TF -U8. A I JADDC, llZ 
04082 26 00000 06233 TF OOOOO,NEWAIJ .. STORE AIJZ 
04;J94 26 04112 02321 TF' *ci18. J ADD&11Z 
041(;6 26 (i~00~ 06213 TF OOOl'O,/liEI'iAll •• STCRE AI JZ 
04118 26 02282 07227 ROTATE TF K.t\" ~lIi~z 
04130 11 06202 -0001 AM lIC.UDA-lt I, , STt::P COUNTZ 
04142 24 "2282 05983 C K,IZ 
04U4 47 .)4210 01300 BL S~CHIK .. , K LESS THAN IZ 
04166 46 04866 ~1200 BE SI<.IP. " ""Il 
04178 26 02284 02282 TF It. 1.1:." K G~E~T£R THAIJ IZ 
04190 26 Q2246 O!l983 TF 11.1 Z 
04202 49 0 .. 234 00000 . B AAIKZ 'I 
04210 DORG *-3Z ~\ 

e' t1 ,,,.1 
'..J .. ~ 

0.210 26 v2284 059.83 SWCHIK TF Kl.I" K. L.E.SS THAN lZ 
04222 26 02246 02282 TF, 11,IC.Z 
04234 26 062!HI 02284 AAIIC. TF TEMP,K1Z 
04246 12 u6UO 000-3 SI-I TEMP.hlOZ 
04258 23 u625v 02284 M TEMP.Kl" UK-3az 
04270 26 06250 00099 TF TEMP.ACZ 
04282 13 v6HO OOO-S MM TEMP,5.10, 6 DIGlTSZ 
04294 11 00099 -7758 AM AC,077581 
CU06 21 00098 02246 A AC-ltll .. AlAlKaI 
04318 32 00095 00000 SF AC-U 
04330 26 ~4353 0\.1099 TF A I,KADDr, 11.ACI 
04342 26 C6213 00000 AIKADO TF AIK,OZ 
C4354 24 v2282 05985 C K,JZ 
04366 47 04422 01300 8L. SWCH.-U 
04378 46 04866 01200 ~E SKIPZ 
04390 26 02248 0598S TF Jl.J., K GREATER THAN JZ 
044:J2 26 02284 02282 TF Kl.KZ 
C4414 49 .. 4446 OuOOO B AAJKZ 
04422 DOR::' *-31 
04422 26 02248 02282 SWCHJK TF Jl.K .. K LESS THAN JZ 
04434 26 02284 05985 TF K1.JZ 
04446 26 06250 02284 AAJK TF TEMP.Kl" AJK AD01 
04458 12 .,;6250 000-3 SM TEMP.3.10Z 
04470 23 06250 02264 M TEMP.lC.lZ 
04482 26 (;6250 Ou099 TF TEMP.ACZ 

..0449.4 13 06250 000-5 114M TEMP.S.IO. 6 DIGITSZ 
04S06 11 00099 -7758 AM AC.077UZ 
04518 21 00098 02248 A AC-l.JIZ 
04530 32 vOO9~ c,,)OOO SF AC-4l 
04542 26 ()4565 00099 TF AJKADD611 ,ACI 
C4!)54 26 06223 (juOOO AJUDD TF AJK,OZ 
04566 49 05078 OvOOO SW2 B DEG45Z 
04578 16 00469 -4613 FM COS.AIKZ 
04590 26 01260 06005 
04602 49 1;1262 -~213 
04614 26 U6260 00099 TF TH~P2.ACl 
04626 16 00469 -4661 FM SlN,AJKZ 

0 
04638 26 (;1260 05995 
"'4650 49 01262 -6223 
04662 16 00469 -4697 FA TEMP2,ACZ 
04674 16 ('0445 -6260 
04686 4~ Uu422 -0099 
04698 16 00469 -473l FM SHhAIKl 
04710 26 0126Ci O~99':1 
04722 49 01262 -6213 

~ 
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A734 26 G62!:~ 0'':''0'i9 TF TEMP,AC,. AIII.*S H.Z 
i..l4746 16 (')0469 -4781 FM (OS,AJKZ 
U4758 26 U1260 06005 
C4770 49 U1262 -6223 
,,4782 16 00469 -4e17 .FS AC,THiPZ 
04794 16 00445 -,.\099 (" 
048U6 49 00402 -6250 \ 

'''-... ~J-;I 04818 26 04836 04565 IHSTOR TF *Go 11), AJKAi:lI)t.l1Z 
04830 26 00001.1 0101099 TF O,A( .. AJK STOREOl. 
04842 26 04861.1 04353 TF *&18 ,A I KADD& III 
048S4 26 U(;JOt: 06260 TF O,Tt::i>\IJ2 .. AJ K S Hil<I..!)L 
04866 12 J2282 O..iO-l SKIP S~ K.1,le. K-l! 
04878 47 04142 012<.;0 tiNl ROTATE&24,,, rH. Tuk~.Z 
04890 47 04914 Uli200 WANTU ~NC2 STEPI." :';KIP P\JNCHZ 
04902 38 05982 0'-1400 WNW 1-1." PUNCH J,J.SJN.CO!".l 
04914 11 05983 000-1 STEPI AM Itl,lO. lIilZ 
04926 24 u5983 US9S5 C I,JZ 
-.;4938 47 OS370 i.H20.) I)NI:. RI:.SE.TiZ 
049S0 24 u598S 07227 ( J.N,. J VS I~Z 
04962 47 05346 01300 BL RESEfz-24l 
04974 49 02202 OUO()O SWI B START,., SOMETIMES NOPl 
04986 24 07246 07236 ( E-l,OELTA-1~, ~ VS ;)ELTAZ 
04998 47 (,5390 UllOO i:!NH TYPOUTZ 
OS';10 12 \)7239 vLiO-1 Sf.: E-S,ttlo, EHEIlOZ 
051.122 34 vOOOv 001\)2 'kCTY Z 
05034 39 06419 0(;100 WATY EEQUALZ 
05046 38 07238 00100 WNTY E-9Z 
OSI)58 46 J5390 01200 BZ TYPOUTZ 
OSv70 49 02202 (;l;(;UO b STARTZ 
OS')78 DOI!~ *-3Z 
OSl;78 16 .;0469 - !j1B DECo45 FM 5(JRT.r:,AIKl 
J5090 26 0126IJ 06489 
05102 49 J1262 -o21~ 
05114 26 v6250 0,)099 TF TEMP,ACZ 
05126 16 00469 -'16) n' ='':.IRT2,AJKZ 
05138 26 u126v vt.4b9 
0!H50 41} ll126.i! -622'3 
OH62 26 0626~ 062~0 TF TEMP2.TEMPZ 
CJH74 16 0\)469 -~2iJ9 FA TEMP2.AC •• AIKZ 

" 05186 16 UU44~ -6260 
05198 4'1 ..,1.1422 -(;099 
OS210 16 00469 -,24'> FS AC,TEMP" AJKl 
05222 16 Jli445 -1J09'J 
US234 49 0U402 -625:) 
05246 49 04818 OIJOUO SW3 • a RTS TOk", NOPZ 

'" ~\ 

\~.J 

05258 26 {)6250 06260 TF TEMP,TE~P2"SwlTCH AIK-AJKl 
05270 26 06260 OU099 TF TEMP2,ACZ 
05282 26 00099 06250 TF AC,TEMPZ 
05294 44 05326 06260 BNF SETF,TEMP2Z 
05306 33 U6260 000(;0 CF TEMP2Z 
05318 49 04818 Ouooo 8 RTSTORZ 
05326 DOI~G *-31 
05326 32 U6260 00000 SETF SF Tt:MP2",INVERT AIK SIe;,,..z 
05338 49 048}8 00000 B RTSTORZ 
05346 OORG *-3Z 
05346 16 05983 OuO-] TFjVi 1,1,10, 1,HZ 
OS358 11 05985 000-] AM J,I,10. JEtlZ 
05370 11 ... 2255 0(;0-] RESET2 A/VI CNPAH 1:.(, 5 ,1,10, AIJ&lZ 
05382 49 1.12250 00000 B Ci"'lPARE" , LOOP liACKZ 
05390 DORG *-3Z 
05390 34 0000;) 0...1102 TYPOUT RCTY Z 
()54-.12 34 vvOOO uv1v2 ~Crv: z 
05414 16 05983 UCO-) TF,III Itl,lli, 1N1l 
05426 16 05497 -7258 TF,", VAR&11,OIAul 
05438 25 06437 0,9&2 AGAIN TO OUTPUT68 t 1-1" SET INOEXZ 
05450 25 06439 OS983 TO OUTPUT&10,JZ 
05462 34 JOOO(; u,JluZ RCTY Z 
05474 39 06429 v.)lOC WATY OUTPUTl 
05486 26 \)6005 07258 YAk TF (OS,I)IAGZ 
05498 33 05996 vUOOO CF (OS-SIZ 

-0551-0 38 05996 OU100 WNTY CO$-9Z 
05522 11 05983 000-1 AM ltitlO, l&olZ, 
05534 11 05496 000-1 AM VAR&lO,l,lO, STI:.P FETCHl 
05546 24 05983 07227 ( I ,N., J VS NI 
<.;S558 47 u5438 01100 bNH AGAINZ 
05570 34 1.1(1)00 00102 RCTY Z 
05582 34 00000 001()2 R(TY Z 
C5594 38 06198 00100 WNTY lKUOA-5", Ty.,E ROTATlONSZ 
OS606 39 06455 00100 WATY (NTZ 
05618 26 06250 07227 TF TEMP,NZ 
05630 12 062S0 000-3 S~l TEMP,3.10Z 
0,642 23 0625U 07227 M TEMP ,N" N\N-3aZ 
05654 26 06254 00099 TF TEMP,ACZ 
05666 13 06150 000-5 i-lM TEMP.5.l0I 
05678 11 u0099 -n48 AM AC ,07748Z 
",569) 21 0"-.l9b 07227 A AC-l,NZ Ie: 057v2 32 (';Ou95 uUOvO SF AC-4Z 
'-1,714 26 u5821 v00'll9 TF EI--.05UIoH;!l ,ACZ. .J 
OS726 26 06(;05 06097 TF (uS,ZEROZ 
C'S 738 16 (,5761 -7758 TFM CHANut~11,077~8Z 

jr 



:;51~J 26 ';02;.; \"; .... (.,-,G CHf.)'~:' TF f". "P','v ~CI: l. 

,,5162 24 u6u04 06249 C <:-.:5-1, H '/·1'-11 

(~: 
:J,714 40 J~H98 0110(; tlt1 *&24L 
05186 26 0600~ 'J62'):) H- (uS. Tl:.t-':PZ 
~5 798 11 v576'~ (''''(;-1 j .. r·~ lHJ,,\ll>t.tJ 1 'J ,l.! JL 

,,5810 14 \,5761 - .J:>J~'. UllJ Sf.1 I< ( ' (rlAhl>t:I,ll.OL 

(;5822 47 ~515\.. li 11 ;"') :.:"!H (rlidKt1 
05834 34 li(,/lJO" vl.il"2 H.lY L 

05846 39 ub(;99 OOlUn WATY j'll:. S~ . .:l 

0585S 38 05996 Oli 10,~ WI.TY C;S--jZ 

G587\; l~ v5982 \;,,0(;,1 T O;V I-ll 

v5881 1 DC 1 ""~' *L 
u5882 38 li5982 uv4UO WNCt; l-1Z 
05894 34 ("OvO(') 00102 PHASE2 KCTY Z 
~5906 34 00(,;00 OU102 kCn Z 
05918 46 0595U OGlC0 eC2 CALL3Z. 
05930 39 U6263 001(;0 \'iAlY ENDI 
()5942 49 u5962 JdOOO U CALL3&12Z 
C595J oUKe; *-31 
05950 3Y U6n3 00100 CALL3 WAT'{ PHASE3". I HSTRUCT lClI";Sl 

.05962 36 0000'-1 vl,/5UO RNC[) 0, " LOAD I'HASl 3 LCAUt::F< I 

05974 49 uv(liJv 0,,000 B 00", EXEcurt LOAOEkL 

~;982 UCr,Li *-3l 
PHASE 2 CONSTA\TSZ 

: ... 7758 122~ vu01Q EU.~,f'liT OS:;; 1225tlO,775e1 
(,7258 5u 00010 DIAG OS.) ~0,lO.7258l. 

C7241 10 L OS 10,7241Z 

()7248 1 KI'.i2 Oc lt~.7248Z 

07237 1G uELTA ~S 10.72371 
07227 2 l'l D5 2,7227Z 
05983 2 I )5 2Z 
05985 2 J ()S 2l. 

05995 1U SIN OS 101 
C60:J5 10 COS OS 101 

;';6;.) \..6 1 HI·: DC 1,t;;)Z 

C6.j09 30 OIPAH: DAC 30,LOA!) PII;\:)~ 2 IJ\:TPUT-HI T ST;;.,:T:vL 

02246 2 I 1 '->5 2,IIJ1&eZ 

02248 2 J1 DS 2,llJl&10l 
02284 2 Kl OS 2,HIT&10l 
02282 2 K 1.)5 2.HIT&8Z 
06U71 1C ONE l)( 10,511000:lv001 
u6081 1U HALF DC 10, ~O~OOU(;OuuL 

J6u97 10 ZEkC uC 10.01 
(.I6U99 30 MESS2 DAC 30 .t-IAX I MUt/, AIJ,%1 NOT II Je, II @Z 

06167 1.) AI I DS 10Z· 

CI) ,}1 

06171 1v AJJ [)~ 101 
06181 10 AIJ D5 102 
06197 1U AIMIAJ 05 101 
062U3 6 IKUDA DC 6.0@l. 

06213 10 Nf.wAII 1.)( 10.0l 

06223 1v NEWAJJ DC 10.0L 
u6233 Iv NEWA1J L>C 10,OZ 
06240 1 TAN225 DC 7,5041421Z 

06250 11. TEMP [)S 10l 

06260 10 TEMP2 DS 102 
uuv99 AC tJ!> ,'1.9l 

06263 15 E''lD 0/\( l~,ENJ OF I'KOl,RA"I'H 

(,63u1 1(' S2 L'S IOZ 
06311 10 SC [)S 102 
06321 10 C2 L>S 101. 
06213 10 Ali( DS 10,NEWAIIZ 
(.16223 lC AJK uS 10,NtIllAJJZ 
06323 4 I:! I'HASE3 U/\C 40.El(,I:NVI\U.Jt:~ Out'll: , :t<hU-l ,",HASt 3 LOAO~, HIT STM:.H'l 

06419 5 EE<;,UAL Ui\(. 5,f:. H (~Z 

06429 13 OUTPUT DAC 1h A'iiOOti II @l 

06455 13 (NT L>AC 13, f(OTATlONS.~l. 

06489 10 SOl<T2 uC 10,507071067~Z 

02178 OUiLl E.NTRYZ 

o 

="===:="'UJZki1t.lA,l:'Uu:;,:..::U,t, "IL I,:'J,.iilL ,·,,1A, ';',,;:.4 4$4. 



PHASE 3 

BASIC 1620 CARD SYSTEMS 

SPS LISTING· 

-;5 
/'~ 
\L/ 

.. TH IS I S PHASf 3.- EIGENVECTOR COI'1PUTf; BASIC ~ARD 1620·"·· Z 
* Z 

02178 15 O~419 00-01 ENTRY TDM SWU1, 1 ,9, 1 OFFl. 
02190 16 v2427 000-1 TFM OUTh1,10, 1.-1Z 
02202 34 (JUOOO OV102 RCTY Z 
02214 34 iJOuuiJ 00102 RCTY Z 
02226 39 03859 00100 WATY MESSGEZ 
02238 34 00000 00102 RCTY Z 
02250 34 COOOO 00102 RCTY Z 
02262 48 U2273 02273 HALT H TEMP,TE,..PZ 
::2274 16 ,,2429 000-1 TF:.! OUT.h1 dOL 
02286 16 ,)2304 -4006 CLEAR TFM SEll t,6 ,MATR I xl 
02298 26 (14008 03957 SETI TF .MATRIX,ZEROZ 
02310 11 ()2303 OCiO-1 AM *-7,1,10, DATA AkEA.-OZ 
02322 14 ~2301 QOOKO CM SETl&.3,20,10l 
02334 47 (,229£:1 01200 SNt:: SETll 
(.2346 If. 1.·2364 -4008 ALlSET TFM ALLI&6,MATI<IX" 18-~a 
02358 26 u4u08 03'147 ALLI TF MATRlx.ONE,' . 18-32Z 
02370 11 ... 2363 OvOL.3 AM *-7.33,10, 18-32l 
02382 14 <.12364 J4238 ALLII. 01 ALLHr6, 14238" 18-32Z 
02394 47 v2358 0llUO 6NH ALLIZ 
024[,6 36 J3828 -.lv~OO READN RNCD 1Ii-1Z 
(J241b 4'1 02626 1.1-.1000 SW1 b PASS2FZ 
-.l243(J 16 v2993 000-1 TF,V, ISET&11.1,10. SO lZ 
02442 14 03829 OvOL2 eM N,32,10Z 
024!)4 46 iJ2546 01100 bH OVER32Z 
1.i2466 26 0316~ 0384!9 UNDR33 TF FUNCTN.Nl 
02478 16 02865 -3678 TF~1 LSTRCD.MAT~lX-330l 
<';2490 13 J382<1 vvOL3 r~I" N.~3.10Z 
CJ25u2 21 v2!!64 0(;\)99 A LSTRCO-l.Ael 
02514 15 0)(,03 \ii/OO1 TOM 5_2&1.1" 2 OFFl 
C2526 26 021S89 03829 TF ICMPAR611 .NZ. 
;;2538 49 ij2722 CjOvO " READZ 
')2546 DOHG *-3l 
... 2546 1& v.H<.>:' v,,()L.2 (Jvtid2 TFM FUN(TN,32,lOl 
C2:i51S 10 u~bb:" -39SIS Tfl>\ LSTRCD,MATKIX-I0l 
025"/(; 13 03829 ()i)OL2 MM N.32.10Z 

C' 
.j2'>/il 21 "'2864 ,;U()\}C) A LSTRCD-1.ACZ 
C·2'>\}4 10 .;2889 vvOL2 T FI-1 ICMPAR&11.32,10Z 
v2bvo I? v j.'uj V.;lJv~ T[;:'I Sw2&1.9 .. 2 ONl 
v~bl/j 4'"7 v2.7LI. V\;(JVO cl kl:.ADl 
')2626 OuR\.> *-3l 
V26Z6 26 .,316'> 03829 PA~S2F TF FuNCTN.NZ 
u203/S 12 03165 OUUL2 5M FUNCTN.32.10l 

·11 ,,-
I 



02b5li 1t> v~bb~ -33:)1:1 It ;-i L~lk(u,MATKl~-o50L 
U2b62 13 u38.:!9 OUUL3 'oo\M iH33tlol 

C' ,;j2t>"14 21 -.12864 u.;C~9 A L5TRCD-1,AlL 
Olb~6 1, u3003 Ouo.U 1 Tu,J, ~N'Er1.1" l. OF-Ft. 

~~" 02b1J8 26 U~!H!<j u382', H lC.tJ,PAr.:£,t! ,Nl 
Ol71.J 16 02993 o ",e; L:'~ n." 15ET&11,H,10, 51:.T jji, 

02722 36 .. 3832 U~;t.:U ,KEAD K/IIet> 1-1", kEAD 1 ,J ,!)fCl. 
02734 45 v310(' 03!i3l I:.lNf< CuMPUT,I-lZ 
02746 16 02841 -40U8 TYPEV T.Fi", OUTEr 11 ,MATK I Xl 
02758 25 u3965 02426 TD TYPEt,6 ,OUT 1-11. ' 
iJ2770 25 03967 :;2421 TO TYPE&8,UUTIL 
(.;2182 25 V;':I11 CJi426 TO TYPE&12"OUTJ-11. 
u2794 25 ",3S13 U2429 TJ TYPI:.&14,OuTJl 
C28-.16 34 (JuUUU OCIU2 RCTY l 
02818 39 u3959 I.IU100 WAH TYPE.Z 
02830 26 u3855 04008 OUT TF C05,MATRIX .. T:'(PE \/lJl. 
02842 38 03846 vCJloa WNTY cus-n 
02854 14 02841 -(JOOO TEST CI', OUTt.ll", LA5 T IU;CQRDl 
C2866 46 ;)3V02 01200 8E 5W2Z 
02878 14 02427 -JOOO lCMPAR CM OUTI", N OR 32Z 
()2890 46 02934 01300 t;Nl JSETZ 
CJ29u2 11 0l.427 OUO-l A~' OUTltltlO, l&ll 
02914 11 -.l284U 000-1 AM QUTErliJ,1,10l 
02926 4., 021;8 u",OvO d TYPEV& 1ll 
02934 OOR(' *-3l 
02934 11 02429 000-} JSET AM OUTJ,1,10, J&1Z 
02946 16 02841 -36tH! TFM OUT&11,MATRIX-320l 
02958 13 0242<J 00012 "'v~ OU1J,32,10l 
02970 21 u284u OuO\i9 A OU1Erl0,ACZ 
02982 16 u2421 -0000 1 SET TFfY, OUTI,,, 1 OR Hl 
02994 49 02158 CJvOvO d TYPEV&l21 
03VOl OO~G *-3Z 
03002 49 U3v5u ouooe SW2 b PASS2Z 
03U14 34 liOOuv (;;)102 RClY l 
03U26 39 03989 00100 WATY PAUl',5Gl 
03038 48 CJ3u4\i 03049 TRICK H TRICK2,TklCK2" ENOL 
03U50 15 v2419 uUO~9 PAS52 TOM '~wl&l,lJ" 1 Of'll 
03062 16 (;2427 oeOL3 TFt-1 OUTl,33,10, I*33l 
03014 16 02357 J4248 TFM AlISET&11,MAT~IX&10240l 
03li86 16 02393 J9858 TFM AL1..12&l1,19858Z 
03'J98 49 02202 :)jOOO b ENTRY&24l 
031i.i6 DORG *-3l 
03106 16 ~3213 -3688 COMPUT TFI-, \/KIAUDt.11,MATRIX-320l 
03118 13 03833 OOOl2 MM 1,32,10,A'A1Ja*320,I-1a&MATRIXl 
03130 21 .;3212 0\.099 A VKIADO&lO,ACl 

() )1 

03142 26 ::13791 032'13 TF END&11,\/KIAOU&11Z 
03154 11 0379'6 -3165 ADOF A ,'vi END&10,FUNCTNZ 
03166 1& 03225 -3688 TFM \/KJADD&11,MATRIX-320Z 
03178 13 03835 UJOL2 MM J,32,10,A'A1Ja*320'J-1a&MATRIXZ 
03190 21 0n24 00099 A VKJADO&10,ACZ 
C3202 26 (,3927 UJOOO \/KIAOC TF \/Kl" , STOkE VII.IZ 
03214 26 ,,3937 00000 \/KJADD TF VKJ", STOkE VKJl 
03226 45 U3474 03837 BNR HRDWAY,J&2" Tt:iETA N.OT 45 DEGZ 
03238 2S 03049 03836 TO TRICK2,J61" 8 OR FLAG 8Z 
03250 26 02273 03927 TF TEMP,VKlZ 
03262 16 00469 -3291 FA TEMP,VKJ" \/KI&VKJl 
u3274 16 (j0445 -2273 
03286 49 U0422 -3937 
03298 16 CJC469 -333-3 FM ·TEMP,SORT2l 
03310 26 01260 02273 
03322 49 01262 -3827 
03334 26 02213 Cu099 TF TEMP',ACZ 
03346 16 00469 -3381 FS VKJ,Vl\.ll 
03358 16 U0445 -3937 
03370 49 U0402 -3927 
03382 16 U0469 -3411 FM \/KJ,TRICK2" DIFfERt::NCEZ 
03394 26 01260 03931 
034U6 4'1 01262 -3049 
03418 44 03714 03836 B/lif STORE,J&ll 
0343CJ 26 03927 00099 Nt;GT\/E TF \/KI,ACl 

'03442 26 C0099 02273 TF AC,TEMPI 
03454 26 ~2273 03927 TF TEMP,I/KIt 
03466 49 03714 00000 B STOREZ 
03474 DORG *-31 
03474 16 uu469 -3;09 HROWAY Hi \/1(.1 ,Cos" VK I*COSZ 
03486 26 "1260 03927 
·03498 49 01262 -3855 
03S10 26 02273 00099 Tf TEMP,ACI 
03H2 16 .;0469 -3S!)7 FM VKJ .. SINl 
03534 26 0126(.1 03937 
Ci3546 49 01262 -~fs4t; 

0 
03558 16 00469 -3~93 FA TEMP,AC"V~l*Ct.V~J*S'\/~Jl 
03570 16 00445 -2273 
03582 49 U0422 - .. 099 
03594 16 00469 -3629 FM \/KJ,SINZ 
::>3606 26 v1261.. u3927 
u3618 49 01262 -3B45 
U3b3J 26 1.J3927 ouo99 TF VK 1 ,ACZ 
03642 16 00469 -3677 Ftio VKJ,COSZ 
03654 2b 01260 U3937 

,~ 
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03666 4'i vl.262 -3855 
03678 16 ;)046'1 -3713 F5 AC,VKI"VKJ*C-V~I*SNV~Jl 
03690 16 V()445 -U099 
03702 49 vU4C2 -3927 
03714 26 \,)3732 03213 STORE TF *&18,VKIADD&llZ 
u3726 26 00;)0(; 0227"3 TF ,TEMP" 5TORE V~ll 
03738 26 03756 u3225 TF *&18,VKJADDlIllZ 
03750 26 (JOJOv 0;)099 TF ,AC" STORE VKJZ 
03762 11 03212 000-1 AM "VKIAOD&10,1,10. I&ll 
iJ3774 11 J3224 U00-1 AM VKJAOD&10,1.10." J&lL 
03786 14 ..13213 -JOOO END 01 Vi<. J ADD&l1 •• , Tt:.ST ENuZ 
03798 47 v3202 01200 BNE VKJADDZ" 
03810 49 (,,2722 OOOUC" S REAOZ 
03818 OORG *-3Z 

* PHASE 3 CONSTANTSZ" 
* Z 

001)99 AC OS ,99Z 
03U49 Iv TRICK2 DC 10,-S070710672,TRICK&11Z 
03827 Iv SQ~T2 DC 10,~070710678Z 
02273 TEMP OS .HAL 16l1Z 
03829 2 N OS 2Z. 
C3830 1 "RM DC 1.,Z 
03831 1 DUMMY OS lZ 
03833 2 I 05 2Z 
03835 2 J OS 2Z 
03845 10 SIN OS 10Z 
03855 10 COS OS 10Z " 
03856 1 ~M2" DC 1.\lZ 
03859 3u MESSGE DAC 30.LOAD PHASE "2 OUTPUT HI T STARTtZ 
03927 10 VKJ OS 10l 
03937 10 VKJ DS 10Z 
02427 2 OUT! OS 2 ,SWHr9Z. 
02429 2 OUTJ OS 2.Swlfr11l 
031U 5 FUNCTN OS 5,ADOFfrllZ 
02865 S LS T.HCO OS 5. TEST&ol1Z 
03947 II,) ONE DC 10.5110000000L 
03957 10 ZERO DC "10.-0Z 
03959- n TYPE OAC U, VIOo.ooa , " IZ 
03989 .. PAUMSG OAe 4.ENO.Z 
04008 1600 00010 MATRIX DSB 1600.10.04008Z 
02178 OEND ENTRYZ 

PHASE 2 

1620 CARD SYSTEMS WITH DIVIDE AND INDIR.ECT ADDR.ESSING 

SPS LISTING 

G 



c * PHA Sf 2 - E16fNVALUE5 COMPUTE 1620 IiII/DIV (, IDA Z 
• Z 

02178 15 U0401 ~0-ul ENTRY TC:.I 401.1,9Z 
02190 16 '-16142 -vCOO. TF,vI IKUI)A-l.fJZ 
022;';2 16 .;5923 (.)uO-1 S.TA~T TFtI. 1.1.1V. UIZ 
02214 16 iJ5925 000-2 TFr~ J.2.1U. J"2Z 
02226 16 02256 -7751 TFM CMPAI<~&6. 7H 1 •• SET S!:::ARCHl 
02238 15 04915 U0001 IlJl TOM 51111&1,1., I OFf·Z 
02250 24 -7751 01240 CMPARE ( 1751tE-7.~,.LtSS THA~ I:Z 
02262 47 04t!54 01300 UL STEPI .. t· •• **:-'0 HI Tl 
02274 1 !:I 0491!1 00009 HI T TI>"'I S\I;l(,I.9 .. 1 UNZ 
02286 16 02321 -7248 TFM I ADD&11.1248,. SET I AODZ. 
02298 21 02320 05923 A IADDr.10.1 .. 'AI I ADDZ 
02110 26 06107 Quooe IADO TF All.OZ 
02322 16 \.i2357 -7248 TFM JADOCrll.07248l 
02334 21 02356 05925 A JADOE.I0,J .. A'.IioAJJOZ 
02346'26 06117 00000 JAOO TF AJJ,OZ 
02358 26 023.93 02256 TF ·'3hCMPAREfr6Z 
OU70 11 02393 000-7 AM *&23.7.10, AIJ ADDZ 
02382 26 06127 00000 AIJADD TF AlJ.OZ 
02394 26 1.16137 06107 TF AlMlAJ.AIIZ 
024U6 16 iJ0469' -2441 FS AiMIAJ.AJJ .. AJ-AJZ 
02418 16 U0445 -6137, 
02430 49 00 .. 02 -un 
02442 47 1.12486 01200 6NZ $K.IP2Z 
024S4 2ft 06173 06037 TF NEWAJ J ,ZEROZ' 
02466 2S 06190 06127 TO TE~P,AIJZ 
02478 49 (..265" OOQUO 1:1 FORMAIZ 
02486 OORG *-31 

--02· .... 26 00099 06137 SKlP2 TF AC,AIMIAJl. 
o'Z." 1'6 00469 -2533 FA AC.AC .. 21AI-AJaz 

, O.'lQ 16 0044~ -0099 
02522 4' 00422 -0099 

·OUS .. 16 1.1'0"69 -2569 
,Qa5~' at U1Z'~ U6127 

FD AJJ.AC:Z 

0 •••••• Ql~aa -0099 
oa.70 a~ 000 •• U6110 ANG"'U C "_fANan .. ~~PHA TO TAN ai.11 
01.1' 47 U'OI~ 01'00 e~ SINCO .... JUMP I' A~PHA $MA~~& 
025 ... 2. U6190 OU099 TD TEMP,AC .. ALPHA SIC-NZ 
02606 16 u U469 -2641 FM ArMIAJ.HAI.FZ 

,C! O~U' 26 1.1126U 06137 

ct( 

-oU)O 49 '~U6i' -OGi7 
02642 26 ~6173 00099 TF N~WAJJ.AC •• AJJZ 
OZ6.'4 26 06153 06117 'ORMAI TF NE~AIJ.AJJ& 
02666--1-6 00469 -2701 FA NEWAII.AII •• Al'AJZ 
02678 16 001t45 -6153 
02690 49 00 .. 22 -6107 

- 02-l9Z -l~ AQ~9: .~37 --fM ~E~All.HALFZ 
Q-lU4 2.- ~U60 061U 

'-O)'Ta6 49. 01262 -6027 
027" 26 06151 ~OO99 TF HEWAII.AC •• 112"Al6>AJaZ 
02750,26 06163 06153 TF NEWAJJ.NEWAIIZ 
02762 16 00 .. 69 -2797 F5 NEWAll,AIJZ 
0277 .. 16 00 .... 5 -6153 
02786 49 00"02 -6127 
02798 16 001t69 -2833 FA NEWAJJ.AIJZ 
02810 16 001t45 -6163 
02822 _9 00422 -6127 
02831t 15 C4531 00009 TDjIIj S"'2&1.9. , 51112 ONZ 
028 .. 6 15 05927 OuOOO TOM Jr.ZZ 
'O28~7 1 DC h •• *Z 
02." 4 .. 02902 06190 SNF PLUS.TEMP., IS ALPHA-Z 
02110 15 U5926 00000 MINUS TOM J&l,8,llZ 
02882 15 \J!)181 \,IU001 TOM Sw3Crl.l .. SIO OFF'I. 
02891t 49 v40,.6 00000 J STOREZ 
02902 DO~G *-3Z 
02902 15 05926 OOOOS PLUS TOtl, Jr.ltlZ 
02914 15 05187 00009 TDM SWS&lt9 .. 5~3 ONZ 
02926 26 0619C 06153 TF TEMP.HEWAIlZ 
02938 26 06153 06163 TF NEWAI J .HEWAJ.Jl 
02950 26 06163 06190 TF NEWAJJ,TEMP" SWITCH AI-AJl. 
02962 44 ..12994 \16173 bNf *r.32,NEWAIJZ 
02,974 33 U6173 00000 CF N£WAJJ .. , iNVERT AlJ SIGNZ 
02986 .. 9 u40 .. 6 00000 8 STOREZ' 
02994 OORG *-1% 

0 
0299 .. 32 (;6173 \)0000 SF NEWAIJZ 
030U6 49 U4(.46 u(;OuO " STOREZ 
03014 OORG *-31 
03014 26 06251 OOOlt9 SINCOS TF Sc ,"A'C;, 'GAMMAl. 
03026 16 00 .. 69 -3061 FA . AC.AC" 2 GAMMAZ 
031)38 16 vu .... 5 -;)099 
03.)50 49 00422 -0099 
03v62 26 U6241 0<';099 TF S2.ACZ 
':3\.174 16 v0469 -311.19 Ft.l S,.5CZ 
G3U86 26 O126v 062;} 
u31098 49 J1262 -6251 

'f'" 
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L':lLn 20 A!J9'-J i"bl'J" TF AL.Tt.f'lPl 
-.1,234 44 J':l26b Ob~(;O 8NF SE TF. H.MPU 
05246 3~, vo2:';\,. V',JuO C.F Tt:.MPU -" 05258 4~ J4782 VV'JUO 1:3 IHSTORl 
;)5266 OCR" *-3l 
05266 32 ,,620,", 0,,(.lLC) SETF Sf- Ti:.~·PL ••• l.\jVLKT tllK ::, Illf,l 
05278 4'1 v47e2 (; "O~j:' I) i~ T S TOi~l 
05286 00kG *-3l 
('5286 16 1..:'923 OvO-1 TFlvj 1.1.10. InlL 
05298 11 J 5':125 OCO~I M~ Jol.IU. J&ll 
0531G 11 ,2255 l.:LC-1 RESET 2 Ar,; GIPAkt.&5.1.10. AIJ&lL 
(,5322 49 )225v v"",CvJ b (.V\PAk( .... LCvf- oAU .. L 
v533U oeHu *-3l 
05330 34 uVvOO OUlu2 TYPOUT kCTY l 
05342 34 uO("Ou vv102 RCTY l 
05354 16 u5923 000-1 TF't, !thili. lUI 
05366 16 (J5437 -7258 TF"I VAR&ll,DIA"l 
05378 25 U6377 05n2 AGAIN. TD UUTPUT&8.I-I •• SET INOlXI 
v5390 25 u6379 05923 TD OUTPUT&10,IL 
<':5402 34 uOuOIJ 0-.1102 RCTY l 
05414 39 (,)6369 U:JIOO WATY OuTPUTl 
05426 26 v5945 07258 VAR TF COS.DIAGl 
05438 33 U5936 CJC0J CF CUS-9Z 
05450 38 (;5936 (",,100 wNTY COS-9l 
05462 11 05923 000-1 M-i ItltlO. l&lL 
05474 11 05436 OUO-l AM VAR&IOoltlO, STt.P FETCHl 
05486 24 05923 07227 C I ,N. , I VS NL 
05498 47 09378 01100 I:3NH AGAINl 
e551G 34 uoocr.; !Iul C2 RCTY l 
U5522 34 U(.,lJOL. GvlU? ~CTY l 
(;5534 38 U6138 O'JIOO W"'TY II<UDA-5", TYPE ROTATIONSI 
05546 39 06395 OU100 WATY CNTl 
C5558 26 (;619(,; 07227 TF TEMP,NZ 
0557U 12 '-i6191J 0("0-3 SM TEMP,3,10Z 
05582 23 -.:6190 07227 M TE~P,N,. N%(-.-3cl 
05594 26 i.i6190 ';:i(;99 TF TEMP,ACl 
05606 13 I.. 619i.< OL.0-5 I",M TE"1P.5.IOl 
05618 11 00099 -7748 AM AC.07748l 
05630 21 00098 07227 A AC-I.Nl 
05642 32 J0095 QUOOO SF AC-4l 
C5654 26 05761 U;)099 TF i:.NOSQR.&ll.ACl 
05666 26 05945 06037 TF COS,lEROl 
05678 16 ('5701 -7758 TFM CHANGE&11.07758l 
05690 26 06190 00000 CHANGE TF TEMP,OOOOOZ 
05702 24 05944 06189 C COS-l.TEMP-1Z 

/r-~ 

~1 I 
.~.~,.; 

05714 46 u5138 01100 ott *&24, 
05726 26 05945 06190 TF COS,TEMPl 
05738 11 05700 000-1 AM CHANGE&10,1.10l 
05750 14 05701 -0000 ENDSQR eM CHANGE&ll.Ol 
05762 47 1.1569u 01100 t:)NH CHANGEZ 
05774 34 UuvOO 001G? ROY l 
05786 39 C6U39 00100 WATY MESS2l 
05798 38 05936 00100 WNTY COS-9l 
05810 15 U5922 O()OOO TDM I-ll 
05821 1 DC 1,@,*l 
05822 38 05922 OU400 WNCD I-Il 
05834 34 ()OUOv vC102 PHASE2 KCTY l 
05846 34 00000 CuI ()2 RCTY Z 
05858 1t6 05890 00200 BC2 CALL3l 
05870 39 06203 00100 WATY ENOl 
05882 49 05902 00000 I:i CALL3&12Z 
05890 DORCl *-3l 
05890 39 06263 00100 CALL3 WATY PHASE3". I~STRuCTIONSI 
05902 36 OUl;OC OG500 RNCD 0,., LOAD PHASE 3 LOADERl 
05914 49 U0000 ooooe B 00." ExECUTE LOADERl 
05922 DORG *-3l 

* PHASE 2 CONSTANTSl 
07758 1225 vuOlO ELE.MNT DSU 1225tlO.7758Z 
07258 50 00010 DIAG DSI:3 50,10.7258I 
07247 li) t; DS 10,72471 
('7248 1 RM2 DC 1.@,7248l 
07237 10 DELTA OS 10,7237Z 
07227 2 1\ DS 2,nnl 
05923 2 1 DS 2l 
u5925 2 J DS 2I 
05935 10 SIN DS lOl 
05945 1u COS DS 10Z 
05946 1 RM DC 1.!Z 
05949 3U CMPATB DAC 30,LOAD PHASE 2 OUTPUT-HIT START@Z 
C2246 2 i 1 DS 2,I1J1&8l 
v.?24/j 2 Jl DS 2, I lJ 1 & 10l 
';2284 2 Kl OS ~ ,H ITt., IOZ 
02282 2 Ie DS 2.HIT&8l 

C' ... 6u17 10 ONE. DC 10.51l000JlJOOZ 
,,6-.127 II; HALF L>( 1(),5050000000l 
(.6;.,37 Iv IEI-IO [)C IO,Ol 
:... Ov 3t) 3~ MESS2 L>AC jO .~A)( I ~iU'''i AIJt~1 Nl.. T II Jo. " @l 
(;b 1 }7 ll.. All US lOI 
.>b 11 7 1" AJJ DS 10l 
,,61 t!7 Iii AIJ OS 10Z 

I .. 

~fL 



(1: .. 
.;6137 1" AIr-11AJ J~ lez 

""V 06143 6 IKUOA DC 6.0@Z 
(,,6153 1(.1 NE:.wAll DC IO.Ol 
06163 IlJ NEwAJJ uc. IO.Ol 
06173 10 ,'H~WA 1.) u( 10.0l 
ti618l" 7 T Aj~225 ul.... 7',5(J414dl 
u619v 1", Tlivl":> i);;, 10l 
062,Jv 10 TE.MP2 uS 10I 
uUv99 AC DS .99Z 

C62v3 D END . DAC 15,END OF ~R 0(,1-< Ai~@Z 

06241 Iv 52 US IOl 
062~1 lu sc DoS IOl 
06261 lu (2 DS lOl 
C61~3 It; AIK DS 10,NEWAIIl 
06163 lu AJK DS 10.NEWAJJI 
06263 48 PHASE3 DA( ~B.EIGENVALUi:'.S DUNE, WHEN PHASE 3 LOADS. HIT START@l 

U6359 5 EE.i.JUAL OA( 5.!:. fI liZ 

C6369 13 qUTPUT LJAC. 13. A%OO:J .'Z 

C6395 13 (NT DAC 13, kuTA T I ONS.\~L 
06429 lU SQI<T2 DC 10.507011 J678l 

0.2178 DEND ENTRYl 

o 

PHASE 3 

1620 CARD SYSTEMS WITH DIVIDE AND INDIRECT ADDRESSING 

SPS LISTING 

o 
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* P HASt:. 3 - E I'GENVECTOR COi>,PUTE 1620 W/DIVIDE &- INO. ADD. Z 
* Z 

02178 l~ 02419 00-01 ENTRY TDM SltIl&1,1,9, 1 0FFI 
0.2l90 16 0..12427 0("(;-1 TF;'; OUTltl,lO, lUI 
,)22,,2 34 uuve" uv102 RCTY I 
02214 34 dV~i\."~· UJ102 RCTY Z 
02226 39 u;835 OU100 wATY MESSGEI 
02238 34 U0001.1 00102 RCTY l 
oa,o 34 v000u OUI02 KCTY I 
02262 4 !:I 0..12273 02273 HALT H HMP,TE~PZ 
..;2274 16 ,,2429 0';'0-1 TF ~'I OuTJtltlOZ 
~2 286 16 li2304 -4008 CLEAR TFr·1 SL T I &6 ,'~A Trd Xl 
1.12298 26 >l400B 03933 SETI TF MATRIX,IEHOZ 
02310 11 0..12303 vuCi-1 Afv' *-7,1,10, DATA Mi.EMIQZ 
C2322 14 02301 QOOKO 01 SEH&3,20,10Z 
02334 47 ,,2298 u1200 tiNE SETIZ 
02346 16 ('2364 -4008 All SE T TFlv; ALlI&6,fv./.,TkIX" 18-~2Z 
02358 26 :)4',;08 .;3923 AlLl TF ~1A iR I X,O,'lt" lb-321 
02370 11 02363 vOOL3 At-' *-7,33,10, Ib-32Z 
C2382 14 02364 J423H AlLl2 (/Ii AlLl&6,14238'" 18-32Z 
02394 47 ,,2358 OlivO ~NH AlLlZ 
\.)24,,6 36 (,3804 ..i1,5LC READN kN(l) t.-ll 
U2418 49 02626 0JOv(. S~l b PASS2Fl 
0243() 16 u2993 Ou0-1 TFf'1 15ET&11,I.1O, SET lZ 
02442 14 03805 QuOl2 C/,-' Nt32,10Z 
02454 46 u2546 01100 bH OVER32Z 
02466 26 03165 03B0~ Uf'.IDR33 TF F0NCTN,Nl 
02478 It> 02b65 -367B TFi·! LSTRCD.MATkIX-33UZ 
02490 13 ,,38C5 OuOL3 14~1 1II033,10l 
025,,2 21 u2864 00099 A L~TRCO-l,ACl 
02514 15 ('3J03 00001 TOM SI'iZ&I,l" 2 OFFZ 
U2526 26 02689 03805 TF 1 CMPAR& 11 ,NZ 
02538 49 027"-£ :,)0(/00 a Rc.ADl 
02546 DORG *-3I 
02546 16 ,,316, OuCl.? OVER32 Tftvl FUNCTN,32tlOI 
02558 16 02865 -3998 THI lSTRCD,MAT~IX-I0l 
02570 13 ()3805 OOOl2 MM Nt32,lOZ 
02582 21 02864 01.1099 A LSTRCD-l,ACZ 
02594 16 02B89 OOOL2 TFM ICMPAR&11,32,lOZ 
026,,6 15 0..I3vC3 0(;009 TOM 51'<2&.1.9" 2 ONZ 
02618 49 ,,2722 (Juooa 0 r<c.ADl 5' 02626 DORG *-3Z 
02626 26 03165 03805 PASS2F TF FUNCTN,NZ 
02638 12 03165 OOOl2 SM FUNCTt~, 32, 10Z 

02650 16 (;2b6~ -33?8 Tn, LSTRCD,MATRIX-650l 
02662 13 03805 ooou MM N,.3301OZ 
02614 21 02864 OOO~9 A lS TR (0-1, ACZ 
02686 15 \i3003 vOOOl TOM SW2&1,l" 2 OFFl 
02698 26 lJ2889 03805 TF 101PAR&1l ,NZ 
02710 10 02'193 COOL) TF,"1 ISET&11,33tlo. SET 33l 
CJ2722 36 ,,3808 ':"v500 ;,EAD RNCO 1-1" • REAL) I,J.~,(Z 
02734 45 03106 03808 BNR COMPUT,l-IZ 
02146 16 ()2841 ';'4008 TYPEV TFM OUT&ll,MATRIXl 
02758 25 03941 02426 TD TYPE&6,OUTI-IZ 
02170 25 iJ3943 02427 TD TYPE&b ,OUT IZ 
02782 2?v3947 02428 TD TYPE&12,OUTJ-1l 
1..2794 2? v3949 1.12429 TD TYP£&14,uvTJZ 
02806 34 UU'uOv 00102 RCTY Z 
02818 3':1 03935 00100 WATY TYPEZ 
02830 26 03831 1i4008 OUT TF COS,MATRIx,. TYPE VIJZ 
02t:S42 3tl >I:;ti22 J(,IQO W~.T,( (()S-9l 
C2854 14 u2841 -0000 TEST CI/ 00T&11" , lAST RECul<OZ 
;;'2866 46 ,,3uu2 C1200 lit:. S~2l 
02878 14 J2427 -JOOO ICMPAR CM OUTI", N OR 32l 
lJ289iJ 46 ;.,2934 U130J I:INL JSETZ 
0290..12 11 ,,2421 ,)00-1 AlvI Ol.iTlfl.1O, l&lZ 
(;2914 11 v2b4u \.-,,(;-1 M,1 OwT&lCl,1,10l 
02926 4'7 v27~b vuuQO I;) TYPc.V&l2Z 
... 2934 DOKu *-3Z 
U2934 11 v2429 000-1 JSET .At>', ()UTJtl,lU. J&IZ 
02946 10 v2b41 -3688 TF/,-i OUT&11,MATklx-3l0l 
02958 13 02429 vOOl2 Mi"~ OUTJ,32,10Z 
02970 21 ,,2il4i1 v"lJ'-/9 A OuT&10,ACZ 
02982 16 ,,2427 -uOOO 15ET TF'j vv T I , , , 1 O;;{ HZ 
(,2994 4'-) 027~8 JOOOO IJ TYPEV&12l 
03v\;2 "'-jL. 
031.102 .. ~ ':"J"".J~ ;..~OOO SW2 b PASS2Z 
03v14 34 00001.1 Ovl02 RCTY I 
030..126 3'7 J3Y6~ lJulliu wATY PAL.j..jSGl 
03U38 4 !:I ,,3,,49 03G49 TRICr-. h TKICr-.2,TldCK2 .. t:NDl. 
03L50 1, u2419 O()O\.i'i i>A.s~2 T L>,', S';l!,I,Ij" 1 ONL 
031,)62 16 u2427 ClOClL3 TFi4 OUT! ,33010, U33Z 
C3v74 16 02357 J4248 THI ALISET&11,MATkIX~10240I C 031.186 16 u2393 J9858 TFi'vj ALLl2& 11 flYb 5isZ 
J 3(, 98 4'1 ,;2202 'v' .... ·l,;uv 0 ENTRYl.r24Z 
(,310..16 OVKG ~-3Z 

031",6 It> v3il3 -)60d Cvlt.Pu T TF,·, V (..1 i,JU& 11 ,;·.IHr.1 X-3iul 
03118 13 u3bu9 U(JOl2 1'1,,,', 1,~2,10,A'A1JOH3,O%I-lo&~ATRlxl 
03130 21 J3212 OU099 il Vi<.IAOD&10,ACZ 

~~ 



c) 03142 ~o u'j/B ",32l:; r to ~~U~ll~V~IA~~~llL 

03154 11 'vj712 -31b~ AUUf Ai-' END(,ll),FUM, T I'lL 

03166 Ie 1..d22~ -3bdd rr I~\ V~JADU~ll,MA'klX-~~Ql 

C3178 D ,,3811 v(;CJL2 
,,,,.,, J,3',lO,A~A1JaN3~0~J-IU&MATklXl 

~'31,'lIv 21 u3<::~4 loiuU'i9 A VI'.JAUl;ltlu,A<..l. 

(;32,'2 26 ~ 3."u3 vv()J() vr..1AIJD TF v" 1", .!lTvr\t: ~~IL 

(;3214 26 ",,'713 vvuuo ,Vr<.JAi.liJ TF vr<J, " !:llUI\L 1J/o..J(~ 

,,3226 45 03474 03813 C)Nk HRDWAY,JltZ" THE T A f~OT 45 vEGl 

03l3b 25 tJ3u4'J 03812 Tl.I T~ICi'..',JC.1 .. Ii 01( FLAu til. 

i./3250 26 u2273 (;3'l10~ TF TE.~W,V"IL 

03262 16 lJu46'.J -32'17 fA Tt:.:VIP,VIi.,J" VK.l(rVII.JL 
03274 16 u0445 -01273 
03286 49 u0422 -3913 
03298 16 0(,)469 -3331 FI,' TEMP, St.iR'" 2Z 
03310 26 01260 0~273 
;)3322 41; \)1262 -3803 
03334 26 1.12273 0i,)0'i1; Tf TEMP ,AC:Z 
03346 lb u0469 -3381 FS VI<.J,VIC.1Z 

:J3UB 16 u0445 -3913 
\)3370 49 U~41.i2 -3903 
03362 16 00469 -3417 FM V~J,TRICIC.2 .. 1.>1 PF EIU,NCEl 

OU'i4 26 u1260 03911 " 
034v6 4'i u1262 -3049 
03418 44 \i:H14 03812 ~NF STORt: .JCrlZ 
03430 ~6 1013'103 OOOIJIj ~EGTVE TF VKl,ACl. 

·03442 26 00099 02213 TF AC,TEMPZ 
03454 2b O~Z73 03903 TF TEMP,VKIZ 
03466 49 (;3714 00000 B STOREZ 
03474 DORG *-3Z 
03474 Ib 00469 -3509 rtRL>WAY FI'I. V~I.(OS .. VK1*(05Z 

03486 26 0126\J 03903 
03498 49 :.HZb2 -3831 
035io 26 02273 00099 TF TEMP .ACZ· 

03522 16 00469 -35,7 FM VKJ,SINZ 
03534 26 u1260 03913 
03546 4Y, .:J1262 -3821 
03,58 16 00469 -3593 FA "TEMP, AC., VKl '*C!tVKJ*SIYVK.JZ 
03570 16 0044!i -2273 
03582 4Y U0422 -0099 
03594 16 00469 -3629 FM VKI,SINZ 
03606 26 v126IJ 03903 
03618 49 0126~ -3821 5'" 03630 26 03903 OU099 rr: VI( ltACZ 

0 
03642 16 (.10469 -,3677 FM VKJ,COSZ 
03654' 26 u1260 03913 

'.'~ 

o 
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