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I. INTRODUCTION

The US Army Missile Research and Development Coninand ’s Imaging
Seeker Algorithm Development Microprocessor System, which employs the
Intel 3000 microprocessor, was used in developing this optical contrast
variable gate centroid tracker. The tracker processes data taken from a
10K memory which has been “filled” with digitized data from a 100 X 100
element image produced by a Fairchild Charge Couple Device (CCD) 201
camera. A hardware description of this system is currently being
prepared end will be published in a forthcoming report.

The major portion of the tracker program is micro coded and is called
through macro-mnemonics which are used like subroutine calls. This macro
instruction set is an emulation of the EAI-PACER 100 assembly language

• with some additions to allow for the specialized tracker mnemonics. The
actual program listings for the micro and macro code are presented in the
appendices.

II. MAIN TRACKER LOGIC FLOW DESCRIPTION

Figure 1 shows the tuain flow of the optical contrast variable
gate centroid tracker. The macro code presented in Appendix A imple-
meats the tracker through the micro ccded subroutines presented in
Appendix B.

Block No. 1 in Figure 1 corresponds to sequence numbers 19 through
23 in the macro code of Appendix A. The START routine initializes I, 3 ,
K , and L for the minimum gate as shown in Fig~rc 2. The octal ten in
latch 6 will put out the cross hairs on the ga te d i s p lay. The WINDOW
routine will load the window latches with the CUL rL ~ I, J , K, and L as
shown in Figure 3. The tracker will display its minirnuin ,,at.e wi th cross
hairs when it cops on the pause irstruction . This is a “cage” mode
where the contrast of the target ~iithin the 2 b, 2 gate will bc trac ed
upon resumption of execution by single stepping past the pause.

Block No. 2 in Figure 1 cor -eaportds t.O sequence ri’.mbers 24 threugh 48
in the macro code. The six in latch 6 w~ Ii enable the status n i  thc 10K
memory to be loaded from the 100 “ 100 CCI) arr4:: and will a1 so ena~~L
the fr am~ request .  The FRAMEW ro~ Line will issue a frame reques . str3be
to f i l l  the 10K ulelnory and loop until t h e  status of the iaemory is re.~dy
as shown in Figure 4. Instruc t~ons 27 through calculate the mean
value of the data within the mi:tiniu’n gate. W1~~n thI s - . compared to the
“nominal” value of seven in this case ( ins t ruc t ion s  ~~~~~~~~~~ 48) ,
various flags are set to track e i ther  a “b lack ’ or .‘*‘  t i ” ca~get .  This
nominal value does not need t,.~ be fixed as it x.~, here . h .t  coL l 1 Le set
by an automatic gain co n t rol ~ an op~ imum s i t ~~:~ ti ot.. I~.~ Lruct ion 49
re ini t ial izes  the I , J , K , —~ J L .I iC ro rc~~~ S t~~rF lesci ved d u r i r ~ ‘~it ~w i~
valuc and conpare ca Ic~i1ations (START r ,~’ - t i n - , Figu re ~

). Inst ruct .~~n~
50 through 53 set up thc. ~~ris ~~~ gain  1~::~~ e~ w~ i dec id~ th .~ anvi l :

3
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and bias point in the video that is to be digitized coming f rom the CCD
array . Instructions 55 and 59 set the color of the tracking gate
depending upon wha t contrast target will be trac ked .

Block No. 3 in Figure 1 is represented by a FRANE W instruction
(sequenc e No. 57). Instructions 54 through 61 represent block No. 4 in
Figure 1.

Instructions 62 through 73 represent block No. 5 in Figure 1. The
MEAN instruction takes the digitized data within the tracking gate and
calculates the mean value as shown in Figure 6.

Instructions 74 , 75 , and 76 represent block No. 6 in Figure 1. The
EGATE S instruction sets the size of the ed ge gates shown in Figure 2. It
also sets thc. target flag if the macro code mean value ca l cu l a t i on  found
the mean to be less than seven as shown in Figure 7.

Instruct ions 77 through 99 represent block No. 7 in Figure 1. The
CNTRD instruct ion calculates the centroid of the target lithin the
tracking gate as shown in Figure 8.

Instructions 100 through 122 represent block No. 8 in Figure 1.
NGATE A and NCATE C calculate NX and NY , respectively.

N X = T AX G— A X G / 2 + 4 Y S

NY = TAlC — AYG/2 + 4 XS

TAXG is the target area in X gate

TAlC is the target area in I ga te

AXG is the total area of X gate

AYG is the total ar ea of Y gate

XS is the length of gate in X direction

IS is the length of gate in I directic’~

NGATEB and NGATEL calculate I , K and 3, L, respectively.

DX = NX/(4 IS)

DY = NY/ (4  X S)

DELXX = — (
~ 

+ DX)

4
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I = X beg inn ing of gate = DELXX + CX

K = X e n d of gate CX-DELXX

DELYY=_ (q+DY)

3 = Y beg inning of gate = DEL?? + CY

L = Y end of gate = CY - DEL??

CX = target centroid in X direc tion

CI = target centroid in I direction

A detailed calculation of the new gate is shown in Figures 9
through 12.

III. CONCLUSIONS

The current optical contrast variable gate centroid tracker
is now undergoing several stages of optimization. This has been imple-
mented and is useful in locking onto and tracking targets at long ranges ;
however , it does have the same limitations as other contrast trackers ,
i.e., a well bounded “patch” of contrast is necessary to track properly .

5
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INITIALI ZATION
PUT CRO$S HAIRS ON MIN GATE

L GO TO CAGE MODE

TEST MI N GATE TARGET TO[ DECIDE WHAT CONTRAST TARG ET TO TRACK

LOAD DATA FROM PIXELS WITHIN GATE

I I_ _ _ _

L GENERATE TRACKING GATE

1
TAKE MEAN VALUE OF DATA
WITHI N GATE J

[
CALcu~~ TE BOUNDARY AR EA OF EDGE GATES

~1

1~FIND CENTROID AND EDG E GATE
TARGET AREA

FIND NEW EDGES OF GATE

Figure 1. Main tracking loop .
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MACRO CALLING INSTRUCTION

START INIT

INITIALIZ E I , J. K~ AND L

LOAD DATA FROM IN IT +0 AND STORE IN I
IN IT +1 AND STORE IN J
INIT +2 AND STOR E IN K
IN IT+3 AND STOR E IN L

I. J. K, AND L ARE REGISTERS IN THE INTE L 3000
CENTRAL PROCESSING UNIT.

CLX rTRACKING GATE

X EARLY GATE I / 
________ ______(I, J) —...~~ ~~~~~~~~ “—... _________________________________________

Y EARLV J YSE
GATE

1~CLV — 
— 

VS

V LATE
GATE

I ~~~~~~~~~~~~~~~~~~~~~ \I X LATE GATE “ (K . U
— XSE

4- XS

Figure 2. START routine for minimum gate.7



MACRO CALLING INSTRUCTION

WINDON

LOAD WINDON LATCHE S
TO PUT OUT GATE.

LOAD LATCH (0) WITH J (COLUMN LEFT)
LOAD LATCH (1) WITH L (COLUMN RIGHT)
LOA D LATCH (2) WITH I (RON UP)
LOA D LATCH (3) WITH K (RON DONN)

L~~~~
N

24? ‘~ WINLY)W IV*I~IABLE ~I’dDOW ~4 T r ~ O Q O U T INF ) ‘I
24~ L~~1! W~N~~ W! LMIIR9) FFn
244 24-i! ILP (J) ROT:
24~ 3-~’4’ LMH?9) ~Ti:
24’~ 43.-I ! IL R(L )  ROT 2
?47 5 4 - ~ LMI~~~~) Ffl :
24’s 69.1! ILP (I) ROT
24~ bCH’ LM!(R9) vri:
260 60-4 ! IL PIK )  ~ ‘)T u~~~FET C.1 PaG~~I;

Figure 3. WINDO W routine .
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MACRO CALLING INSTR UCTiON

FRAMEW

SET
STROBE LOAD 10K COD
SIT MEMORY

LOAD IBUS
IN
MICRO
ACCUMULATOft

NO IS
SIGN SIT
SET

YES

RETURN

NOTE: THE SIGN BIT OF THE BUS IS THE
STATUS READY FLAG FOR THE CCD 10K MEMORY

?61 lA -I ’ FoA ~ r! MO~~~ P~3 )  ST°’)~~~~257 I A A - 4 ! W~ T! NI)P(3.) ) 3 j P j ;

?51 IA C-4 ! LDT(AC ) FFi~
26~. lAni~ 4 !  T1O (AC ) ~‘)OI)(~
755 IA ~ —4 ! N0P (p~~) WL ( a1.ny,:
p5’. Ii~ -4 ! ‘~~~Y !  ~‘JUP(P~~) Jl~~(~~~TC I) ~ A GE~~~

Figure 4. FRAME W routine .
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MACRO CALLING INSTRUCTION

START (NIT

INIT OCT 61
OCT 61
OCT 63
OCT 63

______________________  
LOAD DATA
FROM
MACR O
ADDR ESSES

I
STORE FIRST WORD OF DATA IN I
STORE SECOND WORD OF DATA IN J
STORE THIR D WORD OF DATA IN K
STORE FOURTH WORD OF DATA IN I

L~~
N

257 1-4 -1’ STA:,T! LMHR9 FF1
25q 34-I ! ACU AC))
?S~ 3’)~I! SflP(1) FF1:  r -
260 1O)-4 ’ LM1 (~ 9) FF1 ~‘3M .

261 170-I ! ACu Ac :
262 1 10-4! SOP (J) FF1) I

263 I4fl-4! LMI(09) FF1 ~~~M;
• 6~ 15;)-I ! AC’-4(ACU

265 16)-I! SOP (K) FF(:
266 17 -I! LMT (~3Q) PPM:
761 l~i.)4! AC” (AC) ;
26P 19~,-4

! SDP(L) FFI i7-~(F~ tC-~ ~~c~~i :

Figu re 5. Re in it i al i za t ion  of I , J , K , and L.
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MACRO CALLING INSTKUCT)ON

MEAN EcOUNT

TOTAL -0
M 0  MEAN VALUE

OLDJ J

ADDRESS — ( I  — 1 )  100 + U — II

LOAD DATA
FROM
ADDRESS
AND ADD
TO TOTAL

M M + 1
J — J  + I

IS NO ADDRESS
J. E.L ADDRESS + 1

YES

J - OLD J
1 — 1 + 1

NO IS
I.GE.K

7
YES

R
ELEMENT
COUNT IN
MACRO
MEMORY

[~ 1OR E
I TOTAL IN
~ 

MACRO• LMcUMULATOR

Figure 6. Calculation of mean value.
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5, CALrULATE MF AN VALUE FOR 100 RY 100 A~QAY ~r1 NG OIGTTIZFO •/
Si 11-4 ’ MFAM! CLACAC ))
54 21.1! SDP(R6) FF1:
55 2C’-4 ’ SOP!’,) FF 1:
SF, L~~r’4 ! IL P I J ) 2
57 11C’4 ! S O P IA )  FF1 :
5q 1IF ,-4~ An nQ ’ I L p c I ) :
59 1lfl ’-~! UCAfA C );
6fl 11~~U! CLA (TU
61 12 ’-~! AL P(A C )
62 I IF4! A L P I A C ) ;
63 14F’.I ! A L P IT $
64 151’~!
65 16E’I! ALP(AC )
66 I7FII ! ALP(AC ) : r~rrT AS  I A ll ~-~ a ~~~~~~~
67 IRFII ! A O P ( T )  I~!I-~~I f l t I IU I F~~~I L j ~
6P IQF’-I ! A LP AC )  L)L,) P tj V ttU.JIJ)LL ‘,~A69 IAF.1! A L P ( T ) l
70 19F’.I ’ 1 L 0 J 2
71 1CE~ ! AL DCT ;
72 IOEU! S f l o (T ) :
73 1054! LnAOfl! LMIIT ) FF1 Qo’4 ;

74 100” ! LOI AC) FF1:
is 1F0.1!
76 1fFw ! ILQ (M ) FF 1 2
77 IFF’-4 ! ILP(L) ;
78 1EF’-4 ! S DP(R7)  FF1:
79 1FF’-’! C’4p(R7);
8!) IEO’-I ! ILP J FF1:
81 IEC’I ! ALPIP?) FF1:
8? 10(14! NOP (AC) JFL LOAOD.J6T)
81 101*4! J~~T! ILOtA):
84 fl91-’! SOP(J) FF1:
85 113.1! IL0 X)
86 I”9w’ SI)O~~ 7) FF2 :
87 1S9’-’ ! CMP u ,7) :
PR 14914! ILc,(1) FF1;
89 Il3w i ALR (~~7) FF 1:
90 1. 4 l-i~ NOP (AC ) )FL,ao[)P.PTMN):
91 11kw! RTNN ! LMI(PY) FF1:
9? 1214.1! ILP(N) ‘~~M
93 124-1 !
94 1 1’-.-’! SDP(A) FF2 p70(FETC’-4 ) PAC,El:

Figu re 6. (Concluded) .
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MACRO CALUNG INSTRUCTION

(GATES DELX
AD$ XG

BOUNDARY AREA
OF EDGE GATES

I
xG - —

~~~~~~~~~~~~~~~~~~ X G I 1  1
[ ~ y L — J

YG - —

~~~~~~~~~~~~~~~~ VG~~ 1

V E E G - J + Y G
( Y B L G - L — Y G  u
I XEE G - I + XII

[~~SLG - K — XG

I 
1 -’- ZFLG 

J

YES
/

’1

~~~~~~
,
~

N O I  

~~~ 1
I~~~1

L~~
N

Figure 7. Setting of target f l ag  when macro cod e mean value is less
than seven.
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ioc 1* CALCU LA TE ~O1INUAI~Y A QFA OF Ef)r.E r,ATES •,
106 14.1! Er,ATFS! LHI P) FF1 PPM:
107 24 -1’ AC U(AC U
LO q 34 -4 ’ SOPI R6)  F F2 :
109 44-4 ! LMHRP) FF1:
ll fl 54’-,! ILP(W
111 641’ CIA AC ) FF1:
112 74’-!! SDP(R7) FF1:
Ill R..’-4~ ILP Ic) ;
114 85’I! ALP(R7) R~M;
11 5 ‘1614! L141(R6) FF1:
11 6 87’-l ! SRA (AC);
117 97’i’ SRA (AC)$
11 8 9614! TZ* (ACH
11 9 9514! NOP(AC) JFL (’IINX ,NOM TNX) $
120 0*214! M TN X ! INA (*C ) FF1:
121 0*314! NO M TN XI S OPIA )  FF1 Q,IM ;
122 0*414! LM IIP9 ) FF1 :
123 0A~~~! ILP (J ;
124 0*614! C IA IAC) FF1 :
125 086.1’ SD R(R7 ) FF1;
126 0C6 14! ILP(L )
127 ~~~~~ ALR (R7) RU M :
128 0E6141 LMI(RF, ) FF1;
129 0F6~4 !  S R A ( A C ) ;
130 10614! SRMAC )~131 10S’-4 ! T Z A ( A C I ;
132 11514 ! NOP ( AC ) J FL (M I NY , MOMI NY ) :
133 122.1! MINY ! INA(AC ) FF1:
134 223.1 ! NOMINY ! SOP(R7) FF1 Pwu;
135 124.1! ILP(P9) FF1:
136 12714! TLP (R’~

) FFU
137 16714! ILP(A ;
13P 1A T 1 4 !  C IA ( A C )  FF1:
139 18714 ! SDP(R8) FF1:
140 IC?’-’! ILPU);
141 107.1! ALP(U ;
142 1E7.1! LMT R9) FF1 pldM:
143 1F7H! ILR(R9 ) FF1:
144 1F64! LM I (R 9J FF1 :
145 1E6.1!
146 10614!
147 1C6.1! C IA AC )  FF1 PUN:
148 I ’46 ! ILR(P7)
149 l~ 6H ! CIA (AC) FF1:
150 15614! SOP(R8) FF1:
151 11 614! ILR (R9) FF1:
352 117”! ILPIJU
151 10714! ALR (R7)
154 103.1! LMI(P9) FF1 R4M
155 10214! ILRIR9) FF1:
156 10114! ILP(L)
157 111 14! ALR RP);
358 112’-!! CIA CA C ) FF12
159 11 314! LP’~t (R9) FF1 PWM ;
160 / IF MFAM VLAUF IS LESS T’-IAN SEVFN TRACk BLACk ~M W’-4ITE
161 IF MFAN VALUE IS GREATER OR EOI)AL TO SFvEN TP-CK WHITE ON RLACk*/
162 119”! CIP(R9);
161 1~~~’-4 ! LMI (Q9) Icono!)r FF1:
164 1.”8.1! LMIIP9 ) RRM:
165 14R,4! AC’ (AC) FF1 STL;
166 14CM! NOP (AC) JFL (WHITE.RLACK):
167 12AM ! WHITE! CLR(P9)
168 1’~A14! LMI P9) KOnOOS 9PM~
169 2 0 1 4 . ’ !  LCM AC):
170 1Ww ! INAIA C ) FF1 ~UM PAGF 1 J7P(FETf14);
1 71 128.’! RLACK ! NOP (AC ) PA ~~F1 J Z P ( F FT C M )

Figure 7. (Concluded).
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~~~~ O CALliNG NGTNUCT%~~I N •S ~~~~~ 
•

~~T~ O XAEG • ~ 
*ALG~~~ ~ENThO,D
YA LO - O  TANGITAMO A~ IA

• EDGE GATIS

• [ O&DJ.J I

~ -
(a _ , )

LOAD DATA

~NOM -a
ADO~ EU

lE

ST

I L TX EE G XAE G . X A EG ,t
, YES

‘do

—IXALG X A L G . 1  YES IS

[1 IGE XSLG

I NO
—~~~~ *

IS YES
J I T Y F E G  YA IG . YA E G . I} . . .

NO

YAL G • Y A L G . 1  YES

NO

J .J , l  I-a_

~~
E _lL : ::~~

H a00NE~~~:1

I ~~~ ::~r I

Figure  8. CNT RD calculation of target centroid within tracking gate.
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?73 1* CFNTWOIO CALCULATIONS AND TA’ir,FT AREAS OF EDC,~ GATES
274 10 14’  CNTOO ! CLM*C);
275 00.1’ cflP!M) FF1;
276 7~’4! LMI(P9) FF1 .1UM
277 3(t14 ! LMI PQ) FF1:
2714 4 0 M 1  L P4I IRP ) FF1 QWMi
279 •~~0(I’ LMI P9) FF1:
2140 60-4’ LMI (P9) FF1 PUM
281 7~~I !  LMI (R9) FF1:
28? 80.1! LMT (R9) FF1 RUM;
233 901’ LMT(P9 FF2 RWM2
2144 4’4O~4! LMI(R9) PPM:
285 0140.1! ILPIJ)8
286 OCO’-’! SOPCA) FF1 2
287 OC2W ! CADOP ! ILP(IH
2148 0C4’ ’ DCA(AC);
289 00414! CLA T)
290 000.1! ALP(AC );
29 1 OF!)’- ! ! AL P A C ) :
29? OFO.1! A 1 p ( T ) ;
293 10014! A LPCAC );
294 11014 ! ALR AC);
295 120.1! ALR (AC ) ;
296 3 )0.1! ADP (fl;
297 l’.0’4! ALPIAC );
299 1S0’-I! ALR (T)
299 151414! IIP J);
300 168.1! ALPIT );
301 160.1! SOP(T)
30? 1”?-’! CLOSO ! CLP:R9)
303 16614! T7R(P9) FF7:
304 /• PRA NCH TO WHITEE FOR w’-4ITF ON PLACK TAPGET
305 RP4NCH To BLACKK TO TOACK ON RL*C’( TARGET ~-i
306 16Cw! LMI (R9) K0000S FF1 PPM JFL (wHITEE .QL4cKK);
307 1 7814! RLACKK! ACM(AC)2
308 17CM ! SDR (R6) FF1:
309 17 1414!  L M I ( T )  FF1 PPM
310 189’-’! LOI (AC) FF1;
311 191414! CIA (AC) FF1;
31? 197.1! 4LR 86) JCR (OVEP);
311 174.1! WHITEE! ACM (AC)*
314 1 7014! LMI (T) FF1 PP.12
315 114)14! A IA (AC);
31’s 1~)0’-~! OVER ! NOPIAC ) JFL (’-JODATA,DA TA)
317 192.1! NOOATA ! ILP(L)*
33 14 193.1! SDR (R6) FF1;
319 14114 ! C’4r2(R6);
320 1*4.1! ILR(J) FF12
321 194.1! ALP!R6) FF1;
322 154.1! NOP (AC’ JFL (CLOAO.J6TLI;
323 163.1! JC,T1f ILP (AU
324 16514! SDP(J) FF1;

Figure 8. (Continued).
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325 345w ! ILP K)2
320, 144’-’ ! SO R( R6 ) FF1;
327 104.1! CMR (P6 ;
329 0F414! ILP (1) FF1;
329 0E49! ALR(R6) FF1;
330 0q4’-I’ NOP (AC) JFL CAOOP.ENOC):
331 19314! DaTa ! ZLP R9);
332 19514! SDP (R6)FF1;
333 145.1! LMI(R6) K0000ps
334 1*14’-’! 1114(1)1
335 14)11! LMI(R6) FF1 PRM
336 1C’~’-4 ! A M A ( A C )  PPM :
337 1Dfl M ! I LP (J ) ;
339 LEO’ ! LMI(R’s) RPM:
33~ iF’)’-’! AMA (AC) RUM;
340 1FSH! ILP(M) FF12
343 1E514! ILR !I)
342 10514! CIA(AC );
343 10414! LMI(R9) FF1 ppM ;
344 lC4w ! A M A ( A C ) 2
345 ICSW! NOP (AC ) JFL (NXEEG.XE FG ) ;
346 183.1! XF Ff,! LMI(R9) FF1 RR P4
347 3844! ACM (AC ) FF1 RUM JCC U~iXRLGfl :
3414 114?’-’! NXFF6! ILP(R9) FF1;
349 314114 ! ILPCI );
350 1141-4! LMI P9) FF1 9PM
353 171.1! A’--IA (AC) ;
35? 161.1! NOPCAC) JFL(~JxBLG ,XRLG );
353 173.1! XPLr,! LMI PQ) FF1 PPM :
354 1751-i ! ACM(AC ) FF1 PWM JC’~~NXB,,):
355 17414! Ns9LG2 ! ILP(R9) FFi ;
356 17214! Nx~4L6! ILP(P9) FF1:
351 177w! NX14L! ILP (J)
3514 1 37.1! CIA CA C );
359 1 3614! LMT (P9) FF1 PPM:
360 135.1! AMA(AC) ;
361 13414! NOP (AC) JFLINYEEG,YEEG )
362 34314! YrFG ! LMT (P9) FF1 9pM:
363 14614! 4CM AC) FF1 ~WM
364 1~ 6W! NOP (A) JCR NOOATA);
365 14214! NyfFG~ IL R(149) FF3 :
366 14714! ILQ (J)
367 157.1! LMHR9) FF1 ppM:
368 187.1! AMA(A C )
30,9 114414! NOP (AC) JFL (NODAT .YPLG :
370 1143’-!! YRLG ! LMT (R9) FF1 PPM ;
37! 185.1! ACM AC ) FF1 PW M JCPU- !OOAT);
372 0C3’-l ! E’IOC ! CLP (R9);
371 OC5’-~! LMI (R9) 1(00004;
374 o~ 5w ! ILR (M) RUM PAr,E1 JZR(FF TC’-4)
375 182’-i! .10047! NOPIA ) JCC (NDOATA ):

Figure 8. (Concluded).
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MACRO CALL!NG INSTRUCTION

NGATEA AXGH

CALCULATE DX

[ TAXO - XAEG + XA LG j

NX - TAXG — — + 4Y5l
2

STORE NX
IN
MACRO
ACCUMULATOR

STORE 4 VS
IN
MACRO ADDRESS
AXGH

L R N

172 /*  ‘JGATFA NGATFB NGATEC 4.11) NGATEL CALCULATE E~~~ES OF TMF GATE
171 ANn 7’-IE NEW I J K L
174 15’-!! Nr.AT~~A! LMI (R9 RPM :
175 2S’4 ! ACU ( AC ) :
176 3SM’ CIA CAC ) FF1:
177 45’-l! SOR P6) FF1:
179 55’-’! CLP (R7);
179 65-4! LMHP7) 1(00007:
180 7511! LMI P7) FF1 ppM:
181 085.1! ACM( AC )1
18? 04C’-l ! LMj ( R7 )  FF2;
183 O0C~~! L M I(P7)  RPM :
384 00DM! A M A ( A C )
185 OCOw ! AOP (R 6)
186 0140.1! CLP(R7)
187 0*014! LMI(R7) 1(000012
1814 901-4 ! LMI(R7) RPM:
189 80-4 ’ ACM(AC );
190 PC’4’ AL P AC ;
191 9C’-4 ! ALQ (AC):
197 04CM ! LMHPP) FF1 RUM:
191 OCC.1! 4Lp (P6):
194 OCEM ! SOP (A ) FF1 ‘714 (FETCI ) PAGE!;

Figure 9. New gate calculation of DX.
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MACRO CALLING INSTRUCTIoN

NOATEB D(LX
ADR CX

CALCULATE
NEW IAND I(

/xs \
DELXX -— (— + DX)

• _ _ _ _ _ _ _ _ _ _ _ _

I - XBG (X BEGINNING OF GATE)
- DE LXX + CX

I
K - XEG (X END OF GATE)

- C X — D E LXX

I
• L N

196 1l~’-4 ! Nr,~~r~~B! LMI(P’4 ) PPM :
196 26-4 ’
197 16’-’! SP# AC )
1914 46.1! AL PIA );
199 S6H’ SDP A ) FF1 :
200 6614! CIA (AC) FF1:
201 ThH! LMI(P) FF1 c~ou :
202 7914! LMM(T) PP.12
203 89-1 ! # M A ( A C ) :
204 99’), SDPII) FF1 ;
205 0A~ ’-’! ILR(A , PP.12
206 04~~4! AMA (AC );

~01 OC~~’l! SDP (K) FF1 J7P (FETCI ) PAGF I

Figure 10. New gate calculation of I and K.
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MACRO CALLING INSTRUCTION

NGATEC AYGH

CALCULATE DV

TAVG - YAEG + VALG ]
I

I AVG
NV TAYG — — + 4 X S

2

STORE NV
IN
MACRO
ACCUMULATOR

STORE 4 XS
IIN
I MACRO ADDRESS

L~
N

2014 1714 ! N rAT FC ! LM I (R 9) RPM :

209 27 14’ ACM (AC )
210 37’-l ’ C I A (A C )  FF1:
211 47~1! SDP(R6) FF1:

212 57’-!! CLR(R7);

213 671-4! LMI (R7) 1(000014;

214 77’-$! LMI(R7) FF1 ~PM8

2114 0A7’-4! ACM (AC )
216 014714! LMI(R 7) FF1:
217 0C7-4 ! LMI(97)  PPM :
2114 007.’! A 4A (AC ;:
21; OF?.’ ! ADP (R 6 ) 8
220 0F7-’! CLPIR7)
221 OF.’-4! LMI(97)  1(000 078
22’ O~~~14 ! L M T ( R ~~) PPM:

2?? 3 0FC-4 ! Ac’i t ac) :
??~ i 0~~).’! 4 L 0 (AC )
22; 0Efl~~! 

A L Q (A C ) :
226 OEC ! LMI(149) FF1 ~WN ;

2~ 7 OF~~-i! 
ALP (146)

22 14 OEM.’! SOOCA ) FF1 179(FETCHI PAGE !:

Figure 11. New gate ca lculat ion  of DY.
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MACNO CALUNG INSTRUCTION
NOATEL DELV
ADR CV

CALCULATE
NEW J AND L

[ 
D € LVV _ _!(!! +~~v)

I
- VBG (V BEGINNING OF GATE)]
- DELYV + Cy j

L - V E G  (V END OF GATE)
-CY - DE LVV

• Li~22~ i l—I ’ N-~~TrL ! LM3( P-~) P’4’,:230 2 .4 !
231 31-- !!
73? 4-4 -I ’ ALP(A);
733 5-414 ’ SDQ A)  FF1:
714 ‘,‘ b- ~ s CIA (AC) FF1:
735 7 ’ - i~ L M I ( P )  FF2 ~~~‘i
736 1114-i! LMM(T) PPM :
237 9’3-i ! AMA AC):
?314 OA .4 -I ’ SDR~~j )  FF2 :
239 O1~~-4! 1L 0 4 2  PP~4;240 OC~ 14 ! A N A ( A c ) ;
?4I O )~4 !  SDP (L) FF1 p7P(FETC—4 ) P4G~~1:

Figure 12. New gate calculat ion of J and L.
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MACRO CALLING INSTRUCTION
SAVEIJ I

MACRO CALLING INSTRUCTION
RESTI J I

SAVEIJ
STOR E
I AND J
REGISTERS IN
MACRO MEMOR Y

I

RESTIJ rLOADIAND J
MICRO REGISTERS
FROM MACRO

• MEMORY

1~
96 1?’ !  SAV FTJ! LM1 (P9) FF1 :
9~, 32-4 ! ILP( i)  PwM:
97 31 .1’
914 4 !-’ ’ 1L PIJ I RU M 7 0 ( F ET C I -4 ) pAr,rl :

99 1 H’ P r S T T J !  LMI ( R ’ ,4)  FF1 P~~M ;
100 5~~~! AC ’-i(AC );
101 51’!’ S0°U) FF1;
10? 51-1 ’ LM !(~~9) PPM:
101 T 1 - ~’ ACM(AC );
10’. 141-4 ’ S0~~(J) FF1 17 (?(FFTCM) P46F1

22
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Appendix A.

TRACKER MACRO CODE LISTING
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1: o”ooo 000U01 R1OØUØ OCT ?1
2; 00801 000004 000000 

— _____

3: 012’02 00000 1 0000~~2 DELX 8SS 1

4 .  ,,0005 uy lIpt 0IIU~ u!LY OJS 1
51 ~~iD4 1400001 1400004 AS UM SSS 1

— - 61 I00f!~~ 80~~ P1 0o0~~
-~- - 

~4~ A N2 itt- 1
7: oci~’o6 øoOoli 0081 06 XEE G OSS 1

—I:  P141107 000011 000017 ~~iC*Vj —
~~~~~~~~~~~~~ 1

9, 1481’10 000001 000~’1~ XRLG2 8S5 1

~~~~~~~ UWWWIJ. l ’ i ~ A A L L I  ~~~~~ t

11$ o~ o12 000001 000012 VEEG OSS I
—121 00013 100001 000013 ~~~~~~~~~~~~~~~~~~

~~ ~~~~~ 000101 000014 YBLG2 655 1
14; i,rr1 1 ~...d Ii •,w~ 15 TALO ~~tSS 1
151 J~ 016 000001 0

910016 BSS I.

~ C’  •~~r1l •PV~~~ 1 
TEA!  558 ]

17: 00020 000001 000020 B~~F BSS 1
A bS L5~

t9: 001140 123400 00&~262 SIAW T 1P.1T
- 20’ 110101 0000I’I 00027 —-— —- t4 T~~P.

21* 014102 176400 06@~ Q’ v’ DO 6
2?i wu~.wS ~?4~~II 010rOF23 ; 001 04 037400 0014000 P

- 54 ! g PpO3 000000 000271’ — — -  LA S I X  —

25 2 ~r1n6 176400 060~ 0Q Do 6
56~ 0Fl~ Y 12~~I~ 000fl0~~ FRA MEW - —

27* 01110 000000 000273 LA 111R EE
28. i0t~~i 116100 16U0& so a —

29 ; 00112 120400 0 140254 P4 EAh FCOUNT
31! 6$11~ 174400 00000~ ~~

— n— —_

311 00114 000000 0002D4 LA ECC- UP,T
32’ eOttS H2*P0 oie~ o~ ALS 7

331 00116 000400 0002~ 4 STA ECOUNT
04; rOtil 000000 000$-It 8114
35; 00120 174400 k’000$’’

36* 00t~ 1 I~3400 0000 54 E000NT
37: 0~ 122 0330014 14001: 0 L RS 14
Set e0t23 006000 000274 FEVEN
39: o~ i24 072000 ~~~000 SGE
402 ltftf S 010000 000132
41* ~~ i2b 0.~000I 000000 CLR
42; 1Q12? 9100120 0140374 51* TAPSE T
43$ iPt~ ø p0~~ Ø0 000ç41 

51* PWF
4 4 2  00131 010*10 000136 I.I-41T E
4 02 011132.001001 000277 BLACK L A O GN E
4$! $191111 011411 01102i e~ * t~wr
47;  00154 0000140 000276 LA IhENTY
40! .~1U IDill 001 7A 11* TARGET
42:  p0136 120400 0002 62 WHITE STAR T 11411
III gIll? 011001 IU27~ LA 731

• - SET G* IN TO MAX
116 $1014? 176411 111100 eq 5

• SET OFFSET ‘tO BLANKING LEVEL
524 p91145 0009 140 0002-74- LA O l A f
53: 00142 176400 040091! ’ DO 4

LTG91~ tiOOE LA T g4 FOR ViDEO
54, 00143 0001:140 0002714 S T A R T  LA S IX
II! OLli f 001100 000374 OR TARGET
56: 01145 176400 0600091 ~O 6

24
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

RE QUE ST Fq~Pj AND 1’AIT T1i.I~ DATA OlAlIr
9~~; 10146 125000 loir e; FRAN EW

- SET i0D5 L*TCN 1401 REA D tiOPE
38, 19147 000000 000266 LA ONE
39: 091514 0044 140 000374 014 TA RGET
60$ ~1:151 176400 062000 DO 6
*16 00530 104401 010000
62: 21133 121000 000233 S*V EIj  I
60; ft1~ 4 150400 t001~ 4 MEAN ?COUWY
64~ ~Pi55 1744g0 00002$’ EQ

- 

*~~ ~ r1,v rrrlg, 0ll2~ 4 LA PL.OU~ T
- 6 6 $  2133 7 032420 07000? ALS 7
1T: -Cr160 Etf’41p 01~254 — S14 FCOLj NT

• 66: 114161 030100 000000 CLR
691 $f1~ 2 174.20 •epar- -— ———--
70, p 14163 00)400 0~ P254 D ECOUNT
J~~ rt~ 6~ .~ 5?rI j4 -0~ 00 LP~S72 ~1 j65 OOI i4Vl 000005 STA P’EAN2
73:. 5-tt6t 121400 20073, RESTlj t— - —

74~ (1iC167 1220910 1414 0 1414 2 EGATES DELX
~~~1 £-f~17P 000000 014147% ADO ~G
76: ~c171 121000 0~ 14255 SAVE!.,, I
77 $ si! 7? 1~ 0w0 I 20002 7 CrilOD AA!6
78: 0~ 173 9106000 00001~4 LA *5014
791 t-f174 037400 01001:1: — ALS 7
80:  ;c’!73 911.9i4910 2001:04 57* *506”
Oil P~ i7C 030000 •Po oc ;  ——— CL0-
82: •0i 77 174~ Pi 2000F~ EQ
UI Ill 00 000000 PIP01~ LA Y $-A~0 4 2 00201 003400 00000’ D AS U M
036 01Z02 033000 i40?t (~ IRS 14
•6: p02913 000400 000232 ST A CX
11’. 002914 10010$ IpIil LA rf’-*fi
66$ OQ’ 205 003400 00 14004 D * 50W
eli 0.i!rrl p33pl~ 1400 r(’ L 145 54
90: 00207 000400 0~ 0253 STA Cv
914 0-91210 0001101 00001 3 —— LA DFLV — —

92; 00211 0030.00 0PI2~ P N YG
9)4 14p2 12 174~’0 oi00o$~ 1:0
94~ 00213 01404140 080257 STA AXGH
?~~t 0-t~Ci4 000000 0G0014~ 1* OtLW
96: g0215 003000 0802!11 N
97$ *1216 174400 00001:14 — -—--- tO
001 014217 09124910 00226 14 STA ATOll
9$. ~~220 121400 00e255 REGT Ij I —

1001 g022 1 122400 0002~’~ WG ATE A AX GH
tois s-020Q 1744910 popr or ce
liSt 02223 O91O0~I 1400257 LA AXON
1M3 I 0r ’~24 03240 p .414001’ ALS —4—
104* 0~ 225 000400 600237 STA AX O N
1052 0-1:21:6 0)6000 00091140 CLR —-

106 : o0227 jl 44gl 00110c EQ
lilt *1fll Ohi f 00 lIl~~P 7 400*4
1.6$ 01423j 032000 1000141) *145 16
ii ,. 6.2232 123*1i 00$1f~$12 NPATEp !W~LXills 03233 00 14000 000252 AD R CX
1116 ~- ‘234 57340w I$00~~’ — -— -

~~~~~~~~
--  

~t0A TEC *‘l’Gi-t
112: ~7~ 33 174400 008g0(~ EQ
1130 ~-~~ 36 lcOpIp OIyOAi’ LA *79*4
114; 08237 032’14I 144001411 ALS 4
liSi ~424~ n-aolo$ 80026~ ~~~~

—-- - -  57* *r -o+i- —

114 : ~ .124t  113~ lH0 00I’OU.i CL14

25
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r 
- _ _ _ _ _ _ _ _ _ _ _ _ _ _

1~7’ 3~~~42 1144140 3I0l’ l-~ — —  -—- -- —---——--

~~9-—-- - --- - —

18* o~ 24 3 083400 000260 D ~YG H
-MIs 0.214 OiQpr o 130014i~ *140 58
iUs l4~ 4~ 124000 0801403 NOATEL D~ Ly
j Oss 00246 036000 •002~ 3 — - - - ----  *014 i Y
t22~ 0 24 7 010000 000143 STAR T
121. I912~ 0 030001 0311:50 00 —• 035 ~~1—— —- — - -  -

1241 l~~~51 000001 800231 TO OSS I
1t3t e

~
232 ø~~toi 00~2~ 2 CX ess •

t26$ •0253 00091911 000253 CV BSS 1

~j?1 10254 000001 600254 ECOUNT 033 1
t26 01255 0800141 003253 1 9SS 1
*391 0~I!36 001001 0lp23~ .a ass I --—-—- - —

130~ 0 3 ? 3 7 *10831 0011237 A X ON OSS I.
*31. 14060 I0!001 UlivO *10.4 635 1
132$ 03261 00000 1 000261 *62 OSS 1

-1-53’ 30261 00a$13 0100*1 • IN I T  • oCT 61
134: 01263 000003 0100 80 OCT oi
133, 00264 003603 030000 OCT —6-3— - -

136: 33265 ~0~0o3 03*133 OC T 63
L3~ . 11166 016000 0100111 019! ocT t
130$ 03267 083000 020000 TWO OCT 2

-159 , 05210 001000 •6p601 5 ;X OCT 6
140’ 0027 i 08891 00 060000 B I A S  OCT 6

• l~~1’ ~~~~~ 14101j 3 i1000 131 O~T 31
142$ •0273 ~0~ 0pl 03I~03 THRE E OCT 3
I~

-
~~1 ~~~~~~~ ~~~~ •1 ,01 ~~~~~ u,.T I

144 $ 00273 080000 100000 TEN OCT 10
-*431 j .076 030001 000010 TWE NTY OCT 2e
146. 002 77 177 77 7 171083 OON E OCT 377 77 77

-~-41t $3306 030000 000306 —10* - 
~33 12 ——

143s j3312 ~0øapi 000312 X X O  0,55 1.2
-1,94 00204 030000 110504 VIA 033 LI
110$ 1 3 6  008000 000336 Y VO BSS 12

-1410 .2’ i, i01001 Il1Z~~ yVp ~3S - 1-2—
132 , 00352 p0~ 0p0 000362 OSS 12

-133 0(4314 0001,01 006374 TARO1:1 053 t —-- — — —  —

1~ 4l p~~ 7, 060000 003003 o OcT 14 4014 80 
—

26
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Appendix B.

TRACKER MICRO CODE LISTING
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X MAS V ERS ‘.0 QPT IfAL CONTRAST VARIABLE GATE CENTROII) TRACK ERRORS: () PAGE ?

RECORD
NSJMBF R

7 KHUSS FIFLI) LENGTII=S flEFAUL.T=O
3 MICROPS4KFFF FF:~ O 10IB KFFFF~~~1OIfl~ 0 K7FFFF 100I lB

K80000=1001OF2 KOOFFF=10001 K000FsOnl0000R
S K0000F=O1111R K0000F O)11 (R K0000fl =OI1O114

K0000C=O11000 K000014 0101!3 K0000A=OIOIOB
7 1(00009=0200114 KOOOO14 0IO0 )~ K00007 0011114
14 K00006 O O11O R K0000S O O 1 O l 1 4  1(00004=00 1000
9 P(00 003 000)114 K0000? = 000 I rR  K000 0 l =0 00 0 1R
10 K00000r00000R);
11 I(BU~ S KOUS:
12
13 1* ALL MICROCOI)E IS ON PAGE2 W ITH DEFAULT SET TO 000 2 FOR OT~4FR *1
14 OTIIFP FIELO LENGTH=5 QEFAULT=0000jB
15 MYC QOPS(ST008 ( =l0000g RAGFI 00000 R PAGE?~ O00O l8
16 ST PO BE2=L0001 B);
17
1 14 /• QEFINITION OF BUS CONTROL FIELD
19
20 CBIJS FIELD LENGTP4=3 DF: FA ULT=O
21 MTCPOPS(NBO=0008 INH OOlR RMW OIOB C~ 14 011B
22 14119=1008 P0121018 RRM=1108 P.sM:1I1B)
23
24 I’ NRO NORUS OPERATION

• 25 11919 INHIBIT CPE ARRAY
26 Riow READ—MODIFY—WRITE
27 Cw R CPU NEEDS AUS
214 RIM REQUEST IP4PIIT

• 29 ROT REQUEST OUTPUT
30 R~M RE0UEST R€A0 MEMORY
31 RwM REQUEST WRITE MEMORY
32

• 33 SF1 l iP SYMBOLIC REPRESENTATION OF RE(ISTEP )ESIGNATIONS ./
34
35 A STPT”IG ‘140’s
36 I STRING ‘RI’;
37 J STRING ‘142’;
391 P STRI NG ‘ 143’ ;
39 K STR ING ‘R4’$
40 1 STRING ‘i~5’$41 TEMP STRING ‘Re’ ;
42 TEM02 STRING ‘147’ ;
43 :4 STRING ‘1491 ’ ;
44
45 PAuc~ FTELO LENGTH 1 OEF AULT=1
46 MICROPS(PP O)
47
491
49 0FH ! FETCH! NOP(A ) JPR(CNTRD MEAN SAVE IJ RESTIJ (GATES NGATEA
50 NGATEA NGATEC 190*1(1 WINDOW FRAME START NOTC P4010 NOTE
51 PIOTF)$
52 /~ CALCULATE MEAN VALUE FOR 100 BY 100 ARRAY ~EING DIGITIZED ‘
53 11 19! MFAN , CLA (AC);
54 2119’ SDR(R6) FF11

28
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XMAS VERS ‘.0 OPTICAL CONTRAST VAR IABLE GATE CENTROIr) TRACK (RRORS= 0 PAGE ~

RECORD
NUMBER

55 2C.l’ SDR (M) FF1;
56 LQC’.l ! I L PJ ;
57 11Cm SDR (A )  FF14
58 11* 14 ! A QO P ! I L R ( I ) $
59 lID si t DCA AC );

• 60 l1F~4! CLA d );
61 12F~~l ALR(&C)1
62 13F’4 ! ALR (AC ) I
63 14(14! ALR(T)$
64 15(14! ALP(AC ;
65 16E1.4 ! ALP ( AC ) ;
66 17F 14! A L P (A C ) ;
67 191(14! AO R(T H
614 19(14! ALP(AC )
69 LA FN! ALPIT);
70 10(14! ILP J)5
71 lCE~4! ALR (T);
72 10(14! S D P c T ) ;
73 lOAw ! LOA DO ! LM I(T )  FF1 P RM
74 1DD’l! LDI(AC ) FF1:
75 IFOw ! ALR (146);
76 LFFMt 110(M) FF1;
77 1FFoi~ ILR( L)8
78 1EFH! SDR(R7) FF1:
79 1EEH! CMR (R7);
80 1(014! 110(J ) FF15
81 1ECH! ALR(R7) FF1;
82 lOCH ! NOP (AC) JFL (LOAOD,JGT)s

• 83 10814! Jr,T! IL P A ;
84 11)914! SDP(J) FF1;
85 179kv I L P K ;
86 16914! SOP(P7) FF1;
87 25914! CMR P7)*
88 14914! ILP(I) FF15
89 13914! ALR ( R7) FF1;
90 12914! NOP (AC) JFL (ADOR,RTNN);
91 11814! RTNN ! LMI(R9) FF1:
92 11 1414 !  IL R( M) RWM ;
93 128141 ILR( 146) l
94 139114? SDR (A $ FF1 JZR (FETCH PAGE1 ;
9~ 12M~ SIVF TJ I LMI R9 FF1;
96 3254! ILPU) RWM
97 31 19! LMflR9);
98 41H~ 1114(J) RON J7R(FETCII) PAGE!;
99 13H~ - RFSTIJI LMI(R9) FF1 RRM
100 5319! ACM (AC);
101 SiHi SOR (I) FF1;
102 6114! LMI(R9) RPM;
103 7119’ ACM (A C ) ;
104 8119! 

- 
SDP(J) FF1 j ZR(F(T C5s) PAGEII

1O’5 I~ CALCULATE BOUNDARY AREA OF EDGE GATES .-
106 1419! (GATES! 1:41(P) FF1 RRM
107 2414! AC M(AC )s
108 3411 ’ SDR (P6) FF1 ;

29
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XMAS VERS ‘.0 OPTICAl CONTRA ST VARIABL E GATE CENTROII) TRACK ERRORS= 14 PAGF 4

RECORD
NUMBER

109 4451! LMI(R9) FF1:
1114 5451’ ILPU);
111 6419! C IA IAC )  FF1;
112 74’I! S014 R7) FF1:
iii 8419! 1114(1)3
114 85H ’ *114(147) RON;
115 8614! 1 1 1 46 )  FF1:
116 8714! SRA A C ) ;
117 9711? SRA ( AC ) $
118 9614! T Z A ( A C ) ;
119 9519’ NOP(AC) JFL ( MJ NX.N OMTN XH
120 0*214! NTNX i INA ( AC ) FF1:
121 0A314! NOMTNX ! SOR (A) FF1 P0145
122 0A4 14! 1:41(09) FF1;
123 0*519! ILR(J )$
124 0A 614? C IA (AC )  FF1:
125 08611! SDR (R7) FF1s
126 0C614? ILR (L ;
127 00614! ALP(147) 14054;
128 0(A’4 ! LNI(R61 FF1;
129 0F614 ! SPA AC ) ;
130 10614! SRA AC ) l
131 10511! TZA AC ) ;
132 11514 ! NOP ( AC ) JFL ( ’ I INY ,NOMINY) ;
133 12219! MYNY! I P4 A(AC )  FF1;
134 12314 ? NOM INY ! SIIP(R7) FF1 QWM I
135 12414? IL R(R9) FF 1:
136 12714! TLP R9) FF)3
137 16714! IL R(A )3
1391 1*714 ! CIA (AC )  FF1:
139 18714! S0R 148) FF1;
140 1C714! ILP(1 ;
141 10714! AL P(A )$
142 1E7 19? LMI(R9) FF1 PW M
143 1FYII ! ILR(P9) FF1;
144 IF6H! LMI(R9) FF1;
145 1(614! 11P(K)1
146 10614! ALR(P8)3
147 1C6i4! C IA (AC ) FF1 P054 5
1491 18614! ILRCR7)
149 191614? CIA(AC ) FF15
150 15614! SDP(P8) FF1:
151 11614! 1114(149) FF1;
152 117w? I1R(J)3
153 107 w? AL R(R7 ) ;
154 10319! 1:41(149) FF1 R0
155 10219? 1114 (149) FF1;

• 156 lOi s? !114 1)1
157 111 w? ALR(R0)3
158 112 14? CIA(AC ) FF1;
159 113141 LMI(R9) FF1 ~w u;
160 I’ IF MFAN V1AUE IS LESS TMA~ SEVEN TRACK BLACK 214 WHITE
161 IF M (AN VALUE IS GREATER OR EQUAL TO SEVEN TR~C’( W HITE ON PLACKe/
162 11914! C114 R9) ;
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XMAS VERS ‘.0 OPTICAL CONTRAST VARIABLE GATE CENTROIO TRACK !RRORS= is PAbE c

RECORD
NUMBER

163 10911 ! LM)3R9 K0000 F FF1;
164 101414! LMI(149) RRH$
165 149114? A C M(AC )  FF1 STZ ;
166 14C14 ! NOP ( AC) JFI W HIT E,BLACK,;
167 12A19! WHITE ! CLR (149);
168 10*14! LMI (R9) 1014005 RRM
169 10814! LCM(AC) ;
170 10(14! INA(AC) FF1 OWN PAGEL J7R FETC’l);
171 12811! PLACK ! NOP AC) PAr,(1 JZR (FETCH ;
172 /* NGATEA NGATEB NGATE (~ AND MGAT E L CALC ULATE E~ GES OF T54F GATE
173 ANn THE NEW I J K 1 *1
1 74 1519! NGAT FA! LMI(149) RPw;
1 75 2S51? ACM (ACU
176 3654 ! CIA(AC ) FF1;
177 4551? SDR(R6) FF1;
178 55’4 ! CLP(147);
179 6654 ! LM~~(R1)  1(00007;
180 7551! LMI (R7) FF1 RPN
181 085w ! AC M(A c )
182 03C11! LMI(R7) FF1:
183 OOCH! LMI(R7) RPM;
184 00019! A HA (AC ) 3
185 OCD54 ! *00(146);
186 08014? CLR(R7) ;
187 0*019! 1M1(R7) 1(0014031
188 9019! 1541(147) RPM;
189 80~4 !  AC M(AC )
190 8C1l! ALR(AC) ;
191 9C’4 ! ALR;AC )3
192 OAC H? LM1 R9 FF1 RON ;
193 OCCH ! ALP(R6)3
194 0CE54! SDP (A) FF1 70(F(TC54) PAGEI:
196 1611! Nr,AT~ B’ LMI(09) RPMI
196 2611! AC’4(AC);
197 3614t SRA(AC);
1991 4651! ALR(A) ;
199 5654! SOR (A) FF15
200 6654 ! C IA (A C )  FF1;
201 7614! 1541(P) FF1 RPM
202 7919! LMM(T ) RRMI
203 8954 ’ AM* (AC );
204 9919! SDR( I)  FF1;
205 0*9w; ILR(A) PRMI
206 OB9w ? AMA (AC );
207 OC9II! SDP(K) FF1 JZR (FETCH) PAGEIS
208 1751? Nr,ATFC ! LM1(149) RPM;

• 209 2754 : ACM IAc ) ;
210 3754! C IA ( AC )  FF1;
211 47 11 ! SOP ( R6 ) FF 1;
212 Sill ! CLR(R7)I
213 6719’ L54 1(R7) 1(0000914
214 7754! LNI(R7 ) FF1 RPMI
215 0*711! AC N(AC)3
216 08711! 1M1 147) FF1;
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X M A S  Vf~4S ,.o OPTI CA L CONTRAST VARI A 3 L E GA TE CENTROIO TRACK ~QRO.~S= 14 ~*&E ~

9ECORD
NUM8EI~ 

-

211 0C714! LMI (R7) RPM:
2191 007-4 ? A 4A (ACU
219 0(7-4’ AOR (R6)3
220 0F714! CLR (R7);
221 0F9151! LMI(97) 1(0014023
22? 0F9-s! LMI (R7) RON:
223 OFC51! ACM (AC)3
224 OFD14! ALR AC);
225 0(D14! ALP (AC)I
225 OECI! 1:41(09) FF1 PWM1
221 0E914! ALR(RA );
2291 0E14~~! SOP(A) FF1 170(FETCI4) PAGEIS
229 1854! NVATFL ? LMI(09) 01414;
230 2814! ACM (AC)S
231 31419! SRA (AC )3
232 48’!! ALR (A );
233 59151! SDR (A) FF11
234 69154! CIA (AC) FF1;
235 7851! 1:41(P) FF1 P014
236 8819? LMM(T) pow ;
237 9819! AMA (AC )3
238 0*819! SDP(J) FF11
239 08819! 1114(A) RRN
240 0C8’4? AMA (AC )
241 00819! SDR(L) FF1 JZP(FETC’l) PAG(1
242 /• WINOIW (VARIABLE WINDOW MICR000UTINE) 0/

243 1919! WTN200! LMI(R9 ) FF)3
244 2914’ 110(J) ROTs
245 3919! 1141(09) FF1:
246 4944? ILP (L) ROT;
247 59’l! 1:41(09) FF2 1
2491 69w! ILR(I) ROT;
249 6C19’ 1541(149) FF 2 3
250 6054! ILR (K) ROT l?P(FETCs4 PAG!l;
251 1A II! FRAMF ! NOP(RB) STPn~c2;
252 1AA 19~ WAT ! NOP (R8) PIN;
253 1AC -I ? LDI AC) FF1:
254 1*019! TZR (AC) K800001
255 IAF19! NOP (R8) JFL (WAT,R)y);
256 1AB i! ROY! NOP (RB) JZR(FETC,4) PAGE )3
257 1854! START ! LMI(R9) FF1 PPM~
258 39111? ACM (AC )l
259 30~l! SOP (I) FF1;
260 10019! LMI (R9) FF1 RPM;
261 12019? . A C M (A C ) l
262 130w! 500(J) FF11

• 263 14019! 1:41(09) FF1 PRM
264 150w! ACM (AC ) $
265 160’,? 5014(1) FF1;
266 h Owl LMI (R9) RPM;
267 180w! ACM (AC)$
268 190w! 5014(1) FF1 JZR(FETCI4) PAGEII
269 1CI4! NOTC’ NOP(A) JZR(FETCH) DAG EII
270 iO’i? NOTO! NOP(A) JZR(FETCH) PAGEII
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XMAS VERS 2.0 OPTICAL CONTRAST VARIABLE GATE CENTPOIO TRACK ERRORS= 4) PAGE 7

RECORD
NUM8FP

271 1(51! NOTF ! NOP(A ) JZR(FETCH) PAGEI;
272 1F11’ NOTF? NOP (A) JZR(F(TC54) PAGE)3
273 / *  CENTROIfl CALCULATIONS AND TARGET AREAS (SF E0(~ GATES *1
274 10 54 ? C5IT PO? C L A (A C )
275 0041! c I) p ( 5 4 )  FF 1;
276 2054? LM!(R9) FF1 OWN;
277 3011? LMI(09) FF1;
2791 4019! 1M1 R9) FF1 RW M
279 5019! LNI (R9) FF1;
2910 6011! LMI(R9) FF1 QWN
281 7011! LMI(R9) FF14
282 8054 ? LMT (R9 ) FF 1 PW M
283 90’41 LMI(R9 ) FF1 OWN ;
284 0*014! LM1(R9) OWN;
2915 08014! ILP (J ;
2916 OCOM ! SDR A ) FF1$
287 0C2 14! CADOP ! ILRU ;
2148 0C4 14! DCA (AC )3
289 00414? CLA(T);
290 00014! ALP (AC) ;
291 OE O’ 4 ? ALP AC ) ;
292 OFOM! ALR(T )l
293 10011! A L R ( A C ) ;
294 11014! ALR (AC )
295 12051? ALR(AC) ;
296 13011! ADR ( T ) ;
297 14011! ALP(AC) ;
2991 15011! ALR T)3
299 151411! 110(J);
300 16814! *10(T);
301 16011! So P ( r ) ;
302 16214! CLoan! CLR (R9);
303 166w? - TZR R9 FF7;
304 /* BRANCH TO WHITEE FOR wwITE ON RL.ACK TARGET
305 BRANCH TO BLACKI( TO TRACK ON BLACK TARGET ‘~/
306 16CM ! LNI(R9) 1(00005 FF1 RPM JFL(WHITEE,RLACKK)3
307 17814? RLACK 1 (! ACM (AC);
308 17CM? SOR (146) FF1;
309 11814? LMI (T) FF1 RRM
310 18814! LDI(AC) FFfl
311 198$? CJ A (AC )  FF15
312 19114! ALR(R6) JCR(OVEP);
313 17*44! WHITEE! ACN(AC)3
314 17014! 1:41(T) FF1 RRM~
315 180W ? AIA (AC)3
316 19014! OVER ? NOP(AC) .FL(NODATA,DATA)3
317 19214? NADATA ! 11R(L)
318 19114! S0P(R6) FF1;
319 1*144! CMR(146);
320 1*444 ! 1114(J ) FF14
321 194w? *114(146) FF1;
322 15414? NOP(A C) J FL(CL OAO,J GT L)$
323 16344 ! JGT1? I L R(A ) $
324 16514! SDP(J ) FF14
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XMAS V ERS 7 .0 OPTICAL CONTRAST VARIA BLE GATE CENTROIO TRACK ERRORS= 0 PAGE 14

RECORD
‘4UMBFR

32S 14614! 1114(1;;
326 144w. SOR(R6) FF1;
321 104w ! CMR( R6) 1
3291 0F414! 110(I) FF1;
329 0(419! ALR(R6 ) FF1;
330 014414! NOP(AC) JFL (CADOR,ENDC):
331 19319! DATa! 1114(09 ;
332 19514! SDP(R6)FF1;
333 1*Sw ! 1441 (06) 1(000085
334 1*0w! 110(1)3
335 18051? LMI(R6) FF1 RRM
336 ICOW? AMA(AC ) OW N ;
337 10014; 110(J);
3391 1(014? LMj(R6) RPM ;
339 1FOsi ! A’IA (AC) OWN ;
340 IFSII! 110(54) FF11
341 1(5w! 1114(1)3
342 10514! CIa(AC);
343 1D4’l! LMI(R9) FF1 14RM
34~ lC4w ! A P4 A (AC )
345 1CSH ? NOP(AC) JFL(’4XEEG,XEEG);
346 18311! XEEG ! 1441(149) FF1 PRM
347 18411? ACM (AC) FF1 PWM JCC(NXBLG2)
348 18219! NXEE6! ILR(R9) FF1:
349 182141 1114(1)3
350 18119? LNI R9) FF1 ~PM~351 17144 ! ANA ( AC ) ;
352 16111! NOP (AC ) JFL (NXBLG.XBLG ;
353 17319? XPLG! LNT (R9) FF1 pPM;
354 17514! ACM(AC ) FF1 OW N JC P(NXBL) ;
355 17454 ! Nx01fl2 ! ILR(R9) FF1;
356 17219! NXR LG? ILP(R9) FF1:
357 177w ! NXBL! ILp (J ;
3591 137~s, C IA tA C I ;
359 13619! LMI(P9) FF1 PPM;
360 13514? AMA(Ac);
361 13444? NOP(AC) JFL V4YEEG.YEEG):
362 14344 ! YFEG! L541(R9) FF1 PPM~
363 14614? ACM (AC) FTI P0441
364 19614! NOP(A) JCR NODATA);
365 14214! NYEEC,! ILR(149) FF1;
366 14754! 1114(J);
367 157w; 1MI(R9 FF1 RPM;
368 18714! A MA (AC )
369 18451! • NOP(AC) JFL(5400AT ,YBLG)3
370 18344? •YRLG! 1M1(R9 FF1 RPM ;
371 18514! ACM(AC) FF1 RWM JCR(P4ODAT)3

• 372 OC3sl f (NOd C114(R9U
373 0C5lq~ LNI(R9) 1(00004;
37t, 0(514? 1114(M) RON PAGEI Jzp(F(Tc44) ;
375 182w! NODAT ! NOP(A ) JCC(NOOATA )3
376 (OF

540 PROGR AM ERRORS
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XMAS VERS 7.0 OPTICAL CONTRAST VARIABLE GATE CENTOOIO TRACK !PPOQS= 0 gaGE 10

‘4IC00000GRAM MEMORY IMAGE

0’I 111 241 311 441 514 611 744

• JCC . 0 * . . • =
• 002051 • . . • =

00041 . 0 • =

• 276 . * . . =

• 1 .  0 * . . . = 

* * =

• JCC • JCC • JCC • JCC * JCC • JCC • JCC • JCC =
• 000014 • 002119 ~ 0032H • 0053H • 002454 • 00?5l-4 • 002619 002711 =

00119 • * * * . • .

• 274 • 53 • 95 • 99 • 106 • 174 • 195 2091 =
• 1 .  1 *  1 *  1 *  1 .  1 .  1 . 1 =  

* 0 =
JCC • JCR * • • JCC • JCC • JCC JCC =

• 003014 • 00201 • • • 003454 • 001519 • 003619 003711 =
00241 • * * • . • . =

• 276 • 54 * 0 • 107 • 175 • 196 . 209 =
• 1 • 1 *  • * 1 • 1 • 1 . 1 = 

0 0 —

• JCC • JCC * JCR 0 * ~~~ • JCC • JCC JCC =
• 004041 • 004144 • 003144 * • 004419 • 0045H • 004651 0047 19 =

00311 • * 0 •

• 277 • 97 • 96 0 * 103 • 176 • 197 • ?1r =
• 1 .  1~~~ 1 . * 1 .  1 .  1 . 1 =  

* * • 
• JCC • JZR • * * JCC • JCC • icc -

. jcc =

• 00 5OPI • 000FPI • * • 005451 • OOSSH • 005651 . 005719 3
00414 • • • • .

278 • 98 • a • 109 • 277 • 198 
-. 211 =

• 1 • 1 .  * • 1 • 1 • I • I = 
• 0

• JCC • JCC • • JCR • JCC • JCC • JCC • JCC =

• 006014 • 006)19 • 0 005144 • 006644 • 006551 • 006614 006711 =
00519 • * • • • =

• 279 • 101 * • 100 • 110 • 178 • 199 • 212 =

• 1 .  1*  • 1. 1 .  1 .  1 . 1 =  
0 0 -

• JCC • JCC • • * JCC • JCC • JCC , iCC =
• 007051 • 007154 • • • 007444 • 007511 • 0076H , 0077 54

00651 • • 0 • • =

• 2910. 102 • a • 111 . 179 . 200 , 21 3 =
• 1 .  1 . • * 1 .  1 .  1 • 1 =  

0 0 

• JCC • JCC • • 0 JCC • iCC • JCR JC C =

• 008014 • 008111 • • • 008444 • OORSI-4 • 007919 
-. 

OOA7 H =
00754 • 

. 0  0 * • • • =

• 281 • 1143 • • • 112 • 1140 • 201 , 214 =
• I • 1 *  • • 1 • 1 • 1 . 1 =
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XMAS VERS ‘.0 OPT ICAL CONTRAST VARIABLE GATE CENTOOIfl TRACK ERRORS= 0 PA(,( 11

MICROPROGRAM MEMORY IMAGE

044 1H 251 344 411 544 651 711
===s*=a========s===*=======*=======*=======s=====z= ====*==—_ =========

• iCC • Jill * * • iCR • iCR • iCR JCC =
• 009054 • 00O~ H * • * 0085’i • 0091644 • 008741 • 009711

00841 • * 0 • • • =
• 2912 • 1fl4 * * • 113 • 116 • 115 . 116 =

• 1 .  1 *  * a 
~~~ • 1 .  1 .  1 *  

0 0 =
• Jcc • * * • .3(1 • iCR iCR =
• 00*054 • * * • • 00*211 • 009551 • 009614 =

00951 • • • • • , =
• 283 • 

a • • • 119 • 118 • 117 =
• I • 

0 * • 1 • I • 1 = 
. 0 

• JCC • * iCR • JCR • JCR • JCR • JCC • icc =

• 009019 • 0 00*311 * 00*444 • 00*5w • 00*611 • 008614 , 008711 =
00*11 • * 0 * • • • =

• 2914 • • 120 • 121 a 122 • 123 • 124 • 215 =

• 1 .  • 1 *  2’ 1 .  1 .  1~~ 1 =  
* a —

• JCC • • * * JFL • iCR • JCC . JCC =

• OOCOH • * a a 00C2’l • 009101 • 00C644 • 00C751 =
00841 • * * • • =

• 2145 • * * * 330 • 114 1 • 125 • 216 =

• 1 .  * * 1 .  1 .  1 . 1 = 
* 0 * —

• JCP • * JCR • JCR • JCC • iCC • .3CC • .3CC =

• 00C241 • • 00C419 a OOC5H • 000451 • 00(519 • 000651 • 000711 =

OOCII • * a a • . • =

• 286 . * 287 • 372 * 288 • 173 • 126 217 =
• 1 .  • 2 ’  1 *  1 .  1 .  1 . 1 =  

a —

• JCC • * a a ~~~ • • jcc .icc =
• 00(044 • • a * 000051 • • OO Eis s . 00 (7 54 =

00011 • * 0 0 
•

• 290 • * • * 289 • • 127 • 218 =

• • * • a 1 .  • 1~~ 1 = 
* a =

• Jcc • 0 * 0 JCC • JZ R • JCC • ~~~ =

• OOF O 41 • a • • ooe~~ • 000F54 • O O FA H  ~ 00(754 =
00(41 • • • • • • =

• 291 • • • * 329 • 374 • 128 . 219
• I • • * 1 .  1 .  1 .  1 = 

0 a -

• Jcc • • 0 
~~~ • • icc jc~ =

• 0 10011 • * • • 00(414 • • 010614 • 00(811 =
OOFH • • • * • • =

• 292 • • * • 3291 • • 129 , 220 =
• 1 .  * • • 1 .  • I .  1 =
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XMAS VF RS ‘•O OPTICAL CONTRAST VARIAB L E GATF CF’JTQOTr , IPACi ~~5RO115= 0 PA il !/

~lTCROPRO C’RAM MFM (lRy IMAGE

054 15-4 254 341 4H 511 614 714

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
• 011011 • 0111 11 • 010111 a 01O?54 • 00(411 • 011519 • 010511 • 010344

010 44 • * * * • • =

• 2~ 3 • 156 • 155 * 154 ° 327 • 111 • 110 153 =
• • 1 .  1 *  1~~ 1 *  1 •  1 .  1 . 1 =  

0 0 

• JCC • JdR * JCR * JCR • • JFL • JCQ • -icc =

• 012054 • 0l1~ H • 011351 * 011911 * • 012251 • 011714 0107k =
01 144 • * • * •

• 2914 • 157 • 158 * 159 * • 13? • 151 • 1i2 =

• 1 . 1 *  1~~ I. • 1 .  1 • 1 =  
* * =

• JcC • * JCR * JCR JCR • • • ICC =

• 013011 • * 012311 • 012411 * 012711 • • • fl 1~~7w =

01254 • * * * • • =

• 2915 • * 133 • 134 * 135 • • ‘36 =

• 1 .  • 1 ’  2 *  1 .  • • 1 =  
0 =

• JCC • • * * JFL • JCP • JCP • JCP =

• 014044 • * * * 014244 • 011444 • 013514 
-• 

011611 =

01344 • • * a • • =

• 296 • • * * 361 • 160 • 359 
-

• 1514 =

• I • * • 1 • 1 • I • I = 
_ a 0 0 =

• JCC • • JC R • JCR a 
~cc • JCR • JCc • ~cc =

• 015019 • • 014744 • 014641 * 010411 • 014451 • 019611 015744
01444 • • * • • • • =

• 2917 • • 365 • 362 * 325 • 325 • 363 166 =

• 1 •  * 1 ’  1~~ 1 • 1 .  1 . 1 =  
a a =

• iCR • * ‘ .JFL • • .3CC jCC
• 0159114 • • • 0 2 6 2 1  • • o11~~w f l J R 7~-~ =

0155 -4 • 
a • * • • —

• 2914 • • * * 322 • • 150 • 167 =

• I • * * • 1 • • 1 • I = 

• *

• JC~ • ‘~ L • JCR • JCR * • JCC • JCQ iCC
• 0162k • 017’H • 016644 • 016544 * • 014544 • O16CH • OIA 7H

01651 • * * • • • =

• 3~ 1 • 352 • 302 • 323 * • 1?4 • 303 137 =

• : •  1 .  2 *  1 °  • 1 •  1 . 1 =  
a -0  — — —

• icc • jcc a J~
p a J~ R • JCR • • • JcC

• 0191011 • 016th • 027744 • 017519 • 017211 • 017751 • • 013751
017~ • • • * • • • =

• 314 • 351 • 356 * 353 • 355 • 156 • , IS? =

• 1 .  1’  2 0  1 ’  1 .  1 •  ?

Th
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XMAS VERS ‘.0 OPTICAL CONTRAST VAR IABLE GATE CENTROID TRACK ERRORS 0 PA&F I)

wIC1400ROGRAM MEMOR Y IMAGE

051 119 2H 311 411 544 614 741

• JCC • JCC • JCC • JCR • JFL • iCR • iCC JCR =
• 01 9044 • 017144 • 0 191244 • 018519 • 0182$ • 0191211 • 01S611 141144 11

01145-4 • • • • • • •
• 315 • 3c0 * 375 • 370 • 369 • 371 • 149 • 368
• 1 .  1 . 2 a  1 ’  1 .  1 .  1 .  

• 0 =

• J~ L • JCC * JCR • JCR • JCC • .3CC • JCR ~. iCR =

• 019219 • 01*111 * 0191111 • 019511 • 015454 • 01A5$ • 019211 • 0190 54
01944 • • • • • • =

• 316 • 318 * 317 • 331 • 321 • 332 • 364 , 312 =
• 2 . 1*  3 *  1*  1 .  1.  1 . 1 =  

0 0 

• J(C • JCR • • a .JCC • JCP • ~. JCC =
• 0 1BO~4 • OIA 4H * a a 0 19454 • 01A0 1l • . 018714 =

01*11 • a a * • • =

• 334 • 319 • • • 320 • 133 • , 1314 =
• 1 • 1 * • • 1 .  I • I = 

a * =

• iCC • JCC * iCR • JCR * Jcc • . icc icc =
• 01C01l • 018144 • 018111 • 018444 • 017451 • • 018611 • 01C744 =

O1B H • • • a • • • =

• 336 • 349 • 348 a 346 a 367 • • 148 
-

• 139 =

• 1 .  1~~ l a  1 *  1 .  • 1 . 1 =  
a * * —

• • iCC • 
0 • • JCR • JFL • iCc • iCC =

• 010014 • 0 • • O1CSI4 • 018251 • 019614 
-

• 0107H =
01C54 • * • • • • =

• 336 • • a • 344 • 345 • 147 140 =
• 1 .  a 0 • 1 .  1 • 1 .  1 

* • =

• iCC • a a a JCC • JCR • iCC icc =
• 01(041 • 

a • • 0 1C4’l • 010411 • OIC6H • 01(719 =
01D44 . • • * . • . =

• 337 • • * • 343 • 342 • 146 • 141 =

• I • * • I • 1 • 1 • 1 = 
• • 

• ~cc • • a a • iCC • icc , icc =

• 01(011 • • • a . Oln5si • 011)611 . O1F7H =
01(54 • * • • • • • =

• 3314 • * • • • 141 • 145 ~. 142 =

• I • • • • • 1 .  1 • 1 = 
a * — — — — =

• icR • • * • • icc • icc 
•
. icR =

• 0 1F544 • • • • • 01(511 • 01(644 • O1F6H =
OIFH • • • a • • • =

• 33~ 0 0 a • 140 • 144 , 143 =

• 1 .  • • • • 1 .  1 . 1 =

39
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XMAS VERS 7 .0 OPTICAL CONTRAST VARIABLE GATE CENT ROII3 TRACK cpp op~~= 0 PAGE 14

MICROPROGRAM MEMORy IMAGE

1414 914 *11 851 C19 OH EH FM

= • 0 • * . • • iPR
= • • * • • • • 001054

0005-4 • • • • • •
= • * * * • • 49
= • 0 • * • . • 17
= 0 * 

JCC • .3CC * JCC * JCC • JzO • JZR • JZR • iZR
= 002814 • 002951 • O1AA I4 • 003814 • 000FII • 000FH • 000FH • 000(44

00154 • • a • •
= 229 • 243 * 251 • 257 • 269 • 270 • 271 , 772

I .  1 . 1 •  1 . 1 .  1 .  I .  1 .  
a a 

= icc • j cc • a • ~~~ . •
003854 • 003911 • * • 0100-4 •

00251 • * * • •
= 230 • 244 • • • 55 •
= I • 1 * 0 • 1 .
= • a 
= JcC • JCC • • JCR a •
a 004811 • 004919 0 • 003041 • • 010051

00344 • • • •
= 231 • 245 • a 258 • • 759
= 1 .  1 . • I • • 1 .  .

——— a _• • •  
.3C C .  JCC . • 0 •

= 005851 • 005914 * a . 
•

00444 • • • • •
= 232 . 246* • •
= I • 1 ’  0 • • . • 

0 a 
— iCC . JCC a • • . •
= 006811 • 006911 • * •

00544 • • • • • •
a 233 . 247 . * a • • ft
• I • 1 • a a • • • 

a 0 

= JCC • JCR a * * JCR • JZ R
= 007854 • OO6CI4 * • • 006054 • 000FH

00644 • a • • • • ft

= 234 • 2491 • • • 249 • 7514 • .
= 1 ,  1 . • * 1 .  1 .  • 

.__———__ • 
= JCc • JCc . * 0 • • p
— 008811 • 008944 • • • • •

00751 • • * • • • —
a 235 . 202~~ * • • • ,

1 .  1• 0 • • • •
a === aa ••

40 
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XMAS V ERS ‘.0 OPTICAL CONTRAST VARIABLE GATE CENTPOIO TRACK ERRORs: 0 PAGE 15

MICROPROGRAM MEMORY IMAGE

841 919 All 84-4 CII OH (H FIl
fl=Saflaafl a ::*~~~a a  ~~~*fl Ia a a a naflra=an~~~

= iCC • .3CC • 0 * icc • iCR •
= 009844 • 009944 • • a 009C11 • 0014C11 •

00844 . * • • . .
= 236 • 2143 • • • 190 • 189 .
a 1 .  1 0  • 1 • I .  • • 

0 a 

.3CC • JCC * 0 • .3CC • .3CC
a 00*844 • 00*954 * • a 00A~~4 • 00910$

00914 • 0 * * • •
a 237 • 204 a 0 • 191 • 188 .
= 1 .  1. 0 • I • I • • 

* a 
a JCC • JCC • 0 • JCC • JCC .
a 0~~99154 • 0091941 a 0 0 OOCC ’4 • 009019

00*11 • * .
a 2391 • 205 a a * 19? • 187
= 1 • 1 *  • * 1 • I • • a a 
— JcC • .3CC a * a .3CC • iCC
= 00C811 • OOC9H * a * 0ODC’l • 00*1)19 •

00814 • • * • • • •
= 239 • 206 a 0 * 182 • 186
= 1 • 1 0  * a 1 .  1 .  • 

• 0 0 
a JCC • JZI4 * • • iCR • iCC • JZP
— 000854 • 000FPI * * • OOCE54 • 00910$ • 000 F S4

OOC$ • a a a • •
a 240 • 2147 ‘ a 193 • 185 • 194 ,
= I • 1 • • * 1 .  1 .  I • • 

a * 
JZR • • 0 • JCR • JCC •

a 000FII • * • * 0000$ • 00CD~4 •
00014 . * * * .

a 241 • a 0 • 183 • 184
• 1 .  • * • 1 • 1 .  • 

• * 
a .3~ O • JdR a • a iCR • iCR .

— 000(5-I • 00(1444 0 0 0 00(914 • OOECll •
00(44 • • a * • • ft

a 2291 • 277 • * . 226 • 225 • •
a 1.  1 .  * a 1 • 1 .  • 

* a 

• iCR • iCR * 0 a JCP • .3CC .
— 00F9~4 • 00(04 • • a 00(051 • 00(054 .

00(14 . • • * • .
• 22 1 .  222 • 0 . 223 . 224 .
a 1 • 1 •  • a 1 • I • .

41
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XMAS VEPS 7.0 OPTICAL CONTRAST VARIABLE GA TE CENTROJO TRACK ERROPSa 0 pAGE 16

MICROPROGRAM MEMORY IMAG(

8*4 911 *54 8*4 CH OH EM FM
• a a a z a a a a a a* a a a a a a a * : a a a a a s a a s a aaa :: ~~~

= .3CC • iCR • JCR • iCR * JCC • .3CC • JiM .

* 0149*-f • 0109119 • OIOBII * OI0EH • 011~~l • 01?DI4 • 000(14
01041 . • • a •

a 164 • 163 • 168 • 169 • 56 • 760 • 170 ,
= I. 1’  1 •  1’  1.  1 .  1 . 

a a 
a Jcc • .3CC • iCR * JCR * JCR • iCR • JCC ,
a 012854 • 010954 • 011044 • 011854 • 0 11A 54 • 011(54 • 012E14

O h M  • * a a • • •
a 92 .  162 . 5 8*  9 1.  5 7 .  5 9 .  60 ,
a 1 .  1 •  2 * I a  1 .  1 .  1 . 

a * 
a JCC • JFL * JCC • JZR * • JCC • .3CC
a 013819 • 011*44 • OIOASI • 000(54 • . 011014 • OI3EH 

~01254 • • * • .
a 93 • 90 a 167 a 171 a • 261 • 61
a 

~~~ • 
1 . 1 ’  1 . • 1 .  1 . 

0 a 
a .3~R • .3CC • * * • .3CC • iCC
a 000(19 • 012911 a a * • 014011 • 014(51 ,

013*4 • * * * • . ft

• 89 a a . ?6? • 62
1 • 1 a * * . i • 1 . 

a * a 
a iCR • JCC a * * JFL • .3CC • JCC
a 014C5f • 0139H a a • 012A$ • 0150$ • 015(11

• 01411 • a a •
a 165 • 88 a a 0 166 • 263 • 63 ~,

I • 1 * a a • 1 .  1 . 
a 

a .3CC • JCC • • * • icc • iCC
a 0168$ • 0149H a * * • 0161)54 • 016(11 -•

01544 . * * * •
a 299 • 87 * 0 a • 764 • 64 ,
a 1 • 1. • a • 1 .  1 •
a a a 
a iCR • JCC a 0 a JFL • icC • iCC
= 0160$ • OISQH • a * 017*54 • 0170$ • 017E*f

01654 . • • • • • •
a 300 • 86 a a a 306 • 265 • 65 ,
• 1 • 1~~ 

a • 1 • 1 .  1 .
• a a 
= .3CC • JCC • iCR * iCR • iCR • iCC • iCC ,
a 018811 • OI6QH • 0170 44 a 01704 a 017811 • 018011 • 018(11

01744 • 
- a a • • • ft

a 309 • 85 • 313 • 307 a 308 • 766 • 66 ,
a 1 *  1 . 1 . 1 .  1 .  1 . •

a •a .a a.=a T** a aaaa*=Taaaaa*aaaaaaaaa a= a a

42
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XMAS V ERS ‘.0 OPT ICAL CONTRAST VARIA BLE GAT E CENTROIO IRACK ERRORS: (1 P4~~( j ?

MICROPROGRAM MEMORy IMAGE

85-1 911 A l-I 811 CII 041 EH (H

= JCc • a a a • JC~ • iCC •
= 0199114 • a a a 

• 0~~9105-4 • 01~ EH
0 19111 • 

S a a • •
= 310 . a a a • 267 . 67~~
= I • 

a a a • 1 .  I • • 
a a 

a iCR • 
a a • • iz~i • icc

= 019714 • 
a a a 

• 000(11 • O1A FI-4
0 1911 • • * •

= 311 . * • • • 7614 . 68~~a • 
a a • • I • I 

a a 
a • • iCR a J7R * iCR • iCR • iCC • JFL
a • • 01ACPI * 000FII a ~~ A 1)-4 • OlAF ’S • 018(19 • O I A A s l

0 1*14 • • a a •
= • 

a 252 a 256 a 253 • 754 • 69 • 255
= • * 2 ’  1 *  1 .  I .  1 . 1 .
= a a 
= • * a a • • iCc
= • a * * . •

01811 • * a a
a • * * a • • 70
= . a • • I . 

* a a 
= • 

a a a • • iCC • •
= • * a • • . 0 L OE 19~~

0101 • 
a a a • •

= • * • • . 71 .
a • 

a a a • • 1 •

= a a 
a • icc a iCR * .JCR • iFL • iCC • JC~ 

-

•

= • 017914 ‘ 010019 • 010944 a 010*51 • 01(0w • 0104 51
01054 • * a a

= • 84 * 73 * 83 • B? • 74 • 77
= • 1 *  2 • 1 *  1 • I • 1 . 

a a — — — — _
= • a a a JCC • iCR • iCR • iCR
* a a a 0100-4 • OIECII • 01(019 • O1EEH

0 1(14 • * a a •
a a a 81 • 80 • 79 • 78

= • 
a a a 1 • I • I • 1 .  

a a 
a • 

a a a • iCR • icR icc
= • * a a O 1FEH • O1F F M . 01(FH

01(11 * a a • •
* • 

a * . 75. 76 ft 77.
• • a a • 1.  1 . 1 .

a a a a a *  = a a a  a *  a%a aa aa a aaaa= a a:

43
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XMAS VERS ‘.0 OPTICA L CONTRAST VARIABL E GATE CENTROID TMACI( ERRORS: 0 Da’,F I~

CROSS REFERENCE DIRECTORY

LABEL P(FERENCFS

*000 ( 5 R)~~ 9O
BLACK 166,5171)
BLACKK 306 ,5307)
CA DUR (287) .330
CLOA D 5 3025,322
CNTRD 49 ,5274 )
DATA 316,53315
(GATES 49,5106)
EP40C 130.5372)
(ETCH (49) .94,98.104,170,171 ,194,207,228,24I,?50,256,2691,269,270.271 .272,

‘74
FRAME 50.5251)
JGT 82,183)

• JGTL 322, q323)
10*00 (735,82
MEAN 49,(53)
‘4!NX 119,11205
MINY 132,(133)
51GA TEA 49 , 5 174)
51GATEB 50,5195)
NGATEC 50, (208)
~4GATEL 50. (229)
5100*1 169,371~~(37S)
IOOATA 316, (317) .364,375
P4OMINX L19,(121)
‘IOMINY 132,5134 )
*4OTC 50, 1269)
PIOTO SO, (270)
NOTE 50 .527 1)
MOTE 61,5272)
PIXBL 354, (357)
MX8LG 152,53561
51~BLG2 347,5355)
PIXEEG 145, ( 348)
P4YEEG 361 ,5365)
OVER 312,53165
ROY 255,1256)
RESTIJ 49.199)
R TNN 90 .591 )
SAVEIi 49,195)
START 50 ,5257)
WAT 1252) .255
WHITE 166,1167
WIIITEE 306,1313)
WINDOW 50,1243)

• XBLG 152.5353)
KEEG 345,5346)
YBLG 369,1370)
YEEG 361 .5362)

44
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TRACKER MICRO CODE LISTING WITH EXPANDED BITS
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XMAS VERS 7 .0 OPT ICAL CONTRAST VARIA BLE GATE CENTROII) T RAC ’ rR000S= I) PAGE 7

RECORD CP( Fl (0 JUMP KBUSS OTHER CBIic PAUSE
NUMBER 6543710 10 10 6543210 43210 43210 210 0

2 XRUSS FIELD LENGTH S DEFA ULT O
1 MICPOPSIKFFF$T I0101R KFFFFA= 1O1o~lB K7FFFF:%001I8
4 KB0000 100IOR KOOFFF 1000I14 K00060 1000091

K0000F 0 111I8 K0000( Ol l Ir I B K00000 O I IO I B
K0000C O1100R K000014 O IOI il K0000A O1 01044

7 K00009 OIOOIR K0000R O10008 K00007:00111R
A K00006 0011091 KO00O5:00 lO~~ K00004 OO 100R
9 K00003 0001144 K0000?=00011414 K0000I :0000 I44

10 K00000 00000R) ;
11 KBIJ5S KRUSI
12
13 /* ALL MICROCODE IS ON PAC,E2 WITH DEFAULT SET TO 000r1 1 FOR OTHFR *1
14 OTHER FIELD LENGTI-4=S OEFAULT=000018
15 NT CPOPS(ST ROBE=I0000R PAGEI 00000B PAGE?=00001 B
16 STRO BE2=10001B);
17
18 /• DEFINITiON OF BUS CONTROL FIELD
19
20 CBUS FIELD LENGTH 3 DEFA ULTaO
21 MTc ROPS(NRO=000 B INII*OOlP R54W=OIOB C B:O1IB
22 RIN=1008 007*1018 PRl4aj 5fl f3 R.,~4:II1BU
23
24 /* NRO NOBUS OPERATION
25 IP.iH INHIBIT CPE ARRAY
26 0MW REAO—MODIFY—wPITE
27 CNB CPU NEEDS AUS
28 RyN REQUEST INPUT
29 ROT REQUEST OUT~ UT
30 RoM REQUEST REAl) MEMORY
31 RWM REQUEST WRITE MEMORY
32
33 SFT isP SVMROLIC REPRE SEI4 TAT TON OF 0(5-5157(0 ES7GNAT IONS a/
34
35 A STR ING ‘Ro’ ;
36 I STRING ‘RI’;
37 .3 STR ING ‘07’;
391 P STR ING ‘03’;
39 K STR ING ‘04 ’S
40 L STRING ‘R5’;
41 TEMP STRING ‘06’;
42 TEMP2 STRING ‘07’;
43 M STR ING ‘091’;
44
45 PAUSE FTELI) LENGTH I O~ FAULTs1
46 MICROPS(PPa0);
47
4$
49 OF11’ ((T O-i ! NOPIA) JPR(CPITRD MEAN SAVEIJ RESTI.I (GATES NGATEA
50 NGATER NGATEC NGATEL WINDOW FRAME START NOTC NOTO NOTE
51 NOTE);

(000(44 ) 1100000 11 00 1100001 00000 00001 000 1

46
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XMAS VERS 7 .0 OPT ICAL CONTRAST VARIABLE GATE CENTROII) TRACK ERRORS= 0 PAGE 3

RECORD CP( (1 (0 JUMP KBUSS OTHE R CBUc PAUSE
MUMØFP 65432)0 10 10 6543710 43210 43210 210 0

52 /* CALCULATE MEAN VALUE (OR 100 RY 100 A RRAY PEING DIGTT IZ D •.‘
53 11P4 j  MEAN ! C LA (AC ) S

(0011H 1001011 11 00 0000010 00000 00001 000 1

54 21H~ SDR R6) FEll
(007 14- 4 ) 0100110 11 11 0111100 11111 00001 000 1

55 201! SDR(M) FF1;
(007Ci~ 0101000 11 11 0010000 11111 00001 000 1

56 1OCI-4 ! ILP(J’S
(OIOr’-i) 0000010 11 00 0010001 00000 00001 000 1

57 11CM! SD R(A )  FF1s
(OI1 Cl-4 ) 0100000 II 11 0111010 11111 00001 000 1

58 11*14! At)DR! ILPW;
(OIIAII ) 0000001 11 00 0111101 00000 00001 000 1

59 1104-4 ! - DCA ( A C ) ;
(01)054) 00)1111 11 00 01)1)10 11 1 11 00001 000 1

60 l iEwt C LA I T ) ;
(011(11) 1001010 11 00 0010010 00000 00001 000

61 12(14! ALP (*C) I
(017(19) 0001101 11 00 0010011 11 111 00001 000 1

62 13(4-4 ! ALR (AC ’S
(011(4-4) 0001101 11 00 0010100 11 111 00001 000 1

63 14(11! ALR (T ) ;
(014(H) 0001100 11 00 0010101 11111 00001 000 1

64 15(14* ALP(AC); 
-(016(54) 0001101 11 00 0010110 11111 00001 000

65 16(14! ALP (AC ) ;
(01 6(54) 0001101 11 00 0010111 11111 00001 000 1

66 17(14! ALR (AC ) ;

47
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XMAS V ERS 7.0 OPT IcAL CONTRAST VARIABLE GATE CENTRO IO TRACK ERRORS: I) PA&F 4

RECORD cPF Fl (0 JUMP KRUSS OTHER CRUc PAUSE
NUMBER 6543210 10 10 6543210 43710 43210 210 0

(0 17(11) 0001101 11 00 0011000 11111 0000 1 000 1

67 18(11! ADR (T ) ;
(0191(4-4) 0111100 11 00 0011001 11111 00001 000 1

68 19(19! AL R(A C ) ;
(019(14) 0001101 11 00 0011010 11111 00001 000

69 1AEP4 ! A L R (T ) ;
(O1A FH) 0001100 11 00 0011011 11111 00001 000 1

70 18(5-4 ! ILP(i)
(018(H) 0000010 11 00 0011100 00000 00001 000 1

71 1CE~4! ALP IT );
(O1CEI-4 ) 0001100 11 00 0011101 11111 00001 000 1

72 1DEI-4! SD P(T ) ;
(010(14) 0101100 11 00 0111010 11111 00001 000 1

73 10*4-4 ! LOADS)! LMI(T) FF1 PONt
(010*14) 0011100 II 11 0111101 00000 00001 110 1

7~ 10054! - LOI(ACI FEZ;
(0101)44) 0101111 11 11 0011111 11111 00001 000 1

75 1(1)11! 
- 

ALR(06);
(01(044) 0000110 11 00 0111110 11111 00001 000 1

76 1EEMI ILR (M) ((15
(01(FH) 0001000 11 11 0111111 00000 00001 000 1

77 IEFII! - 
ILR (L);

(0 1(Ft-4 ) 0000101 11 00 0011110 00000 00001 000 1

78 1EFHt SDR(R7) FF1!
(O1FFH) 0100111 11 11 0111110 11111 00001 000 1

79 1EEH! - CMR (R7)I
(OIFTH) 11)0111 11 00 0111101 00000 00001 000 1

48
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XMAS VERS 7 .0 OPTI CAL CONTRAST VARIABLE GATE CE’ITROIO TRACK ERRORS: 0 PAGE 5

RECORD CPF F! FO JUMP KRUSS OTHEQ CRtl~ PAUSE
NUMBER 65437 10 10 10 6543210 43210 43?1fl 210 0

80 IEDH I ILP(J) FF1;
(0 1(019) 0000010 II 11 0111100 00000 00001 000 1

81 1(0-4! ALR(R7) (F):
(O I(C’-f ) 0000111 11 11 0011101 11111 00001 000 1

82 lOCH! NOP ( AC ) JFL ftOAOD, JGT ) ;
(010C M) 1101101 II 00 1001101 00000 00001 000

81 10814! Jr,T! ILR(A )
(01rSRI-4 ) 0000000 11 00 0111001 00000 00001 000

84 10914! S0P J) (Fl;
(01 1)951) 0 1000)0 11 11 0010111 1)111 0000 1 000 1

85 17919! ILP U(H
(017944) 0000100 11 00 0010110 00000 00001 000 1

86 16919! SDR(R7) ((1;
(016911) f l lOOI l l  11 11 0010101 11111 00001 000 1

87 15914! - 
CMR(R7);

(0 16914) 11)0111 11 00 0010100 00000 00001 000 1

88 14914! ILP(I) FF1:
(014919) OOo0014l 11 11 0010011 00000 00001 000 1

89 1 3914! ALR (R7) FF1;
(01~ 914) 0000111 11 11 0010010 111 11 00001 000 1

90 12914! NOP (AC) JFL(A000,RTNN) ;
(017914) 1101101 1) 00 1000001 00000 0000) 000 1

91 11814! - RTNN! LMI(09) ((I;
(011819) 00 1001 11 11 0111000 00000 00001 000 1

92 11819! ILR(M) OWNS
(011 915-4) 0001000 11 00 00 10010 00000 0000) 111 1

93 12814! ILR(06)
(0 1’R4-4 ) 00001 10 II 00 0010011 00000 00001 000 1

49
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XMAS VERS 7.0 OPTICAL CONTRAST VARIABLE GATE CENTROID TRACK !0000S= 0 PA~,F ~

RECORD CPF F! FO JuMP KAUSS OTwFP CBIlC PAUSE
NUMBER 6543210 10 10 6543210 43210 43250 210 0

94 l3’~~! 50 0 (A )  ((1 J7 0 ( FETC H) P 4 r , F 5 ;
(01’~ 51) 0100000 11 Ii 0101111 11 1 1 1  00000 000 1

95 1219’ SA v EY J I LMI(R9) FF~~;
(00)714) 0011001 II 11 0000011 00000 00001 000 1

96 32’-l! ILR(!) RWM
(001719) 0000001 II 00 01)0001 00000 00001 III I

97 3114 ’ LMI R9)
(OOlli-o 0011001 11 00 0000100 00000 00001 000 1

9~ 41’S! ILR (i R W M J 7 R( FET C ’ -S ) PAG EI;
(006114) 0000010 11 00 0101111 00000 00000 11 1

99 1354 ! 0(5Th ! LMI(R9) FE) 00145
(001114) 0011001 11 11 0000101 00000 00001 110 1

100 53’-I! ACM(AC) ;
(00S~ 14 0001011 11 00 0110001 00000 00001 000 1

1 01 511-I s 500(11 FF1;
(005119) 0100001 11 E 0000110 1 11 1 1 00001 000 I

102 611-I ’ LMI (R9 ) RPM ;
(00~ 119) 0011001 11 00 0000111 00000 00001 110 1

103 715-4 ! ACM (AC);
(007114) 0001011 11 00 0001000 00000 00001 000 1

104 8114! SDR(J) FF1 jZR (FETC4-O PAGE1;
(009114-4) 0100010 11 11 0101111 111 )1 00000 000 1

105 /‘ cALrULATE BOUNDARY AR EA OF EDGE (ATES ‘/
106 14s-4s Er,AT(S! LMI (P) FF1 oo’ls

(00144-4 ) 00)0011 11 11 0000010 00000 00005 110 1

107 24’S! ACM(AC )
(00’411) 0001011 11 00 0000011 00000 00001 000 1

108 34’S’ SDP(R6) FF15

50
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XMAS V ERS 7.0 OPTICAL CONTRAST VARIA BL E GATE CENT OOII) T RAC K ERRORS: 0 PAGE 7

REC ORD CPE F~I (0 Ju MP KBIJSS OTHEP CBl)~ PAUSE
NIJP4BER 6543?10 10 10 6543210 432 10 43210 210 0

(00 14 19) 0100 110 11 11 0000100 III!! 0000 1 000

109 441-I! LM!(09 ) ((I:
(004414) 0011001 11 II 0000101 00000 0000) 000

11 0 54’-4! ILPU);
(00545-4 ; 0000001 11 00 0000110 00000 00001 000 1

111 644-1 ! C IA ( A C ) FF1;
(006454) 0011 1 11 11 11 0000111 00000 00001 000 1

112 744-4! SOP(R7) (El;
(007454) 0100)11 11 11 0001000 111 1 1  0000) 000 1

113 8419’ ILP (K)l
(009145-4 ) 0000100 11 00 01)0101 00000 00001 000 1

114 8554s ALR (R7) OWN ;
(009155-4) 0000111 ii 00 01101 10 1 1 1 1 1  00001 Iii I

115 865-4! LMI (06) FF1;
(00~ 6l-f ) 0010110 II 11 0110111 00000 00001 000 1

116 87’S! SRA(AC )
(008754) 0001111 Il 00 0001001 00000 0000) 000 1

117 97
~-4s spA (Ac);

(0097 19) 0001 1) 1  11 00 0110110 00000 0000 1 000

118 9651! TZA (AC )
(009619; 1 0 11 1 1 1 ii 00 011010! t I ll! 00001 000 1

119 955-4’ NOP(*C) JFL (MTNX,P4OMINX );
(009544) -110110! 11 00 3001010 00000 0000) 000

120 0A219! MINX! INA(AC) FF1;
(00*7+-i ) 01)1 1 11 Il II 0 1)001 1 00000 0000) 000 1

121 0A3 14!  NOMINX ) SDR A ) FF1 OW M$
( OOA1 I4 )  0100000 11 11 0110100 11111 00001 lii I
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XMAS V EOS ‘.0 OPTICAL CONTRAST VAR IABLE GATE CENT ROT I) TR ACK r0000S: 0 PAGE ~1

RECORD CPF FT (0 JUMP KRUSS OTHER CBu~ PAUSE
N (JMRER 6543710 10 10 6543?10 41710 43210 210 0

122 0*44-4! LMI(09 ) FF1;
(00A414 0011001 11 11 0110101 00000 00001 000 1

123 OASu-s ! ILP (J)$
(OOASH) 0000010 11 00 0110110 00000 00001 000 1

124 0*619! CIA (AC ) FF1;
(004614) 00 1 1111 11 11 0001011 00000 00001 000 1

125 0R614! 500(07) FF1;
(009165-4) 01001)1 11 11 0001100 11111 00001 000 1

126 0C6-i~ ILocL l ;
(00C6’-S ) 0000101 11 00 0001101 00000 00001 000 1

127 006+-S t *LR (R7) OWN;
(000614) 0000111 11 00 0001110 11 1 11 00001 11 1 1

1291 0E6’-i! LHHP6) FF1:
(00(611) 0010110 11 11 0001111 00000 00001 000

129 0(614! SRA AC);
(00F651) 0001111 11 00 0010000 00000 00001 000 1

130 I0~ —4 ! SPASAC) ;
(010619) 00011)1 11 00 0110101 00000 0000! 000

131 1OS~~! TZA (AC )l
(01~~~-’) 10 11111 11 00 0010001 11 1 1 1  00001 000 1

132 11551! NOP (AC ) JFL(MINY,MOMTNY);
(OI IS 1-S ) 1101 101 II 00 1000010 00000 00001 000 1

1 33 12214! - Nyp4Y ! INA (AC) FF1;
(0 1?2+-O 0111111 11 11 01 1001 1 00000 0000 1 000 1

134 12314 ! NOMI NYI SOR(R7) EF~ OWN ;
( 0 1735-4 0100111 11 11 0110100 1111 1  00001 111 1

135 12419? ILR(R9) FF1;
(01744-0 0001001 11 11 011 0111 00000 00001 000 1

5 1~
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XMAS VERS 7.0 OPTICAL CONTRAST VAR IABLE GATE CENTROIr) TRACK (RRORS: 0 PAGE 91

RECORD CPF Fl (0 JuMP KASISS OTHER CBtic PAUSE
NUMBER 6543210 10 10 6543210 43210 43210 210 0

136 12754! TLQ (09) FF1
(01775-0 0001001 11 11 0010110 00000 00001 000

137 167+-i ! ZLR A );
(01675-4) 0000000 11 00 0011010 00000 00001 000 1

138 14714! CIA(AC FFIt
(0 1*744 ) 00) 1111 11 11 0011011 00000 00001 000 1

139 14471-4? S0RSR8) ((1;
(019175-4) 0101000 11 11 0011100 11 1 11 00001 000 1

140 1C75--I! 1 L 0 1 ;
(O lr- 71-l) 0000001 11 00 0011101 00000 0000 1 000 1

141 l u i 5 - - 4 ! * L P (A ) S
(0107H 0000000 11 00 0011110 1 1 1 1 1 00001 000

142 1(714! LMI(R9 FF1 OWNS
(01(711) 0011001 11 11 0011111 00000 00001 III 1

143 1(711! ILR (R9) FF1:
(01F711) 000)001 11 11 0110110 00000 00001 000 1

144 1(619! LMT5P9) FF1;
(01r6,-4 ) 0011001 11 11 0011110 00000 00001 000 1

145 1(619! ILR(K’S
(01F64-4 ) 0000100 11 00 0011101 00000 00001 00 0 1

146 10611! ALR R8)$
(010614) 0001000 11 00 0011100 11111 0000! 000 1

147 1C6H! - CIA I*C) FF1 RWM $
(01C614) 0011111 11 11 0011011 00000 00001 111 1

148 18614 ? - 
ILR(R7);

(0 191644) 0000111 11 00 0011000 00000 00001 000 1

149 18611? CIA (AC) FF1;
(01865-I) 0011111 11 11 0010101 00000 00001 000 1

53
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XMAS V ERS ‘.0 OPT ICAL CONTRAST VARIABLE GATE CENTRO TO TRACK ERRORS: 0 PAGE 10

RECORD CPF FT FO JUMP KRUSS OTHER CHlJ~ PAUSE
NUMBER 6543210 10 10 6541210 41210 43210 210 0

150 15619! - SDR(R8) F F L s
(015614) 0101000 11 11 0010001 1 11 11 00001 000 1

161 11619 ! ILP(P9) FF1;
(011650 oonIooI 11 11 0110111 00000 00001 000 1

152 117’s’ ILP Lfl ;
(011744) 0000010 11 00 0010000 00000 00001 000 1

153 10719! ALR(07)
(010719) 0000111 11 00 0110011 11 1 11 00001 000

154 103+4! LM!(P9) ((1 owN;
(010314) 0011001 11 11 0110010 00000 00001 111 1

155 1021-i! ILR (P9) FF1;
(010251) 0001001 11 11 0110001 00000 00001 000 1

156 101’i ! ILP(L)
(010154 ) 0000101 11 00 0010001 00000 00001 000 1

157 11119 ! ALR (RB)
(01i119 0001000 11 00 0110010 11 1 11 00001 000 1

158 112+4 ? - 
CIA AC ) FF1:

(011211 ) 0011111 11 11 0110011 00000 00001 000 1

159 113’I ? LMI (R9) FF1 OWN S
(0 111+4) 0011001 11 11 0111001 00000 00001 111 1

160 /~ IF M(AN VLAUE IS LESS THAN SEVEN TRACK BLACK D~ w5-$ITE
161 IF MEAN VALUE IS GREATER OP EQUAL TO SEvEN Tp’CK WI-IITE ON RLACKa/
162 1194-4? CLR (R9H

(0 1191-4) 1001001 11 00 0010000 00000 00001 000 1

163 109~-4 ? LNI(09) KOQ00F FF1;
(010944 ) 0011001 11 11 0111000 01111 0000 1 000

164 10814? LMI(R9) RRM;
(0109144) 0011001 11 00 0010100 00000 00001 110 1

54
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XMAS VERS 7 .0 OPT ICAL CONTRAST VARIABLE GATE CENTROII) TRACK ERRORS: 0 PAGE II

RECORD CP( FT FO JUMP KBUSS OTHER CBUc PAUSE
NUMBER 6541210 10 10 6543710 41710 43210 210 0

165 14814! ACM (AC )  FF) STZ;
(014851) 0001011 01 11 0111100 00000 00001 000 1

166 14C19! NOP(AC) JFL (WHITE,BLACK)$
(014C4-4 ) 1101101 11 00 1000010 00000 00001 000 1

167 12414? W14TTE! CLP(R9)I
(017*14) 1001001 11 00 0010000 00000 00001 000 1

168 10A M? LIII R9 K00005 RON;
(010*11) 0011001 11 00 0111011 00101 00001 110 1

1691 108+4! LCM (AC )
(fl109114 11 11011 11 00 0111110 00000 00001 000 1

170 10E$4! INA (AC) (Fl PwM PAGE I J70(FETCH);
(010(5-4) 0111111 11 11 0101111 00000 00000 ill 1

171 128’s! -‘LACK ! NOP (AC ) PAGE 1 JZR (FETCH)t
(017811) 1101101 11 00 0101111 00000 00000 000 1

172 /a NGATEA NGATEB NGATEC AND NGATEL CALCULAT E E~~~FS OF T s-4 F G a T E
173 ANSI 71-SE NEW I J K L
174 15111 Nr,AT FA! LNI(P9) PPM

(001614) 0011001 11 00 0000010 00000 00001 110 1

175 25+-l~ ACM(AC ;
(002519) 0001011 11 00 0000011 00000 00001 000 1

176 35w ! CIA (*C) ((1;
(003514) 0011 111 11 11 0000100 00000 00001 000 1

177 4554’ - 
SDR (R6) FF1;

(004511) 0100110 11 11 0000101 11111 00001 000 1

178 5554! CLR(R7);
(005519) 1000111 11 00 0000110 00000 00001 000 1

179 65H! LM!(R7) K00007
(006544; 0010111 11 00 0000111 00111 00001 000 1
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XMAS VERS ‘.0 OPTICAL CONTRAST VARIABLE GATE CFNTROTD TRACK ERRORS: 0 PAGE 11

RECORD (RE F! FO JUMP 1(8055 07+-sEP CR1 Sc PAUSE
NUMBER 65437 10 10 10 6543210 43210 43210 210 0

180 7S~-4~ LMI(R7) FF1 RPM
(0076+-I) 00)0111 11 11 0001011 00000 00001 110 1

181 0B5’i! ACM(AC );
(0091614) 0001011 11 00 011)100 00000 00001 000 1

182 08CM! LMHR7) FF1;
(000CM) 00101)1 11 11 0001101 00000 00001 000 1

183 ODCw’ LMT(R7) RPM ;
(000Ci-s ) 0010111 11 00 01)1101 00000 00001 110 1

F 184 00DM ! AMA ( AC ;
(000014) 0001011 11 00 0001100 111 11 00001 000 1

185 OCfl’i ? ADP(R6)
(00( 054 ) 0110110 1) 00 000)011 11 11 1 00001 000 1

186 044014! CLR (R7);
(008DH) 1000111 11 00 0001010 00000 00001 000 1

187 0*014! LMI(P7) 1(00001*
(004014) 0010111 11 00 0001001 00011 00001 000 1

188 901-I’ LMI(R7) RPM ;
(009019) 0010111 11 00 0001000 00000 00001 110 1

189 801-4! ACM(AC );
(009101-4) 0001011 11 00 0111100 00000 00001 000 1

190 BCH! A L R (A C ) ;
(0091C+0 0001101 11 00 0001001 11 111 00001 000

191 90-4! ALP(AC)3
(009CH) 000 1101 11 00 000 1010 11111 00001 000 1

1Q2 0*04? LMT(R9 EEl OWNS
(OOAC +-0 0011001 11 11 0001100 00000 00001 111 1

193 OCC’-s ! -
(OOC CH) 0000110 11 00 0111110 11111 0000! 000

56
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XMAS VEPS ‘.0 oPTICAL CONTRAST VA RIABLE GATE C(NTROID TRACK EPRORS= 0 PAGE I)

RECORD CPE F! FO JUMP KRUSS OTHER CBuJc PAUSE
NUMBER 65412 10 10 10 6543210 432 10 43210 210 0

194 OCE+-4 ! SDR (A ) FF1 JZ R(FETCH) PAGE I;
(OOrEs-0 0100000 11 11 0101111 11111 00000 000 1

195 l6Hj Nr.ATFB ! LMI(R9) RPM ;
(001614) 0011001 1) 00 0000010 00000 00001 110 1

196 26’-S ! ACM ( A C ) ;
(0026 +4 )  000 10) 1 11 00 0000011 00000 00001 000 1

197 361-4! SRA (AC );
(003614) 0001111 11 00 0000100 00000 00001 000 1

1991 461-4! ALR (A) ;
(004614) 0000000 11 00 0000101 1 1 111 00001 000 1

199 561-4! - 
SDR(A FF1;

(0056H) 0100000 11 11 0000110 1 11 1 1 00001 000 1

200 66H~ CIA(*C) FE):
(00665-0 00111)1 11 11 0000111 00000 00001 000 1

201 7654! LMI(P) FF1 PONI
(007614) 0010011 11 11 0111001 00000 00001 110 1

202 7954 ’ - 
LMM(T) RPM ;

(0079’o 00 11010 11 00 0001000 00000 00001 110 1

203 R919! A MA ( AC ) I
(0009H) 0001011 11 00 0001001 1111 1 00001 000 1

204 9944 ! - ~0P(I) ((IS(009914) 0100001 11 11 0001010 11111 00001 000 1

205 0495-4! !LR(A) RRM
(004944) 0000000 11 00 0001011 00000 00001 110 1

206 089+4 ! A NA ( A C ) S
(0091914) 0001011 11 00 0001100 11111 00001 000 1

207 0C954 ? SDP(K FF1 JZP(F(TC4-0 P46(1;
(00C91-I) 01O0100 11 11 0101111 11111 00000 000 1
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XMAS VERS ‘.0 OPTICAL CONTRAST VARIABLE GATE CENTROII) TRACK ERRORS: 0 PAGE 4 4

PECOR?) (PE (1 (0 Ju MP 1(BUSS OTHER CRuic PAUSE
NUMBER 6541210 10 10 6543?10 41710 41210 210 0

208 175-4’ Nr,ATFC! L541(R9) Opus
(001744) 0011001 11 00 0000010 00000 00001 110 1

209 271-4’ ACM (AC);
(0077H) 00010)1 11 00 0000011 00000 00001 000 1

210 37+-4! CIA (AC) FF1:
(001754 ) 0011111 11 11 0000100 00000 00001 000 1

211 47+-4~ SDR(P6) FF1:
(004714) 01001)0 11 11 0000101 11 11 1  00001  000 I

2)2 57~4! CLP ( R7)
(0057 19) 1000 111 11 00 0000110 00000 00001 000

213 67 14 ? 
- 

LMI(P7) K0000R
(0067,-I ) 00 10 1) 1 11 00 00001 11 01011 00001 000 1

214 77 14? L M T ( R 7 )  FF1 ppM:
(0077+4) 00101 11 11 11 0001010 00000 00001 110 1

215 0A7w ! ACM (AC)
(004719) 0001011 11 00 0001011 00000 00001 000 1

216 0875-4! LMI P7) FF1:
(000754 1 00 10 111 11 11 0003300 00000 00001 000 1

217 0C7w ! LMI (R7) RPM ;
(00C7+-4) 0010111 11 00 0001101 00000 00001 110 1

218 007w! AMA (A C)
(000719) 0001011 11 00 0001110 1 1 1 11  00001 000 1

219 0(7w; - 
ADP (P6);

(00F 7*-4) 0110110 11 00 0001111 11 1 11 00001 000 1

220 0(714; CLP(P7)I
(00(711) 1000111 11 00 0111000 00000 00001 000

221 OFSH ! LMT (R7)  K000021
(00(854) 00)0111 11 00 0111001 00010 00001 000 1
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XMAS VERS 7.0 OPTICAL CONTRAST VARIABLE GATE CENTROIO TRACK ERRORS: 0 PAG( I’

RECORD CPF FJ (0 JUMP 1(RIJSS 01+-IFO CBIIc PAUSE
NUMBER 65412)0 10 10 6541210 43210 41210 210 0

222 0(9+4! LMHR7) RP M ;
(00~9’s) 0010111 11 00 0111100 00000 00001 110 1

223 OFCH! ACM (AC) ;
(flOrCI-0 00010)1 11 00 0111101 00000 00001 000 1

2.4 OFO’s! ALP(*C);
(00~ fl1-0 0001101 11 00 0001110 11 1 1 1 00001 000 1

225 0EDw~ ALP(AC J
(00(014) 0001101 11 00 0111100 11 1 1 1 00001 000 1

226 OECW ! LMT (P9) FF1 owN;
(00(0-4) 00)1001 11 11 01 1100 1 00000 000 0 1 Ill 1

227 0(91-4! ALP(P6);
(00(91-4) 0000110 11 00 0111000 11 1 11 00001 000 1

2291 OERwi SDR (A) FF1 JZP (FETCH PAGFT 1
(OOER H) 0100000 11 11 0101111 11111 00000 000 1

229 181-4 ! NGATFL ! LMI (R9) RPM;
(00 19114) 001100 1 11 00 0000010 00000 00001 3 10  1

230 291’s’ ACP .u(AC) ;
(007Q14) 0001011 11 00 0000041 00000 00001 000 1

231 3441-4 ! SRA AC) ;
(0019119) 0001111 11 00 0000100 00000 0000) 000 1

- 
- 232 4911-4! ALR(A)5

(0049154) 00~ 0000 11 00 0000101 11)11 0000) 000 1

233 5844! 500(4)  EElS
(0059111) 0 100000 11 11 0000110 11111 00001 000 1

234 6811! CIA AC ) FF1;
(006844? 0011111 11 IL 0000111 00000 00001 000 1

235 7811! LMT(P) FF1 00M
(0079111) 0010011 11 11 0001000 00000 00001 110 1
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XMAS V ERS ‘.0 OPTICAL CONTRAST VARIABLE GATE CENTROIP T RACK ERRORS: 0 PAGE 16

RECORD CR! Fj (0 JUMP KAUSS OT’-lFP CBuic DAUSI
NUMBER 65412 10 10 10 6643210 41210 43210 210 0

236 881-4! LMM(T) PRM
(00918+0 0011010 11 00 OOnlOOl 00000 00001 110 1

237 9814’ AMA(AC )
(OOQQ H) 00010 11 11 00 00010 10 11111 00001 000 1

2391 OABM! SDP(J) FF1;
(00*91+0 0100010 11 11 0001011 1 1 11 1 00001 000 1

239 044914! ILR A RPM~
(000911-I) 0000000 11 00 0001100 00000 00001 110 1

240 OCBwt AMA(AC );
( O O r R H )  0001011 11 00 0001101 111 )1 00001 000 1

241 0081-I! SDR(L) FF1 470 ( F ET CH )  PA GE1S
(0009114 ) 0100101 11 11 0101111 11111 00000 000 1

242 /~ W INDOW (VARIABLE WI NDOW S4IC91000 UTI1-J F) 0/
243 1915-4 ! WINOOW ? LMI(R9) FF15

(OO1Q19) 00)1001 11 11 0000010 00000 00001 000 1

244 29(4! ILP J) ROT:
(0079+4 ) 00000)0 11 00 0000011 00000 00001 101 1

245 3954 , LMI(R9 ) FF1:
(00 1944) 00) 1001 11 11 0000100 00000 0000! 000 1

246 49’-I! ILP(L) ROTS
(0049114 ) 0000)0 1 11 00 0000)01 00000 00001 10 1 1

247 5955! LMT(R9) FF1;
(00595-0 0011001 11 11 0000110 00000 00001 000 1

2491 69H ! IL R( I ROT ;
( 006919) 0000001 11 00 0111100 00000 00001 101 1

249 6Cl-I ’ LMHR9) FF1;
(006C14) 0011001 11 11 0111101 00000 00001 000 1

250 601-I! ILR (K) ROT J?R(FETCH) P46(1*
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XMAS VEPS 7.0 OPTICAL CONTRAST VARIA B LE GAT E CENTR O IS) TRACK ERRoRS: 4) PA(,F I ?

RECORD CPE (I (0 JUMP KRUSS OTHER CBuJc PAUSE
NUMBER 65432)0 10 10 65432 10 41710 43710 210 0

(0060+4) 0000)00 11 00 010)111 00000 00000 10) 1

261 1A+-i~ FPAMr ! NOP RB STROBE?;
(0014’s) 11 1000 11 00 00 11010 00000 1000! 000 I

252 1AA ’ s !  WAT! NOP(R8) RIN;
(OIAA I-4 ) 1101000 11 00 0111100 00000 00001 100

251 1 AC1-4? - LDI (AC) FF1:
(O1ACI-I ) 01 011)1 11 11 0)11101 1 111 1 00001 000 1

254 1*01-4 ! T Z R (A C )  1(44 0 000 5
(01 * 0 +4 )  1011101 11 00 0111111 10010 00001 000 1

255 ~AF’s; 4400(08) JFLIwAT. R~ Y ;
(014(5-4) 1101000 11 00 1001010 00000 0000) 000 1

256 1*8w ; ROY; N0P 08) JZR (FETC+-s) PAGE):
(0 1*4444 ) 110I0~ 0 1) 00 010)111 00000 00000 000 I

257 181-4! STAPTI LMI(09) FF1 Rows
(0014414) 00~ )001 1) 11 0000011 00000 00001 110 1

2591 3B44’ ACU (AC )
(OO1P’O 0001011 1) 00 011110 1 00000 0000? 000 1

259 30191 50041 )  F F 1 ;
(001014) fl1~ OO~~1 11 11 0010000 11) 11 0000 1 000 1

260 100w ! LMI(09) (Ft POMI
(01005-4 ) 0011001 11 11 0010010 00000 00001 110 1

261 12014! ACM (AC )
(017014) 0001011 11 00 0010011 00000 00001 000 1

262 13044 ; 
- 

SOR(J) ((1;
(011044 ) 0100010 II 11 0010100 11111 00001 000 1

263 1401-4! LMI(P9 ) FF1 9191545
(014019) 0011001 11 11 0010101 00000 00001 110 1
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XMAS VERS 7.0 OPTICAL CONTRAST VARIABLE GATE CENTROIO TRACK !000RS= 0 *(,F )44

QECORD CPE Ff (0 JuMP KRUSS OTHFR CRIftc PAUSE
NUMBER 6541710 10 10 6543210 41710 43210 210 0

264 15DM ! ACM(AC )*
(0150141 0001011 11 00 0010110 00000 00001 000 1

266 160w! 500(K) FF1;
(0 160+4) 0100100 11 11 0010111 11111 00001 000 I

266 170w ! LMI (R9) RON ;
(017054 1 00i1001 11 00 0011000 00000 00001 110 1

267 18019! ACM (AC);
(01001-4) 000 101 1 11 00 0011001 00000 0004)) 000 1

2691 19054! SDP(L) FF1 JZR (FETC+-4) P46(1;
(019054) 0100101 11 11 0101111 11 111 00000 000 1

269 IC’s! NOTC ! NOP (A) JZR(F!TCH) P46(1;
(0010-4 ) 1100000 11 00 0101111 00000 00000 000 1

270 1019’ NOTO’ NOP (A) JZR( FETCH ) PAGE1 ;
(001 1)14) 1100000 11 00 0101111 00000 00000 000 1

27) IEH ! NOTE ! NOP (A) JZR (FETCH) 046(1;
(001(50 1100000 11 00 010111 1 00000 00000 000 1

272 1FH’ NOTE? NOP(A) JZR(F(TC(4) 046(1:
(001(19) 1100000 11 00 010)111 00000 00000 000 1

273 / CENTROI0 CALCU LATIONS AND TARGET AR (AS OF Efl~~ GATES
274 10’-I~ C~ TPflI CLA(AC)Z

(00)019) 1031011 11 00 0000000 00000 00001 000 1

276 0014’ 500(M) FF1;
(00005-I) 0101000 11 11 0000010 1 1 1 11 0000! 000

276 201-5’ - LMI (P9) FF1 RWM
40070+4) 00~ l001 11 11 0000011 00000 00001 11 1 1

217 304•4 ’ LM~ (R9) EEls
(001054) 00)1001 11 11 0000100 00000 00001 000 1

278 4054’ 1.541(09) FF1 RWMS

62
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XMAS V ERS 2.0 OPTICAL CONTRAST VAR IAB LE GATE CENT ROIO TRACK ERRORS: 0 PAGE I’~

RECORD CPF - (1 (0 JUMP KBUSS OTHER CBUc PAUSE
NUMBER 6543210 10 10 6543710 43710 43210 210 0

(004014) 0011001 11 11 0000101 00000 00001 11 1 1

279 5011! LMI(R9) FElt
(005014) 00)1001 11 11 0000)10 00000 00001 000 1

2910 6054’ LNI(P9) FF1 OWNS
(00605-5 ) 0011001 11 11 000011! 00000 00001 11 1 1

281 701-4! LM!(R9) FE):
(00701-4) 00)1001 11 11 0001000 00000 00001 000 1

282 805-4’ LMT (09) (El owM;
(0000191 0011001 11 11 0001001 00000 00001 11 1 1

283 9019’ LMI R9) FF1 PwM;
(00901-0 0011001 11 11 0001010 00000 00001 111 1

284 OAOl-4 ? LMI(09) RWM ;
(00*014) 0011001 11 00 00010fl 00000 00001 111 1

2915 080w! ILR(J)
(009105-5) 0000010 11 00 0001100 00000 00001 000 1

286 O C O W ! 50 0 (A )  FF1;
(GOrOM) 0100000 11 11 0110010 1)111 0000) 000 1

28T OC2’-i ! CA000! ILR I);
(00r2P4) 00~ 0ooI 1) 00 0110100 00000 00001 000 1

2891 OC4w I D C A ( A C ) $
(00C410 0 0 1 1 1 1 1  Il 00 000110 !  1 1 1 11  00001 000 1

2919 00419! . CLA(T)l
(000454) 100 1010 11 00 0110000 00000 00001 000 1

290 ODOI-4 ! * LR(AC )
(0000+0 0001101 II 00 0001110 11111 00001 000 1

291 0(019! A L R (A C ) s
(00(01-0 0001101 11 00 000)111 11111 00001 000 1
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XMAS VERS 7.0 OPTICAL CONTRAST VARIABLE GATE CE1-ITROIO TRACK ERRORS: 0 PAGE 20

RECORD CPE Fl (0 JUMP 1(BUSS OTHER CBIJc PAUSE
N (JMBFR 6543710 10 10 6543210 41710 43210 2)0 0

292 0(0 w? A ( P ( T )
(00(01-I) 0001100 11 00 0010000 1)11 1 0000! 000 1

293 10019! A (R (AC );
(010014) 0001101 1) 00 0010001 1 1 111 00001 000 1

?94 11054 ! ALP (AC)
(011014) 004)1101 11 00 0010010 11) 11 00001 000

296 12054! AL PSAC) ;
(017054) 0001101 11 00 0010011 1 1 11 1 00001 000 1

296 1304 ! A D O S T ) ;
(011044) 4)111100 11 00 0010100 11111 00001 000 1

297 1404 ! A L R (A C ) ;
(0140H 000 1101 11 00 0010101 11111 00001 000 1

2991 1SOM ! ALR(T );
(0150+-i ) 0001100 1) 00 0111000 11111 00001 000

299 15911-4! 1(0(J) ;
(01 69154 ) 0000010 11 00 0010110 00000 00001 000 1

300 1681-i! A L P ( T ) ;
(0 169144) 0001100 11 00 0110000 1111) 00001 000 1

301 160+4! SOP (T); 
-

(01601-4 ) 0101100 11 00 0110010 1111 1 00001 000 1

302 162w ? CiMAO ! CLP (R9)5
(0 162+-i ) 1001001 11 00 0110110 00000 00001 000 1

303 16614! T7R(R9) FF7;
(016614) 10t1o01 11 10 0111100 11 )11 00001 000 1

304 /• 91RANrI4 TO WHITE! FOR W HIT! ON BLACK TAR GET
305 BRANCH TO BLACKK TO TRACK ON BLACK TARG ET o/
306 16CM; LMI(R9) K00005 FF1 RPM JFL(w HITEE . o L*C KK) ;

(O1ACH) 0011001 11 11 1000111 0010 1 00001 110 1
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XMAS V ERS 7.0 OPTICAL CONTRAST VARIABLE GATF CENTROIO TRACK (PROPS: 4) PAGE 21

RECORD CPF Ft (0 JUMP KRUSS OTHER CAI JE PAUSE
NUMBER 65437)0 10 10 6543710 41710 43210 210 0

307 1791+-i ! BLA CK K I AC M! AC ) ;
( 0 1744 +4 )  000 101) 11 00 0111100 00000 0000 1 000 1

3091 170-4 ! SDR R6 ) FE ) ;
(0170-4 ) 0100 :10 11 11 0111000 11111 00001 000 1

309 17911-4! L MI(T )  FF1 ROM i
(0178+4) 0011100 11 11 0011000 00000 00001 110 1

310 1891+4 ! L0I (AC) FE);
(0191911 -4) 01011 11 11 11 0011001 1 1 11 1  00001 000 1

311 198+-’! C IA CA C) ((ii
(01919119) 001111 1 11 11 0110111 00000 00001 000 1

312 19719! - -  ALR (R6) JCP(OVER )
(01075-4) 0000110 11 00 0110000 1 1 1 1 1  00001 000 1

313 17*19! WHITEE ! AC5-OAC ;
• (0~ lAH) 00~ 1011 11 00 0110000 00000 00001 000 1

314 17054 ! LMI (T) FF1 ROM
(0170 H) 00 11100 11 Il 0011000 00000 0000 1 110 1

:is 18019! - 
A I A ( A C ) ;

(01910+-i) 01 11111 11 00 0011001 1 )111 00001 000 1

316 1901-4 ! OVE PI NOP(AC) J(L~~1ODATA .DATA ;
(0 190w 1101101 11 00 1001001 00000 00001 000 1

317 192w! Nr)0ATA! ILR (L)
(0191219) 0000101 11 00 0110001 00000 00001 000

318 191+4; - SDR(R6 ) (Fit
(0191+-i ) 0300110 11 11 0011010 11111 00001 000 1

319 1* 114? - 
CMR(R6) ;

(0 1*154) 1110110 Il 00 01)0100 00000 00001 000 1

320 1*414! ILP(J) (Fl;
(0 1A45I) 0000010 11 11 0011001 00000 00001 000 1
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XMAS V ERS ? .0 OPTI CA L CONTRAST V A R I A B L E  GATE CF+-4T PO JO TRAC K ERRORS: 0 0A&~ 2?

RECORD EPE Fl (0 JUMP KAIISS OTHER CBIJC PAUSE
NUMBER 6541710 10 10 6543210 41210 432 10 210 0

321 1944! *1.0(06) FF1:
(0104 +-I ) 0000110 11 11 0010101 11 1 1 1  00001 000 1

322 1541-4! NOP (AC) JFL(CLOAD,Jr,TL):
(0154+4) 11011 01 11 00 1000110 00000 00001 000 1

323 163+4! JGTL ! ILP (A)i
(0161+4) 0000000 11 00 0110101 00000 0000) 000 1

324 16519! SDR(J) FF1:
(016519) 0100010 11 11 0010100 11 1) 1 00001 000 1

325 1454! ILP(1 ()i
(0145141 0000100 11 00 0110100 00000 00001 000 1

326 144+4! S0R(R6) FF1;
(0144+-i ) 0100110 11 11 0010000 1 11 1 1  00001 000 1

321 104+-i ! CMR (06)
(0104+4) 11 10110 11 00 0001111 00000 00001 000 1

3291 0(4w! ILP(I) FF11
(00(’.1-o 0000001 11 11 0001110 00000 00001 000 1

329 0(454? - -  ALP(06) FF1:
(00c4’s) 0000110 11 11 0001011 11 1 1 1  00001 000

330 084+4! NOP (AC) J(L(CA000,(NDC);
(009145-4) 1101101 11 00 1001100 00000 00001 000 1

331 1934! DATA! ILR (R9);
(019319) 0001001 11 00 0110101 00000 00001 000 1

33 2 19519; 
- 

SDR(R6)FFH
(01965-I ) 0100) 10 11 11 0011010 111)1 00001 000 1

333 1*5 +4! LNI(R6) 1(000084
(0 1A614 ) 0010) 10 11 00 0110000 01000 00001 000 1

334 1AO 1-4 t lip?!);
(0 1*019) 0000001 11 00 0011011 00000 00001 000 1
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XMAS VERS 7 .0 OPTICA L CONTRAST VARI ABL E GATE CENTROIO TRACK ERRORS: 0 PAGE 23

RECORD CPF ~! (0 JuMP KBUSS OTHEP CBuc PAUSE
NUMBER 6543710 10 10 6543710 43210 43210 210 0

335 1440 + 4 !  L MI ( R6)  ((1 PPMi
(0 1910+0 0 0 ) 0 1 ) 0  11 11 0011100 00000 00001 110 I

336 IC O1-i I A M A ( A C )  RWM ;
(OICOH) 0001011 11 00 0011101 11)1) 00001 11 1 1

337 100+4? ILP J)*
(0100+4) 0000010 11 00 0011110 00000 00001 000 1

338 1(04? LM!(R6) RPM;
(OLFOH) 0010110 11 00 0011111 00000 00001 110 1

3391 1(019! ANA(AC) RWM ;
(01~~0H) 0001011 11 00 0110101 1 11 1 1 00001 111 1

340 1(5+4! ILR(H) FF1; -
(01F5H) 0001000 11 11 0011110 00000 00001 000 1

341 lESw! ILR (I)I
(01(5+4) 00o0001 11 00 0011101 00000 00001 000

342 10619! C IA ( A C )
(0 10654) 0011111 11 00 01)0100 00000 00001 000 1

343 1944! LMI ( 09) FF1 RRM
(0104-o 00 i100 1 11 11 0011100 00000 00001 110 1

344 lC4w! - AMA SAC) t
(01r4+-s ) 0001011 11 00 0110101 11111 00001 000 1

345 1C51-4 ! NOP(AC) JFL (NXEEG,XEEG);
(O 1CSH) 1101101 11 00 1001011 00000 00001 000 1

346 183w ; X(EG I LMI(R9) FF1 PRM
(0191319) 00)1001 11 11 0110)00 00000 00001 110 1

347 18414? AC P4(AC ) FF1 PWM JCC NX BLG2) ;
(01914 14) 0001011 II 11 001011 ! 00000 0000 1 111 1

348 1B2H ! NX E(G ! ILP(R9 ) ((is
(0191219) 000100) 11 11 0110001 00000 00001 000 1
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XMAS VERS ‘.0 OPTICAL CONTRAST VARIA B LE GATE CENTROIO TRAC K ERRORS: 0 PAGE ?4

RECO RD CPE Fi (0 JUMP KF3USS OTHER CAIs c PAUSE
NUMBER 6541?10 

• 
10 10 6543210 41210 43210 210 0

349 1B141 ILR(I)
(0 191150 0000001 11 00 0011000 00000 00001 000 1

350 181+4 ! LMI (R9 ) FF1 PPM;
(0101H) 0011001 11 11 0010111 00000 00001 110 1

351 171w!
co l r i s o  0001011 ii 00 0010110 11111 0000! 000 1

352 161+-I! NOP (AC ) JFL(NXBLG .XBLG):
(0161+-I) 1101101 11 00 1000111 00000 00001 000 1

353 173+4 ! XO L G ! L M T ( R 9 )  FF1 RRM$
(0 1’3w) 00)100 1 11 11 0110101 00000 00001 110

354 175+-i ! - 
*CM (AC) (F! OWN JCR(NX BL U

(017614) 0001011 11 11 01)0111 00000 00001 111 1

355 17411! NXBLG2 ! ILR (R9) (F)~t
(017414) 0001001 11 11 0110010 00000 00001 000 1

356 17211! NXBLC ,t ILR(R9) FF1;
(0172141 00 1001 11 11 0110111 00000 00001 000 1

357 1771-I! NXRL ! ILP (J)
(0177w) 0000010 11 00 0010011 00000 00001 000 1

358 137+-si . - CIA (AC )I
(0137H 0011111 11 00 0110110 00000 00001 000 1

359 13614! LMI(R9) FF1 RRM
(01916+-n 0011001 11 11 01)0101 00000 00001 110 1

360 1355-0 . - AMA (A C) 
-

(011514) 0001011 1) 00 01)0100 11111 00001 000 1

361 1341-5 ! NOPIAC) JFL(NYEEG,YEEG)$
(0 11414) 1101101 1) 00 1000100 00000 00001 000 1

362 143s4 ! YrEr ,l 1.541(09) FF1 RRM
(014 35-4 ) OOIIOó I 1) 11 01)0110 00000 00001 110 1
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XMAS VFRS ‘.0 OPTICAL CONTRAST VARIABLE GATE C(NTROIO TRACK ERRORS: 0 PAGE 75

RECORD CPF F! (0 JUMP KAUSS OTHER CRIJc PAUSE
NUMBER A543210 10 10 6543210 432 10 43210 710 0

363 14614 ! ACM (AC ) ((1 owN ;
(0146+-I) 0001011 11 11 0011001 00000 00001 II)

364 196w ! NOP (A ) JCR (~,OD AT A) ;
(0 196+4) 1100000 11 00 0110010 00000 00001 000 1

365 142+4! NYE(r,! ILR (R9) FF1;
(0142+4) 00 1001 11 11 0110111 00000 00001 000 1

366 1471-4! - 
11.0(J);

(0 1475-I ) 0000010 11 00 0010101 00000 00001 000 1

367 15714! LNT(R9) FF1 ORMS
(0167+-I) 0011001 11 11 0011000 00000 00001 110 1

368 187w; * M A ( A C ) :
(0187+- i) 00030 11 11 00 0110100 11111 00001 000 1

369 184+4? NOP (AC ) JFL (NODAT,YBLG):
(016414) 1101101 LI 00 1001000 00000 0000) 000 1

370 18314! YBLG ! LNflR9 FF1 oRN;
(0)81+4) 0011001 11 11 0110101 00000 00001 110 1

371 18514! ACM(AC) FF1 OWN JCR NODAT):
(0 105+-I) 0001011 11 11 0110010 00000 00001 111 1

372 0C3’-l ! (HOC ! CLR(R9) l
(00C31l) 1001001 11 00 0110101 00000 00001 000 1

373 OCS+-s! LNI(R9) K00004
(00C514) 0011001 11 00 0001110 00100 00001 000 1

374 0(514! - 110(54) OWN PAG(1 JZR FETCH)I
(00(514) 0001000 11 00 0101111 00000 00000 111 1

375 182w! NODAT? NOP(A ) JCC (N0D*TAH
(0 191214) 110001) 0 11 00 0011001 00000 00001 000 1

376 (OF
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Appendix D.

EAI PACER 100 EMULATION MICRO CODE LISTING
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r
XMAS VERS 7.0 PACER EMULATOR MICROCODE (OR INTEL 3000

RECORD
NUMBER

2 KRsJcç FTELO LENC,T+-I:5 fl(FAULT O
3 MICPOPS (1(FFFFF:1010144 KFFFFA=101n 91 K7FFFF=100h1 B
4. K80000=1001091 KOLFFF :1000191 K00040 1000044
5 K0000F=01111R K000 0F=Olll flR 1(00000:0110144
6 1(0000C:01100R K0000R 0101~~ K0000A 010108
7 • K00009:01001R 1 (000091=01009191 K00007=0011)A
8 1(00006:0011044 1(00006=0010191 1(00004=0010044
9 1(00003=0001191 K0000? 0001r,R K00001 000018

10 1(00000:0000044):
11 I(RUSS KRU5 ;
12
11 OTHER FTELO LENC,TH S O(FAULT O
14 I4TCOOPS (5ET1=1111191 PAGEI=00000B PAGE2 OAOO 1R );
16
16 /~ DEFINITION OF BUS CONTROL FIELD
17
18 CAUc FIELD LENGT4-I=1 DFFAULT=0
19 M,CQf)PS (NRO=000B 15-154=00191 PMw O1O R C.91=01144
20 RIN=100A POT=10IR PRM 1IOB 91

21
22 /. NR0 NOBUS OPERATION
23 INH IN+-IIBIT CPE ARRAY
24 R54W READ—MODIFY—WRITE
25 C+iA CPU NEEDS AIlS
26 PIN REQUEST INPUT
27 ROT REQUEST OUTPUT
28 RpM REQUEST READ MEMORY
29 RWM REQUEST WRITE M (MORY
30
31 SET jP SYMBOLIC REPRESENTATION OF R!GISTEP 9ESTG1-IAT IO”IS *1
32
33 A STR ING ‘00 ’ )
34 * STR ING ‘Pl’
35 Q STRI NG ‘02’:
36 P STRING ‘RI’;
37 S STRING ‘04’;
391 B STRING ‘R5 ’~
39 E STRING ‘06’;
40 W STRING ‘R7’:
41
42 PAUSE (TEL’) LENGTH:1 ‘)EFAULT=I
43 MICROPS (SPI:1 SPO=0);
44
45 0014! 11-lIT’ CLR(A);
46 10+-I ! - CLOIx) ;• 47 20+-I ! CL R(w )  JCC ( IN IT I)
491 301-4? DIR ! LMI (AC) PPM JPP(LA STA LX STX Al  SI N 0 AOM OR) x0911
49 ANDO C F E  FE GG)
50 40+-I! INIT1! CLR (T) JCC(!NIT2)
51 601-4? SE! NOP(A) JCF(NTEQL,EQL)
52 7014! LA?  ACM (AC )
53 80+4! SDP(A) (F) JZR (FETC+-IH
54 9014! IN IT ? ? 1 . 5 4 1 ( T ) :
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XMAS V FRS 7.0 PACER EMULATOR MICROCOOE FOR INTEL 1000

RECORD
NUMBER

55 OAOw! 110(w) ROT:
56 0910+4! LMI (T) FF1 RPM;
57 OCO+-4! ACM (AC H
691 000w! SOP(S ) (El;
591 0(04! LM I(T )  PON t
60 0(0 w !  A C M (A C ) i
6 1 10054 ! SDR(P) FF1 )7P(FETC+I)
62 110+4! CLR1 ! CLR(A ) JZR(r(TCH):
63 1E0~~! N)! NOP(A) J2R(FETCH);
64 315-4’ J; 500(P) FF1 JZP (FETC+-I)i
66 611-4! SG! NOP (A) JCC (SGC)
66 711-4! S~ A ! ILR(AJ OWN jlP(FETCH)
67 91+4! SGC ! NOP (*) JC ((NTEOL2,EQL2);
68 11119 ! Ar~~ ILP(A) FF1 STC JZR(FFTCH :
69 1311-I! YY! 500(A) FF1 JZR (FETCH)
70 151w; WW! 500(A) FF1 ~P Z R( E(TC +4 )
71 1(1w! N7! NOP(A) JZR(FETCH)
72 025-4 ! N (03! NOP (A) JZF(LT,NTLT)t
73 1214! LI! ILR (P FF1 JZP (FETC+-4)i
74 225-I’ NT(OL ! NOP(A) JZR(F(TCH ) ;
75 324-5 ! L’ LNI (S) FF18
76 42+4! ILP(P) OWN:
77 52+-I ! ILR(R9) JCP ( C L) ;
78 62+-I! SL! NOP (A) JCF NTEQ1,EQI);
79 72Hi Lx ! ACM (AC)8
84) 825-4 ! 500(X)  FF1 JZP(FETCH I
81 9211; NTEQL2! NOP (A ) JZF (HTGT,GT)
82 0*2’s! NTGT ! NOP A) JZR (FETCW ;
83 0D?+-4! NTEOL4! ILR(P) FF1 JZP FF~ C1-4 :
84 0(2w! NTEO5 ? NOP(A) JZF(NTGTS.GT5)
85 0(2+4? NTGTS? NOP(A) JZR(EFTCH )
86 112+4 ! CA O ! CLP(*H
87 12214! 110(A) FF1 J7 0(FT TC+4 ?
88 132+-I; OuT?’ ALR(AC) FF7 JCR YY :
89 142+4! OUT3! NOP(A) JZR (F(TCH)I
90 16219! NTEOsS! NOP (A ) JlF (NTGT6.GT6~~91 17214t P’STGTA I 11.R P) FF1 ,IZP(FETC+-4)*
9 _ 1(2w ! N3! NOP(A) JZR FETCH :
93 03+-I ! E 3! NOP(A) JZR (FETC5-I);
94 1351! NTLT! NOP (*) JZR(FETC+-I)
95 23+4 ! E~ Li ILP(P) FF1 .JZP(FETCI-0 I
96 3354 ; RFG! 110(A) JCC ( REGC) ;
97 631-li SN( ? NOP(A ) JCC (c +IE C) ;
98 7 3+-I ! S K ! ILR(X) RWM JZP(FETCH~~99 8311! SNEC! NOP(A) JCF(NT(QL4,E014):

100 935-4 ! (01.7! NOP(A ) JZR(F(TC +-4 )
101 0*311! 6T? ILR(P) FF1 JZP(FETCH)
102 0D3+-4! EOL4I NOP(A ) JZR(F(TC H) ;
103 0(34! Eo5; ILR(P) FF1 JZR(FETC’4)8
104 0(3w! GTS! ILR(P FF1 JZP(FETC+-4);
105 103+4! R(GC! NOPIA) JP P(CLP 1 ADA CAO TCA A PS *15 LOS SSP
106 SSN (K (P ES ICK DCX 5-40P0 P7)8
107 11354! TCA! CMR (A);
1091 12354 ! 11.0(A ) ((1 SIC JZ O(FET Cw )
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XMAS VERS ‘.4) PACER EMULATOR MICROCODE FOR INTEL 1000

REC ORD
NUMBER

109 133w ! Ar,N2! DS’s(R9) JCP (XX )8
110 1414 ! A~ N1! DSM(R9 ) JCR(R*CK)8
11) 163+4! E06! 110(P) FF1 .17P (FETCH)
11? 171w! 616! NOP (A ) JZR ( F FT CH ) ;
113 1(3w! N4! NOP(*) JZP(F(TCH);
114 34+-I ’ 1! LMI(AC ) RON:
115 44+1! ACM(AC);
11 6 54+4! LMI (AC) RPM JPP (LA STA Lx STX Al Si ‘4 0 AOM 001 ~n~ 1
11 7 *5-400 C (E FE C ,G ) ;
1191 6441; Sr~E! NOP(A )  JCC (s GFC) ;
119 744-4? A)! ACM(AC )8
120 8411! ALP(A ) STC J1Q (FETCS);
121 0(4+4! Sr,Ec! 5-IOP (A) JC(NTEQS, 0s);
122 114w ! APS! TZP (A) STC ‘<sOOOO 1+4+-”
123 124+4’ 0S’4(P9);
124 1 34+41 XX! SRA(AC) STZ FEC JFL(ouT?,AGN?);
125 104w ! DWN1 ? LMT ( 09 FF1 J C R( PUSA4 ) *
126 1(4w ! +46! NOP A) -JZP(EETC+-0 ;
127 3614! J.! LMI (AC) RPM :
1291 45+-I; ACM(AC) 8
129 554-I; CL? S00 P) FF1 JZR (FETCH);
130 65+-I; SLE? NOP(A) JCC(SL (C)
131 754-I; SI: *CM(AC ;
1 32 855-4 ! CIA AC ) FF1;
133 95+-I; ALR(A) SIC Jzo(FETc5-4);
134 115w ! A~ S! OSM(R9)8
135 12519!
136 13519! DSH (R9);
137 14519? BACK ! ALP (A) SIC )~L (OUT3.AG+-fl):1391 155w; SIFC; NOP (A) JCF(+4T(06,Eols):
139 106w ! OwN?; ILR(RR ) OWN JCR (DW”Jl)
140 IE5ê41 TOAD! NOP(*) J7R(F(TC+-I)
141 361-4; LI! LN!(S) FF18
142 46+1’ 110(0) OWN;
141 56+-I! 1541(09) RPM JCR CLI):
144 66+-I’ PtJSA; LNI (R9) FF1 JCC (PUSAC)
145 /~ LOAD MIJLTIPLIEP ———MLT— —%T 0/
146 761-I ! N, ACM(T);
147 /0 SAVE SIGN BIT IN C FLAG ‘I
148 86+-I’ 110(T);
149 8(1-I! SDP(R9) FF1:
150 9(1-4! TZSiA 1(80000 1+4+-I STC8
151 /~ W IPE OUT SIGN BIT •
152 96+-I! TZR T K7FFFF;
151 I’ SET UP LOOP COUNTER ‘/
154 0A6’ I ? • CLP(AC);
155 OA SwI LMI (AC) K0000F
156 0*4w! LMflAC 1(004)041
157 084w! CIA(AC ) FElt
158 08514? SDP RB ) FF1:
159 /~ CLEAR PARTIAL PRODUCT •/
160 OCSw! CLP(AC)8
161 /0 FETCH AN!) TEST MULTIPLIEP LSR *1
162 0C4+-4! SRA(T);
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XMAS VERS 7.0 PACEP EMULATOR MICROCO’)E FOR INTEL 3000

RECORD
NUMBER 

-

163 0C2’-l ! MLP! LNT PB) ((1 517 JFL(MR7,MRl)~
164 / •  ADD SEQUENCE •/
165 083w ! MR)’ SDP( R7) (El J C R (O V 1 ) :
166 OAF’s! OvI; 110(A) FF01
167 08(1-I ! *LR(R7) ((0 JC P( M917 ) :
1691 /• SHIFT PIC.HT FILL WITH 0+-IFS 0/
169 082w! MBZ! SPA(4C FEC STZ ;
170 08119! SRA(T) FEZ JZF (MLP .MFX)
171 /~ APPLY CORRECTION 0/
172 OC3w! M (X; TZR(R9) 1(80000 IN-i JCR (X X X )
173 0C9+-s! XIX; NOP (A ) JFL (POS~NEG);174 OCB+-s ! NrC,; CMR (A) JCR (Ov?);
175 OCDw ! 0v2; ALP A FEll
176 OCA+4 ! P SI SDP(A) FF1 CP (OVI):
177 OCEM! 0V3! ILP(T);
1791 OC1+-l; S RA (* C )  ((0:
179 OCFH! SD R(Q) FF1 JZP FETCII ;
180 08614! PI)SACI ILR (RO) RUM;
181 0Cf+-4 ! LIII R9) FF1:
182 006+-i! ILR (RL) OWN ;
183 0(614! 1.191(09) FF1 :
184 0(6w ; ILR(R2) RUM:
185 106w! LMI(R9 ) EF1 JCC (PUSA? )
186 11654 ! LoS; ILP(A ;
187 12619! DSM(09) JCC(Z7)
188 13619! PUSA? ILR (R3) OWN :
189 146+4? LMI(R9) FF1 JCC(PUSA3)3
190 166w ; Z~~; SRA (AC ) STZ JFL (OUT.AG+-H ;
191 152+4! 0 1ST; A LP(AC ) FF7 J C R ( W W ) I
192 153+4! ASH ! DSM(09) JCP Z Z ) $
193 166w ! P(ISA1! ILR (R4 OW N :
194 17614! LMflP9) FF18
195 1916w! 1104051 RW54~
196 19619! LMI(09) FF1;
197 1*6w! ILR(R6) RWM ;
198 18619! LMI R9) ((1;
199 1C6w ! ILP R7) OWN:
200 02611! LNI(09) FF11
201 2754’ ILR (R8) RWM
202 2914-4! LMI (09) FF1;
203 29+-I ! ILR T) RWM JZR(F(TC1-I)8
204 1(6w! N7? NOP(A) J7R(FETCII)
206 106w? 1+41 (09) FF1 JCR(DWN?)t
206 371-4’ Mcc i NOP(A ) JP R(SF SG SL 5N( SG( SLE Pus+- PUSx P0PX
207 PTN SK+-5 SKP SO SN!) SAF r)fl )

208 574-I! CLI! LTM(AC) JCR (CL)
• 209 67+-I ; P;jsx; LMI (S) FF1 ICC (PUSX1) :

210 ‘ DIVIDE ..... .. .... .• •.• ••  • 0/

211 7711; 0! CL P( R6) 8 —

212 OF7I-4; CLP (AC)I
213 107+4! LMI(AC) 1(0000(1
214 127w; LMI (AC) 1(000068
215 137+-I; CIA(AC) FF1;
216 147w? 500(08 ) FF18
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XMAS VERS ‘.0 pAC EO EMULATOR MICROCODE (OR INTEL 1000

RECORD
NUMBER

217 16714! 1+41(09) RRM;
21 91 167w ! ACN(AC);
219 1 77+1! SDR(R9) FF1:
220 187’S! SDP(T) FF1:
221 l’4S’S! ILP(*)
222 1914+1! SOP(R2) FF1;
221 /‘ START MA IN LOOP. COMPARr SIGN V WITH c tC,M RI -~/
224 191214! DiV; XNR (P9)8
22’5 1911+1 ! TZR (R9) FF0 ‘(910000 1+4141
226 1801-I ! 110(06) JFL (SZERO,SONE);
227 /•  DIFFERENT SIGNS ‘I
228 192w! S7EPO ! ALR(06) FF0;
229 1911.4 ! 110(02)8
230 190w! AL R(R2 ) ((0;
231 lA O ’S ! ILR (T)8
232 180+1! 500(091) FF1;
233 1C0’S; ALR (R2) JCPtOvE P ;
234 /0 SAME STC ,5-lS ./
235 191319! SONE ! ALP ( R6 )  (El:
236 19414! 110(025;
237 195w! ALP (R2);
238 197+-I’ 110(T);
2391 1*71-4! SOP R9J ;
240 187+4! CMP(AC);
241 181w ! ALP(R2) FE l t
242 /• CHECK c!)p 1=0 •/
243 1C1+-I ! OVER! LNI RS) FF1:
244 1C7’ ’ NOP(A) JFL(r)Tv,00NE);
245 /• APPLY CORRECTION •/
246 191319 ! 0r~N~ ’ CLP (AC);
247 188w; LMI(AC) 1(80000 FF1;
2491 199119; A L R ( R 6 ) 4
249 1*911-4’ SO P(A )  FF1 17P(F(TC+- I t
250 87’4~ Pi+ Sx i ! ILP(A) OWN ;
251 97+1! Lt41 (S) (Fl;
252 0A7 H ! 110(X ) OWN :
253 087w ? LMI (S)  ((1:
254 0C7’-l ! ILR(P) OWN ;
255 00719; LMI (S) FF1:
256 0(7w! 1( 0 (w )  OWN JZ R(FETC H) :
257 11 7k? SSP; TZP (A ) 1(1FFFF JZR (F(TC+-4 :
258 107+4! PIISA6! ILR(T) PW#-4 .J7 R( F(TC +4 ) $
259 1(7w! 0 I’ NOPIA) JZR (FFTCH)8
260 381-4! X K f  A L R ( X ) S
26 1 481-I; LM1(*C) RPM JPO(LA 57* LX SIX ~! Si 1-I 1) *0+4 001 -~-~1-~ !
262 AND?) C (( F~ GG) 8
263 685-4 ! PnPX; DSM(S) JCC(POPXI);
264 7+1 +-i ; - A iM ’ ACM(AC ) FF~ R W M  iZP(F(TC’S-
266 8a-I ! PO PX1I  1M~~(S; RRM :
266 98+-I ! A C M (A C ) t
267 0*819! S00 (W ) (f i t
268 0891w ; DSM ( S ) 8
269 0C8’-I! LMI (S) RPM:
270 008+4! A C M ( A C ) ;
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XMAS VERS ‘.0 PACEP EMULATOR MICROCOOF FOP INTEl 1000

RECORD
NUMBER

271 OERW! ~flP(P)FFl
272 0(8w! DSM S);
273 108’-4 ! 1+4 1( S)  PPM j CC ( P0~~x ?~~274 118’s! SSN ! CSP (*C)8
276 1291’S! 000(A) 1(8004)0 JZP (FFTC+-fl ;
276 1391+-+ ! PC+PX’! SDP(X) FE);
277 14911-I! DSM(S)t
278 1691w; LNI (S) RPM ;
279 169114! SDP (A FF1 I7P(FETCH)8
280 1091w; PitSAS ! LMI (R9) FF1 JCR (PUSA6);
281 1(91w! SM! ! NOP (A J7R(FETCI-I):
2912 391-I! JJ! +400(A) JZR (FFTC5-4)8
2913 494-I ’ P1+47 ! AC M (AC ) JC O(P TN 1) ;
284 594-P 0TH)! LIlT (S) RPM ICC(RTN2 );
2915 691-i! PIN ! DSM(S) JCC (0T N 1) ;
286 791-4! 001; *CM(AC);
287 89w; ORP(A) JZR (F TCH)8
288 119114 ! (xi 500(T) FF1;
289 129’s; ILP (X )8
290 1 39w; 500(A) FF1;
291 14914? ILR (T ;
292 1591-4; SOP(X FF1 J7P (FETC+-I)8
293 1919w; 0+ - s I !  SO P(T FF18
294 199w; 110(0)8
295 1*9+-I! S0P(A) FF1;
296 189+1! ILP(T)l
297 1CR+-I! SOP(Q) FF1 J?p(FETC1-4);
298 109w! PIISA4 ! ILP R9) RWu JCR (PUSAS)
299 1(9w? EO ! ILR (A) JCC(flNl )8
300 1*54; Posh 110(P) FF1 j?P((ETC1-4);
301 2*4-I; POSS’ NOP(A) JZR (F(TCI-I);
302 /~ ENTRY FOo PAGE 2 CENTROID TRACKER •/
303 3*54 ; CTPAC ,~Z NOP(A) J2PIF(TCH) PAC,E?:
304 4*14! OTNI! SDP(P) FF1 IZ R(FETCH )
305 5*54 ! SKN1 ! +40 0(A )  JFL(POSS,NEGG)
306 6A+l ! SKN; T Z P ( A )  K800~ 0 1+4+4 J C C ( S K N 1 ) 1
307 7A+-I X O R 1 !  ACM (AC)I
3091 8*4-I; XNP(A) JCR(0wN5)8
309 /* IF A .LT. MEN CFzO l(a0. IF A •GT. +4(19 CF=fl Z F 1
310 TF * .EQ. M(N CFzI 7(s0 •/
311 OAAw; TSAME ! +400(A) JFI(APOS,.A1-4Er’2);
312 ORAl-I! NOCRY NOP(A) JZR(F(TCH ;
313 00*14 ! NOCPY2; +400(A) FF1 SIC J70 (FETCH)
314 OFAII! APOS7 +400(A) FF1 STZ JZP(F(TCH)
315 b A I l! SD? 110(0) ((1 .j70(FETCH)1
316 11*w ! ED! 500(T) (F):

• 317 12Aw ! • 110(P);
3191 13*1-4! 500(A) FF18
319 14*14; 110(1):
320 1SA M! 500(P) FF1 J7R( F(TC+-4 )
321 16*54; NSKIP! NOP(A ) J1R(F(TCI-I)l
322 17Aw! EVEN! ILP P) ((1 j 70(FETC+- l) t
323 18Aw ! NC? N0P(*) JFL (NOVEF1,OVEF1)
324 I9AN ! NOVFF1? +400(A) JZO(F(TCH)~
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1 4 A -  VP~~- ‘.0 ~ A ’ 4 P  FM( ILAT ()P MICHOCOI)F FOQ 1+ - J T EL 1004)

-4’
+ 4 M w

3?’-~ l~~~ ~)v l~~~~! !Lp(P) FF1 7P FETC-n ;
3~ 6 1+ 1*- ’ ! NC ? ’  NO PSA) JFL (NOVEFI,OVFF1) :
327 ICAM!  NOVr-F l It~~

(
~~1 FE) + Z D l F ~~’ - - 4 ) ;

12~5 
( r ~~ w .  OVFF4! ILP P) F~F~1 I 7 P ( F E T r 1 9 ) :

32q l EA - ’ ; + 4 1 )  NO P (A )  J? R(FETC I-4 )
310 1 1-4 w ’ NFl,). NOP SA)  JZR (F~ TC +-+ )
331 2141-4. NFC,G ’ 1LP(P) FF1 ,70 (FETCH):
33? 391+4 ’ LL’ NOP(AJ JZP(FETC+-4)
311 5+3+1! 51(P)! NOPIA ) JFL POs1,4~Gn ;
336 6141-I! S’(P’ TZP (A) 1(80000 1+41-4 J C C ( S K P I )
33C 744~ 4 i  A + -Jflr)’ ACM(AC )
336 9.4 -1 ’ A~~~(A) JlP~ r~ TCffl;
337 0*14--’’ SaMc ’ CMP RR ) JCP~ T)~N7);
3~ 01414w ! C~~Y NOP (A ) JcL PY?.C2Y’)~

3 3c ~ 0 ) 14w !  C O Y ? !  NO PIA) F’1 S T Z  iZ’~~~~IC ’ :
t-~~ QF14’-~i A +4 1(? ; +402(A) Jl:’(~~F T C 1- + ) ;
34 1 10~~w !  NcP’ ? .IOP(A ) JZ P ( F~~T C I-l);
342 11 .4-P ES!  500(1) F F 1 :
343 1?.4’-~! I L P W ;
34~+ 11 1414! SDPPI) (El;
346 14+414! ILP ni
346 1514w ! S0P(~~) ((1 ,ZR F E T c H ;
347 168’S! S’ (J P !  14 ~P(~- )  FE) j 7P ( F ET Cw ~~3491 1714w ! O~ I ;  +-40P(A) JZP (FETC-4);
349 189114! C~~! NO P ( A )  J F L C O V E F ? . + 4 O V~~’ ?
350 1991+1! OV~~F t !  ILR (P) FF1 JZP (F~ TCw ;
351 lAB ’S ! Nrs v(F?! NOP(A ) J 7 P (V F T C ) -
35? 114814! C02?! NOP(A ) JFL ( rV4.90VrF
351 1C R’-’! OvFF1! NOPSA) J?P(FETC+-i):
356 1 01414! NOV (F4! ~,OP (A1 7- - - ,’’T~~~
355 1F14’s; Ni? ! NOP (A) J7~~(FEr C~P:
35-s ‘C’4 ! I.! LM !(’~’~) ~~~M;

357 4C’l ’ A C ’P A C) ;
3591 51-4; ALP(X ) JCPL I X ) :
359 ‘.14! SO! NOP IA ) JCC (cOI );
36~ /• ~?F’;ISTro EIGwT IS ~FT TO ~TAC ~ ~ - ) T N T ~ - ‘:~~ s ’ -,+4s OF ‘-‘ - -~ ~~‘ C h T
361 A~~ t 1C ~4ULA I0P ARE 0IF(E~~~NT
362
163 ~F~~?STEP FI(;4-IT IS SET TO T -’E D!FFE~~~-~~V OF I ‘f ~~ -~ v O~~A T T (
364 ~‘~~ I +M4) LA T f l +~ w+ ’~N 1’-+E SIC,NS -

~~~ •~~~ n~~ L~ ~~~~~~ ~ -~ r :~ ~~~t A T ’~~ ~~~~~ )~~~~~~‘

365 ERE1-47
3+~6 7r - ~ s C! A C M C A c ;
367 91C’-l! SORIOB) I-F):
368 91C’-I’ SDP(T) ‘~~I ~~~‘,~oc’ ;

~~~ O ACw ! ItQ (A ) S I C ;
370 O91CW! 500(05) IF , ‘( +-+00 ’~) z
311 OCC’P 110105) cF~~ ~T7;
J7? OL’C~~ X I~J 0 ( T )  JC C ( ’ X ’ l i
1 3  OEC’-s t CX1!  1 7 0 ( T)  p~~.,
374 OFCw ; 170(915) IN-’ ,FL (\ ~~, SA” (.SAM~~
375 IOC+- .! Cx?’ YL P (As ~F0 jCC ’~~x 1376 IlC’-’ ; li — x ;  I L P ! R 9 1 ) 8
377 1 211--i ; A L P ( X )
3 7 9 1  13Cw ! T7AvC ‘(910100 IN-s t
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~ 14A ’ -, VF14S 7 . )) PACEp (wULATOR MICROCOF)E FOP TNTF I 14)4)0

~~ co’~ I)
‘4(JM +4F14

3714 141-P +400 (A) JFL(1-,S+ (IP,S1(IP);
3140 I’,Cw; D wN1 !  LTM AC ;
3911 171-4 ! SOOlA ) FF1 J7P(FETC—4 )
191? 1 1 4 C w ;  So)! TZP(A ) 1(91004)0 1+4.-f j r c ( — J C , c n :
31-3 3 )FC~~; Dl ! LI-4 1(P9 )  PIN ;CC,~~ l+41 ) ;
3 4 44 14 -4’ A~~! NOP(A ) JZP (FFTCH)
1445 SOw . Cl x ’  LMT A C ) PPM JPR(LA S~~A ix SIX A ) 5) ‘4 1) A O M ‘4° !  ~fl~~1
1146 4-Jr)r) I FE FF ( , )

1+17 60-1 ! SNO! NOP A J C C ( s N D 1 ) ;
3+18 7~~~~! EF! +400(A) JZ) (F!TC’-4)
3+19 ~

))-
~! OWNS!  C ’ -SP(A )  JZ P(FETC ’- l ;

3910 OA O I-1 ! 0WN7! ALP (P91) FF1:
391 0 14)-p  C XXX! 120(08) JELCNOCPY,CPY ):
39? 11 D1--4 ! O C X !  ILP R9);
393 120’’; C+-44 4C);
394 130w ! A L R ( X )  FF1;
395 14’)’-’! NOP (A) JFL (SP .NSP):
396 190w ! 5+ 4 0 ) !  120(A )  ‘(8004 )0 1+4-4 JCF(NC? CP~ ’)t
397 1 00+1! 0 ‘14! 1+41 (09) ROT JZP(FEIC+-1)t
39P lED’s! Do! ILP A ) J CC ( r ) W + 44 )
199 3F1-4 . Cr10 ! +402(A) PAGF2 JCC (r)~ ’444~~;
400 SE~+ s  OwN~~! NOP(A) JCC(SAF):
401 6E-4 ’ SAE ! TZP (A) K000o) 7+4 4-5 I C C ( S A F H :
40? 7F~-,; FF! NO P(A )  JZ RCF ETC’- l ) :
401 h Ew ! N000’ NOP(A) JZR(FFTC1-4);
404 16E14! SAEI NOP (A) JFL FVEN,000
405 lEFw ! 1-1 4.4 ; +402(6) JZP4FFTCH )
40’. OF H! FFT1~~! 1+41 (P) FF1 09114 1
44)7 )F14’ LTM(AC) ‘(01FF-F;
40+4 2(1--I ’ SOR(P9) FF1 J PX 4~ - !~ L ~E” I JI LI S~ ~P J J
409 CT~-~~~~

( IL ~~‘ AA COQ 1(1):

410 3(5-4! TO! MOP (A) JCC(IO1)
411 5F-’+ ! On ! NOP(A) J7P (F~~TC—s );

412 7F1-4! G(! +400(A) JZP Ft-TC5-P :
413 lIE-I ! P7! +400(A) SPO ,?Q( FCTC4 +\ :
414 14(1-4! If)! NOP(*) JcC (J’();
415 m E w ! J,~! +400(6) JPO (Nl.N?,N1,N4.N5,TRAP.N7.~~A !.S’41.~ ~.N11.N1 2

41’. (11 00 —1 +-I T I ):
417 1FF-I ! 11! +400 (A) J?0 ,ETC1-P ;
4l91 EflE

NC) P00’~~ A M F0000S
END OF P204)0*14

r -~
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