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1. ABSTRACT

Discless is a test of the DF32 disc logic and its computer interface. This program does not
test the disc, nor associated analog interface circuits.
(The disc is not needed for these routines; if the disc is connected, the disc motor should be

turned off. For a complete test of the disc system, use DF32 Disc Data Test.)

2, REQUIREMENTS
2.1 Equipment

Standard PDP-8/1 Computer

DF32 Disc Logic
Light Card (for testing track selector)

2.2 Storage

The program occupies most of memory from address 100 to 3400 and locations O, 1 and 2.

3. LOADING PROCEDURES

Procedures of normal binary tapes should ke followed.

4. STARTING PROCEDURE

For normal operation all switches should be down.

4.1 Starting Address

The starting address for DF32 DISCLESS is 100.

Special Address

76 Start for abnormal Print Out check

101 Start of Register Test

102 Start of shift, interrupt, error

103 DISC Memory Address Test SR=Address

104 DISC and Computer Extended Address Test SR=Address
105 DISC Data Memory Buffer SR=Data

106 Scope Loop SAD "FF"

107 Scope Loop SAP Pulse

110 Scope Loop ADC "FF"

[RR Scope Loop SDP Pulse

112 Scope Loop DEP Pulse



113 Scope Loop TCR "FF"

114 Scope Loop IOT 66XX, SR=XX
115 ' Scope Loop Light Box AC 8, 9, 10 and 11=Track
4.2 Program and/or Operator Action

Turn disc motor off

Load Discless into memory

Select EMO (DISC ZERO) (All other units to off)

Write Inhibit Switches off <& ORRATE /2211 sintel to MANT

Connect Light Card if tracks are to be tested (not necessary for test)

Set the Switch Register to"#7 100

Load address

Set the SWITCH REGISTER to all zero (down)

Press START

Program will run; if the lightcard is used, lights will light from 0 to ]78 in sequence and the

program will loop upon completion.

5. - OPERATING PROCEDURE

5.1 Operational Switch Settings
SWO0 up Delete Print Out
SWI1 up Halt After Error
SW2 up Sub Test Scope Loop
SW3 up Do not Exit Section
Sw4 up Delete Light Box

There are three basic sections to loop on Interface test, Register test, Shift and Errors test.
When an error is detected and it is necessary to scope it, place SW1 UP to halt on the error,

then SW2 UP to loop on it, then SWO UP to delete printouts.

6. ERRORS

Logic hardware malfunctions detected by the program result in a type out, and a halt if SW2
is UP.

(If the light card is used, operator observance is necessary to detect an error.)



6.1 Error Halts and Description

Address Tag

603
611
615
622
627
641
641
645
654
663
670
676
704
712

723
726
740
740
744
1010
1013
1023
1027
1027
%1043
1050
1205
1214

1225
1234
1243
1252
1267
1267
1303
1303
1310
%1327
1405

1413
1420

1504
1522

*If light card is used (Sync) switch should be off.

Function Tested

START KEY CL(TRC)
DSAC, 0—>AC
START KEY CL(ADC)
START KEY CL(EMA)
START KEY CL(EA)
DOES WC BREAK
DOES WC BREAK
DOES CA BREAK
DMAW, 0 —>AC
DMAR, 0—>AC
DMAC NOT SKIP
DMAC, 0 —>AC
NO DRL STATUS
NO NED STATUS

NO FLAG AFTER WRITE
NO FLAG AFTER WRITE
ADDRESS ACCEPT CL(DBR)
ADDRESS ACCEPT CL(DBR)
ADDRESS ACCEPT CL(DBR)

NO FLAG AFTER READ

NO FLAG AFTER READ

DISC EXT. ADDRESS =0
COMPUTER EXT. ADDRESS =0

COMPUTER EXT. ADDRESS =0

NO SYNC (PSM)
NO PARITY STATUS
SEL ERROR STATUS
NO WLO (LOWER)

NO WLO (UPPER)
EM3 RAISE NEX
EM2 RAISE NEX
EMT RAISE NEX

DISC EXT. ADDRESS = SEVEN
DISC EXT. ADDRESS = SEVEN
COMPUTER EXT. ADDRESS
COMPUTER EXT. ADDRESS
SKIP ON NO ERROR (READ)

NO INTERRUPT
SKIP ON DFSE (READ)

SKIP ON DFSE (WRITE)
SKIP ON DFSE (WRITE)

RAISE (NED) STATUS
INTERRUPT ON (NED)

TF MO LIGHT CHBO THEW THg

XX ERROR

T AL WAYS

o PRoCRAMT
Fa.

CAVLE

Good (AC) Bad (AC) Corrective Action
0000 " N/A A15/85/B19/B20
0000 7777 B18/D22
0000 N/A B16/B5,/B19/B18
0000 N/A A21/B5/B19/see 1023
10000 N/A A21/B5/B19/see 1023
0000 7777 B29/A13/C15/C16/D22
0000 XXXX B29/A13
0000 7777  Cl8pin K
0000 7777 B18
0000 7777 B21/D10/D22
0000 N/A B20/B19
0000 7777 B21
0000 0004 D20/A13
0000 0002 B22/C20/B18/B20/
D18/D19

0000 N/A A19/B22/A15

0000 N/A A19/B22/A15

0000 0001 A13/B29

0000 XXXX A13/B29

0000 XXXX A13/B29

0000 N/A A19

0000 N/A A19

0000 XX00 B4/B1/B2/B3

0000 0070 Cb/23

0000 00X0 B27/D20

0000 400X B18/D18/A30

0000 0001 A12/B15

0000 N/A B18/D19/D18/C20

0000 N/A A17/A12/C20/CHECK
WLO SWITCHES

0100 N/A SAME AS ABOVE

3000 N/A D18/D19/B18/A30

2000 N/A D19/8B2

1000 N/A D19/B1

3700 0000 CD/23

3700 XX00 B1/B2/B3/B4

0070 0000 CD/23

0070 00X0 D20/B27

0000 N/A B20/C20/A20/B5/B26

0000 N/A D20/B22/A15

0000 N/A B26/DIODE ON EM
SELECT SWITCH

0402 N/A B26/DIODE ON EM
SELECT SWITCH

0000 N/A B26/DIODE ON EM
SELECT SWITCH

7002 7000 B22/B18/C20

3000 N/A D20/B22

Wil BLarve FAlw
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Address Tag Function Tested Good (ACQ) Bad (AC) Corrective Action

1534 CL PAR FF 3000 N/A A20
1551 WILL (NED) SET (TRC) 7002 N/A A19/A15/B19/B24
1616 DMA TEST 0000 XXXX CD22/CD24/B5
1616 DMA BITS 0,1 ; B6/B12
1616 DMA BITS 2,3 B7/B12
1616 DMA BITS 4,5 B8/B12
1616 DMA BITS 4,7 : B9/B13
1616 DMA BITS 8,9 B10/B13
1616 DMA BITS 10,11 B11/B13
1636 EMA TEST
1636 EMA BIT 1 XX00 XX00 B1/B4
1636 EMA BITS 2,3 XX00 XX00 B2/B4
1636 EMA BITS 4,5 XX00 XX00 B3/B4
1636 EA BITS 6,7,8 XX00 XX00 B27/D20
1663 DMB TEST XXXX ALL B19/A17/A22/B17/A21
XXXX Oto5 B23
XXXX 6to 11 B24
1663 DMB BITS 0,1 XXXX XXXX A23/B23
1663 DMB BITS 2,3 XXXX XXX X A24/B23
1663 DMB BITS 4,5 HXXX X XXX A25/823
1663 DMB BITS 6,7 XX XX XXX X A26/B24
1663 DMB BITS 8,9 XXX X XXX X A27/B24
1663 DMB BITS 10, 11 XXXX XXXX A28/B24
2223 SHIFT DMA 1252 2525 A29/B5/B17/A16/A15/
' B30
2223 SHIFT DMA 1252 X¥52 B4/B7/B8
2223 SHIFT DMA 1252 12XX B9/B10/B11
2244 SHIFT DMA 6525 XXX X SAME AS 2223
2261 SHIFT DMA 7252 XXX X SAME AS 2223
2301 SHIFT DMA A 5525 XXX X SAME AS 2223
2310 SKIP ON (ADC) N/A N/A B16/A17/B15/B18
2341 SHIFT DMB 7777 ALl A18/A21/A17
2341 SHIFT DMB 7777 XX77 A23/A24/A25/B23
2341 SHIFT DMB 7777 77XX A26/A27/A28/B24
2430 SHIFT DMB 4000 X XXX SAME AS 2341
2462 SHIFT DMB 5252 XXX X SAME AS 2341
2515 SHIFT DMB 2525 XXX X SAME AS 2341
2617 SHIFT DMA 5777 7777 B14/B15
2632 RAISE (DRL) STATUS 0004 0000 D20/A13
2635 SKIP ON DRL 0004 0004 C20
2641 WILL (DEP) SET (TRC) N/A N/A Al19
2653 INTERRUPT ON TRC N/A N/A D20
2675 TRACK COUNTER (EMA) 3702 0000 B16/B19/823
2675 TRACK COUNTER (EMA) 3702 - XX00 B1/B2/B3
2705 TRACK COUNTER (EMA) 0000 XX 00



Light Card Test

NO LIGHTS A6/A7

2nd & 4th FOUR A6/A20/A19

1st & 3rd FOUR A6/A20/A17/A21/
B21/B25

TK 0, 10 A3

TK 1, 11 A3

TK 2, 12 A3

TK 3, 13 A3

TK 4, 14 A2

TK 5, 15 A2

TK 6, 16 A2

TK 7,17 A2

Printouts created by abnormal switch conditions.

(This test should not be made until program runs in normal.) (Starting Address = 76)
DISK 0 (EMO) SELECTED, EMO WLO "ON" ’
LOWER WRITE LOCK "ON"

Address Tag A_C Function Tested If No Print Out
1214 0000 WRITE LOCK OFF A17/A12/C20
1420 0000 SKIP ON NO ERRCR - C20

UPPER WRITE LOCK "ON"

1225 0100 WRITE LOCK OFF
1413 0402 SKIP ON NO ERROR
SYNC SWITCH ON LIGHT CARD "ON"
1043 4000 NO SYNC, NO DISC A30
All switches Normal Except
EM OFF EM1 EM2 EM3 AC Function Tested If No Print Out
0712 0712 0712 0712 0002 NO NED STATUS D19
0744 0744 0744 0744 0001 ADDRESS ACCEPT (0 DBR) * A13/B29
1043 1043 1043 1043 4002 NO SYNC UNIT SELECTS
SW. :
1205 1205 1205 1205 1000 SELECT ERROR STATUS C20/B18
1214 1214 1214 1214 1000 NO WLO A12/A17/C20
1225 1225 1225 1225 1100 NO WLO A12/A17/C20
1234 3002 EM3 RAISE NEX D19
1243 2002 EM2 RAISE NEX D19
1252 1002 EM1 RAISE NEX D19
1327 1327 1327 1327 0000 NO INTERRUPT D20
1413 1413 1413 1413 4406 SKIP ON NO ERROR C20/A13
1420 1420 1420 1420 0000 SKIP ON NO ERROR C20/A13/
1551 1551 1551 1551 X006 (NED) SET (TRC)
2223 2223 2223 2223 2525 SHIFT DMA B17/D18



EM OFF EMI1 EM2 EM3 AC Function Tested If No Print Out
2244 2244 2244 2244 5252 SHIFT DMA B17/D18
2261 2261 2261 2261 5252 SHIFT DMA B17/D18
2301 2301 2301 2301 5252 SHIFT DMA B17/D18
2310 2310 2310 2310 0000 SKIP ON ADC A17/B18
2430 2430 2430 2430 0000 SHIFT DMB Al17/A21
2462 2462 2462 2462 2525 SHIFT DMB A17/A21
2617 2617 2617 2617 7777 SHIFT DMB A17/A21
2632 2632 2632 2632 0000 DRL STATUS A17/B17/A29
2635 2635 2635 2635 0000 SKIP ON (DRL) A17/B17/A29
2641 2641 2641 2641 0000 (DEP) SET (TRC) Al19
0622 0622 0622 0622 0100 CL STATUS REQ

6.2 Error Recovery

Press CONTINUE, or restart at 100.

7. MISCELLANEQUS

An extra [OT maintenance package has been incorporated in the design of the logic. While
this IOT package is not needed for operational use of the disc, it must be in if Discless is to run.
(Coded to 663X)

6631=TAS=TTA 6632=TTB 6634=DBR
Oreznf‘ﬁmw-" Sl MA Ve e 2 T N&R 'iﬂ Uo 10T iy eomh.
8. PROGRAM DESCRIPTION

8.1 Discussion

Discless is an incremental test of the DF32 Disc Logic. Starting with basic conditions, such
as, "Does START key clear the error and done logic? Can all control flip-flops be set and cleared and
can all registers be set and cleared? Will the track counter increment, will all register shift data?
Does the Data break work, can we raise an interrupt, check for all status bits, such as write lock out

and non-existent disc?" With the use of the light card, test for correct track selection.



There is a chain of flip-flops which must be working if these tests are to pass.

TTA
Y1)
FF

-_l___-____

TT8 ———f

SAD
FF

POWER
CLEAR
AND
STATIC
CHECKS

Each disc has 1610 tracks, in order to verify the correct track selection a light card indica-
tor is needed. This card is inserted into location A5. With the program running, the lights on the card
should rotate from O to ]610 each pass of the program. (If the light card is not used it will not affect
the operation of the test. There is a switch on the card that simulates the photo cell on disc.)

If this test runs and the "abnormal" switch settings on the disc hardware are used to create

printouts and the proper one occurs, then any failure that occurs using the DF32 Data Disc Test should

1 1
[} ]
| ] e o
| ' FF TEST
[ [
1 )
1 [ SKIP
l——— & ON
| ADC | TRC DONE
) FF ) FF
] ) i
1 1 DRL
) 1
0 ! o ! TO RAISE
SHIFT | SHIFT | AN INTERRUPT
omMA oMB
[} 1

be located on the heads, R/W amplifiers, the disc or associated analog circuits.

9. PROGRAM DESCRIPTION
10. LISTING



LXPUNGE

/MEMORY REFERENCE INSTRUC
ANU=uY20

TAU=1420

I5¢=2009

DCA=3YLEY

JMS=4PKY

JMP=5000¢

[OlIs6VLY

UPR=70d4
/MICROINSIRUCTIUNS
NUPz=742Y

chA=7220

CLL=710¢

CMA=z70492

CML=7020

RAR=7210

RIR=7012

RAL=T70W4

RIL=7006

[AC=7001

SMA=7530

StAz=744Y

SPAz7514

SNA=7450

SwL=7429

SZL=7430

SKP=7410

Osr=7404

AL1=7422

/COMBINED MICROINSTRUCTIO
ClA=7241

LAS=70604

S1A=724Y

SiL=7129

WBLK=T7204

/PRULKRAM [NTERRUPI
lUN=6421

lut=64¢2

PLk=6YZ2

RRB=6J12

/TELETYPE KEYBGARU/REAIJER
Kst=26331

KCC=6832

KrS=6434

KRB=6436

/TELETYPE TELLPRINTER/PUN
Tob=634q

TCF=6042

IPC=061044

TLS=6446

FLX1AB

PAUSE

/ululTAL b5-18-U
/MESSAGE 1 YPE=-0UT

/CALL WITH A JUMS MESALE
/WliH DATA FOLLOWING
/RETURN FULLOWING ENU OF

I [TUNS

ND

vH

MESSAGE



JS64
3564
3569
3366
386/
3387¢
3571
3372
3879
3574
3875
3s$76
3877

3400
3401
S402
340S
3404
RN
S406
347
341
$411
Jaiy
3418
35414
3415
3416
341/
3420

3606

4009

oY
106
Juol
6600
PR3/
7/51
7759
RY/KE
344
Jv24
31/
3014
N

PvLd
e
BuuyY
AV
VLY
430
pues
avero
Wowl
R
By
VoY
Pow
VPP
Buow
ARy

QYo

noce

dbivo

PAGE

/CONSTANTS

UMAR=66U3
T1A=6631
TIB=6632
MUP=6634
UBR=6634

bCMA=6601

UCLA=6611

USAC=0612

UMAW=66U5
DeAL=6615
DeAC=6616
DFSe=6621
DrSC=6622

UMAC=6626.

XX=/402
wi=/750
JACW=7751
CACW=]ACHW
KAy U
wADU .,
RAUU,
cre,
AL, ©
TKAQO,
ERRUSK,
ERRTK,
NUM,
CTA,
Cru,
WURUln
WURUZ,
BA, ©
GA,
BU, @
G, ©
FPAGE
OUTBUF,»
PALLE
INBUF,

tEooaersestEseNESGS

SAVE AC

/LOAN AND SITAKRIT

/ULEAKR MAR,
/CLEAR X!

RLA

PRLITY,

U

UONE FLAG

ADURESS REULISTERS

/CLEAR AC SKIP UN AUC
/LOAD AND SI1ART WRIIE
/LOAD EXTENUEU AUURLESS
/READ EXTeNUtu AUURESS

- /SKIP ON NO

ERKRUR

/SKIP ON FLAG
/READ DISK AUDUKRESS

/

/1ACW=1 FUK
/1ACW=1 FUR

/UlSK ERRKRUR
/UISK TRACK

/8AU ADURESS
/00UD AULUDRESS
/84U UATA
/LG0UU UATA

WRIIE
RELAU

AUURESS
ERRUR A

UURESS



*76
/JUMPING OFF FOR RCUT[NES

/
P76 5124 JMP SB2+6 /FOK ABNORMAL TESI
Qw77 4116 JMS S8°2 /85 ENTRANCE ADURESS
V1iPw /77 JMP BEGIN - /STARI CR TtsSl
Binl 5770 JMP RTEST /REGISTER TLST
Bive b5/7> JMP DYA /SHIFT TeST
Pins 5774 JMP SwOMA /U1SC MEMURY ADUKLESS
D104 5773 JMP SWEMA /X MEMORY AUDRESS
910> 5772 JMP SwDMB /UlSC MEMURY BUFFLR
Plvo 5/71 JMP SA  /SAU FF
Wid/ 577¢ JMP SB  /SAF PLLSE
lle 5767 JMP SC /JADLC "FF"
111 S5/60 JMP SD  /SUP PLLSEL
W112 576> JMP St /UEP PLLSE
0119 5764 JMP SF /IRC "FF"
114 5/64 JMP S¢ /7101 6€EXX SR = XX .
V11> H/62 JMP SH  /LIUHT B0OX Sk 8 TUu 11 = TRAULK’
Pllo 74¢2 S82, X X
w117 1161l TAD (NOP
W12y 3/6w UCA STALL=*2
0121 1161 TAD (NOP
W12¢ S875/7 DCA Sb1
128 5Sh1e6 JMP ] S82
0124 66¢D UMAW
P12> 6605 UMAW /CLEARWURU CUQUNI
Vw126 5169 JMP 16d :
/ .
W15/ 2620 »
W16¢ 3119
0161 70080
V162 323/
V1i6s 3224
D164 3221
165 3216
w166 32718
W16/ 3214
P17 322>
171 32vY¥
P17¢ 20¢1
vwL7s 2011
w174 20w>
W17 1471
w176 1421
0177 060k

10



Beov
Denl
Ve
veus
Ued4
["¥4"P]
vewé
0eo/
Be1v
Pe1l
0212
B21s
vwe14
0e1>
216
021/
Pe2v
Pe21
veze
0229
Be24
d¢e2>
Ye2bd
ve27
vweldu
Vedl
ve32
Ved3s
0el4
vwedo
036
0e3/
Dcad
Vedl
eaze
Veas
244
weao
Yedo
a7’

dvde
724¢
1200
3b1Y
1414
3216
1216
/01¢
791¢
012
4217/
1216
421/
Y2v 4
dbvw
AL d
nedve
7450
5416
1251
/Y¢ ¢
5236
1¢25¢
5244
1254
/444
523>
1254
5249
1295
744¢
5242
1256
5249
125/
6L46

. 6041

5244
7ens
561/

/CODE(DD)

*200
MESAGE,

TAD MESAGE

MSKRGAT,
TYPECH,

MIP,

d
CLA

0CA
TAD
JCA
TAD
KTR
RTK
RTR
JMS
Tab
JM3
JMP
o

¢

AnD
SNA
JMP
TAD
SMA
JMP
TAD
JMP
TAD
SéA
JMP
TAD

- JMP

TAD
S£A
JMP
TAD
JMP
TAD
TLS
TSF
JMP
CLA
JMP

Cha

1w

[ 19
MSRGF |
MSRGHT

TYPECH
MSRGFT
TYPLCH
MESACE+4

wASK?77

)
14

o *3
Cs4ap
MIp
M3

l’\-s
Ce1e
MTP
Me
!*3
Ceiv

MTP
C2as

-1

[ TYFeCH

11

/SEl L(AL)=-1

/ADU LOCAITLUN
/AUTO=INUEX REGLISTITER
JFEICH tIrS1 wWOKD
/SAVE 1|

JROTAIE © B1lS RIGHI

/TYPE LI

JLET UATA ALAILN

/1YPE RILHT HALY

/CONT ILNUE

/TEMPUKARY SITURAGE

/1YPE CHARACLTER IN C(AL)O-11

/1S 1 BENu UF MESSAOLL?
/YES: bxl

/SUBTRACT 4y

/<40?

/NO

JYES: Ayu Svyu

/10 CUULYS <41
/SUBTRACT 8

/1S 11 #¢krU?

/ND

/YES: CuUe 49 IS
/UINE=FEEU (212)
/SUBTRALT ¢

/1S 11 #ErUY

/NQ

/YES: Cuuk 42 |S
JUAKRIAGE=RETURN (21%)
/ADU 2w 11U UlHERS 24u
/J1THANSM]T CHRARALTER
/AALT Fur FLAL

/nNOT SeET v

/SEl: CLEAR UL(AL)

/R TURN



vesy
2¢51
4¢52
3259
0254
0455
9256
1¢S5/

vo7z/
774¢
V349
7/75
w212
7776
Pelo
nz24o

/CONSTANTS
MASK?77, 77

M4m' -40
Csdu, S4u
MS» =3

€212, 212
M2' -2
Celo, 215
Ced5, 245

12



¥y’
vebl
W6
e26s
Deos
Veos
Vebo
w6/
Be7v
Be71
Ve7¢
Ve79
Ne74
Ve7>
ve7e
be7/
Ry
Dsvl
WSue
Ry
WS4
[VINY7 )
Dsve
s/
Bbsiv
vs1l
312
b1
vs14
Bs1>
vsi1e6
Bs1/
BDs2¢
vs21
vs22
bszs
bsea
Bs25
bs20
vse/
B33
D831
B33¢
333
0534
s>
Bb336
Bs37
Ds4y
vs41
342
0s49
0544

B379
Bvs74
BS7>
V876
0877

74uw?
7060
ey
7220
166
J26/
567¢
HnYoY
Nel2
5269
1667
2877
334¢
1667/
6370
33541
166/
375
384¢
166/
Ns74
35549
1342
7112
7010
1549
76le
7019
1444
3542
226U
de7w
1542
366/
1541
7bué
7606
154¢
1544
3349
226¢
4279
148438
Jb6b/
1873
$270
226¢
566k
Q0uwd
QruvY
Voo
v
606K

¥272
7vul
Brue
Av7v
Abe/

SIXI

Y, HLT
NOP

NUP

CLA

TAD I ,=4

UCA ,+2

JMP T ,+2

J

SIXTY+12

JIP SIXTY+S
TAD | sSIxTy+7
anD (0207

OCA MASKA

TAOD [ SIXTY+7
AND (0Ud7¢

UCA MASKB

TAD 1 SIXTY*+7
AND (0700

DCA MASKC

TAD | SIXiY+7
AnD (7410

UCA MASKD

TAD MASKC
RTR!CLL

RAR

TAD MASKD

RKTR

RAK

TAU MASKD+1
UCA MASKC

ISZ2 SIXTY

JMS SIXxTYy+1w
TAD MASKC

ODCA | SIXTY+7
A0 MASKB

RAL

RTL

TAD MASKA

TAD MASKD+1
JUCA MASKD

ISZ SiXTY

JMS SIXTY+1d
TAD MASKD

JCA [ SIXTY+7
TAD (SIXTYy+12
DCA SixTy+1¥

ISZ SIXTY
JMP I SIXTIY
MASKA, @ '
MASKH, )
MASKC, [
MASKU, 5]
6060
PAUSE
PAGE

/STURE INIT NEXIT 1IME

/ADURESS UF UPERAND

/ADURLSS UF OFPERAWU
/CHANGING KekerRENLE (P)

/AC (UPERANU)

/000X
/AC (UPLRANU)

/0BXD
/AC (UPERANU)

/UXDY
/AC (JUPERANU)

/Xboid
/0X006 .

/6Xx00 RS3 WdXw
/XVXE

/XxdXY RS3 VAGX
/iemP SIORALE
/JINUREMENT FOR >TURAGE

/FIND SIORAGE AUURESS
/6X6X

/S5TURE UPLRANU AS SPEUILFIIED
/vy

/06X8 SLS UXNY

/OXIdB*PuuX=0XuX
/OXOX+*O640U0=6XK0X

/1EMP STURAGLLE
/INCREMENT FOR STUKRALE
/FIND SITURAULE AUURESS

/OxOX
/STUORE UPERANU AS SPEUIFIED
/HJIUSE KELPINUL ot

/INUREMENT FOR KEITURN
/RETURN

13



040V
vaul
402
Vaps
van4
Bapo
vageo
baq7
Ba10
ba11
B412
Va1
4414
041>
0416
va1/
Bazu
V421
Ba2e
Bazys
vaz4
vazo
v4az2o
Ba27/
P43
va431
B43¢
Ba3s

7422
4/77
b e
4/76
A%
2411
Ba12
47/>
4548
6060
66U
X7}
4776
3404
422
N4z
4/75
4£4 0
606«
66
Q6w
7604
0374
7650
569¢
1774
7402
Sbkw

/PRINT QU1
/ROUT [Nt
/AND CONTL
/XXXX XXX
ERADD,
JMS 1P
LUk
JMS S|
ERAUD
s+ 4
. +4
JMS Mt
4543
646y
bd6l
4900
JMS S|
AC
 +4
.+ 4
JMS Mt
4442
6464
6060
Jido
LAS
AND (2
SNA!ICL
JMP ]
TAD AC
HLT
JMF ]

ROUTINLES

NTS Of
A -

XX
RINI

xTy

SAGE

XTY

SAGL

20¢
A
ERAUD

ERAJD

10 PRINT CuUT

FAILING TEST ADURESS
AC
ACDRESS  (AC)
/ADURLSS
JCONTENTS OF AU
/AC
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V434
V43>
V436
043/
P44y
0441
w442
D44y
0444
w445
D446
P44/
V450
Vw451
0452
2459
V454
045>
Pab6
045/
Va6w
V461
vae62
Pa6s
V464
046>
Bvwa66
va67/
0470
Vw471
V47¢
0473
V474
va7>
v47o6
047/

7402
477/
4776
2434
b444
V44>
4/7>
4949
bvbY
(Y /J Y]
QoY
4776
3420
a6y
464
4776
3417
Das/
0a7’d
477>
440
n7v4
404k
6660
6Ubu
4L 2
va4dy
o6V
6p6°¢
By
764
Ns74
7650
7419
7402
56354

/COMPARISON ERROR FRINT QuT

/7GUXXXX BUXXXX
BADCOM™, XX
BADCOM
. +4
 +4
JMS MESAGt
4543 '
6060
606Y
Judl
JMS SIXTY
LU
*12
+12
JMS SIXTY
BU
L+12
.+12
JMS MESAGE
4049
U704
4940
6460
6060
44062
V440
6060
6069
cHoD
LAS
AND (24¢0€
SNAICLA
SKP
HLT
JMP 1 BADCOM

/6000

/oAU

/CRLF
/530D UATA

/BAU UATA

/exll

15



Povw 7402 BAUADD, XX

Vo vl 4/77/ JMS IPRINT
Voue 4/76 JMS SIXTY
Wons @bne bADADD
o024 251V +4

P5u5> ©¥o11 v+ 4

Pouo 4/75 JMS MESAGE
Uouv/ 4549 4544

251v 6ol 606U

¥o1l bVbY 66w

vo1e BYUL Ldide

¥o18 4776 JMS SIXTY
o014 34106 GA

¥o1b5 ¢v2/ 12

Yo1o W58 ¢ L +12

o1/ 4/76 JMS SIXTY
Uo20 $41> B A

¥o21 2533 12

Yo22 d5354 e *+12

Uo2ys 4/7>5 JMS MESAGE
U024 444§ 4069

Po2> @/v1 w7kl

wo26 404 4449

Uoz/s eubw bWk

Wo3u bBLL bybWw

2531 4duie 492

¥o32 P149 w140

5388 6L6W 6u6bd

vos4 bbby 6406k

¥o35 ALY v

o536 7614 LAS

o3/ B3/4 - AnND (2946
¥o40 /650 SNALCLA
o441 741y SKP

Vodz 74l HLT

0248 S/gu JMP 1 BADADU



@544 QUBU PAUSED
JPUP-8 INIERFACEL TEST NU UISC RMXS $/0/06/
/EME SHUULD Be SELECTED

$578 3404 PAGE S

P74 20U
Uo7 By
PWo76 Peobu
w7/ 3124
Ubk Ilwe SCUPE
<JMS SCOPEA>
Ubh INE HALT
<JMS ERADU>
Db INE NPAGE
CIMP | (,+2U4D&76U0) >
/FLAG TESI (CLEAR)
Pody 6622 brLIN, DFSC /S5KIP ON FrLAL
poul 741k SKP
pepe 4777 HALT _ JFLAG SHOULU HAVE BbbnN LLEARED BY START
pows 4776 SCUPE :
/U0ES 6612 CLEAR Tkt AC? (DSAL)
Pod4 7240 CLA CMA /AC ST TU SEVENS
poo>o K612 UsAC
Voo 700¢ NUP
o/ 744y Séh
vo10  4/7/ HALT JHALT BeCAUSE AL nNUI £ERO
@611 4776 SCUPE
/WAS ADC "FF" CLEAReD BY STARI KEY
V612 6612 DSAC /SKIP On ADC
o613 741l¢ SKP
vo14 4/7/ HAL] JAUU SEI .. STAKI oSruuLb CL ADC YRR
Ywo1lo 4/76 SCOPLE
/ .
JUOLS START CLEAR THE J1SK eXI AUURLESS
bo1o 6614 DEAC-2 /READ SI1AIUS REGISTER
de17 B3I7> AND (S$73¢ /JMASK DISC ©X! AUURESS
620 744u SZA
621 477/ HALT /STARI KEY Ulu NOI ULEAK EMA
ype2e2 4/76 SCOPE

/
/00LS TARI CLEAR Tke COMPUTER EXT AUURESS REGISIER
@628 6614 DEAC=2

o4 vs/74 AnD (B27¢C JMASK FUR LUMPUIER EX| AUURESS
Po2> 744y S

poe26 4/77 RALT /STARI KEY UIU NOI CLEAR EA

o2/ 4/76 SCOPE

17



Wo63u¥
o3l
Vo332
v6e3s
v634
boso
vwoe 3o
vod7
Bo4y
voal
vo4de
vody
vod4
604>

Y640
bwo4a/
Bobu
o5l
0o5¢
Vo5 $
WoH 4

Lo5>o
bob56
wos/
dobyv
Vo6l
BobL
Bood

7240
3/73
7240
3772
66v>
lcbu

1/7s

744y%
4/77
720Uk
1/7¢
7440
4777
4776

724¢
3/73
7240
6605
/44y
4/7/
4/76

7c4i¢
3/7%
7244
X7
744¢
4/7/
4/76

/U0LS DISK BREAK TC RIGHT LUC

/18

/1S

CLA CMA
DCA WC
CLA CMmA
DCA TACW
DMAW

CLA

TAD w(C
SZA

HaL |

CLA

TAD TACw
SZA

HALT
SCOPE

/JWRITE UNE wWURU

/WIRO CUUNT nNUT CuRrEL

/AJURESS CONTROL WURUD

AC CLEAREU BwY LMAW?

CLA CMmA
DCA WC
CLA CMa
UMAw
S£A
HAL I
SCOPLE

/0Nt WORD

/101 SHUULD CLEAR AU

/AT NUT

AC CLEAREU BY CMAR

CLA CMA
DCA WC
CLA CMA
UMAK
SZh
HAL !
SCOPLE

CLEARED

/uNe wURD

/131 SHUULD CLEAR Av

/AT NUT

18
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1)
oL
Lohho
boes/
do7J

40671
d67¢
Lo79
Yo74
467
gere

o7/
4/ de
Brui
V/ve
"NAVN]
B/us

Q/u>
Bbroo
d/7a7
V/1iv
J/11
uw/1¢

o0l
atZn
741%1¢
477/
A1 0

boul
f2de
ctio
144
ayri
4/70

o611l
[aX- RN
RINWT
P44y
4777
4//76

€nil
anle
A8/
744y
4,7/
4 ! :'0

/UMAC SHOULD ~OI
GCEA
JMAC
H»KP
HAL |
SCUPE
/
FwliL JMAC Clear
JUMA
LA TCMA
UJiiAC
544
ral |
SuiiPt
/
/5TATUS REGISIER
Lotk A
UEAC
AvD (4
SZA
HAL
sLiPe
;
/STATUS REGISIEK
DIy
e
oy L) (d
SEA
THAl

SCUPE

SKIP

/UMAC SKIPPLED

/CLEAR UMAR

/MAR 1U AL

/AC NUT CLEARED

TEST (NU url)

/My

/MASK FUR URL

/UL Ul

lesT (wl NeD FBD

/M9

/w=1Te LOUK

19
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/
/JUHECK FOR NO FLAG AFIER wRITE

/ (OMAW) (UFSC)
V718 724% CLA CMA
/714 3772 DCp 1aCw /JMEMORY LUAIIUN ZERQ
Br1> 724¢ CLA CMA /A:=2T7/T7
/716  3/78 UCA WC /WwdRU CUUNT=777/
717 6ou> UMAW /STARI WRITE UNE WURU
/20 6622 DFSC /5K1P ON FLAG
v/21 741¢ SKP
@r22 4/77 HAL I /b LAG UP
W/728 6622 JrSC /SKIP ON FLAG
/24 /410 SKP
/2> 4/77 HAL I /ELAL UP
Vr26 4//6 SCOPE
/
/WILL AUUKESS ACCEFT CLBpR Upla RREQK REUUEST FE?
pr2/ 66U5 UMAW . /w1Te SE) UBK FF
8730 /206 CLA
v/31 3779 UCA wC
V732 S1/7°2 OCA JTACW
¥r3s8 66463 UMAK /54U0ULU NUT SET UBR "rb"
/34 Ty NOP
vW/3> 1778 TAu WC
8/736 /444 S£A
W/37 4777 HaLl /wJIRU CUUNT SHOULU Bt 2tRU
BW/74w 7¢ud CLA
wrd41 1/72 TAD TACHW
B/742 7440 SZA
/48 4777 HAL [ /1AUW SHOULU bt #eRU
b/44 4/76 SCOPE

/4> 5/6/ NPAGL

20



Q767 160 PAGE
brlv puce

vws71 W4
0172 7/91
Wr78 7/5¢
V774 Qu7e
w/7> 3/ud
Br76 S¢dce
brs77 Q490
/JULSK MEMURY AdUKESS. REAU
160 724%¢ CLA CMA
1vvl 3/77 JCA wC /Re AU ONE wORU
lve2 724% CLA CMA .
10y 3776 DCA [ACwW /MEMORY LULATIUN ZEKRO
led 6618 DMAK /5TARKI KEAU ONE WuKu
1dil>  o662¢ brsSC /34LP UN FLAG
lodo /41y SKF
100/ 47 /> Hal T /FLAG UP
1Yl ob67?¢ bt SC /SKLP U FLAG
lwli 7410 SKP
1vlce 4//5 HAL I /P LAL UP
luls 4/74 SCOPE
/
/ST ,1US REGISIER (CheCk EXIEWURD AUDRESYS
léle 72¢vw CLA .
101> 661> Ue AL
lele 72vuiw CLA /LIOAD EXTENUEU AUURESS wlIH ZERUS
1v1/ 6616 UEAC
1v2d 03I/ AND (3790
1621 744y SZA
1u22 4/7» HALT /UlSC EXTENUEUD AUURESS NUI CLEAR
129 6616 UEAC
124 72 ANU (we79
ly2> 744¢ S£A
1926 4/7> HALT /COMPUTER EXTENUEU AUUKESS NOI CLEAR
162/ 47//4 ScOPE

21



13
1931
1832
1039
1lud4s
1835
1036
1037
1640
1641
104/
1049

1v44
1v4é>
1vdo
1947
1¥5u

1951

/30¢
3/71
6616
70¥Y
750
7419
5242
2/71
5232
741¢
4775

4774

6616
Qs57¢
744¢
4775
4//4

5767

/

/JULAC KEAD DISK EXTENULD AUURESS
/UHECK FOR NO SYNC MARK

CLA CLL
LCA Ci1D
DEAC
NOP
SMA
SKP
JMP , +4
[sZ2 ClID
JMP .=-6
SKP
HALT
SCOPE

/

/PARITY STATUS bl
JeaC
AGD (wédl
S£A
HAL I
SCOPL

/

NPAGE

/3yNC
/N
/YES
/LJUP
/v3 SYNL PULSE OR NU UlSC SELECTRU
/FJUNU SYNC PULSE
fesT
/MASK FgR pPaKily STAlUS

/PARIIY STATUS uP

22



116/ 1200 PALE

1170 0Qp01
1171 3412
1172 Q70
1178 374w
1174 32472
117> A409
11706 7/51
1177 77%¢ ’ ’
/TEST WRIVE LOCK OLT SwlTlH OR NO DISC
120w 6612 6602 /READ MUDe INRIBl]l wrRile LOCK OQUT SWIICHES
1201 6616 DEAC
1222 70172 RTK
1208 7431 S£L
1¢ve 477/ HAL | /NO DISC NEU SEI
120> 4776 SCOPE
/ .
/UHECK TO SEE IF WRITE LOULK QUT SwllCHES UrF (LOWLER)
1206 66¢4 - 6604 /WR1Te MQUE
120/ 6616 UBAC /REAU STAIUS
121¢ 7009 NOP
1211 7012 RTR /AC1l6 10 LINK
12172 743¢ SZL
1219 4777 HAL] /AC1 UP WRIIE LUCK UUt SWITCH
1214 4776 SCOPE
/CHECK 10 SEE IF WhITE LOUK SWITCH UFF (UPFLR)
1¢1° 137/ TAD (¢844 /UPPER | RACK
1216 661> UL AL
1¢1/ 6684 OMAW=1 /A= 1TE MOUL
1229 66106 Ut AC
1221 709 NQP
1222 7W1lce RTR /AC1lY TU LINK
1228 7439 SZL
1224 4/77 © HALT /7ACL UP WRIIE LUCK UUI SWITCH
1¢2> 4/76 SCOPE
/
/RALSE STATUS BILIT ACd/NVEX
/EMS SHOULD NOT BE SELECTEU
1226 14875 TAD (304u
122/ 661> UEAL /SELECT DISCreEmMS
1230 6616 Ue AC /REAU STATUS
1231 7¢Cw NQP
1232 750 SMA
1238 477/ HALT C /NEX UIU NOT KALSE PSM
1234 4/7/6 SCOPE /01s5C ¢

23



1235
1236
1237/
124p
1241
1242
1249

1244
124>
1¢46
124/
125u
1251
1252
1¢59

1374
661>
6610
700¢
7509
4777
4776

1375
6615
6616
70wd
7589
477/
4/76
6611

/EMZ SHOULD NOT BE SELECTEU

/

/

TAD (200U
OeaAL

UeaC

NUP

SMA

HALT
SCOPE

/NEX WU

/M1 SHOULD NOT Bt StlLelTeu

/

TabD (1209
Db AL

UEAC

NUP

SMA

HAL I
SCOPE
OCEA

/NeX

NGO |

24

/SELELT kMl

upP

/SELECT M1

up



1254
1255
1250
1257
126U
1261
1262
1269
1264
1265
1266
126/
127¢
1271
1272
127
1274
1275
1¢76
127/
1500
13501
1502
1309

1504
150>
1506
1507/
1510

724y
661>
w872
3771
1/71
7641
187¢
7659
5267
1771
4777
7600
724Y
661>
w379
3771
1771
7041
1370
7656
53803
1771
477/
4776

6611
66US
6621
4777
4776

/ilLL EXTENDED ADDRESS HOLU SEVENS

CLA!CMA
DEAL
AND (8700 /UISC EXT AUURESS MASK
UCA BA
TAD BA /STURE BA
Cla
TAD (8709
SNAICLA /TEST
JMP . +3 /6G0UD
TAD BA /B8AU
HALT /AC SHOULU =3/0p9
NOP
CLAICMA
DEAL
AND (wd70 /UOMPUTER EXT AUDRESS
DCA BA /STURE
TAD BA
ClA
TAD (v@70
SNA!CLA /TEST
JMP . +3 /G300
TAD BA /dAU
HALT /AC SHUULU=WO/D
SCOPE
/
/SKIP ON NO ERROR CFSt
JCEA
OMAR /READ SIAIE
UF St /S5KIP ON NO ERRUR
HALT JUALTA REQUEST LATEs PAKITY OKR NQ UlSE ST
SCOPE

25



/WwlLL THE DISK HONCR AN INTERRUPT

1511 4349 JMS CLFLAG

1812 72«4 CLA /St UP FUR [INTERRUPI
1518 1386/ TAD (1OF

1514 301 DCA 2921

14819 1366 TAD (UMP | WYl

1516 30?2 UCA Jdid2

1817 1865 TAapg Co+7

1820 3G DCA Yedd

1821 724% CLA CMaA

182¢ 3/64 DCA WwC

1029 66D UMAw

1324 60401 1ON /01U NOI INTERRUPI
182> /41¢ SKP

1826 a/77 HAL | /INIERRUPI UP OK NU UiIdU
1527 ovexd [uF

1930 9//6 S5COPE

15381 6611 Uik A

15352 661 UCMA

1589 Jbwd LAS

1834 B8/ 7 AnND (440

1384 744y SZA /LJUP UN STATIC TS
1586 H/763 JMP. BeGIN

1887 ©/76¢ NPAGE
/ROUTINE 10 CLEAR FLAUS

1949 7412 CLbLAG, X X
1541 66J1 6641

154¢ bkl e

1948 6uwe? 6J2¢

1344 6i4¢ 644¢

154> hilcd bule

1840 6€7¢ 6d/é

1384/ bowe 65¢2

1850 6U32 6432

1351 6/62 /62

1585¢ b/4¢ JMP 1 CLFLAG
13858 J4uv¢  RANUUM, X X
1854 2/61 Is2 Clu

185> 7200 CLA

196 1/61 TAD CID

1857 5759 JMP [ RANUOM
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1561
13962
1569
1564
1565
13606
13567
1579
1871
1872
13879
1574
1875
1576
1877

140v
1401
14p¢
14p4
1404
1405

1406
140/
1410
14911
1412
1418

1414
1415
1416
1417
1420

3412
140¢
beuvy
7/56
1326
5409
60L2
Vo770
341>
37«0
106w
20byY
Sy
Se4e
Rage

66LS
1877/
6615
6621
4777
4776

660>
1877
6615
6621
4/7/
4/70

6611
6665
6621
477/
4776

PAGL

/

/SKIP ON NO ErRRUR WLO UPPLR (KEAD)
UMAR /READ SITAlL
TAD (44 /UPPEK HALF
DEAL :
DFSe /SKLIP ON NO ERRUR
HALT
SCOPELE

/

/SKIP ON NO ERRUK (WRITE) WLO (UPPLR)
UMAW /WRITE STATE
TAD (490
De AL
U+ St /SK1IP ON NO EKRUR
HALT /WwlRE LUCK UUT UN
SCOPE

/

“/S5KiP 0N NO ERRUK (WRITE) WLO LUWER
uCceA /LOWER
UMAW /WRlTe STATE
UFSt /SXIP UN NO ERRUR
HAL I /WRITE LOULK QUT On
SCOPL

27



/extCuTe UMA TEST

1921 72¢¢  RIEST, CLA
1422 6UK2 10F
1428 3/75 DCA Cia
1424 4/74 JMS OMA
142% 7249 " CLA!CMA
1426 4/74 JMS UMA
1427 4778 JMS RANDOM
1430 4/74 JMS UMA
1431 2775 [S2 CIA
1432 5227/ JMP =S
1438 4/76 - SCOPE

/

/eXeECUTE EMA TEST
1434 7240 CLA!'CMA
1435 661> De AL
1436 7009 NOP
148/ 7004 NOP
144y 7800 NOP
1441 72LE CLA
144¢ S$/75 DcA ClA
1448 4/72 JMS EMA
1444 7244 CLAICMA
144> 4/7¢ JMS EmA
14406 4779 JMS RANQOM
1447 277> Isz CiA
145w bSe4o JMP =3
1451 4776 SCOPE

/

/eXeCUuTE UMB TEST
1452 72bc¢ - CLA
1459 6611 DCEA
1454 3775 DCA Cl A
1455 4/71 JMS DMb
1456  7¢4¢ CLAICMA
1457 4771 JMS DMmB
146v 4/79 JMS RANDOM
1461 4/71 JMS Umo
1462 277> [SZ2 CIA
1468 5269 JMP =3
1464 4776 ScOPE
146Y 7664 L AS
1466 387/ AND (409
146/ 744y SZA

1479 5221 JMP RIEST



1471
147¢
1479
1474
1475
14706
147/
1502
1501
1562
1509
1504
1505
1Yo

7200
1487¢
6615
6651
6616
Bsé67
1366
745y
5504
6616
4777
7200
6615
4776

/
/RAISE STATUS BIT AC 1o
/EMS SHOULD NOT BE SeLeCTeU
UYA, CLA
TAD (3406
DAL /SELEU] DISC/EMS/RALSE NEX
TTA /3t wEU
DeAC
AND (2
TAD (-2
SNA
JMP  ,+3
DeAC
HAL | /NEX ulu NOT RALISE AU 1y
CLA
De AL /ulsC ©
SCOPE
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1o0/
1>51¢
1>11
1512
1>13
“1514
151>
1>16
101/
1520
1221
1022
1029

1524
1525
15206
152/
1536
1031
1532
1539
1534

15385
12386
1537/
154v
1541
1542
1549
1944
145
10546
154/
1559
1551
1552

7219

1369
Sguol
13964
RYI7
1376
661>
6wl
/o
6l
a//77
726K
4/76

6oul
6632
6632
157w
661>
6631
6621
4/77
4/76

6611
661
724¢
3764
66ub
1374
661>
6631
6616
7¢¢v
6622
477/
4/76
5/6¢

/FORCE AN
CLA
TaD
UCA
TAD
UCA
TAD
DEAL
[ON
NOP
[1UF
HALT
CLA
SCOPLE

/ULLS TP1 CLEAKR PARK
UCMA
TIB
178
TAD
De AL
TTA
OFSE
HAL I
SCOPE

/Wil NED SET Dunt
OCEA
UCMA
CLA!CMA
DCA WwC
UMAW
TAD
Ue AL
TTA
DEAC
NQP
Uk SC
HALT
SCOPL
NPAGE

INTERRUPT

(JMP |
doll
(.+11
ddL e
(3000

Jode

(36109

(399w

WITH INEU

/SEL NON EXISTANT uUlSU

/ntU Uiu NOT RALSE AN INTERRUPT
I'* r ”"

/ULLAR PER

/121 LL PAR

/GEN UEP VIA NEU

/SEl NEU === FPER [F PAR SET
/SKIP ON NO ERRUR

(TRC)?

/CLEAKR EXI1 ADURESS

/S5t WORD CUUNT OVERFLUW

/LJUAD EXT AUDRESS = RAISE NE&X
/SET NeU GENFRAITE UeP

/READ STAIUS

UONE ?

/dlu nNeu St

/NY
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1562
1569
1564
1565
1566
1567
1579
1571
1572
1573
1574
1575
1576
1577
160v

1601
1602
16048
1004
1605
1606
1607
1619
1611
1612
1619
1614
1o61b
1610
1617

1600
7750
1529
54p2
7776
guez
302w
164L
1629
1453
1601
$411
3242
P46y
577/

7402
3/76
3775
1/76
66US
7200
6624
3/74
1/74
7041
1776
7449
4774
7200
5601

PAGLE

NPAGE
/STATIC AUORESS REGISTER I1EST (UISK MOTUR UFtH)
/JMS UMA, AC=UATA
UMA, XX
OCA Ga
UCa lACN
TAD GA )
6623 /LOAD AUDRESS RtG
CLA
6624 /READ AUDRESS REG
OCA BA
TAD BA
ClA
TAD GA
S£A
JMS BADADU
CLA
JMP [ OMA

31



/STATIC TeST OF EXTENUEU AUURESS REGISTER (UISK MUTOR OFF)
/JMS EMA AC=DATA

1620 7402 EMA, X X

1621 8372 AND (8770

1622 3776 ODCA GA

1629 1776 TAD GA

1624 6615 UL AL /LOAD EXT AUDKESS
162> 7200 CLA

1626 6614 6614 /REAU EXT AUURESS
1627/ AS72 AND (8770

1630  $/74 UCA BA

1631 1774 TAD BA

1632 70641 ClA

1639 1776 TAD GA

1634 7446 S£A

168> 477 JMS BADADU

16406 7204 CLA

163/ 5624 JMP | EMA

/JSTATIC UDATA REGISTER TES! (DISK MQIQOR uUbt)
/JMS OMB, AC=z=DAlA '

1649 7402 UyB, X X
1641 3771 OCA GO
164¢ 7¢4J CLA!CMA
1048 3/7¢ ULA WO
1644 1386/ TAp (Gp=-1
164> 377> CCA TACW
1646 66L4 664 /LOAD UMB
164/ 7¢4¢ CLAICMA
1659 377¢ OCA wC
1051 14876 TAD (bd=1
1652 377> UCA TACW
1658 66Lke 66072 /READ
1054 6634 6634 /RALISE A REWULSI
1655  7¢du CLA

1656 1/71 TAD GU
1657 70641 ClLA

1666 1767 TAD Bu
1661 7449 SZA

1662 4/66 JMS bBADCOM
1068 7209 CLA

1064 5649 JMP [ OMB
1766 A434 PAGE

176/ 3417

1/70 7/5¢

1/71 342¢

1/72 3/7¢

1778 05uv

1/74 341>

1/7> 7/51

1776 3416

1777 2600
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2000
2001
2002
2008
2004
2005
2046
2987
2010
2011
2012
2013
2014
2015
2174
217>
2176
2177

2209
2201
2212
2203
2204
2205
2206
220/
2210
2211
221¢
2218
2214
221>
2216
221/
222v
2221
2222
2229

521>
7200
/6L 4
4777
H2ul
72¢0
7664
4776
5265
720
7604
4/75
4211
5774
2200
1620
1601
164¢

477
661
6611
4776
7260
1875
6612
663,
6652
4774
6620
3/74
1372
7¢41
1/74
7659
he2s
17798
4/71
4777

JMP
SwOMB,
LAS
JMS
JMP
SwUMA,
LAS
JMS
JMP
SWEMA,
LAS
JMS
Ji1S
NPAGE
PAGE

/INIERFACE USING SFeClAL

*15
CLA

LUmB
SwOMB
CLA

DMA
SwOMA
CLA

EMA
SWEMA

/JMP ARQUND SLOPE LuUUPS

101S

/CAN WE SHIFT OUISC MEMORY AUODRESS WITH uUMA

Scup
DCMA
6611

JMS SAD /St

CLA
TAD
UMAW
TTB
778

2

(2525

/GEN TF1,

JUALTA TO UMA

JMS SAP /SHIFT uUMaA
/REAL CMAC

OMAC
GCA
TAD
Cla
TAD

SNAICLA /1EST

JMP
TAU
HALT
ScopP

BA
(1252

bA

o+ 3

/LJAU UMmA

CLEAR SAD, SET MAu

C/WHAT UATA SHUULD Bb

BA /LOALU AC wllH BA

£

/ACL =

33
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/CAN WE SHIFT DMA WwlTH MAU SEI

2904 47706 JMS SAD /sSEl SaAD
2229  7246Y CLa
2226 187y TAD (9252 JUALA 10 UMA
2227  66€5 OMAW /LOAD CMA AnU SET ACh
2230 6632 178 /JGEN TFl, CLEAR SAD StT MaAU
2231 6632 TTH
232 4774 JMS SAP /SHIF1 UMA
2235 6626 UMAC /READ LMA
2234 3778 OCA BA /TEMP SIOURE
223> 186/ TAD (6525 /WHAT DATA >SHUULU Bt
2236 7041 ClA .
2237 1778 Tal ga
22406  76%¢ SNA!CLA /ZITEST
2241 5244 JMP L+ ,
2242 1778 TAD Ba /LOAD AC wliH HBA
2248 4771 HAL I
2244 47/ SCOPE
/

/10 PASS THIS, THE PKReVIuuS 1EST MUSI BE LOOU!!
/SHIFT UMA wlTH MAL CLtAped

2245 1860 TAD (7257 /JMAU ANU AULH SHUULDU Bt CLEAREU
2246  3/6> Uca GA
224/ 6651 TTA /Al lH SAD SET=SAP
225J 6626 OMAC /HEAU UMA
2¢51 3778 OCA BA
2252 177 TAD Ba
2¢59 7441 Cila
2254 176> 1AD GA /5-0uLl BE /202
2255 765¢ SNA!CLA /COMPARED
2256 5261 JMP . +3 /GJU0
2257 1778 TAD Ba /gay
2260 4771 HAL I /BAU IS IN AC
2261 76b4 LAS /SCUPE LOOP SET UP
22672 n364 AND (120b
2269 764 SZA!CLA
2264 S/64 JMP RETURN=+1
/
/T0 PASS IHIS THE FREVIUUS TEST MUSI gt Luuu!:
2265 1362 TAD (5525 /MAU ANU ACH SHUULD Bt CLEARED
2260 3/6> pca Ga
2267 6631 TTA /wliH SAD SET=SAP=L0HIr 1 DMA
2270 6626 OMAC /REAU UMA
2¢71 37798 UCA BA
2272 1774 TAD BA
2273 7041 ClA
2274 176> TAD GaA /sA0ULL Bk 95¢b
2275 7650 SNA!ICLA /UIOMPARE
2276 531 JMP . +3 /w000
2277 177 TAD BA /8AU
2500 4771 HALT /B8AU0 IS [N AC
23501 7604 LAS . /5CUPL LOUP SET UP
280¢ 0s64 AND (1200
238P8 764 SZA'CLA
2504 5769 JMP REeTURN+1
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2305
2306
23807
231y

2911
2812
2818
2514
2815
2816
2517/
282V
2821
2322
2382
2324
282>
2526
282/
AR
2831
2832
23838
2834
28359
28306
28387
2544
2941
2542

25851
2852
2353
2354
2855
2856
2857
236U
2561
2386¢
2563
23564
2565
2566
23867
2370
2371
23872
28798
2374
2875
2576
2387/

4761
6612
4771
4777

6601
6611
7240
3760
7249
375/
1356
3755
4/54
7244
3/57
1365
3/95
4754
6602
6634
1290
1352
7041
1756
7654
5541
1756
4771
4/77
5/91

24L1©
7/77
3¢
3p24
7/91
3417
7754
342¢
Svi/
592%
3259
100K
3416
7252
6925
Heb2
Va4l
1252
341>
301d
2525
K17Y1"]
3247¢

/INTERFACE USING SFECIAL IIMING PULSES
/SKIP ON ADC PULSE
JMS AULC
LSAC
HALT /ADC NCT St
SCCPE
/
JSHIFT MEMORY BUFFER/SHIFIS SEVEND
DCMA
ODCEA
CLAICMA
DCA GO
CLA!CMA
DCA WC
TAD (GO<=1
OCa IaCw
JMS SUP /SHIFT UATA PULSE/LUAU UMb
CLA!'CMA
DCA WC
TAD (BD-1
DCA TACW
JMS CLADC
6602 /REAU
6634 /RALSE A REJUESI
CLA
TAD (7777
ClA
TAD BD
SWA :CLA
JMP ,+3
TAD Bu
HALT /FALLEL SHIFTINL UnB
SCOPE )
NPAGE
PAUSE
/PUP=-8 UISCLESS RMX> - | AFE 4
PAGL
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2400
2401
2402
24038
2404
2405
2406
240/
241u
2411
2412
24138
2414
2415
2416
241/
2420
24z1
242¢
2423
2424
2429
2476
2427
2430

66C1
6611
7208
$77/
7244
3776
18/5
S$774
4779
724k
$//76
1372
3774
4771
6602
6634
72¢v
18/7¢
7041
1/72
7650
5230
1//5
476/
4/66

/SHIFT MEMORY BUFFER SHIFI

DCMA

DCEA

CLA

bCca GO
CLA!CMA
DCA wWC
TaD (GD=1
UCA [ACW

JMS SUP /SHIFT UATA PUL

CLA!CMA
UCA WC(C
1AD (BU=-1
OCcA JACwW
JMS CLADC
66d2
6634
CLA

. TAD (440v
CilA
Tald Hu
SNAICLA
JMP .43
Talb HO
HAL T /JEALLEC TeSH
stort

tERO

SE/LUAU UMB

/JWHAT DATA >SHUULU be AFTER SHIFT

UM SHIFI
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/SHIFT MEMORY BUFFERS (25¢9) UNE SHItI

2431 7200 CLA

2432 6601 DCMA

2435 6611 UCEA

2434 1565 TAU (2525

243> 3777 DCa GV

2436  724¢ CLAICMA

2437 3776 UCA WC

2446 137> TAD (GD-1

2441 3774 UCA TACw

2442 4773 JMS SUP /MOP ALSO SET NOW/SHIFIT DATA
2448 7240 CLAICMA

2444 3776 UCA WC

2445 14872 TAD (BO-1

2446 3/74 UDCA TACHW

244/ 4771 JMS CLADC

2450 6612 6662 /REAU
2451 6634 6634 /RAISE A ReQuUESH
2452 7200 CLA

2455 1564 TAD (5252

2454 7p41 Cla

245> 1/75 TaD BuU

2456 765V SNAICLA

245/ 5267 JMP ,+8

2460 177> TAD BU

2461 4/6/ HAL I

2462 4/66 SCOPLE
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2469
2464
2469
2466
246/
247w
2471
2472
2479
2474
24759
2476
2477/
2200
o5l
2512
2296 S
2o04
251D
2o b
254/
2519
2511
2912
2219
2514
2519

6601
6611
7200
136>
$777
7248¢
3776
1875
3774
4773
6631
7248v¢
37706
1372
3774
4771
666
6634
7200
186>
7941
1/75
7654J
551>
1779
4/6/
4/66

/SHIFT MEMORY BUFFLER

UCMA

UCEA

CLA

TAD (2525
uca GU
CLA!CMA
UCA WC
TAD (LD=1
UCA 1ACwW
JMS SuP
TTA
CLAICMA
JCA WC
TAD (bOD-1
UCA [ACW
JMS CLADC
66072

6634

CLA

TAD (2525
ClA

TAD HUL
SNALTCLA
JMP .43
TAU BU
HALT
SCOrE

(2222)

/S5HLF
/X 1IRA

/REAU
/RALSE

38
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22106
2269
2564
2965
22606
256/
257vu
2571
2n7¢
227
2574
2979
2270
297/

2117
26001
262
2008
2614
266Y
2600
200/
261w
2611
2612
2619
2614
2012
2o0lo
26017

2629
2621
2622
2629
2624
2625
2626
20607
20636
26351
2632
2639
2634
2635

2036
2637
204%
2641

5764
2664
525¢
2b2b
Se24¢
T
469y
363y
3416
Su24
7/51
S41/
7/5¢
429

72uvd
66D
4777
724¢
66¢5
477/
6626
3776
13875
7041
1/76
765¢
521/
1776
4774
4/78

7410
5239
bbbl
4772
664
6632
6616
6671
7450
4774
6621
741¢
4774
4773

4/7¢
6622
4774
4773

NPAGE
PAGE

/

/oHILF i UMA W
CLA
UMAW
JMS SAP
CLA!CMA
DMAW
JMS SAP
UMAC
GCA BA
TAD (977
ClA
TaD BA
SN'A!CLA
JMP L+
TAD BA
HAL |
SCUPL

/

/JUATA RELGUES

Su1l,
JMP . +14
JCMA
JMS AUC
6604
TTb
DeAC
AnD (4
SWA
HALT
UFSE
SKP
HALT
SCOPE

/

/CHECK GENER
JMS TCR
Dt sC
HAL T
SCOPE

[TH ACF #b=U

/OMA11l TO #£tRU

/CLEAR ACH

/LOAD ALL StVvew

/SHIFT UMA

/READ CMAC

/TeM STORE

7 /WHAT DATA SHUULU Bt
/TEST

T LATe/STATUS AND SAIP ILkS!
SKP
/VALLU FUR B55 UNLY
/CL URL

/RALSE A REUUESI
/GENERAITE DeP
/REAU STAIUS

/UATA ReQUEST LATE STAITUS NOT SET
/SKX1P ON NOUO EXROUR
/SA1PEU ON URL

ATIUON CF JONE FLAL

/SET UCNE FLAUL

/SKIP CN FLAG
/NO DONe FLAG
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26472
2649
2644
2645
26406
264/
265y
2651
2052
2655

2054
2655
2650
2065/
2660
2661
2662
2069
2664
2665
2660
266/
207v
2671
207 ¢
2679
2674
2675
20670
267/
2/vio
2701
2/¢¢
2769
2/64
2705

7200
136/
36l
1366
362
477¢
661
70bw
4/74
4774

6611
7260
136>
3564
661>
724¢
4,69
66ul
2564
5261
6616
N$62
1561
745¢
5275
6616
4774
4774
726v
47635
6641
66106
ns6e
744¢
4/74
4774

/EORCE AN INTERRUPT WITH IR

/

CLA

TAD (JUMP [ 00Qve

DCA 2ud1

TAD (.+6

UCA Y0J2

JMS TCR /st IRU

I0ON

NOP

HALT /TRC Ulu NOI RALISE IN
SCOPL

/INCREMENT EXTERNAL MEMURY A0URESS/EM,

UCEA

CLA

TAD (=87

JCA (XX

DEAL /ULEAR EXT AUURESS
CLA!CMA

JMS UeP /LGAD [MA Stl ACH
UCMA /INCReMENT EMA

1S2 (xX /COUNTER

JMP ,-4

UL AC /READ EMA

Awl (37¢L

TAD (=378¢

SwnA /TEST

JMP . +3

UL AL /REA() EMA

HAL | /AC = 27

SCOPE

CLatiMa

JMS DepP /LJAU UMA SET ACH
UCMA /INUREMEN! EMA
UEAC

AND (3702

S£A

HAL T

SCOPE
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2/06
2/07
2/1v
2/11
2/12

2718
2/14
271>
2/16
2717
2/2¢
2/21

2/22
2/2%
2/24
2/29
2/26
2727
2/3v
2/31
2/51
2752
2/5%
2/54
2/59
2/56
2/5/
2/6V
2/61
2/62
2/6$
2/64
2/69
2/66
2/6/7
2/7u
2/71
2172
2/738
2774
2/7%
2/76
2717/
2732

2/38

2/34
2/35
2/36
2737
274y
2/41

4760
7604
Bs74
7644
575/

4/6y
6611
6601
7604
Bsoo
764¢
5755

726k
6611
1554
3753
3752
4751
2/52
720¢
Sps1
3400
3411
7764
VoLY
Neue
1471
303U
41009
370
344
7402
7741
2659
54¢ 2
YR
A
Jv17
3242
0400
5777
3415
3013
1759
2/4/
5327
6611
6601
4746
4745
5744

¢LOOP ON ROUTINEL
JMS CLADC
LAS
AND (47 /LOUP ON SHIF 1 ANU STATUS RLG
SZAiCLA
JMP OYA /sHIF1 ANU STATUS TS|
/
/ s
/TLST FUR SKIPING LIGHT BUX TEST
/
JMS CLADC
DCEA
UCMA
LAS
AND (200
SZAVCLA /SKIP LIGHT KUT
JMP BEGIN /YES
/
/AUTOMATIC CONTROL FOR LIGLHI ©OX
CLA
DCEA
TAD (7769 /\UMBER b THALKS
bCAa CTaA
UCA KA /TRACK NUMBLR
JMS LGBOX /LIGHT BUX rRUUTINE
[SZ2 KA
CLA
TAD KA

/TRACK NUMGZER INCREMENTED

ISz CIlA /UJNE

JMP -5 /NO

QCE A /YES

DCMa /CLEAR UISC

SCOPE

JMS CLADC

JMP BEGIN /60 TU STARI UF PRUOLKAM
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2/44
2/45
2/40
2/47
2/50

Judo
SVl
Swiid
S0
Suné
RY/Fle)
Souvb
Jgvi/
JV1lv
Jull
$W12

Swlys
Sy14
Sv1v
Sw16

Su1/
Ry
RY/B
3022
Sved

NP
RP
Sv206
Sv2/

Sudvu
SCd1L
Jude
KUK

Bowy
3030
3242
4411
3470

/b f
6b6ub
663¢
6t 3
héE $2
6632
R Vs
a6 dl
663¢

581

5606

74y¢ ¢
429
65631
5614

7412
42ud
66372
663¢
Sel/

7427
421/
AR S
5674

74¢ 2
665¢<
665¢
563¢c

PALL

/UUMMANUS TO BE GENERATED WITH SPECLAL (UID
/ROUTINE TO SET SEARCH ADURESS/SaU
SAU, XX

6606 /St MhS WIIH LAD

T7h /St ArJ

1T /5t LA

TIR ) /CL TuA, SEI ICH

1B /5t 1CA

TIB /bl TULA, CL TUB, St mwr
Tin /LL AadlL TQ SYwC DRS

ITb /URS=SFI1 wltL

TTA /St SAU

JMp 1 5aD /ex1]

/FUUTINE 10 SET SHIFT AUUKESS PU{ SE/SAP
SAaP, X x )

JMS SAY

TTA /SHIFT uUMA

JMP | SAP /ex1T
/ROUTINE FOR SETTING AJURESS CONFIRMEUZAUL
ApcC, XX

JMS SAU /SAU ANY AZSC SHOULD st St

Tib

Tin /o5t ACC oL SAU

JMP [ ApC /ex |1

/JRUOUTINE 10 SHIFT MEMURY BUFFER/SUP
DUPI XX

JMS aucC

T'ia /SHIFT UMR

JMP | SQOP
/ROUTINE 10 CLEAR AaJL "rE"
LLAUL; XA

Tio

Tk

JP I CLAUC
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JROUTINL TO ST TRANSFER COMPLETE TLR

3Jv34 7402 TCR, XX
S35 6601 DCMA
Ju36 7240 CLAICMA
3v3/ 3777 OCA WC
3040 7240 CLA!CMA
341 3776 DCA [ACwW /JWRITE ONL WORU WLO SHOULD BE SET
3042 4244 JMS DOtP
3v4s 5634 JMP 1 TCR
/ROUTINE FOR OATA END PULSE/DEP
3044 7402 DeP, XX
304> 4217 JMS ADC
dv46 6632 TrB
Jud/ 6632 778 /GENERATE TP1
SUS5w 5644 JMP 1 DEP

/LIGHT BOX USED TO TEST TRACK SkLECIIUN
/SET OR CLEAR M"WFF"?

3u51 7482 LuBUX, XX

Sus52 6601 UCMA

353 3375 DCA (X /STURE SWITCH

3v54 137> TAD (XX

355 Bs74 AND (4 /MASK FUR "WFE"™

Jus6 7459 SNA /SE! UR CLEAR

3vS/ 5264 JMP . +5 /CLEAR

Jvbw 426/ JMS KWFF /LOAD OMB, UMA CLEAKR WFF
3061 6631 TTA /GEN UPS SEL WFF

Jvb2 4511 JMS STALL .

368 5651 JMP I LOLBOX

Jvb4 4267 JMS KWFF /LOAD DMB, UMA ANU CLEAR WHF
3065 43811 JMS STALL

366 5651 JMP I LGBOX
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367
Jy70
du71
3u7¢
Ju7$
Sv74
Su7o
Sv706
Sw7/
S1vv
3101
3162
S143
S1vd
314°
S1¢06
310/
31l1lv
3111
3112
3118
3114
J11°
$116
311/
3120
$121
3122
3129
35124
3125
3126
312/
3134
3131
3132
3139
3134
313>
3136
3137
5149

740¥¢
720¢
13748
3772
1371
3776
137>
7912
6611
6631
6632
421/
137>
71v4
766
7006
661>
Y667
74072
724¢
137¢
33822
2428
581>
2322
531>
5711
Do
20
7402
3767
76¢«
J3606
7654
533/
1324
136>
3424
1724
3324
1767
5724

/RUUTINE TO0 CLEAR WwFF

KWFF o, X X
CLA
TAG (7777
DCA GO
TAD (GD=-1
UCA TACW
TAD (XX
RTR
6611
6631
6632
JMS AUC
TAD (xX
RAL!CLL
RIL
RTL
Ot AL
JMP | KAFF

STALL, XX
CLA!ICMA
TaD (/740
OCA .+6
sz .+6
JMP -1
IS ,+3
JMpP =3
JMP I STALL
"
o]

IPRINT, X X
JCA AC
LAS
AND (424K
SNAICLA
JMP . +6
TAD IFPRINT
TAD (-2
DCA [PRINT
TAD I IPRINI
OCA IFRINT
TAD AC
JMP T IPRINI

/SWITUH

/UATA FOR MB

REG

/CL TRACK

/SwWiTULH

/LOAU EXT AUDRESS
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316>
3166
3167
317¢
3171
3172
317
3174
317>
3176
3177

S29v
3201
3202
3208
3204

3¢eo
3206
Scu/

3e1v
3211
3212

3214
3214
Se1o

3216
3217
$22v

Jez1
3222
3228

7776
4600
3404
774
3417
3429
7777
Qp4
7402
7/51
7754

6611
4777

6632
6682
5204

6611
4776
52uL5

6611
4775
521k

6611
4774
521

6611
477
5216

6611
4/72

5221

PAGE

/MAINTENANCE SCUPE LOOPRS
/SEARCH AUDODRESS
SA, UCEA

JMS SAD

TT18B

TTH

JMP . -4
/SHIFT ADDRESS PULSE
Su» DCEA

JMS SAP

JMP 0-2
/AUDURESS CONFIRMED
SC» UCEA

JMS AUC

JMP -2
/SHIFT UATA PULSE
Su» DCEA

JMS SUP

JMP =2
/JUATA END PULSE
St» DCEA

JMS OtP

JMP . =2
/1RANSFER COMPLETE
St DCLA

JMS TCRr

NP -2
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/MAINTENANCE SCOPt LOOPeS FOR 1UTS
/USt SR 8 TO 11 70O SELECT 10T
3224 700Y  Su. NUP

32 72u% CLA
Je26 3771 LCA wC
322/ 377¢ DCA [ACwW : .
3230 7604 LAS /10P SELECTION
3231 Q867 AND (6437
3232 1866 TAD (6610
3238 3234 DCA ++1 JGENERATE [UT
3¢34 742 x X
3235 70LW NOP /exXtCule 10T
3236 5225 JiAP SG+1 /LOUP
/SCUPE LOUP FOR LIGHT 3UXs, SR o-11 bLWJUAL [RALK
$¢3/7 7664  SH, LAS JAC = TRACK
Jc4u  4/65 JMS LLRUX
S241 523/ JMP =2
/SCuPer LOGCP SETUP
342 74L2  SCOPLA, X X
3248 7664 LAS
3244 BS64 AanD (1400
Sedn 764y SAAICLA
3246 5692 JMP [ RETURNN
324/ 1242 TAD SCIOPEA
3250  d2ve OCA RETURN
3251 5647 JMP | SCOPEA
/
/PULIWVTER FOR SCUPE LO0P
$¢5¢ 33563 HLIFURNI (BELIN
3258 5652 JMP L, el



1. FLOW CHARTS

11.1 Basic Flow

~|

DISCLESS
SA 77
ERROR STATIC LOGIC
PRINTOUT TEST
YES
HALT NO

SA 101 {

ERROR

PRINTOUT REGISTER TEST

N

YES
HALT NO
SA 102 {
SHIFT, ERROR, -
ERROR STATUS, DONE,
_PRINTOUT AND INTERRUPT
TEST
o YES
HA
LT ~o vES
NO

TRACK SELECTION
TEST
(LIGHT CARD)

N~

47



11.2 Detail Flow

DISCLESS DF32

ENTER

1 ¥
START KEY NO (TRC) FLAG
0—=(TRC) DMAW
DSAC ADDRESS ACCEPT
0—AC CLEAR (DBR)
START KEY NO FLAG
0—(ADC) DMAR
DISC EXT NO SYNC
EMA =0 STATUS
COMPUTER NO PARITY
EXT EA=0 ERROR STATUS
DOES WC AND SELECT ERROR
CA BREAK STATUS
DMAW WLO "OFF"
0—AC STATUS
DMAR EM3 GENERATES
0—AC PSM STATUS
DMAC NOT EM2 GENERATES
SKIP (PSM) STATUS
DMAC EM1 GENERATES
0—=AC (PSM) STATUS
START KEY DISC EXT
0— (DRL) STATUS EMA=SEVENS

NO (NED)
STATUS

COMPUTER EXT
EQUAL SEVENS

«

L

48

3 R |
SKIP ON NO SHIFT DMA
ERROR (7252)

NO SKIP ON
INTERRUPT (ADC)
DMA TEST SHIFT DMB
(NO SHIFT) (7777)
EMA TEST SHIFT DMB
(NO SHIFTS) (0000)
DMB TEST SHIFT DMB
(NO SHIFTS) (2525)
EM3 GENERATES SHIFT DMB
(NEX STATUS)
INTERRUPT SHIFT DMA
ON NED (5777)
TP1 CLEAR RAISE (DRL)
PAR SKIP ON (DRL)
WILL (NED) SET (TRC)
SET (TRC)
SHIFT DMA " INTERRUPT
(2525) ON TRC
SHIFT DMA | INCREMENT
(5252) EMA
SHIFT DMA LIGHT CARD
(6525) CTEST

t 4

START OVER



