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I NTRODUCT l'ON 

THIS MANUAL IS DESIGNED TO ASSIST OPERA10RS, PROGRAMMERS, 
AND'MA INTENANCE PERSONNEL IN THE USE OF THE L 1 NC TAPE SYSTEM WITH 
A NOVA, SUPER NOVA, NOVA 800 SERIES, OR NOVA 1200 SERIES COMPUTER. 
A KNOWLEDGtOF THE OPERATION 'OF THE NOVA IS ASSUMED. 

NO DATA GENERAL OPTIONS, EXCEPT THE 1/0 CONNECTOR ARE REQUIRED. 
HOWEVER, IT IS ASSUMED THRUOUT THIS MANUAL, THAT A TELETYPE * 
OR EQUIVAL~NT 1/0 DEVICE IS AVAILABLE. THE 1/0 CONNECTOR 
IS ·STANDARD ON THE 1210,,1220, AND 820 NOVA COMPUTERS. 

* TELETyPE IS A TRADEMARK OF THE TELETYPE CORPORATION. 





1 ~0 GENERAL DESCRIPTION 

THE CO-600-NP LINCTAPE SYSTEM CONSISTS OF TWO (OH MORE)URIVES 
AND A COMMUN ELECTRONICS SYSTEM. EACH DRIVE HANDLES ONE 
REEL OF LINCTAPE. 

EACH TAPE IS DIVIDED INTO SECTORS OR BLOCKS. THERE ARE ~00 
(620 OCTAL) SUCH BLOCKS PER TAPE, NUMBERED 0 THRU 399. EACH 
BLOCK' CONT A I NS 256 WORDS OF 16 BI TS EACH. ,EACH BLOCK IS 
AnDRESSABLE AND THE TRANSFERRING OF DATA (READING OR WRITING) 
I S nONE 'ONI::. OR MORE BLOCKS AT A T I ME. THUS, L 1 NC T APE IS 
MORE AKIN TO A DISC THAN IT IS TO INDUSTRY COMPATI~LE TAPE. 

FOR INSTANCE, ASSUME THAT IT IS DESIRABLE TO SAVE 
A DATA BUFFER THAT EXISTS IN COHE FROM LOCATION 310100 THRU 3777 
(OCTAL). IT CAN BE WRITTEN OUT ONTO LINCTAPE AS FOLLOWS: 

~UB 

DOB 
LOA 
LOA 
l_DA 
JSR@l 
-. 
... 

0,0 
0,LINC 
eJ,BLKNO. 
1,NBLKS 
2,FCORE 
WLINC 

BLKNO: 100 
NBLKS: 2 
FOORE: 30010 
WLINC: X741c16 
RL INC: X741c13 

SELECT DRIVE NO 0 
LOADAC0 WITH 1ST BLOCK NUMBER 
LOAD AC1 WITH NUMBER OF BLOCKS 
LOAD AC2 WITH 1ST CORE LOCATION 
JUMP TO THE WR I TE UT I LI TY SUBROUT I NE 

THIS ROUTINE WILL WRITE 2 BLOCKS (1000 OCTAL WORDS), STARTING 
AT CORE LOCATION 3000, ONTO THE L1NCTAPETHAT IS ON 
DRIVE 0, STARTING WITH BLOCK NUMBER 100. 

TO READ THI::. DATA BACK INTO CORE, THE SAME PROCEDURE WOULD BE 
USED~ EXCEPT THAT THE LAST INSTRUCTION WOULD BE ~JSR@l RLINC". 

ONE OF THE ADVANTAGES OF LINC TAPE OVER INDUSTRY COMPATIbLE 
TAPE SYSTEMS IS THE ABILITY TOOVER~WRITE A BLOCK~ THE SELF. 
SYNCHRONIZING FEATURES OF LINCTAPEALLOW INFORMATION TO BE 
READ,~PDAT5D~ ·AND HE-WRITTEN BACK ON THE SAME: PLACE IN TAPE. 



AMONG THE MAJOR USES OF LINCTAPE ARE: 

1. BOOT~TRAPPING. THIS ALLOWS STARTING THE COMPUTER FROM 
SCRATCH BY LOADING THE LINC UTILITIES AND OTHER U~SIRED 
PROGRAMS INTO CORE. 

2. LIBRARY STORAGE. LIBRARY PROGRAMS, SUCH AS THE A~~EMBLER 
DEBUG ROUTINES, AND DIAGNOSTICS~ CAN BE STOR~D ON TAPE 
AND LOADED INTO CORE QUICKLY AT ANY TIME. 

3. PROGRAM STORAGE. USER PROGRAMS CAN BE STORED ON LINCTAPE 
FOR RAPID, DIRECT ACCESS WHEN NEEDED. THREE PARAMETERS: 
BLOCK LOCATION, CORE LOCATIUN, AND NUMBER OF BLOCKS WILL 
SPECiFy ALL THAT IS NEEDED TO LOAD ANy OF THE PROGRAMS. 

~. PROGRAM DEBUGGING. WHEN DEBUGGING PROGRAMS, THE CURRENT 
PROGKAM CAN BE SAVED ON LINCTAPE. IF THE PROGRAM DESTROYS 
CORE, IT CAN BE QUICKLY RELOADED. IF IT REQUIRES UPDATING, 
IT CAN BE LOADED INTO CORE, UPDATED~AND WRITTEN ~ACK ONTO 
TAPE EASILY. IF EXPERIMENTAL PROGRAM MOUIFICATIONS 
ARE TO BE TRIEn, THE ORIGINAL, AND LATER ITERArIONS~ OF THE 
PROGRAM CAN BE SAVED. 

5. PROGKAM OVERLAy. LARGE PROGRAMS CAN BE BROKEN iNTO 
SMALLER SECTIONS AND LOADED iNTO CORE A SECTiON AT A TIME. 
THUS IT IS OFTEN POSSIBLE TO UTILIZE A MACHINE WITH LIMITED 
CORE TO RUN LARGE PROGRAMS USING LINCTAPE. 

6. DATA STORAGE. DATA BLOCKS CAN BE STORED ON, OR R~AD FROM 
LINCTAPE IN THE STANDARD MANNER. WRITING "IN PLACE" OFTEN 
ALLOWS THE USE OF ONE TAPE, INSTEAD OF THE USUAL TWO-THAT 
ARE REQUIRED FOR INDUSTRY COMPATiBLE SYSTEMS. 

7. DATA MERGING. MERGING TWO DATA BUFFERS CAN USUALLY BE 
DONE WITH ONE DUAL LINCTAPE SYSTEM, RATHER THAN THREE 
INDUSTRY COMPATIBLE SYSTEMS. 



2~0 sPECIFICATIONS 

2.1 SYSTEM 
DUAL TAPE DRIVE 
EXPANDABLE TO 16 DRIVES (8 DUAL) 
60 IPS TAPE SPEED IN EITHER DIRECTION 
BI-UIRECTIONAL BLOCK SEARCH AT FULL SP~ED 
UPDATE ANY SECTOR(S) DIRECTLY 
WRITE PROTECT ON EACH DRIVE 
25 SECONDS END TO END TRAVERSE TIME 
8.5 SECONDS AVERAGE ACCESS TIME 
130 MS START/STOP/REVERSE TIME 
16 ~IT PARALLEL INTERFACE 
ALG~BRAIC CHECKSUM FOR EACH BLOCK 
PERMANENT, PRE-RECORDED SECTOR ADDRESSES 

2.:2 TAPE 
SCOTCH CAT. NO. ~81-3/~-150-R~2 (UNMARKED) 
150 FEET LONG 
3/~ INCH WID~ 
10 TRACKS, 35 MIL, FULLY REDUNDANT 
SANDWICH· TAPE FOR LONG TAPE AND HEAD LIFE 
3-t3/16 INCH DIAMETER 'REEL 
~00 BPI PHASt RECORDING 
16 ~IT WORD 
102,~00 WORDS PER REEL (20~,800 BYTES) 
~200 wORDS/SECOND TRANSFER RATE (8~00 BYTES/SECOND) 
~00 DATA BLOCKS 
256 WORDS/BLOCK 

2.3 PHYSICAL 
8-3/~"H X 19"W X 12-3/16"0 RACK MOUNT 
2.118 FRONT PROJECTION 
10-1/16 REAR PROJECTION (EXCLUDING PLUGS) 
105-125 VOLTS, 60 HZ, 100 WATTS (50 HZ AVAILABLE) 
35 I-'OUNDS 

2.4 MOUNTING 

THE LINCTAPE IS DESIGNED FOR STANDARD RACK MOUNTING. THE 
DIMENSIONS ARE SHOWN IN FIGURE 2.1. IT IS ADVISABLE TO 
PROTECT'THt 'HEADS, GUIDES, AND TAPE FROM,DIRT AND DUST BY KEEPING 
THE FRONT DOOR CLOSED IN OPERATION. HOWEVER, IN A LABORATORy 
ENV1RONMENT,THE DOOR MAY BE REMOVED By TWO SCREWS NEAR THE HINGE. 

POWER, I/O, AND SLAVE CONNECTIONS ARE MADE IN THE REAR OF THE 
UNIT. ACCESS TO THE ELECTRONIC BOARDS IS MADE BY SWINGLNG THE REAR 
PANEL OR BY REMOVING THE REAR COVER OR THE TOP COVER. 



.3 
1------- /8 - ------1 

8 
---L ~--------------------n Ii 

3 2 

c::t;:================~~61 T -j 1J 
I --r-- _~~ 
1-1"_--/65 __ ~.1 /1] ~- I 

8 ;{ 
70P v/€It./ It/ITIIOVTLJOtJ~ R19CK /770UN T//V6 C_I_7 _______ • + _________ -.- £>/PJG"NS IONS 

\ \~ \ 
\\ \ 
\\ \ 

I 

\ ~ \ 

\, \ \ 
\\ \ 
\~ \ 
\\ \ 

, " \ 

~ \\\ 
\\ \ 
\~_.l 

- - ----=-==:. ... ~ 
TOP YIEW tv/TN £)OO~ 

FIGVRE t?1 
()V Tl/NE DIP/ENS/PHS 

n 
8 8 

~ i 



2.5 PACKING LIST 

CO-6f2JIt3-NP ,MASTER L I NCTAPE UN! T 
1 EA DUAL L I NCTAPE' DRIVE SYSTEM WI THHEAD/WR I TE, ELECTRONICS 
1 E A " LIN E COR 0 
1 EA 11'0 CABLE 
2 EA REELS ;OF MARKED L I NCTAPE 
1 EA INSTRUCTION· BOOK 

CO·6f2J~ 

1 EA 
1 EA 
1 EA 
2 EA 
1 EA 

SLAVE UNIT 
. DUAL L I NeT APE SLAVE DR,! VE· SYSTEM 
LINE CORD 
SLAVE ADAPTER CABLE 
REELS OF MARKED TAPE 
INSTRUCTION BOOK 

NOTE.: ADDITIONAL .LINCTAPES, PRE-MARKED AND CERTIFIED, MAY 
BE Ob TA I NED FROM OOMPUTER OPERAT IONS,' INC. 



.:-.ll IN::iTALLATION 

TH~ CPU MUST HAVE THE 1/0 CONNECTOR OPTION FOR PROPER 
INSTALLATION: 

NUVA DATA GENERAL TYPE 4-022 
SUPERNOVA " " " 81022 
NuVA 800 " " " 8222 
NUVA 1200 " " " 8122 
ST ANDARD Ol\) THE 1 21 r2J, , 12210, ANiJ 820. 

j.l MOUNT lHE LINCTAPE. IF THE LINCTAPE IS TO 8E RACK MOUNTED: 
A. REMOVE THE DOOR BY REMOVING THE TWO SCREWS HOLDING THE 

HINGE BLOCK TO TH~ FRONT PANEL. BE CAREFUL NOT TO SCRATCH 
TH~ HEADS OR THE GUIDES. 

BJ PLACE THE LINCTAPE IN POSITION AND FASTEN FIRMLY IN PLACE 
US ING FOUR SCREWS THRU THE FLANGE SLOTS. I TIS ADV I SABLE 
TO PROTECT THE FRONT PANEL FIN I SH By 'US I NG A F I IjER OR 
PLASTIC WASHER UNDER THE SCREW HEADS. 

C. REPLACE THE DOOR, BEING SURE IT IS POSITIONED TO 
CLUSE PROPERLY. 

3.2 CONNECT, THE POWER CABLES. I FIT I S DES I RED TO 'HAVE THE COMPLE TE 
SYSTEM TURN ON AND OFF wITH THE COMPUTER POW~R SWITCH: 

A. TURN OFF ALL POWER TO THE SYSTEM. 
B. PLUG THE LINCTAPE POWER CABLE I[\)TO THE OUTLET IN THE BACK 

OF THE COMPUTER. 
C. PLUG THE NEXT PERIPHERAL DEVICE (SUCH AS 'THE TELETyPE) 

INTO THE 'OUTLET IN THE BACK OF THE LINCTAPE. REFER TO 
TH~ DATA GENERAL MANUAL TO DETERMINE TH~ PERMISSIBLE 
LOAD. LINCTAPE DRAWS ABOUT 1 AMP. 

3.3 CONNECT THE 1/0 CABLES. THIS CONNECTION DEPENDS ON THE OTHER 
PERIPHERALS IN THE SYSTEM. ONE OF THE FOLLOWING CONNECTIONS 
SHOULD BE MADE: 

A. IF THE LINCTAPE IS THE ONLY PERIPHERAL ON THE 1/0 
CONNECTOR, SIMPLY CONNECT THE 1/0 CABLE (SUPPLIED WITH 
LINCTAPE) BETWEEN THE COMPUTER 1/0 CONNECTOR AND EITHER OF 
THE LINCTAPE 1/0 CONNECTORS~ LEAVE THE REMAINING CONNECTOR 
ON THE LINCTAPE OPEN. 

B. I F OTHER, PER I PHERALS ARE TO BE CONNECTED ON THE SAME 
LINE, THEY CAN BE "DAISY CHAINED" BY USING BOTH CONNECTORS 
ON THE LINCTAPE. IN THIS CASE, CONNECT THE 1/0 CABLE 
BETWEEN THE COMPUTER AND LINCTAPE AS IN "A" ABOVE. THEN 
CONNECT THE NEXT PERIPHERAL CABLE TO THE REMAINING 1/0 
CONNECTOR ON THE LINCTAPE. AT THE END OF THIS 
CHAIN, ,AN 1/,0 TERMINATOR SHOULD BE USED. POWER FOR THE 
TERMINATOR MUST BE SUPPLIED BY THE LAST PERIPHERAL. SEE 
THE "HOW TO" MANUAL, REFERENCE 1, APPENDIX A. 
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3.4 SLAVE UNIT INSTALLATION. IF ONE OR MORE SLAVE UNITS ARE TO 
BE CONNECTED, THEY MAY BE STRUNG IN "DAISY CHAIN" FASHION. 
AS MANY AS SEVEN (7) SLAVES MAY BE SO CONNECTED, OR A TOTAL 
OF 16 URIVES.SEE FTCiURE 3.2. 

THE TWU DRIVES ON THE MASTER UNIT ARE CONN~CTEU AS NUMBERS 
o AND 1. (EVEN NUMBERED DR I VES ARE ALWAYS ON THE U::.FT AND ODD 
NUMBER~D ONES ON THE RIGHT WH~N FACING THE FRONT.) SLAV~ 
UNITS ARE NORMALLY WIRED TO BE NUMBERS 2 AND 3 AT TH~ FACTORY. 
IF ADDiTIONAL SLAVES ARE ADDED, IT MAY BE i~ECESSARY TO CHANGE 
THE JUMPERS ON THE DRIVE CONTROL BOARD TO SUIT. IT 1S IMPURTANT 
THAT Nu TWO UNITS HAVE THE SAME DRIVE NUMBERS. SEE FIGURE 3.3. 

TO CHANGE THE DRIVE NUMBER FOR ANY UNIT, THE FOLLOWING STEPS 
ARE REt:lUIRED: 

1. DISCONNECT ALL POWER; 
2. R E 1"'1 0 V E THE 6 S C R EVJ S ON T HE TOP OF THE L II\] C T APE AND R E:. M 0 \ IE 

THE: COVER; 
3. DI~CONNECT THE THREE: EDGE CONNECTORS FROM THE TOP OF THE 

DRIVE CONTROL BOARD AND CAREFULLY REMOVE THE BOARD; 
4. NOTE THE POSITION OF THE THREE JUMPER WIRES NEAR THE TOP 

CENTER OF THE BOARD. THEy ARE MARKED, AND THE SUM 
OF THE MARKINGS INDICATES THE DRIVE NUMBE:R OF THE LEFT HAND 
DRIVE. THE RIGHT DRIVE IS, OF COURSE, ONE NUMBER HIGHER. 
SEE FIGURE 3.3. 

5. CAREFULLY UNSOLDER AND CHANGE THE NECESSARY JUMPERS TO SUIT. 
BE CAREFUL NOT TO DAMAGE THE PADS. 

6. REPLACE THE BOARD, THE CONNECTORS, AND THE TOP CUVER. 
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~.0 LINCTAPE OPERATION 

THE L I NCT APE, ,SYSTbM HAS TWO DR,I VES WH'! CH MAY BE, OPERATED 
SEPARATELY. THE LEFT DRIVE IS NUMBERED 0 (ZERO) AND THE RIGHT 
DR I VE I S' NUMBERED 1 (ONE). . THE TAPE IS ALWAYS MOUNTED· ,ON' THE 
RIGHT (OR SOURCE) HUB OF EACH DRIVE. THE LEFT HUB ,HAS THE 
TAKEUP RbEl WH I CH:SHOULD NOT BE: REMOVED,. 

EACH DRIVE ,HAS THREE BUTTONS ASSOCIATED WITH IT: LOAD f REWIND, 
AND WR I Tb PROTECT. NEGLECT I NG WRI TE PROTECT; THERE: ARE FOUR 
MODES OF OPERAT lON POSS I BLE· F'OR EACH DR I VE: OFF!, FORWARD, REVERSE , 
AND TENS ION. WHEN POWER IS FI RST APPL.I EO, BOTH· DRI VES WILL eE 
I N THE ,OFF MODE • 

THE LOAD' (OR LEFT) BUTTON IS THE WHITE MOMENTARY CONTACT BUTTON 
,ON THE LEFTS IDE OF EACH DRIVE. IT WiLL MOVE; THE.· TAPE FORwARD. 
'WHEN, RELEAsED, THE DR I VE W ILL BE IN J7HE, TENSION· ,MODE:. THE· OR I vE 
MUST BE 1 N THE TENS ION ·MODE BEFORE THE COMPUTER CAN, ACCESS IT. 
THE·OPERATOR SHOULD CHECK THE TENS I·ON I F THE L INCTAPE FA I LS 
TO RESPOND TO,OOMPUTER COMMANDS. 

THb REWIND (ORiR IGHT) BUTTON IS THE WH,I TE MOMENTARY CUNT ACT BuTT ON 
·ON THE RiGHT SIDE OF EACH OR I VE • IT W ILL MOVE· THE· TAPE IN THE 
REvERSE 01 RECT ION. WHEN RELEASED, THE, 'OR I vE WILL BE I N THE OFF 
MODE. 

THE WRITb PROTECT BUTTON 
LOCATED UNDER EACH ·HEAD. 
FOR THE COMPUTER TO WRITE 
PROTECTED FROM ACCIDENTAL 
,ON READ I NG. 

IS THE REO ALTERNATE ACTION BUTTON 
WHEN IT IS LIGHTED, IT, IS' IMPOSSIBLE 
ON THE,TAPE, AND THE DRIVE IS THUS 
WRITING. THE BUTTON HAS NO EFFECT 

TO MOUNT· A, TAPE ON E lTHER: DR I VE" PRESS THE· REEL F I RML Y OVER THE 
Hue UNT I LIT SNAPS INTO PLACE. PASS THE' END. ·OF· THE· TAPE: OVER 
THE GUIDES AND HEAD .AND LAY IT ON THE·TAKEUP REEL~ HUlD THE 
TAPE AGA INST ' THE. TAKEUP' REEL AND' W lND . I T ON A OOUPLE OF TURNS. 
l'lJRN THE REELS TO TAKE uP ANY SLACK, AND PRESS THE LOAD BUTTON 
BR I EFLY. THE REELS ·SHOULD STOP WI TH·THE: TAPE· I N· TENSION. 

TOUNLOAQIA,TAPE, HOLD THE REWIND (OR,RIGHT) BUTTON 
·UNT I L THE: TAPE UNW INDS. PULL THE: REEL OFF BY PRESSING AGA lNST 
THE HUB AND PULLING ·ON THE REEL UNT I L : THE: REEL SNAPS ,OFF. 



CAUTiON: CERTAIN PRECAUTIONS SHOULD B~ OBS~kVED CONCERNING 
ANy MAGNETIC TAPE SYSTEM, LINCTAP~ INCLUDED: 

(1) BE CAREFUL OF THE HEADS .AND GUIDES. DO NOT 
SCRATCH THEM; 

(2) KEEP THE TAPES, HEADS, AND GUIDES CLEAN. 
SEE SECTl()N 13; 

(3) KEEP, TAPES ·AWAY FROM STRONG MAGNETIC FIELDS, 
SUCH AS MIGHT BE FOUND NEAR TRANSFURMERS, 
MOTORS, FLUORESCENT LIGHT BALLASTS, ETC. 

(4) DO NOT USE STICKy TAPE, SUCH AS "SCOTCH" 
TAPE OR ADHESIVE LABELS, ON THE TAPE. 
IN TIME~ THE STICKY MATERIAL TENDS TO 
SEEP OUT, AND DISTRIBUTE ITSELF OVER THE 
TAPE ·AND GUIDES, CAUSING DROPOUTS. TO 
IDENTIFY A TAPE, PUT LABELS ON THE REEL. 
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5. 0 ·BOOT~ TRAP 

THE LINCTAPE BOOTSTRAP CAN BE USED WITH ANY OF THE NOVA SERIES 
COMPUTERS. IT ALLOWS QUICK AND EASY LOADING OF PROGRAM~ FROM 
LINCTAPE. 

THERE ARE TWODIFFERENTPROCEDURES# DEPENDiNG ON WHETHER 
THE COMPUTER HAS· A HARDWARE PROGRAM LOADER· OR NOT. 

THE PROCEDURE FOR THESE BOOTSTRAPS ARE DESCRIBED IN DETAIL 
IN APPENDIX A. 



~.0 KEYBOAkD EXECUTIVE ROUTINE. 

THE KEYBOAkD EXECUTIVE ROUTINE IS DESIGNED TO TRANSFER DATA AND 
PROGRAMS BtTwEEN CORE AND LINCTAPE VIA THE KEYBOARD WITH A MINIMUM 
OF OPERATOk EFFORT. IT HAS TWO MODES OF OPERATION: GENERAL 
AND AUTOMATIC. 

6.1 GENERA~ MODE. 

THE GENERAL MODE ALLOWS ANY NUMBER OF CONTIGUOUS BLOCKS OF DATA OR 
INFORMATION TO BE READ FROM OR WRITTEN ONTO LINCTAPE. THE FORMAT, 
wHICH REQUiRES 5 PARAMETERS, IS: 

*1000,10,ij,0R 
WH~RE * IS THE RESPONSE GIVEN By THE KEYBOARD 

EXEC WHEN WAITING FOR AN OPERATOR INPUT 
1000 IS THE FIRST CORE LOCATION 

10 IS THE FIRST HLOCK NUMBER 
4 IS THE NUMBER OF BLOCKS 
o IS THE DRIVE NUMBER 
R MEANS READ FROM TAPE INTO CORE. 

THIS STRING, WHEN TYPED INTO THE KEyBOARD EXEC, WILL READ THE 
CONTENTS OF BLOCKS 10 THRU 13 FROM THE TAPE ON DRIVE 0 INTO COR~ 
LOCATIONS 1000 THRU 2777. (NOTE THAT ALL NUMBERS ARE IN OCTAL.) 
COMMAS ARE IJSED TO SEPARATE THE PARAMETERS, EXCEPT NO SEPARATOR IS 
NEEDED BETWEEN THE DRIVE NUMBER AND THE COMMAND LETTER. 

RFAD (R) M~ANS TO TRANSFER BLOCKS OF DATA FROM LINCTAPE AND STORE 
THEM IN COkE. PREVIOUS DATA IN THE SPECIFIED AREAS OF CORE ARE, OF 
COURSE, LO~T. THE DATA·ON TAPE IS NOT ALTERED. 

WRITE (W) MEANS TO TRANSFER BLOCKS OF INFORMATION FROM CORE AND 
WRITE THEM ON LINCTAPE. PREVIOUS DATA IN THE SPECIFIED BLOCKS 
OF TAPE ARt LOST, BUT CORE IS NOT ALTERED. AFTER WRITING, THE 
TAPE IS CH~CKED ON A SECOND PASS. 

CHECK (C) UOES NOT TRANSFER INFORMATION, BUT IT DOES CHECK AREAS 
OF TAPE FOk PROPER CHECKSUMS. IT IS PRIMARILY USED FOR TESTING 
PURPOSES. 

THE KEyBOARD EXEC REQUIRES THE UTILITY SUBROUTINES TO BE IN CORf 
NORMALLY, bOTH ARE RESIDENT. TO RE~ENTER THE KEYBOARD EXEC AT ANY 
TIMF, START THE COMPUTER AT THE ENTRY LOCATION X7000 eX7777 IS T~jE 
HIGHEST COkE LOCATION). 



P R I:. r: A II TIll N :, A NUL I rvl I TAl ION S 
1. THERt ARE THREE COMMANDS: READ(R), WRIT~(W), AND CHECK(C); 
? ALL ~ARAMETERS MUST BE IN OCTAL; 
3. I:.ACH BLOCK CONTAINS 40~ (256 DECIMAL) WORDS. WHOLt BLOCKS 

ARE ALWAYS TRAN~FERRED. 
4. NEGATIVE NUMBER~ MllST BE ENTt.RED AS TWOS COIVJPLEr-'IEI\JT NUMBERS: 

17777h = -2 
~. ~LOCK NUMBERS BELOW ·6 (177772) ARE NOT ACCEPTABLI:. TO THE 

KtYBuARD EXEC, NOR ARE BLOCKS ABOVE h17 (OCTAL); 
A. UVER~LOW BITS ARE IGNORED. THAT IS, ONLY THI:. LOWl:.k 16 

~ITS OF THE TYPED NUMI:3ER ARE USED: 
~7777776 = 177776 = -2 

7. NlJMBl:.RS· NOT TYPl:.D ARE ASSUMED TO t::H: 7I:.RO: 
1000,,2,R Mr:ANS CORE LOC 1000, STARTING ~LOCK LERO 
~ BLOCKS, DkIVE 0, READ. 

~. IT I:, THE OPERATORS RESPONSIbILITY NOT TO READ OVER THE 
K~Y~UARD EXEC OR THE UTILITIES. THFSE RESIDI:. IN LUCATIONS 
X7000 THRLJ X7377 AND X7400 THRU X7777 RESPECTIVELY. 



6.2 AUTOMATIC MODE 

CLEARLY, IN THE- GEN~RAL MODE, IT IS NECESSARy THAT TH~ OPERATOR 
KNOW WHERE PARTICULAR ~ROGRAMS OR DATA ARE STORED UN TAP~. 
THE AUTOMATIC MODE ALLOWS FREQUENTLY USED PROGRAMS TO B~ 
RF.AD (BUT NOT WRITTEN) QUICKLY, WITHOUT THE- NEED TO KNOW EXACTLY 
WHERE THEY ARE STORED ON TAPE. FOR INSTANCE, TYPING "A" INTO THE 
KFYROARD EXEC COULD LOAD THE ASSEMBLER. 

EACH TYPE OF TAPE (SYSTEM, PROGRAM, ETC.) MAY HAVE DIFF~KENT 
PROGRAMS, EACH WITH· ITS OWN CODE LETTERS. THE CORE LOCATiON AND 
BLOCK NUMB~RS ARE STOR~D IN A TABLE IN THE KEYBOARD EXEC. 
T~E PROPER TAPE MUST BE ON DRIVE 0 WHEN USING THE AUTOMATIC 
MODE. THI~ AUTOMATIC MODE WILL LOAD, BUT WILL NOT EXECUTE THE 
CALLED PROGRAM. THE OPERATOR MUST DO THIS SEPARATELY. THIS ALLOWS 
SEVERAL PRUGRAMS TO BE LOADED AT ONE TIME AND EXECUTED S~LECTIVELY. 

THl COMMANU LETTERS AND THEiR ASSOCIATED PARAMETlRS MAY BE 
MODIFIED Ab PROGRAMS ARE ADDED OR DELETED FROM THE TAPE. SEl THE 
EXEC LISTING FOR DETAILS. 

LINCTAPES, WHEN SUPPLIED BY COl, NURMALLY CONTAIN NO PROGRAMb 
ON TAPE OTHER THAN THE BOOTSTRAP, UTILITIES, AND KEYBOARD EXEC. 
THE AUTOMATIC MODE TABLE IS EMPTY. 

6.3 COMPUT~R RESPONSE. 

AFTER THE TRANSFER TAKES PLACE. THE TELETYPE WILL RESPOND WITH 
ANOTHER "*", INDICATING THAT THE PREVIOUS COMMAND WAS EXECUTED, 
AND THE EXEC IS WAITTNG FOR ANOTHER OPERATOR COMMAND. 

IF AN ERROK OCCURS, THE TELETYPE WILL PRINT A "1" AND THbN THE "*". 
THE POSSIBLE ERRORS THAT MAy OCCUR INCLUDE: 

1. DRIVE NOT READY (NOT IN TENSION MODE), 
2. A WRITE ATTEMPT WAS MADE ON A PROT~CTED DRIVE, 
3. THE COMMAND LETTER, EITHER GENERAL OR AUTOMATIC, IS NOT VALIu, 
4. A NON-OCTAL NUMBER WAS TYPED, 
5. A NON VALID CHARACTER (SUCH AS SPACE) WAS TYPED, 
6. A NON-VALID BLOCK WAS REQUESTED (VALID BLOCKS AR~ 177772 

THRU 617, INCLUSIVE), 
7. THE TAPE IS BAD, CONTAINING ~RRONEOUS CH~CKSUM, BLU~K NUMBER, 

ETC. 



7.0 LINCTAPE UTILITIES 

THE LINCTA~E UTILITY SUBROUTINES ARE A SET OF SOFTWARE WHICH MAKE 
IT EASY FOR THE PROGRAMMER TO COMMUNICATE WITH THE LINCTAPE. 
THEy ALLOW READING AND WRITING WITH A FEW SIMPLE INSTRUCTIONS, 
AND HELIEV~ THE PROGRAMMER OF THE DETAILS OF lIMING, 
~LOCK SEARCHING, ETC. ONLY DRIVE SELECTION IS LEFT UP TO THE 
DRUC;RA ~'II'''1ER. 

NORMALLY, lHE UTILITTlS ARE LUADED NEAR THE TUP OF CORE, AND AR~ 
~~VEH CHANGED (THEY ARE SAID TO BE RESIDENT). THEY UCCUPy 
LOCATIONS X7400-X7577 (X7777 IS THE LAST LOCATION IN CORE). 
ALL CALLS MUST BE MAnE WITH A 'JSR~' STATEMENl TO ONE OF THE 
FOLLOWING ~NTRY POINTS: 

CLINC X7400 CHECK, ~LOCKS 
RLINC X7403 READ R CHECK BLOCKS 
WLINC X7406 WRITE & CHECK BLOCKS 

WITH THE REGISTERS LOADED AS FOLLOWS: 
ACel = FIRST BLUCK NUMBER TO BE PROCESSED, 
AC1 = NUMBER OF BLOCKS TO BE PROCESSED, AND 
AC2 = FIRST CORE LOCATION. 

IF AC1 = 0, THE TAPE WILL PRE-POSITION ITSELF NEAR THE BLOcK 
NUMBE.R SPECIFIED 11\1 ACel. 
IF AC2 IS NEGATIVE, THE DRIVE WILL STARr BACKWARD (THUS 
SAVING TIMt IS IT IS KNOWN THAT THE BLOCK TO BE FOUND HAS BEEN 
PASSED), AND IT WILL TAKE THE 1 'S COMPLEMENT (NOT THE NE.GATIVE) 
OF THE NUM~ER IN AC2 AS THE FIRST CORE LOCATION. 

THE UTILITiES WILL RETURN TO THE PROGRAM WITH THE DRIVE STOPPED, 
AND THE REGISTERS CONTAINING THE FOLLOWING INFORMATION: 

~C1 - 0 FOR NORMAL (NON-ERROR) RETURN 
AC2 = NEXT BLOCK NUMBER 
AC3 = tiEXT CORE. LOCAT I UN 

IF THERE Ib AN ERROR, AC1 CONTAINS THE ERROR CODE: 
AC1 = IF THERE WAS A CHECKSUM ERROR: 

ACel = BAD BLOCK NUMBER 
AC1 = 2 IF THERE WAS A BLOCK SIZE ERROR: 

AC0 = BAD BLOCK NUMBER 
AC2 = EXCESS OF WORDS IN BLOCK 
AC3 = EXPECTED NUMBER OF WORDS 

AC1 = 4 IF THERE WAS AN ILLEGAL BLOCK CALLED FOR 
(v6 THRU 617 ARE LEGAL NORMALLY): 
ACel = TARGET BLOCK 
AC2 = NEXT CORE LOCATION 
AC3 = HIGHEST LEGAL BLOCK 

AC1 = 8 IF THERE WAS A DRIVE STATUS ERROR: 
AC3 = DRIVE STATUS 

BIT 15 ON = DRIVE NOT READY (TENSION) 
BIT 14 ON = WRITE ATTEMPTED ON PRUTECTED DRIVE 



THE CALLING SEQUENCE IS (ASSUMING .RDX = 8): 
LINC =74 ;LINCTAPE DEVICE NUMBER 

LOA I2I,DRVNO 
DOB I{j,LINC ;SELECT DR I VE· NUMBER 
-.-
LOA 0,FBLKN ;SET ACel = 1ST BLOCK NO 
LOA 1,NBLKS iSET AC1 = NO OF RLOCKS 
LDA 2,FCORE iSET AC2 = 1ST CORE LOC 
JSR@l RLINC ; READ -THE BLOCKS 
MOV 1,1,SZR iTEST FOR· ERROR 
-.-
-.-

WLINC: X741216 ;WRITE POINTI:.R 
RLINC: X741213 iREAD POINTER 
FBLKN: 1121121 
NRLKS: 110 
F-CURE: 1000 
DRVNO: 1 

THI:. ABOVE WILL READ THE CONTENTS OF BLOCK NUMBERS 10121 THRU 107 
~ROM THE TAPE ON DRIVE 1 INTO CORE LOCATIONS 101210 THRU 4777 (ALL 
IN OCTAL, ~ND ASSUMING STANDARD 4121121 WORD RLOCKS). 



8~0 LINCTAPE 1/0 INSTRUCTIONS 

USUALLY, THE STANDARD LINCTAPE UTILITIES WILL HANDLE ALL 
NECESSARY LOMMUNICATION BETWEEN THE LINCTAPE AND THE COMPUTER. 
IT IS RECOMMENDED THAT, WHENEVER POSSIBLE, THESE BE USEU. 

HOWEVER, II~ THOSE CASES WHERE THEY ARE INADEQUATE, OR WHERE SPECIAL 
CONDITIONS REQUIRE CHANGES, THE ACTUAL 1/0 COMMANDS AND LIMITATIONS 
ARE GIVEN ~NTHISSECTION. 

THE LINCTAPE IS A PERIPHERAL DEVICE, WHICH IS ADDRESSED IN THE 
SAME MANNEK AS ALL OTHER PERIPHERALS, THRU THE 1/0 COMMANDS. 
REFER TO THE ~HOW TO USE" MANUAL, REFERENCE 1. THE COMMANDS 
NEGESSARy FOR OPERAT I ON 'OF THE LI NC TAPE I NCLUDE· THE FOLLOw I NG: 

DRIVE COMMANDS 
SELECT DRIVE NUMBER 
START DRIVE FORWARD 
START DRIVE BACKWARD 
STuP DRIVE 

STATUS 
DRIVE READY 
WRlTE PROTECT 
BLUCK NUMBER READY 
DArA WORD READY 
CHECKSUM READY 

DATA ·TRANSFER 
INPUT DATA WORD 
OUTPUT DATA WORD 
TURN WRITERS ON 

SPECIFICALLY, THE FDLLOWING INSTRUCTIONb ARE, APPLICABLE: 

L I NC = DEV I CE NUMbER 74- ('OCTAL) NORMALLY 

DATA 110. 
DIA X,LINC 
DOA X,LINC 
DIB X,LINC 

DOB X,LINC 

DOC X,LINC 

INPUT THE 16 BIT DATA WORD TO ACX. 
OUTPUT THE 16 BIT WORD IN ACX TO THE LINCTAPE. 
INPUT THE STATUS BITS· TO ACX . 

BIT 15 ON = NOT READY 
BIT 14- ON = WRITE PROTECTED 

SELECT DR I VE NUMBER. . THE DR I'VE NUMBER MUST BE IN 
THE 4-LOW ORDER BITS OF ACX. 
TURN WRITER ON. THE;WR'ITERS 'ARE .AUTOMATICALLY 
TURNED OFF AT, THE END ,OF EACH BLOCK. THE VALUE 
OF X IS ARBITRARY. ANY ACXMAY BE· USED. 

CONTROL ~ULSES. THESE MAY BE COMBINED WITH ANY OF THE 1/0 
COMMANDS IN THE USUAL 'MANNER: 

S START THE SELECTED DRIVE FORWARD; 
P START·THE SELECTED DRIVE BACKWARD; 
C SlOP THE DR I VE. THE DRI VE D06S·NOT ·STOP· AUTOMAT I CALLY 

AT THE END OF A BLOCK. THIS ALLOWS RAPID TRANSFER OF 
·SUCCESSIVE BLOCKS, BUT IT MEANS THE PROGRAM MUST STOP THE 
DRIVE. I TSHOULD NOT BE STOPPED UNTIL THE NEXT BLOCK 
NUMBER IS READY, ESPECIALLY ON WRITING. 
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IN GENERAL, THE FOLLOWING RULES SHUULD bE OBSERVED: 
1. DRIVE SELECTION SHOULD PRECEDE ANY MOTiON; 
2. DRIVE SELECTION SHOULD BE ~OLLOWED BY A STATUS CHECK TO SEF­

IF (1) THE DR I VE I S READY AND (2) I TIS I\lUT PROTECI ED WHEI\J 
WR IT II\JG; 

3. DkIVE MAY BE STARTED FORWARD UR BACKWARD; 
~. AN AC~ELERATION DELAY OF 1J0 MS ALWAYS OCCURS WHEN ~TARTING UR 

CHANGiNG DIRECTION; 
5. MARKS ARE TRUE FOR 36 TO ~~ US FORWARD, AND 30 TO ~IO US 

WHEN I'IOV I I\JG BACK \~ ARD; 
6. "~USY" AND "DONE" ARE ENCODED FOR MARK SENSING. THEy AkE 

RESET WHENEVER A orA OR DO~ CUMMAND IS SENT, SO A MARK CANNOT 
BE DOuBLY DETECTED. 

7. ~OLLDwING DETECTION UF ANy MARK IN A SKIP LUO~, 
A DIA OR DOA MUST BE ISSUED TU CLEAR THE DONE AND bUSY LINE, 
EVEN IF THE MARK WAS NOT THE TYPE DESIRED. 

8. MOTION COMMANDS MAY BE REPEATED WHILE MOVING WITHOUT CAuSING 
ACCELERATION DELAY. MOTION MAy BE REVERSED WITHOUT STOPPING. 

9. "WR I Tt:.RS ON" COMMAND MUS T I~EVER bE b I \fI::N . wH I LE: THE 
DRIVE IS GOING BACKWARD; 

10. "WRITERS ON" COMMAND MUST BE GIVEN AFTER THE bLOCK MARK 
IS SEI-..SED, BUT BEFORE THE F I RbT OAT A MARK COI"1ES TRUt:.. 
THIS IS 220 US NOMINALLY. 

11. AFTER A WRITE, MOTION MAY NOT BE CHANGED UR STOPPED 
UNTIL THE NEXT BLOCK MARK IS DETECTED. IN GENERAL, M01ION 
DECISIONS SHOULD BE MADE ONLY ON BLOCK MARKS. 

12. SHOULU THE DR I VE ST ATUb CHAr~Gc: TO "NOT READY" OUR I 1% THE 
PROGRAM OPERATION, TAPE MOTION IS CLEARED AND 
MARKS CANNOT BE DETECTED UNTIL THE DRIVE IS RE-TENbIONED AND 
FORWAkD OR START BACKWARD COMMAND IS GIVEN; 



9.0 LINCTAPE FORMAT 

TO UNDERSTAND THE OPERATION OF THE LINCTAPE, IT IS NECE~~ARY 
TO VISUALI,E THE FORMAT ON THE TAPE. THIS 
SECTION ·DE~CRIBES THE LINCTAPE ITSELF. 

9.1 PHYSICAL DESCRIPTION 
THE TAPE IS 150 FEET LONG, AND j/4 INCH WIDE. IT IS ABOUT 
0.0015 INCHES THICK, AND THE OXInE IS SANDWICHED BETWEEN TWO 
LAYERS OF f"IYLAR. 

THE TAPE I~ DIVIDED, BY ITS PRE-WRITTEN MARKINGS, INTO THREE 
SECTIONS: FRONT LEADER, DATA BLOCKS, AND TRAILER. SEE FiGURE 9.1. 

9.2 FRONT LEADER 
THE FRONT LEADER HAS THREE PARTS: ~LANK AREA, END lONE, AND 
PRELIMINARY BLOCKS 

9.2.1 BLANK AREA 
THIS IS A ~MALL AREA AT THE BEGINNING OF THE TAPE WHICH HAS NO 
MARKS OF ANY KIND. IT IS AeOUT TwU FEET LONG. 

9.2.2 END LONE 
THE END MAkKS AT THE FRONT OF THE TAPE ARE USED TO 
ASSURE THAl THE TAPE, ONCE UP TO SPEED, HAS SYNCHRONIZING INFORM­
ATION. IT IS ESSENTIAL, WHEN BOOTSTRAPPING) THAT THE TAPE BE 
STARTED IN THIS AREA SO THAT THE FIRST ~LOCK WILL BE PRuPERLy 
LOADED. THUS THIS END ZONE MUST BE LONG ENOUGH THAT THE OPERATOR 
WILL NOT EASILY OVERSHOOT IT WHEN MANUALLY LOADING. A VISUAL 
MARKER ON THE TAPE HELPS TO ASSURE THIS~ THIS END ZONE IS 
SEVERAL FE~T LONG. 

9.2.3 PRELiMINARy BLOCKS 
THE FIRST FEW BLOCKS ARE uSED FOR BOOTSTRAPPING AND FOR STORING 
SPECIAL PRUGRAMS. THEY ARE GIVEN NEGATIVE BLUCK NUM~ERS, SO THE 
PRO~RAMMER CAN NORMALLY USE ALL POSITIVE BLOcks WITHOUT DESTROYING 
THIS AREA. STANDARD TAPES HAVE 8 SUCH ~LOCKS, NUMBERED -8 
THRU -1. uTHERWISE, THESE BLOCKS ARE IDENTICAL TO DATA 
BLOCKS. 

9.3 DATA BLOCKS 
THE MAIN DATA ,ON TAPE IS CONTAINED IN 400 ADDRESSABLE BLOCKS, 
EACHCONTA1NING 256 (400 OCTAL) 16 BIT WORDS. EACH BLOCK ALSO 
CONTAINS ITS CHECKSUM, ITS OWN BLOCK NUMBER, AND OTHER 
HOUSEKEEPING INFORMATION. EACH BLUCK IS ABOUT 4 INCHES LONG. 

9~3.1 BLOCK NUMBERS 
THERE ARE TWO BLOCK NUMBERS FOR EACH BLOCK. UNE IS AT THE 
BEGINNING uF EACH BLOCK AND CAN BE READ IN THE FORWARD DIRECTION. 
THE OTHER IS AT THE END OF EACH BLOCK AND CAN BE READ ONLY IN 
THE REVERSE DIRECTION. 

9.3.2 DATA WORD 
EACH 16 BIl DATA WORD OCCUPIES SIX LONGITUDINAL CHARACTERS ON 
TAPEi .THEHE ARE THREE DATA TRACKS AND ONE MARK TRACK. THIS ALLOWS 
FOR 18 DATA BITS, OF WHIOH ONLY 16 ARE USED, AND FOR SIX 
["lARK BITS. 



q.3.3 CHECKSUM 
THIS IS THt SUM, MODULO 65,536 (2**16), U~ ALL WORDS IN A GIV~N 
BLOCK. IT IS OBTAINED BY SIMPLY ADDING EACH WURD IN THE COMPUTER AND 
IGNORING ANY OVERFLOW. THI~ WORD IS WRITTEN UN THE TAPE 
IMMEDIATELY FOLLOWING THE LAST DATA WORD IN EACH BLOCK. 

9.4- TRAILER 
THE TRAILEk, LIKE THE LEADER, HAS THREE ZONES: FINAL 8LO~KS, 
END LONE, AND BLANK TAPE. 

9.4-.1 FINAL BLOCKS 
THE FINAL ~LOCKS, NUMBERED 620 THRU 627 ARE NECES~ARY FOR TURN­
AROlJND SPA~E. SINCE THE,TAPE "COASTS" ONE OR TWO BLOCKS PAST 
THE LAST BLOCK ADDRESSED, AND SINC~ THE TAPE USUALLy STAkTS IN TH~ 
FORWARD ·DIkECTION TO LOCATE ITS POSITION, SEVERAL INCHES OF 
I DENT I F I ED SPACE IS 'NEEDED AFTER THE LAST USABLE BLOCK. 

9.4.2 END LONE 
THIS IS US~D FOR IDENTIFICATION WHEN MARKING TAPES, AND 
IS NOT NORMALLY USED By THE PROGRAMMER. 

9.4-.3 BLANK ZONE 
THIS IS TH~ END OF THE TAPE WITH NO MARKS. 

9.5 TRACKS 
THERE ARE 10 TRACKS: ONE TIMING, ONE MARK~ THREE DATA, AND 
THESE SAME TRACKS REP~ATED (REDUNDANT). 

9.5. 1 TIM I I\JG 
THE TIMING TRACKS CONTAIN A SYNCHRON1ZING SQUARE WAVE WHICH 
IS USED TO CLOCK THE REST OF THE SYSTEM. 

9.5.2 MARK 
THE MARK ·TRACKSCONTAIN A UNIQUE SET OF CODES WHICH IS 
USED TO IDtNTIFIY THE INFORMATION ON THE CORRESPONDtNG DATA TRACKS. 

9.5.3 DATA·TRACKS 
THE THREE ~ETS OF DATA TRACKS CONTAIN THE LOW, MEDIUM, AND HIGH 
ORDER S I X BITS OF I,NFORMAT ION (THE TWO HIGH' ORDER 1:3 I TS ARE NOT 
USED). 

9.5.4 BIT PLACEMENT 
FIGURE 9.1 SHOWS THE ARRANGEMENT OF BITS ON THE TAPE. IT 
ILLlJSTRATE~ THE TRACK REDUNDANCY AND THE RELATIONSHIP OF THE MARK 
TRACK. 
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10~0 THEORY OF OPERATiON 

LINCTAPE, UNLIKE INDUSTRY COMPATIBLE TAPE. DOES NOT HAVE TO 
STOP SUDDENLY IN A PARTICULAR .RECORD GAP. SINCE LLNCTAPE HAS 
CODED MARK~ ON THE TAPE ITSELF, IT IS ALWAYS POSSI8LE TO KNOW 
EXACTLY WH~RE ON THE TAPE THE DATA IS BEING READ OF WRITTEN. 
THIS LEADS TO SEVERAL ADVANTAGES: 

THE DRIVE SYSTEM IS SIMPLE WITH VERY FEW MOVING PARTS; 
THE TA~E ACCEL~RATION CAN BE SLOWER, THUS HANDLING THE TAPE 

MORt:. GENTLY; 
THE COfVlPUTER DOES NOT NEED TO KEEP TRACK OF THE TAPE 'POS 1 T I ON, 

SIN~E THIS CAN BE FOUND ON THE TAPE ITSELF; 
DATA CAN BE WRITTEN OVER OLD DATA PRECISELY, WITHOUT DANGER 

OF UNDER- OR, 'OVER-WR I T I NG ADJACENT RECORDS; 
BLOCK bEARCHING CAN BE DONE IN EITHER· DIRECTION. 

THE LINCTAPE SYSTEM CONSISTS OF MAGNETIC TAPE WITH FIVE EFFECTIVE 
TRACKS. FiGURE 10.1 SHOWS THE BASIC BLOCK DIAGRAM, AND FIGURE 
9.1 I LLUSTKATES THE TAPE ·PATTERNS. 

THE TIMING TRACK IS USED TO SYNCHRONIZE THE INFORMATION FROM ALL 
OTHER TRACKS. IT IS A SIMPLE SQUARE WAVE, 90 DEGREES OUT OF PHASE 
FROM THE OTHER'TRACKS. THIS ALLOWS THE EDGES OF THE TII"IING SIGNAL 
TO STROBE ALL OTHER DATA. 

THE MARK TRACK IS THE KEY TO THE LINCTAPE SYSTEM. IT IS A SERIES 
OF UNIQUE, SIX ·BIT CODES WHICH IDENTIFy THE INFORMATION IN THE 
CORRESPONDfNGDAtA TRACKS. THESE CODES:·SPECIFY WHEN THE DATA, 
CHECKSUM, UR BLOCK NUMBERS ARE AVAILABLE IN THE DATA REGISTERS. 

THE· THREE UATA TRACKS CONTA IN 6B I TS OF DA TA PER TRACK FOR A 
TOTAL OF 1~ BITS. TWO BITS ARE UNUSED. THESE TRACKS ALSO CONTAIN 
THEe CHECKSUM (FOLLOWING THE LAST DATA WORD), AND THE FORWARD, AND 
REVERSE BLUCK NUMBERS, AT THE BEGINNING AND END OF EACH bLOCK~ 
RESPECTIVELY. 

AS THE TAPE MOVES WHILE READING, THE BITS FROM TAPE ARE SHIFTED 
SERIALLY INTO THE FOUR, SHIFT REGISTERS ATA 25 KHZ RATE. WHEN 
THE PATTERN IN THE MARK :REGISTER IS 41(OCTAL), THE MARK DECODING 
CIRCUITRy ~ETS THE "DATA READY" LINE. DURING THIS TIME, THE DATA 
REGISTERS c..ONTAIN THE CORRESPONDING DATA WORD. OTHER BIT pATTERNS 
DEFINE THE CHECKSUM AND THE BLOCK NUMBER~ THESE PATTERNb ARE ·SIX 
BITS, OR 240 MICROSECONDS APART. 

DURING WRITING, THE NEXT DATA WORD TO BE WRITTEN IS JAMMED INTO 
THE SHIFT kEGISTERS WHEN THE "DATA READYfl COMES TRUE, AND THE 
WORD IS SH I FTED ,Bl TBY,B IT, INTO THE DATA, WR'I TERS.. SPECIAL 
"F INAL" MARK CODES ARE USED TO D'I FFERENT lATE,· READI NG· .AND WR I T I NG 
TIMING. SEE FIGURE 10.2. 

A CHECKSUM IS WRITTEN AT THE END OF EACH BLOCK. THIS SUM IS THE 
ALGEBRA I C SUM, ,MODULO 65',,536, OF ALL THE WORDS IN THE BLOCK. 
THE CHECKSUM IS CALCULATED' ·AND WR ITTEN By 'liHE WR I TE PROGRAM 
(UTI~ITIES) DURING THE WRITING OF EACH BLOCK. DURING THE READING OF 
EACH BLOCK, THE SUM OF THE INCOMING DATA IS CALCULATED AND COMPARED 
WITH· THE CHECKSUM ON THE TAPE. 
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THE FIVE HeAD SIGNALS ARE DERIVED FROM TEN ACTuAL TRACKS ON TH~ TAPt. 
ALL DATA I l::i RECORDED: REDUNDANTLY: I. E., THERE. ARE TWO CLUCK 
CHANNELS, TWO MARK CHANNELS, AND THREE ~AIRS OF DATA CHANNELS. 
IDENTICAL INFORMATION IS RECORDED ON EACH CORRESPONDING TRACK. S~E 
FTGURE 9.1. WITHIN THE HEAD, THE CORRESPONDING HEAD PAIRS ARE 
wIRED IN SERIES. IF A DR080UT SHOULD 'OCCUR IN A GIVEN TRACK 
DUE TO DIRT, POOR 'OXIDE, ETC., THE SIGNAL FROM THEOTHEk TRACK 1 C; 

SUFFICIENTLY LARGE TO INSURE PROPER READING OF THE DATA. THE CLOCK 
AND MARK CHANNELS ARE AT THE EXTREME EDGES OF THE TAPE TO MINIMIZE 
SKEW PROBLeMS. THE DATA TRACKS ARE POSITIONED TO· MAINTAIN MAXll"1lJf'l 
sEPARATION BETWEEN CORRESPONDING CHANNELS. IT IS THE FULLY 
REDUNDANT NATURE OF THE RECORDING PROCESS THAT IS RESPONl::iIBLE ruR 
THE HIGH RELIABILITY OF THE LINCTAPE'SYSTEM. 

A TAPE MUST BE PRE-MARKED BEFORE IT CAN BE USED~ THIS ~kE-MARKING 
WRITES THE NECESSARY DATA INTO THE TIMING AND MARK TRACKS, AND 
WRITES THE BLOCK NUMBERS. IN OPERATION~ THIS PRE-MARKED DATA CANNOT 
BE CHANGED. SINCE THE TAPE tS MARKED-AND EACH BLOCK IS IDENfIFIED. 
IT IS UNNE('ESSARY TO KNOW WHERE· THE TAPE I S TO LOCATE A ~PEC I F 1 C 
BLOCK. THE PROGRAM (UTILITIES.) SIMPLY READS WHERE IT I~ AND TAKES 
APPROPRIATE ACTION. 

A MORE OETA;I LED BLOCK DIAGRAM OF THE Ll'NCT APE SYSTEM IS l::iHOWN 
IN FIGURES 10.3 AND 10.~. 
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11.0 SYST~M COMPONENTS 

THIS SECTIuN DESCRIBES THE MAJOR COMPONENTS OF THE LINCTAPE SYSTEM 
AND ILLUSTkATESTHEIR LOCATI'ON AND INTER-RELATION. SEE FIGURE 11.1 
FOR THE PHYSICAL LAYOUT. 

11.1 MASTEk CONTROL BOARD 
THE MASTER CONTROL BOARD IS THE CENTRAL LOGIC BOAKO FUR THE 
COMPLETE L1NCTAPE SYSTEM. IT, INTERFACES TO THE COMPUTER, AND 
TO ALL SLAVE UNITS. IT ALSO CONNECTS TO THE DRIVE CONTROL BOARD 
AND THE READER-WRITER BOARD. IT IS THE "WIRE-WRAP" BOARD 
ON THE BACK DOOR OF THE MASTER UNIT. ONLY ONE OF THESE bOARDS 
IS REQUIREU, REGARDLESS OF THE NUMBER OF SLAVE UNITS ON THE 
SYSTEM. THE SCHEMATICS FOR THIS BOARD ARE SHOWN IN COl 
DRAWING NUMBER D-10230-01 (D-101ijij-01 FOR SIN BELOW 1016). 

11.2 DRIVE CONTROL BOARD 
THE OR I VE CONTROL BOARD I S LOCATED, 0 I RECTL Y BEH I ND THE FRONT 
PANEL. IT CONTA INS MUCH OF THE MOTOR CONTROL LOG I C. THE:. 'HEAD 
SWITCHING uI0DES, AND THE FRONT PANEL SWITCH LOGIC. THk~E 
CONNECTORS AT THE TOP ·OF THE BOARD CONNE.CT TO 115 VAC, TO 
LOGIC SIGNALS FROM THE MASTER CONTROL BOARD, AND HEAD SIGNALS 
RESPECTIVELY. THIS BOARD IS IDENTICAL (EXCEPT FOR JUMPER WIRES) 
IN THE MASTER AND ALL SLAVE UNITS. THE SCHEMATICS FOR THIS BOARD 
ARE IN COl DRAWING NUMBER B-10t6ij.01. 

11.3 READER/WRITER BOARD 
TH I S P. C. 1j0ARD, MOUNTED ON THE BACK DOOR, ·OF THE MASTER UN IT, 
CONTAINS THE HEAD WRITER DRIVERS, AND THE HE AU READER AMPLIFIERS. 
ONLY ONE R~ADER/WRITER BOARD IS REQUIRED PER SYSTEM, REGARDLESS 
OF THE NUMbER OF SLAVE UNITS. INTERCONNECTIONS TO THE R/W BOARD 
ARE MADE THRU THREE 16 PIN CONNECTORS WHICH PLUG INTO THE 
MAIN CONTROL BOARD. THE SCHEMATIC FOR THIS BOARD IS SHOWN 
IN COl DRAWING NUMBER 0-10198-01 (D-10232-01 FOR SIN BELOW 1016). 

11.ij POWER SUPPLY 
THE POwER ~UPPLY IS BEHIND THE DRIVE CONTROL BOARD. THE-TERMINALS 
CAN BE ACC~SSED By OPENING THE BACK DOOR. IT SUPPLIES THREE D.C. 
VOL TAG E S A I\J D A " POW E R F A I L" LOG I C S I G N A L • SEE COlOR A WIN GiN U M 8 E R 
D-102ijij-01. 

11.5 INTERCONNECTION 
THE INTERCUNNECTION CABLING BETWEEN THE BOARDS .AND CONNE.CTORS 
I S SHOWN IN FIGURE 11.2. 
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12.0 POWER SUPPLY 

THE POWER ~UPPLY FURNISHES D.C. POWER' FOR THE COMPLETE LINCTAPE 
SYSTEM. IT' IS'SUFFICIENT TO SUPPLY ANY NUMBER OF SLAVE UNITS. 

INPUT 
OUJPUT 

11 5 V, 
+5 V ~ 
.. 5 V ~ 

+15 V @l 

50/60 HZ 
2.5 AMPS 
0.15 AMPS 
2.13 AMPS 

IN ADDITION, "!tHERE IS A LOGIC LEVEL OUTPUT WHICH INDICATItSTHE 
LINE STATUS AND IS USED TO PROTECT THE TAPE WHEN POWERING :UPOR 
DOWN, ,OR WITH 'POWER FA I LURE. 

THE +15 VOLT SUPPLY IS DELAYED UPON POWER UP UNTIL THE +5 VOLT 
SOURCE HAS STABILIZED AND THE LOGIC LEVEL HAS RESET THE CRITICAL 
REGISTERS TO A·SAFESTATE. 

WHEN POWER I NG DOWN, (OR IUPON POWER FA I LURE,) THE +1 5 VOLT 
SUPPL Y IS L.ROWBARRED AND THE LOG IC LEVEL I S PULLED, ,DOWN BEFORE 
THE +5 VOLT SUPPLY CAN FALL. THIS PREVENTS ANY ACCIDENTAL 
WRITING ON TAPE. THE-5 VOLT SUPPLY ISNOT.CRITICAL~ AND IS 
NOT DELIBERATELY SEQUENCED. 

FIGURE 12.1 SHOWS THE APPROXIMATE POWER ON ,AND OFF SEQUENClNG. 
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13.CII MAINTbNANCE 

ALTHOUGH L1NCTAPE IS RELATIVELY MAINTENANCE-FREE, THERE ARE A 
FEW MINOR MAINTENANCE STEPS WHICH WILL HELP ASSURE LONG, TROUBLE­
FREE SERVICE: 

1. PERIUDICALLY, CLEAN THE HEADS AND TAPE GUIDES. USE A 
SOFT, CLEAN CLOTH (JOHNSON STERI~PAD GAUZE PADS AR~ 
GOOD) AND AN APPROVED, UNCONTAMINATED HEAD CLEANING SOLVENT 
(SUCH AS AMPEX HEAD CLEANER, PART NUMBER 7010110). THIS SHOULU 
BE DUNE FROM 'ONCE A DAY TO ONCE A WEEK, DEPENDING ON USE AND 
THE tNVIRONMENTAL CONDITIONS~ DO NOT LET THE SOLVENT CONTACT 
THE TAPE. BE SURE THE HEAD AND GUIDES ARE DRY ~EFURE MOUNTING 
THE TAPE. DO NOT SCRATCH THE ·HEADS OR THE GU IDES. 

2. THE lAPES THEMSELVES OCCASSIONALLY GET DIRTY •. THIS IS THE 
PROBABLE CAUSE OF A TAPE "HUNTING" FOR A BLOCK. ONE CAN ~E 
CLEANED BY PASSING IT BETWEEN TWO CLEAN GAUZE PADS. MOUNT 
THE TAPE IN THE USUAL MANNER, PLACE ONE PAD ON THE HEAD AND 
HOLD THE OTHER ON THE TAPE, AND WI NOi THE TAPE SO THE WHOLE 
LENGTH PASSES BETWEEN THE PADS. BE CAREFUL NOT TO DAMAGE 
THE EDGES OF THE TAPE. 

CAUTION: NEVER USE STICKY TAPE, SUCH AS "SCOTCH" TAPE 
OR ADHESIVE LABELS ON THE TAPE ITSELF. IN TIME, THE 
GUMMYMATERJ.AL TENDS TO DISTRIBUTE ITSELF OVER THE TAPE 
AND CAUSE DROPOUTS. PUT LABELS 'ON THE REEL, NOT THE TAPE. 
ALSO, KEEP TAPES Aw A Y FROM STRONG· MAGNE TIC FIELDS, 
SUCH AS NEAR TRANSFORMERS, MOTORS, OR FLUORESCENT 
LIGHT BALLASTS. 

WHEN DIAGNUSING TROUBLES, THE FOLLOWING CHECKS ARE HELPFUL: 
1. DO TH~ WRITE PROTECT LIGHTS WORK? IF SO, THE +15 VOLT 

IS PRUBABLY OK. 
2. DO THb LOAD AND REWIND BUTTONS WORK? FOR BOTH DRIVbS? 

CAN THE RELAYS BE HEARD? IF SO, THE 110V AND +5 VULT SUPPLY 
ARE PROBABLY OK. 

3. ARE THE SHAFTS FREE TO TURN WITHOUT BEING- SLOPPY? ARE ALL 
FOUR UF THEM ABOUT THE SAME? DO THE REELS SNAP ONTO THE HUBS 
PROPEHLY? ARE THEY SO LOOSE THAT THE REELS SQUEAK WHEN 
MOTION STARTS? 

4. ARE THE HEADS, GUIDES, AND TAPE CLEAN? IF THESE ARE DIRTY, 
THEY WILL CAUSE DROPOUTS. 

5. IS THbTROUBLE INTERMITTENT? DOES IT COME AND GO WHEN 
WIRES ARE MOVED? IS IT ASSOCIATED WITH ONE DRIVE? ONE TAPE? 

6. DOES THE CPU WORK? WITH-OTHER, PERIPHERALS? 
7. DOES -I HE CPU TRANSFER DATA IN AND OUT OF THE, REGISTERS 

PROPERLY? 
8. DOES THE CPU START AND STOP TAPE? CAN THE RELAYS BE HEARD? 
9. DOES THE CPU SELECT DRIVES? CAN THE RELAYS BE HEARD? 

10. DOES THE CPU FIND BLOCK MARKS? DATA'MARKS? CHECK MARKS? 



RASED ON THE A80VEOBSERVATIONS, THE FOLLOWING FAULTS MIGHT OCCUR: 
1. POWER OFF OR SYSTEM NOT PLUGG~D IN. 
2. FUSE blOWN: THERE:. ARi:: F()UR FUSES I N THE PUWER SUPPl Y AND 

ONE IN EACH OF THE DRIVF CONTROL BOARDS (MASTER AND SLAVES). 
3. lOOSE CONNECTIONS: CHECK THE CONNECTORS ON THE REAR 

PANEL, AND ALL CONNECTORS INSIDE THE UNITS. ARE ALL TERMINALS 
TIGHT AND CLEAN? SOM~TIMES TERMINALS CAN bE SQUEEZtD 
SLIGHTLY TO MAKE THEM TIG~TER. EDGE TERMiNAL FINGERS CAN BE 
CLEANED wITH AN ERASER. 

4. LUOSE IC'S: REMOVE THE I.C. COVER AND PRESS ALL IC's 
FIRMLY IN PLACE. R~ SURE NONE:. ARE MISSING. 

5. PUWER FAIL CROWBAR HUNG UP: TURN OFF POWER FOR A FEw SECUNDS 
AND Tr<Y AGAIN. 

6. MECHANICAL FAILURE: CHECK TO BE SURE THE HUbS AND SPROCKETS 
HRE FIRMLY FASTENED TO THE:. SHAFTS. INSPECT THE BELT FOR WEAR. 
BE SlJkE THEy ARE MECHAN I CALL Y FREE. THE HUB SPR I NG TENS I UN 
CAN Be CHANGED BY MOVING OR REPLACING THE RUBBER BAND UNDER 
THE SPRING. 

SOME IMPORTANT TIMING POINTS THAT CAN BE OBSEVED WHILE THE TAPE 
TS MUVING rORWARD ARE: 

TREA+ 4121 US SGlLJARE WAVE 
ALL OIHER READER SIGNALS ARE RECTANGULAR WAVES WITH TRANSITIONS 

~12I OR 4121 US APART 
ACIP+ 130 MS PULSE WHEN STARTING MOTORS OR CHANGING THEIR 

iJIRECTION 
BMRK+, GMRK+ 40 US PULSE EVERy 63 MS 
DMRK+ 255 4121 US PULSES EACH BLOCK, 240 US APART 
FMTN+ MUST BE ON FOR MARKS TO DECODE, BUT THE READER 

~IGNALS CAN BE MONITORED BY MANUALLY MOVING TAPE. 



APPENDIX A. BOOTSTRAP 

; LINCTAPE NOVA BOOTSTRAP ROUTINE 9/27/71 
; 
; THERE·ARE ·THREE METHODS OF BOOTSTRAPPING, 
; DEPENDING UPON THE HARDWARE CONFIGURATION: 
• , 
· , 
; 
; 

(1) SUPERNOVA PROGRAM LOADER, 
(2) NOVA 800/1200 SER1ES AUTOPROGRAM 'OPTION, OR 
(3) NOVA OR 800/1200 SERI ES ,MANUAL BOOTSTRAP. 

; THE L I NCTAPE BOOTSTRAP CAN BE. USED WITH ANy 
;OF THESE TO LOAD IN THE LINCTAPE UTILITIES AND LOAD 
; AND EXECUTE THE, EXECUT I VE· SYSTEM ROUTINE. 
; 
; THIS EXECUTIVE SYSTEM ROUTINE WILL DEPEND 
iON THE-TYPE OF TAPE BEING USED,. THE' KEYBOARD 
: EKECUTIVE ROUTINE IS ONE EXAMPLE OF AN 
: EXECUTIVE SYSTEM ROUTINE. 
; 
· , · , 
· , 

«<ce PROCEDURES »»> 

; THE PROCEDURE FOR ,BOOTSTRAPP I NG WITH THE, SUPERNOVA 
; PROGRAM LOADER OR THE NOVA 800/1200 SERIES 
; AUTOPROGRAM OPTION IS: 
· , · , · , · , 
; 
· , · , 
; 
; 
· , 
; 

(1) SET THE DATA SWITCHES TO, THE LINCTAPE' DEVICE 
NUMBER (USUALLY 7ij), 

(2) PUT A LINCTAPE WITH .. THE NUVA BOOTSTRAP ROUTINE 
ON DR I VE 0, WITH· THE MARKER TO THE' RI-GHT 
OF THE, 'HEAD. LEAVE I N°· TENS ION-MODE" 

(3) PRESS :RESET, 
(ij) PRESS PROGRAM LOAD~ THE LINCTAPE WILL 

MOVE AND STOP, AND THE. TELETYPE WILL RESPOND 
WITH THE APPRORRI ATE: EXECUT I VE ,SYSTEM 
RESPONSE. 

; THE PROCEDURE FOR ,BOOTSTRAPP I NG WHEN US ING 
; THE MANUAL BOOTSTRAP IS: 
; 
; 
; 

· , 
; 
; 
; 
; 
· , · , · , 

( 1) BE SURE, THE MANUAL BOOTSTRAP IS IN CORE. 
IT IS LISTED BELOW, 

(2) SET'THE OA~A SWITCHES TO X7770, WHERE 
X7777 I S THE:,H I,GHEST GORE LOCAl I'ON, 

( 3) PUT A L INCT APE WITH THE NOVA LOADER ,ON 
DR I VE '0, WITH, T,HE MARKER TO THE RI GHT 
,OF T<HEHEAO. LEAVE, IN, TENSION: MODE. 

(ij) PRESS,RESET, 
(5) PRESS ,ST ART. THE L I NCTAPE WILL MOVE 

AND STOP, AND, THE TELETYPE wILL RESPOND WITH 
THE APPROPR I ATE, EXECUT I VE SYSTEM RESPONSE. 



TO LOAD THE MANUAL BOUTSTRAP INTO COR~: 

· , 
(1) SET THE DATA SW! TCHES TO X7755 (1ST LOC), 
(2) PRESS EXAMINE, 

i 

· , 
(3) SET THt DATA SWITCHES TO 177737 (1ST WORD), 
(4) PRESS DEPOSIT, 

· , 
; 

(5) SET THE DATA SWITCHES TO THE NEXT WORD. 
(6) PRESS DEPOSIT NEXT, 

i 
; 
; 

(7) REPEAT (5) AND (6) UNTIL ALL WUkDS ARE 
LOADED. 

LOC WORD 
; ----- ------

X7755 
i X7756 
; X7757 

X7760 
i X7761 

X7762 
; X7763 
; x'f764 
i X7765 
i X7766 
; X7767 
; X7770 
; X7771 
i X7772 
; X7773 
i X7774 
i X7775 
i X7776 
; X7777 

· , 

177737 
126420 
0636YY 
000777 
0605YY 
107363 
101210774 
12531215 
00121771 
045041 
1210141210 
0605YY 
03121764 
004764-
151404-
000776 
00121002 

WHERE: 

CUUNT: -41 
GET: SUBZ 1,1 

SKPDN LINC 
JMP .-1 
DIAS fZJ,LINC 
ADDCS 1<1,1. S[\IC 
JMP .-4-
MOVS 1,1.SNR 
JMP GET 
STA 1,41,2 
JMP 0,3 

BOOT: DIAS 0.LINC 
LOA 2.COUNT 
JSR GET 
INC 2,£,SZR 
JMP .-~ 
JMp MANLU 

; RESERVE FOR BINARY 
; RESERVE FOR bINARY 

iWURDS LOADE.D 
iCLEAR AC1 & SET C 
iBYTE READY" 
iNu: WAIT 
iYES: GET BYTE 
i IVIERGE: ANOTHER '( 
iYtS: GET IT 
iNO: SWAP BACK: ZtRO? 
iYES: TRY AGAIN 
i~TORE IT 
iRETURN WITH WO~D 
iSTART LINCTAPE 
;~~T WORD COUNTER 
iGET A WORD 
iINCR & TEST 
iNUT THRU 
iGU TO MAN PRELOAD 
LUADERADDRESS 
LOADER JUMP 

· , X7777 = HIGHEST CORE LOCATION 
· , CORE X CORE X 
· , 4 K 0 20 K 4 
· , 8 K 1 24 K 5 
· • 12 K 2 28 K 6 
· , 16 K 3 32 K 7 

YY = LINCTAPE DEVICE NUMBER (USUALLY 74) 



; ««< PROGRAM SEQUENCE »»> 
· , 
; THERE' ARE FOUR SECT I,ONS :TO -THE COMPLETE BOOTSTRAP 
; ROUTINE, NOT INClUDING THEHARDWAREROUT~NES. 
; THESE FOUR SECTIONS RESIDE IN THE FIRST THREE 
; BLOCKS OF LINCTAPE: 

( 1 )PRELOADER · , 
(2) UTILITY LOADER · , 

; (3) LINCTAPE UTILITIES 
; (4) EXECUTIVE SYSTEM ROUTINE. 
; REFER TO THE ~HOW TO USE THE NOVA COMPUTERS" 
; MANUAL, SECTIONS 2.3 AND '3.3 FOR DETAILS 'ON THE 
; HARDWARE LOADERS. 
; 
; THE PRELOADER IS NEAR THE: END OF BLOCK ;'1I2JOF THE 
; LINCTAPE IN BYTE FORM. THE BEGINNING OF BLOCK 
; -10 I S ALL ZEROES. THE UT ILl TY LOADER, -ALSO 
; I N BYTE FORM, IS AT THE, BEGINNI NG OF BLOCK .7. 
; THE UTILITIES ARE IN WORD;: FORM AT, THE E.ND OF BLOCK 
; .. 7, AND THE EXECUT I VE, SYSTEM, I N WORD FORM" FILLS 
; BLOCK :"6. 
· , 
; THE SUPERNOVA OR THE IVIANUAL BOOTSTRAP: '~K I Ps 
; LEADING ZEROES, AND LOADS THE PRELOADER 
; PROGRAM, FROM LINCTAPE BLOCK -10 INTO CORE 
; AT LOCAT~ONS 0 THRU 40. THE SUPERNOVA 
; THEN JUMPS TO LOC' 40, WH I LE THE MANUAL 
; BOOTSTRAP JUMPS TO LOC 2'OF THE PRELOADER. 
· , 
; THE PRELOADER SETS, THE DEV I CE NUMBER AI\jD IN; TURN 
; LOADS THE UT I L I TYLOADER FROM BLOCK -7 INTOi GORE 
; LOCATDONS 142 THRU 216, AND EXECUTES AT LOC 216. 
; 
; THE NOVA 800/1200 AUTOLOADER LOADS ,AND EXECUTES 
; I TS OWN .BOOTSTRAP, FROM HARDWARE INTO LUCAT IONS 
; 0THRU 37. IT THEN, LOADS THE, PRELOADER (WHICH 
; IS, IGNORED) -AND' THE' LJT I L.ITY LOADER 1 NTO CORE 
; LOCATIONS 100 THRU 216, AND EXECUTES THE 
; UTILITy ,LOADER AT LOCATION 216. 
; 
; THE UT I L I TY LOADER' IS THUS LOADED AND EXECUTED 
; AT 216 BY ANY OF THE ,BOOTSTRAP CONFIGURAtIONS. 
; IT SIZES CORE, AND: LOADS THE UT I LIT 1 ESJUST BELOW 
; THE BINARy TAPE LOADER AT X7600. 
; 
; THE LINC UTILITIES THEN REST AT X7400 THRU X7577. 
; r.HE PROGRAM THEN 'JUMPS TO "START" IN, THE UTI LIT I ES, 
; READS THE-EXECUTIVEi,SYSTEM, FROM ,BLOCK -6, INTO CORE 
; LOCAT liONS X7000 THRU" X7377, AND F I,NALLY ST.OPS 
; THE TAPE AND ,JUMPS ,TO LOCATION X7'377 WITH 
; ,AC) = ADDRESS OF ~CLINC" (X7400) OF THE UTI~ITIES. 
· , 
; SOME LOCAT 10NS:NEAR THE,;,BOTliOM,'OF ,OORE ARE 
; W I'PED ,OUT BY 

SUPERNOVA 
0:" 1.Il0 

142:"216 
377 

· , 
· , · , 
; 

THE BOOTSTRAP'PROCESS. THEy 
MANUAL ,AUTOLOADER 

0- 1jI00-37 
1ij2~216100·216 

377 

ARE: 



",A'" 

. NOW THE PRELOADE.R PROGRAM I 

; 
12112110010 .RDX 8 
000D02 .LOC 2 

121~!d02 112177';) MANLD: LOA 0,-3,3 · MANUAL E:.NTRY LUC: GET D.N. I 

00003 01211iJV'l0t:) JMP .+2 
0V'l0~4 0604-77 PRELOD: READS 0 · GET DEVICE NUMbER , 
J 171 lid'5 024026 LOA 1,C77 
lltll,k16 12540121 AND 1 , 121 · MASK 6 81T5 I 

11 [,j [1 017 024030 LOA 1,GE.T+l 
010010 10701210 AUO o , 1 
[;} 0H) 1 1 044030 STA 1,GE:.T+1 ; SET SKII-' COIVJMAND 
0t'H112 (124~13 2 LDA 1,GET+3 
0V'!013 1 en000 ADD 0, 1 
0(71014- 04-4V'l32 STA 1,GET+3 ; SET INPUT COMMAi'JD 
0(7101~ 12b4-4-121 suRa 1 , 1 · CLEAR ACl & RESET CARRY , 
~HI)l!j 1 b 004030 JSR GET+l · GO AFTER BYTE I 

121(71017 1(71112165 MOVC 0.I2I,SNR · ZERO BYTEi I 

00020 0010016 ,) rVJ P .-2 ; YES: I GI\JOkE IT 
00021 12104027 JSR GET · NO: GET NEXT FUL.L WORD I 

10002;:: 04612125 STA 1,(alPTRl · STORE THE wORD I 

0121023 011£)142 I::,Z 142 · LAST WORD? I 

00024- 001{)12I21 JMP ... 3 ; NO: GET ANOTHER WORD 
00025 1i'l12l1£)14-1 PTR 1 : 1 41 · POINTER TO STOkt: & JUMP I 

0012126 12100077 C77: 77 . GET A wORD SUBR. GET A RYTE SUBR I 

0012127 12b42121 GET: SuBZ 1 • 1 · CLEAR AC1 & SET CARRY I 

0~030 065601i'l SKPDN 0 ; BUFFER READY? 
1.'Jfi1031 V'lvH:.iV'l30 JMP • -1 · NO: WA IT I 

v1Viv)32 :)r,10500 DIAS 0,121 · YES: INPUT THE BYTE I 

00033 11217363 ADDCS 0,1,SNC · SWAP BYTES. NEED ANOTHER? I 

001<134 12101003121 JMP .-4 ; YES: GO GET IT 
00055 12~301i'l MOVS 1 , 1 NO: SWAP BACK 
lJ (10 36 001400 ,)MP 0,3 · RETURN WITH WOkD/BYTE I 

00037 177777 -1 
00u4-0 12100004- FORTY: JMP PRELOD · SUPERNOVA ENTRY LOCATION I 



00f£l010 
12J12Jj()077 

012J12J77 0010377 
00100 177661 

000142 
·00142 177723 

0(7111+3 020030 
00144 ·024213 
00145 12j400 
00146 024206 
012J147 107000 
00150 041+206 
00151 024210 
00152 11217121121121 
012J153 041+210 

00154 020214 
0&'1155 034215 
00156 116400 
00157055777 
00160 031777 
00161 156414 
00162 001£1156 

00163 00~206 
00164· 101025 
00165 000163 

00166 040214 
00167'11)000 
00170 05j()213 
00171 ·004206 
00172 041012J0 
00173 151400 
0017401j()214 
0V'J175 000171 

I2lfi.'1176 03~213 
0V'J177051170 
00200025163 
00201 132400 
00202 126520 
01i1203 020212 
01i1204034213 
00205 012J1577 

00206 06j600 
0(7120712)00206 
0(2112) r2l6050r2l 
00211 0r2l11+00 
00212' 177772 
00213 . 12J01ll 12J77 . 
00214 ·12)01000 
00215 112Jj()600 
00216 00f£l143 

; NOW THE UTILITY LOADER 
; 

SYNC: 
COUNT: 

; SET 
GOGO: 

; SIZE 

; SKIP 

; LOAD 

; SET 

; GET 
GETW: 

BLOCK: 
K77: 
ONEK: 
HIGH: 
END: 

.RDX 

.LOC 
377 

8 
77 

SYNC-END 
.LOC 142 
.-END-1 

DEVICE NUMBER 

; SYNC BYTE 
; WORD'COUNTER 

LDA 0,GET+1 ; GET I/O WORD 
LOA 1,K77 
AND 1,0 ; GET DEVICE NUMBER 
LDA 1,GETW 
ADD 0,1 
STA 1,GETW ; SET SKIP COMMAND 
LOA 1,GETW+2 
ADD f2J, 1 
STA 1,GETW+2; SET INPUT COMMAND 

CORE 
LDA 0,ONEK; MEMORY SIZE· INCREMENT 
LDA JiHIGH' ; H1GHEST OPEN MEMORY 
SUB 0,3 ; MOVE ,DOWN TO NEXT CORE 
STA 3,-1~3 ; TRIAL STORAGE 
LDA 2,-1,3 ; GET IT AGAIN 
SUB# 2,3,SZR ; TEST FOR MATCH 
.)MP • -4 ; ,NO MATCH:· TRY AGA I N 

lERO BYTES 
JSR GETW ;AC2 = HIGHEST OPEN CORE 
MOVZ 0~0,SNR ; IGNORE LEADING ZEROES 
JMP .-2 

THE UTILITIES 
STA 0,ONEK ; SAVE COUNT "LT~IZ" 
ADD 0,2 ; POINT TO LOAD, .ADDR 
STA 2,K77 ; SAVE POINTER 
JSR GETW ; GET A WORD 
STA 0~0~2 ; STORE IT 
INC 2~2 ; INCR POINTER 
ISZ ONEK ; INCR COUNTER 
JMP ~-4 ; IF NOT DONE~ GO BACK 

UP TO LOAD KEYBOARD EXEC 
LOA 2,K77 ; IF DONE, GET 1ST UTIL LOC 
STA 2,LLOC~CLINC,2; & PUT IN LLOC 
LDA 1,SIZE-CLINC,2; GET WORDS/BLOCK 
SUB 1,2 ; SET 1ST CORE· LOC 
SUBZL 1,1 ; SET NO OF BLOCKS TO 1 
LOA 0,BLOCK ; SET·NEXT BLK NO 
LOA 3,K77 
JMP START-CLINC,3; GOTO START 

WORD SUBROUTINE 
SKPDN 0 
JMP .-1 
DIAS 0#0 
JMP 0,3 
-6 
77 
1000 
77600+1000 
JMP GOGO 

; BUFFER READY? 
; NO: WAIT 
; READ' 'WORD INTO AC0 
; RETURN WI TH' FULL WORD 

; SAVE BINARY LOADER 
; ENTER BOOTSTRAP HERE 



APPENDIX B. LINCTAPE UTILITIES 

T~ESt UTILITIES ARE SHOWN ASSEMBLED FOR A 4K MACHINE. HOWEV~R, 

T"1t:Y ARE PuSITION I,NDEPENDENT, AND THERE.FORE WlLL BE IDENTICAL 
FOR ANY SIZE MACHINE. 

001Otil10 
007377 

07377 177600 

07400 054-431 
074-01 1,?~lj.00 

074-02 001Olj.17 
07lj.03 054lj.26 
07412llj. 034430 
f21740~ 000lj.15 
071+06 054-lj.23 
074-07 til34lj.23 
074-10 05'+510 
074-11 0lj.1+501 
07412 05104-16 
07413 004lj.23 

NOW THE LINCTAPE UTILITIES ------
· , 

BLOCK ~7 MuST CONTAIN ZERUE~ bETWEEN THE 
; LAST WORD OF TH~ UTILITY LOADE~ ADN "LTSIZ" • 

• kDX 8 
.LOC 7377 

LTSIZ: .-START ; LINCTAPE UTILITY SiZE 
· , 
; 

ENTRIES TO LINe UTILITIES 
WLINC: WRITE & CHECK 
RLINC: READ & C~~CK 
CLINC: CHECK ONLY 

;*** USER MUST SELECT DRIVE BEFORE CALL WITH "DOB 
; ALL CALLS MADE BY 'JSR' TO UNE OF THe ABOvE, 

WITH AC0= FIRST BLOCK # 
; 
· , 
; 

AC1= NUMBER OF bLO~KS TO BE PROC~SSt:D 
AC2= FIRST CURE ADDRESS 

... ,74-" 

· , AC1 MAY =0. THIS I~ THE "FIND" FUNCTION. 
AC2 IF NEGATIVE, REPRESENTS THE 

· , 
ONE'S COMPL OF THE REAL AuDRESS, AND CAUSES 
THE BLOCK SEARCH TO START IN REVEkSE. 

; NORMAL RETURNS ARE INDICATED ~Y AC1=~. 
; 
· , 
; 

AC2= NEXT CORE ADDR~SS 
AC0= NEXT BLOCK # 

ABNORMAL RETURNS HAVE THE ERROR CODE lN AC1: 
; AC1=1 CHECKSUM ERROR. AC0= BAD BLOCK # 

· , 
· , · , 
· , 
· , 

i 
· , 
· , 
CLINC: 

RLINC: 

WLINC: 

AC1=2 BLOCK SIZE ERROR. AC0= BAD BLOCK. 
AC2= EXCESS OF MARKS IN BLOCK. 
AC3= EXPECT~D #. 

AC1=4 ILLEGAL BLOCK. AC0= TAkGET BLOCK. 
AC2= NEXT CORE ADDR. 
AC3= HIGHEST LEGAL BLOCK. 

AC1=8 DRIVE STATUS ERROR. AC3= DRIvE STATUS, 
BIT 1= PROTECTED, BIT 0= NOT READY. 

STA 3,SAC3 
suB 2,2 ;ADDRESS DU~SN'T MATTc.R 
Jrv'IP CHKl 
STA 3,SAC3 
LDA 3,D2R . SET READ kTNE. TO STORE DATA , 
JMP ~EADZ 
STA 3;SAC3 
LOA 3,D1W 
STA 3,D1XX ; SET UP FOR WRITE 
STA 1,D2XX iSAVE PARAMS 
STA 2,.SAC2 
JSR DO ; FIND & WR ITE BLOCKS 



07414 024476 RAW: 
07415 122400 
167416 030412 
074-17 151113 
(17420 15k'J000 
07421 034473 CHKZ: 

, 
07422 054470 READZ: 
07423 034-410 
107424 054474 
07425 004411 
167426 ·060274 EXIT: 
167427 002402 
167430 000000 SAC2: 
07431 0161016016 SAC3: 

0743~ 021000 
07433 000750 
07434 132512 
107435 01Zl1c:l0i210 

· , 
01W: 
D1RC: 
D2R: 
RETU: 
· , 

07436 054777 DO: 
07437 075474 
07440 175112 
07441 000446 
07442 151113 
07443 00(0410 
07444 150000 

· , 
07445 176400 FINDR: 
07446 162000 
167447 060374 
W1Lj.50 004467 
07451 101401 FINDN: 
07452 0010776 
07453 06k'J174 FINDF: 
07454 004463 
07455 000777 
1217456 17::>224 
07457 00111766 
07460 12::>005 FOUND: 
1217461 002754 
1217462 16012100 
07463 040474 
074(,4 044474 
07465 024476 
07466 147000 
07467 12l12l0431 

LOA 1~D2XX ;RESlORE PARAMS 
SUB 1,0 
LOA 2,SAC2 
MOVL# 2,2,SNC ;MAKEADDR. NEG FOR REVERSE 
COM 2,2 
LOA 3,D2C ; NO STORE ON CHECK 

STA 3,D2XX 
LD.A 3,0 11~C 
STA 3,01)(X 
JSR DO 
NIOC LINC 
JMP (Q'lSAC3 
o 
I2l 

i SET UP FOR READ OR CH~CK 
; FIND & READ BLOCKS 
; STOP DRIVE 
; RETURN TO ·CALLER 

LOA 16,0,2 ; DATA FOR WRITE SWITCH 
JMP READ-D 1 XX, 1 ; FOR, READ SW ITCH 
SUBL# 1,2,SlC ;00 THIS FOR READ, NOT CHECK 
o 

STA 3,RETU 
DIB 3,LINC 
MOVUt 3;3,SZC 
JMP E4 

; CHECK DRIVE READY 

; LOOK AT ADDR. MOVL# 2,2,SNC 
JMP FINDF ; IF POS, START FORWARD 

; IF NEG, START REVERSE COM 2,2 

SUB 3,·3 
ADC 3,0 
NIOP LINC 
JSR GETBLOCK 
INC 0,r.?J,SKP 
JMP .-2 
NIOS LINC 
JSR GETBLOCK 

; ENTER HERE FOR, REV. 
;POINT TO TARGET-1 
iSTART REV 

; KEEP GO LNG I F AbOVE ;OR ,ON 
; ENTER HERE FOR FWD. 

JMP .-1 i KEEP GOING IF BELOW 
MOVZR 3~3,SZR ; FOUND TARGET IF =0 
JMP FINDR 
MOV 1,1,SNR 
JMP @lRETU 
ADC 3,1 
STA 0,TEMP1 
STA 1,TEMP2 
LOA 1,5IZE 
ADD 2, 1 
JMP D1XX 

iLASTBLOCK? 
i YES~EXIT FROM "DO" 
i AC3=0. DECR, BLOCK COUNTER 

iPOINT TO END OF BLUCK. 



074-70 ·06j674 
074-71 00111777 
074-72 0634-74 
074-73 000416 
074-74- 0601.J.74 
074-75 1161.J.05 
,/17476 121001.J.34-
074-77 0241.J.65 
(217500 001!l4-03 
kP501 034462 
0'751212 '0244-63 
07?03 0204-54-
07504-01Zl1l1722 
07505 024-461 
075(71601Zl1!l720 
07507 024460 
07510 000716 
07?11 06104-74-
07512 132512 
07513 04-1000 
07514- 00104-02 
07515 061071.J. 
i6 7 ~ 1 6 1 1/ 0 0 0 
0'1:)17 1514-00 
0'7520 1321000 
0752106.:>074 
vi7:;,22 (6)674 
07523000777 
07524- 063474 
07525000770 
07526 075074 
07~27 07~474 
07:;,310 175004 
07531 0010756 
167532 13£:414 
07?33 00121746 
121753.4 020423 
07535 024-423 
07536 12100713 

READ: 

RCHK: 

E 1 : 

E2: 

E3: 

E4: 

RDAT: 
D2XX: 

D2C: 
WDAT: 
BLOOP: 

D1XX: 

WCHK: 

SCHK: 

NEXT: 

. , 

SKPDN LINC 
JMP .-1 
SKPbN LINC 
JMP RDAT 
DIA V'l,LINC 
SUB 0,3,SNR 
JMP SCHK 
LOA 1,C1 
JMP .+3 
LOA 3,SIZE 
LOA 1,C2 
LDA 0,TEMP1 
JMP EX IT 
LOA 1,C4-
JMP EXIT 
LOA 1,C8 
JMP EXIT 

; WAIT FOR DATA 

; I NPUT CHECKSUM 

; SHOULD :; ACCUI"1. CHKSM 
; CHECKSUM ERROR 

; ILLEGAL BLOCK NUMBER 

; DRIVE STATUS ERROR 

DIA 0,LINC ;INPUT DATA WORD 
SUBL# 1,2,SZC ;"JMP .+2" FOR CHECK 
STA 0,0,2 

; WRITE DATA 
; UPDATE CHKSM ACCUM. 

UPDATE POINTER 
; ~0R READ & CHECK, "JMp 

;WRITERS ON 
READ" 

JMP .+2 
DOA PI,LINC 
ADD 0,3 
l·NC 2,2 
LOA 0,0,2 
DOC 0,LINC 
SKPDN LINC 
JMP • '"'1 
SKPBN LINC 
JMP WDAT 
DOA 3,LINC 
DIB 3,LINC 

; WAIT FOR DATA, CHECK MARK 

M 0 V 3,,3, S Z R 

; DATA MARK 
; WRITE CHECKSUM 

;INPUT DRIVE:. STATUS 

JMP E4- ;MlJST BE READY & UNPROTECTED 
SUB# 1,2,SZR ;WAS BLOCK RIGHT SILE? 
JMP E2 . 
LOA 0,TEMP1 
LOA 1,TEMP2 
JMP FINDN ; 

;BLOCK FINISHED 
;RESTORE BLOCK COUNTER 
NEXT RLOCK 



07537 0544-20 GETBLOCK: STA 3,TEMP1 
0754-0 0344-21 LDA 3,MLIM ;CHECK TARGET LIMIT~ 
0754-1 16£:4-32 SUBZ# 3,I2I,SZC . OK IF BETWE.EN MLIM & PLIM , 
0754-2 000405 JMP WAIT 
07,::>U-3 034U-17 LDA 3,PLIM 
1217544- 162032 ADCZ# 3,fZl,SZC 
075U-5 001074-0 JMP E3 . NO ~UCH BLOCK , 
(17546 12174474 DIA 3,LINC iCLEAR SYNC FLOP 
07547 063474- WA IT: SKPBN LINC iGET BLOCK # 
07550 01210777 JMP WAIT 
07551 06j77U- SKPDZ LINC 
k:J7552 00kj774- JMP WAIT~1 iWAS A CHECK MARK 
07553 074474 DIA 3,LINC ;INPUT IT 
07554 11 b54-3 SUBOL 0,3,SNC iSKIP IF BELOW BLUCK WANTED 
167555 0104-02 ISZ TEMP1 
07556 00£:4-01 JMP (G)TEMP1 
07557 000000 TEMP 1 : 0 
07560 0010000 TEMP2: 0 
07561 177770 MLIM: 177770 iLOWEST BLOCK 
07562 0010620 PLIM: 620 iHIGHEST BLOCK 
07563 00kj400 SIZE: 400 iBLOCK LENGTH 
107564- 00ro001 C 1 : 1 
1217565 000002 C2: 2 
07566 0010004 C4: 4-
07567 lZIeJlcj010 C8: H') 

i 



· , · , 
· , · , 
i 
; 
i 

· , 
i 

· , 

WHAT FOLLOWS IS A BOOT, WHICH CAN bt 
USED TO LOAD ALL BUT ONE BLOCK OF Mt:MORY, 
FROM DRIVE 0. THIS PROCEDURE IS USED By 
THE BOOT PROG. 
JUMP TO "START" WITH: 

AC0=FIRST BLOCK TO 8E R~AD, 
AC1=# BLOCKS TO READ, 
AC2= LOAD ADDR. 

A HALT @ "PAUSE" INDICATES ERROR. 
IF NO ERROR, CONTROL IS PASSED TO THE 
LAST WORD ~OADED, WITH: 

AC2= ADDR OF LAST WURD LOADED +1, 
AC3= ADDR OF "CLINC" IN UTILITIES. 

07570 000000 LLOC: 
07571 00Lj.612 

o 
JSR 
LOA 
MOV 
JMP 

RLINC 
3,LLUC 
1,1,SNR 
-1 ,2 

07572 034776 
07573 12~005 
07574 001377 
07575 06~677 PAUSE: 
07:,76 063077 
07577 00~772 START: 

IORST 
HALT 
JMP .... 6 
.END 

iSTOP & SELECT DRIVE 0 
iIF ERROR, SET ACtS & CONTINUE 
; SYSTEM START BLOCK 



APPENDIX C. KEYBOARD EXECUTIVE 

LINCTAPE KEYBOARD EXECUTIVE ROUTINE 5/71 

THE LINC EXECUTIVE INTERPRETS TYPED COMMANDS, AND 
PERFORMS L1NCTAPE OPERATIONS ACCORDINGLY. THE PROGRAM 
MANIPULATES INTEGRAL NUMBERS OF LINC BLOCKS (256 WORDS EACH) 
BETWEEN TAPE AND ANY CONTIGUOUS CORE LOCATIONS. 

COMMAND bTRUCTURE 

COMMANDS AkE OF TWO MODES: 
A,B,C,DX GENERAL MODE 

AND Y AUTOMATIC MODE. 

SYMBOL D~FINITIONS: 

A ~AUDRESS, AN OCTAL DIGIT STRING, FOLLOWED ~Y A COMMA. 
THE LAST 5 DIGITS TYPED REPRESENT THE FIRST 
CORE ADDRESS. IF ONLY A COMMA IS TYPED, THE 
VALUE WILL BE INTERPRETED AS 0. 

B =BLOCK, THE FIRST BLOCK NUMBER; SAME GEN~RAL DEFINITION 
AS ~A', EXCEPT THE STRING IS INTERPRETED AS 
A 16-B 1 T SIGNED ,NUMBER. (2' S COMPLEMENT CONVENT l'ON) 

C =COUNT. THE COUNT ,OF BlJOCKS TOI:3E PROCESSED: SAM!:: 
D~FINITION, BUT A 16-BIT UNSIGNED NUMBER. 

D =DRIVE, THE DRIVE NUMBER; AN OCTAL DIGIT STRING NOT 
FuLLOWED BY A COMMA. ONLY THE LEAST ,S I GNF I CANT 
(LAST TYPED) 4 BITS ARE USED. 

X =O~EOF THE FOLLOWING SINGLE CHARACTERS: 

CCHECK • FIND AND VERIFY BLOCK NUMBERS AND 
CHECKSUMS. 

R READ G FIND, CHECK AND TRANSFER INTO CORE. 

W WRITE. FIND, WRITE FROM CORE, AND CHECK 
(TWO PASSES). 



THE INTEkPRETER CATCHES INVALID CHARACTERS TyPED, AND 
CH~CKS COMMAND FORMAT,BUT IT IS POSSIBLE TO "~UM8" THE 
SYSTEM By ~OADING OVER THE EXECUTIVE PROGRAM, FOR EXAMPL~. 
fHE ~XECUTIVE RESIDES AT X7000-X7377 OCTAL (WHERE X7777 
IS THE HIGHEST CORE LOCATI'ON), AND IT CALLS ON THE LINC 
UTILITIES AT X7400-X7577 OCTAL. IN OTHER WORUS, THE 
MAXIMUM NUMBER OF BLOCKS YOU CAN READ IS 16 BLOCKS IN 
A 4K MACHINE, OR ALL BIIT THE H1GHEST 1000 lOCATIONS OF 
CORE. THEHE IS NO RESTRICTION UN CHECKING. 

THE DRiVE MUST BE IN TENSION MODE AND, IF WRITING, 
THE ORIVE PROTECT lIGHT MUST BE OFF. IF ON, 
THE TAPE Will NOT BE WRITTEN# AND AN ERROR WILL BE 
INDICATED. 

THE EXECUTIVE MAY B~ RESTARTED AS FOLLOWS: 
PR~SS 'RESET' 
SET DATA SWITCHES TO X7000 OCTAL 
PReSS 'START' 



AUTOfYlAT I C fYlODE 

IN THE AUTuMATIC MODE, TYPING A SINGLE CHARACTER WILL READ IN 
THE DESIRED PROGRAM. THIS MODE WILL ONLY READ FROM DRIVE 0. 
IT WILL NOT WRITE, NOR WILL IT ACCESS ANY OTHER DRIVE. 

FOR INSTANCE, TYPING "An CAN READ THE ASSEMBLER FROM THE 
TAPE ON DRIVE 0 INTO CORE. AS WITH THE GENERAL MODE, THt 
SYSTEMS RETURNS TO THE KEyBOARD EXEC AFTER READING, AND THE 
NORMAL STAHT PROCEDURE FOR THAT PROGRAM MUST ~E FOLLOWED TO 
EXECUTE IT. 

TH~ NECESSARY INFORMATION FOR READING IS STORED IN A TABLE IN 
THE KEYBOARD EXEC. I TIS ASSUMED THAT· THE PROPER PROGRAM WILL 
BE FOUND Ohi THE TAPE. IN GENERAL, IT IS ADVISABLE TO MAINTAIN 
THE TABLE IN THE KEYBOARD EXEC TO MATCH THE PHOGRAMS ON THAT 
PARTICULAR TAP~. IN THIS WAY, THE SYSTEM, AFTER BOOTSTRAPPING, 
WILL FUNCTiON PROPERLY. 

wHEN PROGRAMS ARE ADDED TO OR DELETED FROM THE TAPE, TH~ 
KEYBOARD EXEC MUST BE UPDATED IF THE AUTOMATIC MODE IS TO 
HANDLE IT PROPERLY. THIS TABLE STARTS AT LOCATION YY2t2 
( W HER E Y Y I2l r2112l 1ST H E FIR 5 T L 0 CAT I, ON' 1 NTH E' EX E C ) • T HE TAt; L E 
REQU I RES A GROUP OF. F'OUR PARAMETERS FOR EACH PROGRAM: 

(1) KEYBOARD LETTER 
(2) FIkST CORE LOCATiON 
(3) FIRST BLOCK NUMBER 
,( 4) NUIVIBER OF BLOCKS 

THE SEQUENCE OF THE GROUPS DOES NOT MATTER, BUT' THE. SEQUENCE OF 
THE PARAMETERS WITHIN THE GROUP DOES. THERE IS HOOM IN THE 
TABLE FOR ~3 LETTERS. 

THE PROCEDURE FOR CHANGDNG THE TABLE IS: 
( 1) ENTER THE EXECUT I VE ROUT INE 
(2) LOAD THE DEBUG III ROUTINE 
(3) PUT THE TAPE WITH THE EXECUTIVE ROUTINE THAT 

IS TO BE UPDATED ON DRIVE r2I 
(4) READ A FRESH COpy OF THE EXEC INTO WORKING CORE 

(THE EXEC IS ON BLOCK -6~ OR 177772): 
112l12l12l,177772,1,I2lR 

NEVER TRY TO UPDATE THE EXEC "IN PLACE". 
(5) ENTER THE DEBUG ROUTINE 
(6) LIST THE TABLE, FROM LOCATION 1212 UNTIL THE FIRST 

(ASCII LETTER) WORD IN A GROUP IS ZERO, INDICATING 
THt END OF THE TABLE (A LOCATION ENDiNG IN -2 OR ~6.) 



(7) ADU, CHANGE, OR DELETE GROUPS I~ THE TABLE AS REQUIRED. 
BE SURE TO PUT THE NUMBERS IN THE CORRECT SEQUENCE, AND 
TO PUT THE "END OF TABLE~ ZERO AFTER THE LAST SET. NOTF 
AL~O THAT THE ASCII' IS 7, NOT 8 BIT CODE. A TYPlCAL 
SElllUENCE IS: 

001242 000113 ASCII LETTER K 
001243 001000 1ST CORE LUCATION 
001244 00003~ 1ST BLOCK NUMbER 
001245 000014 NUMBER OF BLOCKS 
001246 000000 END OF TA~LE 

THE TABLE CAN, OF COURSE, BE UPDATED By UTHER 
MEANS, SUCH AS THE FRONT PANEL SWITCHES. 

(8) WRITE THE UPDATED VERSION BACK ONTO LINCTAPE: 
1000,177772,1,I2IW 

(9) RE~OOT, AND TEST THE NEW ROUTINE. 

TO ~XECUTE ANY LOADED PROGRAM, YOU MUST FOLLOW 
NORMAL INSTRUCTIONS FOR THAT PROGRAM. THE 
LINC EXEC DOES NOT START PROGRAMS. 

ERRORS AkE INDICATED By A RETURN TO THE 
EXECUTIVE WITH? TyPED, THEN '" 
ERRURS CAN BE : 

1.fAPE NOT IN TENSION. 
2.TAPE PROTECTED AGAINST WRITE. 
3.CHECKSUM ERROR; YOU HAVE A BAD BLOCK ON TAPE, 

OR YOU PRESSED PROTECT SWITCH WHILE WRITING. RETRY. 
4.~AD TAPE, NEEDS REMARKING. 
5.YOu TRIED TO FIND A BLOCK NOT ON THE TAPE. 

LIMITS ARE 177772 (-6) THROUGH 0, TO 617, OCTAL. 
6.INVALID COMMAND. 

SUCCESSFUL COMPLETION OF A COMMAND IS INDICATED BY 
A RETURN TO THE EXECUTIVE WITH'" TYPEU. 

EXAMPLES 
.100,2,1,0R 
• READ, STARTING AT CORE ADDRESS 100, 

ONE BLOCK, STARTING AT blOCK 2, DRIVE 0 • 

• 0,77777777777,1,1W 

* 
*0,177777,1,1W 
? 

'" 
*0, (ii, 62121,I2IC 
*"h~0,C'lC 

* 

WRITE BLOCK .1 FROM CORE ADDR 0,DRIVE 1 

ERROR. SAME COMMAND AS ABOVE. 

CHECK TAPE BLOCKS 0 THROUGH 617. 
SAME THING. 

LOAD EXTENDED ASSEMBLER. 



THIS ROUTINE IS tlSTED AS' ASSEMBLED AT,LOCATION 7000. 
EXCEPT FOR THE PO INTERS, WHIOH ARE, PRESET AT BOOT, T I ME, I TIS 
POSITION INDEPEND6NT, AND WILL BE THE SAME F"OR ANY SIZE CORE. 

07000 000504 
07001 . 1021+00 
07002 '01+0571 
107003 01+1t)571 
07001+01+0571 
1071005·01+0571 
0'7006 020552 
10701217 r21l+fll571 
1217101121 01214503 
1217011' 01+Lj.562 
1070120310552 
10701,3, 142415 
1217011+ 000422 

07015 02451+3 
0701603Lj.573 

· , 
; 

· , · , 
· , 
; 
· , 
· , · , 
; 
; 
· , 

EXEC: 

07017 031400 EAGN: 
107020 151005 
071021 0001+57 
0712122 142415 
07023 000403 
07024 13Hl00 
07025000772 

107102602141211 F"NDI: 
07027 01+0544 
07030 021402 
0703101+0543 
07032 0211+03 
07033 040542 
07034 '0210536 
07035 0010414 

KEYBOARD EXEC 5/71/JJM 

THESE ROUTINES ALLOW THE USER TO USE, THE L I NC 
TAPE UTILITIES FROM THE KEYBOARD. 
THIS PROGRAM ACCEPTS TWO TYPES ·OF COMANDS 
TyPE 1 IS THE SINGLE, LETTER, TYPE WH I CH I S USED 
PRIMARILY TO READ IN SYSTEM PROGRAMS FROM 
DRIVE 121 ONLY. THE PROGRAM CONTAINS·A LOOKUP 
TABLE FOR THESE COMMANDS WHI OHI ,CAN BEd~AS I L Y 
UPDATED WITH DEBUGER. 
THE' TYPE TWO OOMANDS ARE: READ, WR I TE AND 
CHECK. THESE, COMMANDS REQU l.RE 4 PARAMETERS 
AS EXPLA I NED IN, THE, I NSTRUCT I ON BOOK 

.LOC 

JMP 
SUB 
STA 
STA 
STA 
STA 
LOA 
STA 
JSR 
STA 
LOA 
SUB# 
JMP 

LOA 
LOA 
LOA 
MOV 
JMP 
SUB# 
JMP 
ADD 
'JMP 

LOA 
STA 
LOA 
STA 
LOA 
STA 
LOA 
iJMP 

7000 

ELIN 
0,0 
0, TEM1 
0,TEM2 
0,TEM3 
0,TEM4 
0,C4 
0,ERCO 
INOC 
1 , TE~ 1 
2,C54 
2,IZI,SNR 
COMA 

; 'OUTRUT CR "* 
; CLEAR ·AC0 
; CLEAR INPUT ARRAY 

; SET RE-TRY COUNT 

; INPUT O~TAL NUMBER 

; COMA?? 

1,C4 ; LOOK UP INRUT CHARACTER 
3,TABL 
2,0,3 
2.,.2,SNR; I FEND ·OF TABLE GRl PE 

'NOGO 
2,IZI,SNR'; IF MATCH· GO"TO IT 
FNDI 
1,3 ; UPDATE POINTER 
EAGN ; AND TRY AGAIN 

0,1,3 ; GET PARAMETERS, AND.·SAVE "FHEM 
0,TEM1 
0,2,3 

,0" TEM2 
0,:5;;3 

,0,TEM3 
0,CR 
COM1-1 ; GO TO IT 



071036 17.104-455 COMA: JSR INUC · GET NEXT NUMBER , 
07037 12144-535 STA 1,TEM2 · SAVE IT , 
07(l40 0310524 LDA 2,C54 · CHECK FOR COMA , 
07 [/1 41 142414 SUfj# 2,I(),SlR 
0'7(.142 001/1436 JMP NOGO 
io 7 ~'IIj. 3 0(il4450 JSR INOC · GET NEXT NUMBER , 
\:.'7 v~44 044531 STA 1,TEM3 
1ZJ704S 14~404 SUS 2,i2l,SlR 
07[046 017.10432 JMP NOGO 
07047 IZH:l4-444 JSR INOC 
07050 044526 STA 1,TEM4 
07~51 034-53121 LDfI, 3,TABL1 ; LOOK UP CHARACTER 
07~)52 031400 COM1 : LDA 2,1(),3 
07k153 17~400 INC 3,3 
07V154 17!)400 INC 3,3 
1217055 151015 1'10V# 2,2,SNR 
07u56 0010422 JI'1P NOGO · IF END OF TABLE GRIPE , 
07057 14~414 SUB# 2,i2l,SlR 
i/)706 17.1 000772 JMP COM1 · IF NOT MATCH TRy AGAIN , 
07061 03';;777 LDA 3,-1,3 · GET EXECUTION ADDRESS , 
0712162 054515 STA 3,FDDR · SAVE EXEC ADDRESS , 

07063 020511 TRYAGN: LDA 0,TEM2 · STARTiNG BLOCK # , 
V17k.;64 024511 LDA 1,TEM3 · NUMBER OF BLOCKS , 
07065 030511 LDA 2,TEM4 ; DRiI V c: # 
07066 072074 DOB 2,74 ; SELECT DRIVE 
~n067 030504 LDA 2,TEM1 ; STARTING CORE LOCATION 
07[tJ70 034-507 LDA 3,FDDR · GET EXECUTION ADDRESS , 
07k:J71 00~400 JSR 0,3 · GO TO IT , 
07072 12::>12115 MOV# 1,1,SNR ; IF NO ERROR RETURN TO START 
07073 000705 JMP EXEC 
07~74 12~223 MOVlR 1;1,SNC · IF CHECKSUM TRY AGAIN , 
07075 00f£:l403 JMP NOGO ; ELSE GIVE UP 
07076 014502 DSZ ERCO 
071/)77 f2J liH::i 764 JMP TRYAGN · TRY THREE TIMES , 

07100 021£)462 NOGO: LOA I2I,C15 
071 01 004447 JSR OA0 
07102 020466 LDA o "CQUES 
071C'13 12104445 JSR OA0 
07104 021.!l456 Ell N: LDA 0,C15 
107105 017.14443 JSR OA0 
l'j7106 0210463 LDA 0,CSTAR 
07107 004441 JSR OA0 
1071 110 020453 LDA 0,C40 
07111 004437 JSR OAei 
07112 100k'J667 JMP EXEC+1 



· CONVERT AN ASCII OCTAL CHARACTER STRING TO A bINARY , 
· NUMBER IN AC 1 , AND A BREAK CHARACTE~ IN AC0 , 

1217113 054425 INOC: STA 3,RTRN ; SAVE RETURN AOURESS 
071 14- 051£1425 STA 2,TEM0 · SAVt: AC2 , 
07115 10~400 SUB 0,10 
1217116 041tJ424 STA 0,OCTL · CLEAR RESULT WORD , 
07117 004424 INOC1 : JSR IAIa · GET A CHARACTER , 
0712121 12130445 LDA 2,C60 
07121 034445 LDA 3,C67 
07122 162033 ADCZ# 3,I2I,SNC · TEST FOR 60<=N<=67 , 
07123 112032 ADCZ# .0,2,SZC 
07124 000411 JMP EINOC ; NO MUST BE BRE:.AK CHARACTER 
07125 142400 SUB 2,0 · MAKE IT OCTAL , 
07126 12124414 LDA 1 ,OCTL 
07127 12~12121 MOVZL 1 , 1 · OLD TIMES 8 , 
107130 12:>120 MOVZL 1 , 1 
12)7131 125120 MOVZL 1 , 1 
07132 10700121 ADD 0, 1 ; NEW PLUS OLD 
07133 044407 STA 1,OCTL 
07134- 000763 JMP INOC1 · LOOP UNTIL BREAK CHARACTER , 

10713~ 03041214 EINOC: LOA 2,TEM0 ; RESTORE AC2 
07136 121241-41214 LDA 1,OCTL · RESULT TO AC1 , 
07137 0(11~401 JMP @lRTRN 

0714121 001£1121121121 RTRN: 121 · SAVE RETURN LOCAT 101\1 , 
07141 12100000 TEMI2I: 121 · STORAGE FOR AC2 , 
07142 001£112100 OCTL: 0 · RESULT , 

· INPUT AND ECHO TELETYPE CHARACTER AND MASK PAR ITy , 

1217143 1216361121 IAI2I: SKPDN TTl ; WA IT FOR INPUT CHARACTER 
1217144 12112110777 JMP • -1 
07145 12161:161121 DIAC 0,TTI ; INPUT CHARACTER TO ACI2I 
07146 12130421 LOA 2,C177 ; MASK OFF PARITY BIT 
1217147· 143400 AND 2,121 

1217150 063511 OA0: SKPBZ TTO ; WA IT F OR OUTPUT READY 
1217151 0010777 JMP ... 1 
07152 12161111 DOAS 0,TTO ; OUTPUT ACI2I AND START 
1217153 121 3 12Il+ 07 LDA 2,C15 
07154 142434 SUBZ# 2,0,SZR · IF CR OUTPUT LF , 
107155 01211400 JMP 0,3 
1217156 12121lll+03 LDA 0,C12 
1217157 000771 JiVlP ,0AI2I 



· CONSTANTS , 
121716121 ell2!ltjelell.l- CI.I-: 1.1-
1217161 elelli.lel12 C12: 12 
1217162 0010015 C 1,5: 1 5 
07163 0001211.1-121 CI.I-el: 1.1-121 
1217161.1- 1211210051.1- C51.1-: 54 
1217165 121121101216121 C6eJ: . 60 
07166 1301012167 C67: 67 
07167 012116177 C177: 177 
07170 01211012177 CQUES: " ? 
07171 012110052 CSTAR: " * 
07172 121010122 CR: "R 
1217173 001600121 TEM 1 : 0 
07171.1- 12112110000 TEM2: 0 
1217175 01312112100 TEM3: 0 
07176 001601210 TEMI.I-: 0 
07'177 0010000 FDDR: 121 
07£:0121 000000 ERCO: 121 



· , 
; 

07201 0000013 T ABL 1 : 
072132 000122 
07203 (i'I(i'Ik'jelel0 LR: 
07204 1300103 
0,7205 vHJ10 12J012J LC: 
(,')7206 0C'1k0127 
("7207 00l!J0012l LW: 
07210 00kJ000 

; 
; 

· , 

· , 

· , 

; 
; 

· , 

; 

0721100k1000 TABL: 
~j7212 000000 

VALUES IN THIS TABLE WILL bE FILLED IN BY THE 
SIZE ROUTINE AT LOAD TIME 
o ; ADDRESS OF TAbLE 
"R ; READ LINC TAPE 
(2l 

"C 

"W 
o 
r?I ; END OF TABLE 

AUTOMATIC MODE TABLE 
THIS TABLE IS USED TO LOOK UP THE 
STARTING CORE LOCATION, STARTING BLOCK # 
AND THE NUMBER OF BLOCKS FOR TH~ SINGLE 
LETTER COM[VIANDS. 

THE FORM IS: 
COMMAND LETTER 
STARTING CORE LOCATlON 
STARTING BLOCK NUMBEr< 
NUMBER OF BLOCKS 

THUS: 
07212 1300104 "D 
07213 001000 1000 
167214 000000 0 
07215 00014 14-
12)7216 000000 0 

WOULD LOAD LOCATiONS 10012J THRU 6777 INTO CORE 
FROM BLOCKS 0 THRU 13 ON THE TAP~ ON DRIVE 0, 
WHEN THE LETTER "D" WAS TYP~D. 

THERE IS ROOM IN THE TABLE FOR 2j (DECIMAL) 
COMMAND LETTERS. 

; ADDRESS OF TABLE 
; END OF TABLE 



; THIS ROUT I NE,'DETERMI NES THE SIZE OF CORE AND . SETS ALL OF THE POINTERS. , 

007352 .LOC EXEC+352 
07352 021+421 SIZE: LDA 1 , C400 
07353 1324-00 SUB 1 ,2 
07354- 14-1000 MOV 2,0 
0735~ 024-4-21 LDA 1,TABP 
107356 133000 ADO 1 ,2 
07357 -051377 STA 2,·1,2 
07360 024415 LOA 1,TAB2P 
07361 133000 ADD 1 ,2 
07362 051377 STA 2,-1,2 
107363 054622 STA 3,LC 
107364 02Ll-410 LOA 1,C3 
07365 137000 ADD 1 ,3 
07366 054615 STA 3,LR 
07)67 137000 ADO 1 ,3 
07370 054617 STA 3,LW 
07371 111000 MOV 0,2 
07372 001000 JI"iP 0,2 
07373 e!(i'llc1400 C400: 400 
07374 000003 C3: 3 
07375 0016010 TAB2P: TABL-TABL1 
07376 0010202 TABP: TABL1-EXEC+1 
07377 000753 JMP SIZE 

.END 



APPENDIX D~ LINCTAPE MAP 

STANDARD LINCTAPES FOR USE WITH THE NOVA COMPUTERS CONTAIN THE 
FOLLOWING PROGRAMS: 

BLOCK 
NUMBER 

-1(21 

-7 

-6 
-:> THRU -1 

PROGRAM 

PRE LOADER (BYTE FORM) 
UTILITy LOADER (BYTE FORM) 
LINCTAPE UTILITIES 
KEY80ARD EXECUTIVE 
ZEROES 
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