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I NTRODUCT l'ON 

THIS MANUAL IS DESIGNED TO ASSIST OPERAlORS, PROGRAMMER:,, 
AND· MALNTENANCE PERSONNEL lN THE USE OF THE LlNCTAPE SYSTEM WITH 
A NOVA, SUPER NOVA# NOVA 80~ SERIES, OR NOVA 1200 SERIES COMPUTER. 
A KNOWLEOGt:. OF THE OPERATION ·OF T-HE:. NOVA IS ASSUMED. 

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

* TELETYP~ IS A TRADEMARK OF THE TELETYPE CORPORATION. 





1 ~0 GENERAL DESCRIPTION 

THE C0·600·NP LINCTAPE SYSTEM CONSISTS OF TWO COR MORE> DRIVES 
AND ,A COMMUN ELECTRONICS SYSTEM. EACH DRIVE HANDLES ONE· 
REEL OF LINCTAPE. 

EACH TAPE IS DIVIDED INTO SECTORS OR BLOCKS. THER~ ARE '+00 
<620 OCTAL> SUCH BLOCKS PER TAPE, NUMBERED 0 THRU 399. EACH 
BLOCK· CONT A I NS 256 WORDS OF 1 6 BI TS EAC_H. · EACH BLOCK IS 
AnDR~SSABL~ AND THE TRANSFERRING OF DATA CREAUING OR WRITING) 
Is noNE ·ONt:. OR MORE BLOCKS AT A TI ME. IHUS, L l NCT 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 CORE FROM LOCATION 3000 THRU 3777 
<OCTAL>. IT CAN BE WRITTEN OUT· ONTO LINCTAPE AS FOLLOWS: 

t>UB 
DOB 
LOA 
LOA 
LOA 
JSR@ .. 
-.. 

0,0 
0,LINC 
0,BLKNO. 
1 , Nl:3LKS 
2,FCORE 
WLINC 

BLKNO: 100 
NBLKS: 2 
FOORE: 3000 
WLINC: X74k'.l6 
RLINC: X74I03 

SELECT DRIVE NO 0 
LOAD ·AC0 WITH 1ST BLOCK NUMBER 
LOAD AC1 W 1 TH NUMBER· OF BLOCKS 
LOAD AC2 WITH 1ST CORE LOCATION 
JUMP TO THE WR I TE UT I LI TY SUBROUT IN~ 

THIS ROUTINE WILL WRITE 2 BLOCKS C1000·0CTAL WORDS>, STARTING 
AT CORE LOCATION 3000, ONTO THE LINCTAPE THAT IS ON 
DRIVE 0, STARTING WITH BLOCK NUMBER 100. 

TO READ THt:. DATA BACK INTO CORE, THE SAME PROCEDURE WOULO BE 
USED~ EXCEPT THAT THE LAST INSTRUCTION WOULD BE "JSR@ RLlNC". 

ONE OF THE ADVANTAGES OF LINC TAPE OVER lNDUSTRY COMPATlbLE 
T APE SYSTEMS l S THE AB I L I TY T 0 0 VER-WR IT E A BL 0 CK·· THE· SELF • 
SYNCHRONIZING FEATURES OF LINCTAPE ·ALLOW INFORMATION TO BE 
READ, ttPDAT5D, ·AND RE· WRITTEN BACK ON THE SAME: PLACE IN TAPE. 



AMONG THE MAJOR ·USES ·OF L lNCTAPE ARE: 

1 • BOOT~ TRAPP I NG. TH IS ALLOWS START'! NG· THE COMPUTER FROM 
SCRATCH BY LOADING THE LINC UTILITIES AND OTHER Ll~SIRED 
PROGRAMS INTO CORE. 

2. LIBRARY STORAGE. LIBRARY PROGRAMS~ SUCH AS THE A~~EMBLER 
DEBUG ROUTINES, ANO DIAGNOST.ICS., .CAN BE STORED ON. TAPE· 
AND LOADED INTO COR~ QUICKLY AT ANY TIME. 

3. PROGkAM STORAGE. USER PROGRAMS CAN BE STORED ON LlNCTAPE 
FOR kAP ID, 0:1 RECT ACCESS WHEN·· NEEDED·. THREE PARAMETERS: 
BLOCK· LOG AT ION, CORE LOCA T lON, AND 'NUMBER OF BwOCKS WI LL 
SPEC I Fy ALL THAT IS NEEDED TO; LOAD· ANY ·'oF THE PROGRAMS. 

ij. PROGRAM DEBUGGING. WHEN DEBUGGING· PROGRAMS, THE CURRENT 
PROGKAM CAN BE SAVED ON LINCTAPE. IF THE PR~GRAM ·DESTROYS 
CORE, IT CAN ·BE GUlCKL Y RELOADED.· IF IT REQU,I RES ·UPOAT I NG, 
IT CAN BE LOADED INTO CORE, UPDATED, .AND WRITTEN BACK· ONT10 
TAPE EASILY. IF EXPERIMENT AL· PROGRAM· MOD IF I CAT l ONS 
ARE T 0 BE· TR I ED , THE 0 R I G I NA L., · AND'· LA TE R I TERA TI 0 NS., 0 F · THE 
PROGRAM ·CAN BE SAVED. 

5. PROGRAM ·OVERLAY. LARGE PROGRAMS .CAN ·BE BROKEN lNTO 
SMALLER .SECT lONS AND LOADED INTO· GORE· A SECT !:ON AT· A: TI ME. 
THUS I T I S 0 FT EN P 0 SS I BL E T 0 UT I L ·1 Z E A MACH I NE W I TH L I M I TED 
CORE TO RUN LARGE PROGRAMS: US I NG LI NC TAPE. 

6. DATA· STORAGE. DATA BLOCKS .CAN BE STORED ·ON, ·OR: Rl:.AQ: FROM 
LINC TAPE IN THE ST ANDA RD MANNER. WRIT I NG "IN PLACE" ·OFTEN 
ALLOWS THE· USE OF ONE TAPE, INSTEAD OF THE USUAL TWO - THAT 
ARE KEQU 1 RED FOR I NOUS TRY COMPAT 1.SLE; SYSTEMS. 

7. DATA MERG-1 NG. MERGING TWO DATA BUFFERS CAN USUALLY ·BE 1 

DONE WI TH ·ONE DUAL LI NCT APE· SYSTEM, RATHER THAN THREE 
INDUSTRY COMPATIBLE SYSTEMS. 



2~0 SPECIF!CATIONS 

2.1 SYSTEM 
DUAL TAPE DRIVE 
EXPANDABLE TO 16 DRIVES CB DUAL) 
60 !PS TAPE SPEED IN EITHER DIRECTION 
Bl·UIRECTIONAL BLOCK SEARCH AT FULL SP~ED 
UPDATE ANY SECTORCS> 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 bIT PARALLEL INTERFACE 
ALG~BRAIC CHECKSUM FOR EACH BLOCK 
PERMANENT, PRE-RECORDED SECTOR ADDRESSES 

2 .·2 TAPE 
SCOTCH CAT. NO. 481•3/4·150-R42 <UNMARKED> 
150 FEET LONG 
3/4 INCH WID~ 
10 TRACKS, 35 MIL, FULLY REDUNDANT 
SANDWICH TAPE FOR LONG TAPE AND ·HEAD LI FE 
3-1.3/16 INCH DIAMETER ·REEL 
400 BPI PHASt RECORDING 
16 bIT WORD 
102,400 WORDS PER REEL C204,800 BYTES> 
4200 WORDS/SECOND TRANSFER RATE C8400 BYTES/SECOND) 
400 DATA BLOCKS 
256 WORDS/BLOCK 

2.3 PHYSICAL 
8·3/4"H X 19nw X 12•3/16"D RACK MOUNT 
2;.1/8 FRONT PROJECTlON 
10•1/16 REAR PROJECTION <EXCLUDING PLUGS> 
105•125 VOLTS, 60 HZ, 100 WATTS (50 HZ AVAILABLE) 
35 ~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, GU I DES, AND TAPE FROM· D lRT AND .. DUST BY KEEP I NG 
THE FRONT DOOR CLOSED IN OPERATION. HOWEVER, IN A LABORATORY 
ENVIRONMENT, ·THE DOOR MAY BE REMOVED BY TWO SCREWS NEAR THE HINGE. 

POWER, l/0, 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. 
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2.5 PACKING LIST 

C0•60~·NP MASTER LINCTAPE UNIT 
1 EA DUAL LINCTAP~, DRIVE SYSTEM ~ITH HEAD/WRITE ELECTRONICS 
1 EA LINE CORO 
1 EA }jQ CABLE 
2 EA REELS :QF MARKED LI NC TAPE 
1 EA INSTRUCTION· BOOK 

C0•60:> 
1 EA 
1 EA 
1 EA 
2 E~ 
1 EA 

SLAVE UNIT 
· 0 UAL L I NC TAPE SL A VE DR ·I VE, · S :Y STEM 

LINE CORD 
SLAVE ADAPTER CABLE 
REELS OF MARKED TAPE 
INSTRUCTION BOOK 

NOTE.: ADDITIONAL .LINCTAPES, PRE-MARKED AND CERTIFIED, MAY 
BE ObTAINED FROM COMPUTER OPERATIONS,' INC. 



~.0 INSTALLATION 

THE CPU MUST HAVE THE I /O· CONNECTOR ·OPT ION FOR· ·PROPER 
INSTALLATION: 

NUVA DATA GENERAL TYPE ~'122 
SUPERNOVA II " II 8022 
NuVA ·800 ". " " 8222 
NOVA 1200 ti' " II 8122 
STANDARD· ON THE 1210,.· 1220, ANO 820. 

3.1 MOUNT lHE LINCTAPE. IF THE LINCTAPE IS TO BE RACK MOUNTED: 
A. REr•1ovE· THE DOOR ·BY REMOVING THE: TWO SCREWS HOLD lNG THE 

HINGE BLOCK TO-TH~ FRONT PANEL. BE CAREFUL NOT:TO SCRATCH 
THb ·HEADS. OR THE"GU I DES. 

B~ PLACE TME LlNCTAPE IN POSITION AND·FASTEN FIRMLY IN PLACE 
US l·NG· F·OUR SCREWS THRU THE FLANGE SLOtS. IT· IS ADV I.SABLE 
TO PROTECT, THE FRONT PANEL FINISH BY ·USING A FlbER, OR 
PLASTIC WASHER UNDER THE SCREW HEADS. 

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

3. 2 CONNECT: THE' POWER CABLES. IF IT I S"DES IRED T0·. 1HAVE .. THE COMP LE TE 
SYSTEM TURN: ON .AND OFF w I TH, THE COMPUTER POWl:.R SWITCH: 

A. TURN OFF ALL POWER TO THE SYSTEM. 
B. PLUG THE LINCTAPE, POWER CABLE INTO THE ·OUTLET IN THE· BACK 

OF THE COMPUTER. 
C. PLUG THE= ·NEXT PERilPHERAL ·DEV lCE C SUCH· AS 'THE. TELETYPE> 

lNTOOTHE 11 0UTLET: IN THE BACK OF THE LI NC TAPE. REFER TO 
TH~ DATA GENERAL MANUAL TO DETERMINE THE PERMISSIBLE 
LOAD. LlNCTAPE DRAWS ABOUT 1 AMP. 

3.3 CONNECT THE I/O CABLES. THIS CONNECTION DEPENDS ON THE· OTHER 
PER·lPHERAL:..S · IN THE ·SYSTEM. ONE OF THE FOLLOW ING CONNECT lOl'..JS 
SHOULD BE· =MADE: 

A. IF THE LlNCTAPE IS THE ONLY PERIPHERAL ON THE l/U 
CONNECTOR, SlMPLY CONNECT-THE I/0 CABLE. <SUPPLIED. WlTH· 
L-1 NC TAPE·> =•BEl'WEEN THE COMPUTER I l 0 ,CONNECTOR AND E:I THER OF 
THE LlNCTAPE· I /O· CONNECTORS.. LEAVE: THE REMAIN I NG CONNECTOR 
ON THE· L lNCTAPE· OPEN. 

B. IF OTHERvPERlPHERALS· ARE· TO BE. CONNECTED· ON, THE SAME 
LINE, THEY CAN· BE 11 DAISY .CHAINED" BY· USING BOTH CONNECTORS 
ON THE LlNCTAPE. IN - TH lS· CASE, .CONNECT·' THE I /0 CABLE 
BETWEEN· THE: COMPUTER AND LI NCT APE -AS IN "A" ·ABOVE. THEN 
CONNECT: THE. 'NEXT ··PER-IPHERAL CABLE· TO THE REMA I Nl:NG I /0 
CONNEC:f.OR:ON·THE LINCTAPE. AT,THE END OF THIS 
CHA.IN:; ·iAN:· I /iO TERM I NA TOR SHOULD BE:- USED. ROWER FOR THE 
TERM I NATOR·:MUST ·BE SUPPL I ED BY THE LAST PERIPHERAL'.· , SEE 
THE "HOW T'O=~ :MANUAL, ·REFERENCE 1 , APPENDIX A. 
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3.14- SLAVE UNIT·· INSTALLATION. IF ONE OR· MORE SLAVE UNIT~ 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 FIGURE 3.2. 

THE 'TWU DRIVES ·ON THE MASTER UN IT ARE CONNt.CTEU AS NUMBERS 
0· AND 1. · C EVEN· NUMBERED -DRIVES ARE ALWAYS ON THE Ll:::.FT AND ODD 
NUMBERt:.D ONES ·ON THE RIGHT WHt.N FACING THE FRONT. ) SLAV!:. 
UNITS ·ARE NORMALLY WIRED TO BE NUMBE:.RS 2 .AND 3 AT.THI:. FACTORY. 
IF ADD 1 T !'ONAL SLAVES ARE ADDED, IT MAY BE 1\IECESSARY T 0 CHANGE 
THE JUMPERS ON THE DRIVE CONTROL BOARD TO SUIT •. IT IS IMPORTANT 
THAT NU TWO UNITS HAVE THE SAME DRI~E NUMBERS. SEE FlGLJRE 3~3. 

TO CHANGE. THE OR I VE NUMBER FOR ANY UN IT; THE FOLLOW I NG STEPS 
ARE RE~UlRED: 

1. OlbCONNECT ALL POWER; 
2. REIVIOVE THE 6 SCREWS ON THE TOP ·OF THE LI NCT APE AND RE:.MO\/E 

THE. COVER; 
3. DI~CONNECT.THE THREE' EDGE CONNEClORS FROM THE TOP OF THE 

DRIVE CONTROL BOARD AND CAREFULLY REMOVE· THE BOARD; 
~. NOTE TME.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 NUMBER OF THE LEFT HAND 
DRIVE. THE ·RIGHT DRIVE IS, OF COURSE, ONE NUMB~k HIGHER. 
SEE F·IGURE 3.-} .• 

5. CAREFULLY 1UNSOLDER 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 LI NCT APE· ·SYSTbM HAS TWO DR.J VES WH 1I CH MAY BE· OPERATED 
SEPARATELY. THE LEFT DRIVE IS NUMBERED 0 CZERO> AND THE RIGHT 
DR I VE IS NUMBERED 1 CONE>. ·THE TAPE IS ALWAYS MOUNTED, ·ON· THE 
R lGHT C OF·« SOURCE> HUB OF EACH DR I VE. THE LEFT HUB ,HAS THE 
TA KEUP Rt:.EL WHICH: SHOULD NOT BE REMOVED·. 

EACH DRIVE ·HAS THREE BUTTONS ASSOCIATED WITH IT: LOAD~ REWIND, 
AND WR I Tt:. PROTECT. NEGLECT I NG WR I TE PROTECT; THERE: ARE FOUR 
MODES OF OPERATION POSSIBLE FOR EACH DRIVE: OFF~ FORWARD~ REVERSE, 
AND TENSION. WHEN POWER IS FIRST APPLlED~ BOTH DRIVES WILL 8E 
IN THE OFF MODE. 

THE LOAD· C OR LEFT) BUTTON IS THE WH'1 TE MOMENTARY CONTACT BUTTON 
·ON THE LE.FT SIDE OF EACH DR I VE. IT WI LL MOVE 1 THE. TAPE F1 0RWARD. 
WHEN. RELEASED, THE DR I VE WI LL BE IN THE, TENS I ON· MODE·. THE· DR I VE 
MUST BE l N THE TENS I ON -MODE BEFORE THE COMPUTER CAN ACCESS IT. 
THE ·OPERATOR SHOULD CHECK THE TENS ION IF THE L lNGT APE FA I LS 
TO RESPOND TO· COMPUTER COMMANDS. 

TH~ REWIND (QR RIGHT) BUTTON IS THE WH1TE MOMENTARY CUNTACT BUTTON 
·ON THE RlGHT SIDE OF EACH DRIVE. IT WILL MOVE THE TAPE IN THE 
REVERSE 0 I RECT I ON. WHEN RELEASED, THE; ·DR I VE WI LL BE IN THE OFF 
MOOE. 

THE WRITt:. PROTECT BUTTON IS THE RED ALTERNATE ACTION BUTTON 
LOCATED UNDER EACH HEAD. WHEN IT IS LIGHTED, l T: IS· IMPOSSIBLE 
FOR THE COMPUTER TO WRITE ON THE·TAPE, AND THE DRIVE !S THUS 
PROTECTEU FROM ACCIDENTAL WRITING. THE BUTTON HAS NO EFFECT 
·ON READ I NG. 

TO MOUNT A· TAPE· ON EITHER DRIVE~ PRESS THE REEL FIRMLY OVER THE 
HUB UNTIL IT SNAPS INTO PLACE. PASS THE· END OF THE TAPE: OVER 
THE GUIDt:.S AND HEAD AND LAY IT ON THE TAKEUP REEL. HULD THE 
TAPE AGAlNST·THE TAKEUP REEL AND WIND· IT ON A OOUPLE OF TURNS. 
TURN THE REELS TO TAKE UP ANY SLACK, AND PRESS THE LOAD BUTTON 
BRIEFLY. THE REELS .SHOULD STOP WI TH THE: TAPE l N ·TENS lON. 

TO UNLOAU1A·TAPE, HOLD THE REWIND COR.RlGHT> BUTTON 
UNTIL THE TAPE UNWINDS. PULL THE: REEL OFF BY PRESSING AGA I·NST 
THE HUB AND PULL I NG ·ON THE REEL UNTIL: THE· REEL SNAPS ·OFF. 



CAUT l ON: CERTAIN PRECAUT I 1 0NS SHOULD BE OBSERVED CONCERNlNb 
ANY MAGNETIC TAPE SYSTEM, LlNCTAPE INCLUDED: 

C 1 ) BE, CAREFUL ·OF THE ;HEADS , AND GU I DES. DO NOT 
SCRATCH,THEM; 

C 2 > KEEP· THE TAPES, HEADS, , AND GU I DES CLEAN. 
SEE SECTION 13; 

<3> KEEP: TAPES .AWAY FROM STRONG ,MAGNETIC FIELDS, 
SUCH· AS MIGHT BE FOUND ;NEAR TRANSFORMERS, 
MOTORS,·FLUORESCENT LIGHT BALLASTS, ETC. 

C 4- > DO· NOT USE STICKY TAPE, SUCH AS "SCOTCH" 
TAPE OR·ADHESIVE LABELS, ON THE TAPE. 
IN· T lME·, "THE STICKY MATER I AL TENDS TO 
SEEP OUT, AND· DISTRIBUTE,. ITSELF OVER THE 
TAPE -.AND· GUIDES, CAUSING DROPOUTS. ·TO 
I DENT I FY A· TAPE, PUT LABELS ON: THE REEL. 
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·5. 0 .SOOT::; TRAP· 

THE L 1 NCT APE BOOTSTRAP· CAN BE USED WI TH ANY OF THE NOVA SER I ES 
COMPUTERS. IT ALLOWS QUI CK AND· EASY LOAD I NG OF PROGRAM~ FROM 
LINCTAPE. 

THERE, ARE TWO· 'DlFFERE::NT ·PROCEDURES., ·DEPEND:J.NG ON WHETHER 
THE COMPUTER HAS ·A··HARDWARE. PROGRAM· LOADER; OR NOT. 

THE PROCEDURE FOR THESE BOOTSTRAPS ARE: DESCR·I BED; IN DETAIL 
IN APPENDIX A. 



~.0 KEYBOAkD EXECUTIVE ROUTINE. 

THE KEYBOAkD EXECUTIVE ROUTINE IS DESIGNED TO TRANSFER DATA AND 
PROGRAMS BtTWEEN CORE ANO 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 REQU1RES 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 8LOCK NUMBER 

4 IS THE NUM~ER OF BLOCKS 
0 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 CUR~ 
LOCATIONS 1000 THRU 2777. CNOTE 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 CR> M~ANS TO TRANSFER BLOCKS OF DATA FROM LINCTAPE ANO 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 CW> MEANS TO TRANSFER BLOCKS OF INFORMATION FROM LORE AND 
WRIT~ THEM ON LINCTAPE. PREVIOUS DATA IN THE SPECI~IED BLOCKS 
OF TAPE ARt LOST, BUT CORE IS NOT ALTERED. AFTER WRITING, THE 
TAPE IS CHcCKED ON A SECOND PASS. 

CHECK CC> 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 COR~. 
NORMALLY, bOTH ARE RESIDENT. TO RE~ENTER THE KEYBOARD EXEC AT ANY 
TIMF, START THE COMPUTER AT THE ENTRY LOCATION X7000 CX7777 IS T~1E 
HIGHEST COkE LOCATION>. 



PRf:.CAllTIUN~ AND LIMITATIONS 
1. THER~ ARE THREE COMMANDS: READCR), WRIT~CW>, AND CHECKCC>: 
2. ALL ~ARAMETERS MUST BE IN OCTAL; 
3. ~ACH BLOCK CONTAINS 40~ C256 DECIMAL) WORDb. WHOL~ BLOCKS 

ARE ALWAYS TRAN~FERRED. 
4. NEG AT I VE NUMBERt> MllST BE ENTERED AS TWOS COMPLEMEl\JT NUMBERS: 

17777h = ·2 
~. BLOC~ NUMBERS BELOW •6 (177772) ARE NOT ACCEPTABL~ TO THE 

K~YBUARD EXEC, NOR ARE BLOCKS ABOVE 617 <OCTAL>; 
A. UVER~LOW BITS ARE IGNORED. THAT IS, ONLY TH~ LOWEH 16 

BITS OF THE TYPED NUMBER ARE USED: 
~7777776 = 177776 = -2 

7 • N t JM BI:. RS · N. 0 T TY PI:. D A RE ASSUME U T 0 tH::. 71:. R 0 : 
1000,,2,R MEANS CORE LOC 1000, STARTING BLOCK LERO 
~ BLOCKS, DHIVE 0, READ. 

~. lT I~ THE OPERATORS RESPONSIBILITY NOT TO READ OVER THE 
KEYBUARD EXEC OR THE UTILITl~S. TH~SE RESID~ IN LUCATIONS 
X7000 THRLJ X7377 AND X7400 THRU X7777 RESPECTIVELY. 



6.2 AUTOMATIC MODE 

CLEARLY, I l\J THE· GENE:.RAL MODE, IT IS NECE.SSARy THAT THE. OPERATOR 
KNOW WHERE PARTICULAR PROGRAMS OR DATA ARE STORED UN TA~~. 
THE AUTOMATIC MODE ALLOWS FREQUENTLY USED PROGRAMS TO B~ 
RF.AO C BUT NOT WRITTEN) QUICKLY, WITHOUT THE· NEED TO KNOW EXACTLY 
WHERE THEY ARE STORED ON TAPE. FOR INSTANCE, TYPING "A" INTO THE 
KFYRUARD EXEC COULD LOAD THE ASSEMBLER. 

EACH TYPE UF TAPE <SYSTEM, PROGRAM, ETC.> MAY HAVE DIFF~kENT 
PROGRAMS, ~ACH WITH· ITS OWN CODE LETTERS. THE CORE LOCATION AND 
BLOCK NUMBcRS ARE STORED IN A TABLE IN THE KEY~OARD EXEC. 
THE PRUPER TAPE MUST BE ON DRIVE 0 WHEN USING THE AUTOMATIC 
110DE. THI~ AUTOMATIC MODE WILL LOAD, BUT WILL NUT EXECUTE THE 
CALLED PROGRAM. THE OPERATOR MUST DO THIS SEPARATELY. THIS ALLOWS 
S~VERAL PRUGRAMS TO BE LOADED AT ONE TIME AND EXECUTED S~LECTIVELY. 

THE: COMMANU LETTERS AND THEIR ASSuCIATEU PARAMETERS MAY BE 
MODIFIED Ab PROGRAMS ARE ADDED OR DELETED FROM THE TAPE. SE~ THE 
EXEC LISTING FOR DETAILS. 

LINCTAPES, WHEN SUPPLIED BY COI, NORMALLY CONTAIN NO PROGRAMb 
ON TAPE OTHER THAN THE BOOTSTRAP, UTILITIES, AND KEYBOARU EXEC. 
THE AUTOMATIC MOOE TABLE IS EMPTY. 

6.3 COMPUTcR RESPONSE. 

AFTER THE TRANSFER TAKES PLACE, THE TELETYPE WILL RESPONU wITH 
ANOTHER "*", INDICATING THAT THE PREVIOUS COMMAND WAS EXECUTED, 
~ND THE EX~C IS WAITING FOR ANOTHER OPERATOR COMMAND. 

IF AN ERROk OCCURS, THE TELETYPE WILL PRINT A n?n AND THbN THE "*"• 
THE POSSIBLE ERRORS THAT MAY OCCUR INCLUDE: 

1. DRIVE NOT READY CNOT IN TENSION MODE>, 
2. A WRITE ATTEMPT WAS MADE ON A PROT~CTED DRlVE, 
3. THE COMMAND LETTER, EITHER GENERAL OR AUTOMATIC, IS NOT VALiu, 
4. A NON.OCTAL NUMBER WAS TYPED, 
5. A NON VALID CHARACTER CSUCH AS SPACE> WAS TYPED, 
6. A NON•VAL!D BLOCK WAS REQUESTED CVALID BLOCKS AR~ 177772 

THRU 617, INCLUSIVE>, 
7. THE TAPE IS BAD, CONTAINING ERRONEOUS CHECKSUM, BLU~K NuM~ER, 

ETC. 



7.0 LINCTAPE UTitITIES 

THE LINCTAPE UTILITY SUBROUTINES ARE A SET OF SOFTWARE WHICH MAKE 
IT EASY FOk THE PROGRAMMER TO COMMUNICATE WITH THE LINCTAPE· 
THEY ALLOW READING ANO WRITING WITH A FEW SIMPLE INSTRUCTIONS, 
AND RELIEV~ THE PROGRAMMER OF THE DETAILS OF TIMING, 
t3LOCK SEARCHING, ETC. ONLY DRIVE SELECTION IS LEFT UP TO THE 
PROGRAMMER. 

NORMALLY, lHE UTILITIES ARE LOADED NEAR THE TOP OF CORE, AND ARE 
N~VER CHANGED CTHEY ARE SAID TO BE RESIDENT>. THEY uCCUPy 
LOCATIONS X7400•X7577 CX7777 IS THE LAST LOCATION IN GOR~>. 
ALL CALLS MUST BE MADE WITH A 'JSR@' STATEMEN·r TO ONE ,OF THE 
FOLLOWING tNTRY POINTS: 

CL I NC X7400 CHECK· BLOCKS 
RLINC X7403 READ & CHECK BLOCKS 
WLINC X7406 WRITE & CHECK BLOCKS 

WITH THE R~GlSTERS LOADED AS FOLLOWS: 
AC0 = FIRST BLOCK :NuMBER ·TO BE PROCESSED, 
AC 1 = NUMBER ·OF BLOCKS TO BE PROCESSED:, AND 
AC2 = F!RST-·CORE LOCATION. 

IF AC 1 = 0, THE TAPE WI LL PRE •POSIT !:ON ITSELF NEAR THE BLOCK 
NUMBER SPECIFIED IN AC0. 
IF AC2 IS NEGATIVE, THE DRIVE WILL START BACKWARD CTHUS 
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 NEGATIVE> 
OF THE NUMBER IN AC2 AS THE FIRST CORE LOCATION. 

THE UTILITiES WILL RETURN TO THE PROGRAM WITH·THE DRIVE STOPPED~ 
AND THE REGISTERS CONTA1N1NG THE FOLLOWlNG·INFORMATION: 

kC 1 - l2J FOR· ,NORMAL C NON-ERROR) RETURN 
AC2 = NEXT BLOCK NUMBER 
AC3 = NEXT CORE LOCATION 

IF THERE lb AN ERROR, AC1 CONTAINS THE ERROR CODE: 
AC1 = 1 IF THERE WAS A CHECKSUM ERROR: 

AC0 = BAD BLOCK ·NUMBER 
AC1 = 2 IF THERE WAS A BLOCK SIZE ERROR: 

AC0 = BAD ·BLOCK NUMBER 
AC2 = EXCESS OF WORDS lN BLOCK 
AC3 = EXPECTED NUMBER OF WORDS 

AC1 = 4 IF THERE WAS AN ILLEGAL BLOCK CALLED FOR 
(•6 THRU 617 ARE LEGAL NORMALLY>~ 
AC0 = TARGET BLOCK 
AC2 = NEXT CORE LOCATION 
AC3 = HIGHEST LEGAL BLOCK 

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

BIT 15 ·ON =DRIVE NOT READY <TENSION> 
BIT 14 ON =WRITE ATTEMPTED ON PROTECTED DRIVE 



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

LOA rzJ,DRVNO 
DOB 0,LINC ;SELECT DRIVE NIJMBEk -·-LOA 0,FBLKN ;SET AC0 = 1ST BLOCK NO 
LOA 1,NBLKS ;SET AC1 = NO OF RLOCKS 
LOA 2,FCURE ;SET Al..2 = 1ST CORE LOC 
JSR@ RLINC ; READ "THE BLOCKS 
MOV 1,1,SZR ;TEST FUR· ERROR ------

WLINC: X7406 ;WRITE POINTl:.R 
RLINC: X7403 ;READ POINTER 
FBLKN: 1(2Jr2l 
NRLKS: 1 0 
F-CURE: 1000 
DRVNO: 1 

THI:. ABOVE WILL READ THE CONTENTS OF BLOCK ~UMBERS 100 THkU 107 
~ROM THE TAPE ON DRIV~ 1 INTO CORE LOCATIONS 1000 THRU 4777 CALL 
IN OCTAL, AND ASSUMING STANDARD 400 WORD RLOCKS). 



8~0· LlNCTAPE 1/0 INSTRUCTIONS 

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

HOWEVER, IN THOSE CASES WHERE T~EY ARE INADEQUATE, OR WHERE SPECIAL 
COND1Tl0NS REQUIRE CHANGES, THE ACTUAL 1/0 COMMANDS-AND LIMJTATIONS 
ARE GIVEN.tN·THIS .SECTION. 

THE LINCTAPE IS A PERIPHERAL ·DEVICE, "WHICH· IS ADDRESSED IN THE 
SAME ·MANNEH AS ALL OTHER, PER I PHERALS, THRU THE l /0, COMMANDS. 
REFER TO THE ~HOW TO USE" MANUAL, REFER~NCE 1. THE COMMANDS 
NEGESSARY FOR OPERATION :QF THE LINCTAPE· INCLUDE· THE FOLLOWil\JG: 

DRIVE COMMANDS 
SELECT ·DRIVE-.NUMBER 
START DRIVE FORWARD 
START DRIVE BACKWARD 
STuP DRIVE 

STATUS 
·DR l VE READY 
WRl TE· PROTECT 
BLUCK NUMBER :READY 
DATA WORD. READY 
CHt.CKSUM READY 

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

SPECIFICALLY, THE FOLLOWING INSTRUCTIONS ARE· APPLICABLE: 

LlNC = DEVICE NUMBER 71.1- C10CTAL) NORMALLY 

DATA I/O. 
DIA X,LINC 
DOA X,LINC 
DIB X,LINC 

DOB X,LINC 

DOC X,LlNC 

I:NPUT THE 1 6 Bl T, DATA WORD TO ACX. 
OUTPUT THE 16 BIT WORD l·N ACX TO THE LINCTAPE. 
INPUT THE .STATUS BITS· TO ACX · 

BIT 1 5 ·ON· ;. :NOT READY 
BIT 1 LI- ON = WR I TE: PROTECTED 

SELECT ·DR I VE' NUMBER. . THE DR I~VE NUMBER MUST BE IN 
THE 4 .LOW ,ORDER ·BI TS OF:. ACX. 
TURN WRITER ON. THE:- WR·l TERS ·ARE ·AUTOMATICALLY 
TURNED OFF AT, THE END ·OF· EACH BLOCK. THE, VALUE 
OF X IS ARB I TR ARY. ·ANY ACX :MAY BE: USED. 

CONTROL t-'ULSES. THESE· MAY ·BE COMB I·NED WI TH ANY OF THE I /0 
COMMANDS I:N THE USUAL: •MANNER: . 

S START.THE SELECTED~DR1VE· FORWARD; 
P ST ART· THE ·SELECTED :OR I VE BACKWARD; 
C Sr OP THE DR I VE. THE· DR:! VE DOES· ·NOT ·STOP= AUTOMAT I CALL y 

AT, THE END· ·OF A.BLOCK. THIS .. ALLOWS RAPID· TRANSFER OF 
-SUCCESS I VE BLOCKS, BUT: lT 1 MEANS· THE ·PROGRAM :MUST .$TOP THE 
DR·I VE• IT -SHOULD ·NOT ·BE STOPPED: UNTIL· THE:. NEXT BLOCK· 
NUMBER IS READY, ESPECIALLY ON ·WR-IT ING. 
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IN GENERAL, THE FOLLOWING RULES SHOULD ~E OBSERVED: 
1 • DR I VE SELECT I ON SHOULD PRECEDE. ANY MOT lON; . 
2. DRIVE SELECTION SHOULD BE FOLLOWED BY A STATUS CHECK TO SEE 

IF C 1 ) THE DR I VE IS READY AND C 2) IT IS l\IUT PROTEc·1 ED WHE:.N 
WRIT ll\JG; 

3. DRIVE MAY BE STARTED FORWARD UR BACKWARD; 
4. AN ,AC~ELERATION DELAY OF 130 MS AL~AYS OCCURS WHEN ~TARTING UR 

CHANGING DIRECTION; 
5. MARKS ARE TRUE FOR 36 TO 44 US FORWARD, AND 30 TO ~IO US 

WHEN 1v10V ING .BACKWARD; 
6. "BUSY" AND •DONE" ARE ENCODED FOR MARK SENSING. THEY ARE 

RESET WHENEVER A DIA ·OR DO~ COMMAND IS S~NT, SO A MARK CANNOT 
Bl:. DOUBLY ·DETE.CTl:.D. 

7. FOLLbwING DETECTION ;OF ANY MARK IN· A ~KIP LUOP, 
A D I A 0 R · D 0 A · M iJ ST BE I SS U ED T u CLE AR THE D 0 NE AND ~US y L Ir~ E , 
EVEN IF THE MARK WAS NOT THE TYPE DES1RED. 

8. MOT~ON COMMANDS MAY BE REPEATC:.D WHlLE MOVING WITHOUT CAUSING 
ACCELl:.RATION DELAY. MOTION MAY BE REVERSE.LI WITHOUT STOPPING. 

9. "WRITt:RS ON" COMMAND MUST 1~EVC:.R 8E GIVEN ~WHILE: THE 
DRIVE IS GOING BACKWARD; 

1 0. "WR I Tt:.RS ON" COMMAND MUST ·8E GI VEN AFTER THE· ~LOCK MARK 
I S , SE 1-.. SE D , BUT BE F 0 RE THE F I RS T · DAT A MARK C 0 MES TRUE. • 
THIS IS 220 US NOMINALLY. 

11. AFTER A WRITE, MOTION MAY NOT BE CHANGED OR STOPPED 
UNTIL THE NEXT BLOCK MARK IS DETECTED. IN GENERAL, MOTION 
DEC IS 1 ONS ;SHOULD BE, MADE ONLY ON BLOCK MARKS. 

12. SHOULU THE DRIVE STATUS CHANGE TO •NOT READY" DURINb THE 
PROGRAM· :OPERAT lON, TAPE MOT ION IS CLEARED. AND 
MARKS CANNOT BE DETECTED UNTIL THE DR1VE IS R~-TENbiONC:.D AND 
FORWAkD OR START BACKWARD COMMAND IS GIVEN; 



9.0 LINCTAPE FORMAT 

TO UNDERSTAND THE OPERATION OF THE LINCTAPE, IT IS NECE~~ARY 
TO VISUALILE THE FORMAT ON THE TAPE. THIS 
SECT I ON -DEt>CR lBES THE LI NC TAPE ITSE:LF. 

9.1 PHYSICAL DESCRIPTION 
THE TAPE IS 150 FEET LONG, AND J/4 INCH WIDE. IT IS ABOUT 
0.0015 INCHES THICK, AND THE ox1nE IS SANDWICHED BE:TWEEN TWO 
LAYERS OF MYLAR. 

THE TAPE It> DIVIDED, BY ITS PRE-WRITTEN MARKINbS, INTO THREE 
SECTIONS: FRONT LEADER, DATA BLOCKS, AND TRAILE:R. SEE F!GURE 9.1. 

9.2 FRONT LEADER 
THE FRONT LEADER HAS THREt: PARTS: ~LANK AR~A, END ZONE, AND 
PRELIMINARY BLOCKS 

9.2.1 BLANK AREA 
TH I S I S A ~MALL ARE A A T THE BEG I 1\J N I NG 0 F THE TAPE W H I CH HAS N 0 
MARKS OF ANY KIND. IT IS ABOUT TWO FEET LONG. 

9.2.2 ENO 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, wHt.N BOOTSTRAPPING, THAT THE TAPE RE 
STARTED IN THIS AREA SO THAT THE FIRST 8LOCK Will BE PRUPERLY 
LOADED. THUS THIS END ZONE MUST Bt: LONG ENOUGH THAT THt. OPERATOR 
WILL NOT EASILY OVERSHOOT IT WHEN MANUALLY LOADING. A VISUAL 
MARKER ON THE TAPE HELPS TO ASSURE THIS. THIS END ZONE rs 
SEVERAL FEtT LONG. 

9.2.3 PREL!MINARY BLOCKS 
THE FIRST FEW BLOCKS ARE USED FOR BOOTST~APPING AND FOR STOkING 
SPECIAL PRUGRAMS. THEY ARE GIVEN NEGATIVE BLUCK NUM~ERS, SO TH~ 
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 4~0 ADDRESSABLE BLOCKS, 
EACH CONTAINING 256 (400 OCTAL) 16 BIT WORDS. EACH BLOCK ALSO 
CONTAINS ITS CHECKSUM, ITS OWN BLOCK NUMBER, ANU OTHER 
HOUSEKEEPING INFORMATION. EACH BLOCK 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 CHARACT~RS ON 
TAPE1 THEHE ARE THREE DATA TRACKS AND ONE MARK TRACK. THIS ALLOWS 
FOR 18 DATA BITS, OF WHICH ONLY 16 ARE USED, AND FOR SIX 
MARK BITS. 



q.3.3 CHECKSUM 
TH IS IS THI:. SUM,. -MODULO 65·,,536 C 2* * 16), Of= ALL WORDS IN A GI VE.N 
BLOCK. IT: IS ·OBTAINED BY SIMPLY ADDING EACH WORD IN THE COMPUTER AND 
IGNOR1NG ANY OVERFLOW. THlb WORD IS WRITTEN ON THE TAPE 
l'MMED·IATELY FOLL;OWING THE LAST DATA WORD IN EACH· BLOCK. 

9.4 TRAILE~ 
THE TRAILEk, LIKE THE LEADER, HAS THREE, ZONES: FINAL BLOCKS, 
ENDi ZONE, AND ·BLANK ·TAPE. 

9. 4. 1 FINAL. BLOCKS 
THE FINAL· l=lLOCKS, NUMBERED 620 THRU 627 ARE NECESSARY FOR TURN-
AROUND SPACE. SlNCE THE··TAPE "COASTS" ONE OR TWO BLOCKS PAST 
THE LAST BLOCK ADDRESSED# AND SINCE THE TAPE USUALLY STAHTS IN TH~ 
FORWARD.·DIHECTlON· TO LOCATE ITS POSlT~ON, SEVERAL· INCHES OF 
I OENTI FI ED SPACE 1.S ·NEEDED AFTER THE LAST, USABLE. BLOCK. 

9. J+ .• 2 END L:ONE 
THIS· IS USt::D FOR IDENTIFICATION WHEN· ·MARK.l'NG TAPES, .AND 
IS NOT NORMALLY USED BY THE PROGRAMMER. 

9.4~3 BLANK ZONE 
TH Is· l,S THt:. .. END OF THE· TAPE· W lTH ·NO MARKS. 

9.5 TRACKS 
THERE:· ARE 10 TRACKS: ONE TIM I NG:, ONE MARK., THREE ·DATA-, .Al\JD 
THESE; .SAME ·TRACKS REPEATED1 C REDUNDANT>. 

9.5.1 TlMING 
THE· T lM I NG· TRACKS CONT A lN ·A· SYNCHRON:J Zl:NG SQUARE, WAVE :WHICH 
IS ;USED TO CLOCK THE: REST OF THE· SYSTEM. 

9.·5.2 .MARK 
THE MARK , TRACKS .CONTA J:N .. A· LJN lGUE .SET OF· CODES WH'1 CH:: IS 
us ED T 0 l D t:; NT lf;;.:t y THE I NF 0 RM AT.}; a N: 'a N THE' c 0 RR Esp. 0 N 0 :I: NG . DAT A •: TR Ac Ks • 

9 • 5 •. 3 DAT A ~· TRACK 5. 
THE:: THREE· SETS OF ·DAT.A· TRACKS· -CONT A IN. THE LOW·, .. MEDIUM·, AND HIGH 
ORDER S-1 X BI TS OF: .}iNFORMAT lON C THE .. TWO ·HlGH· ORDER ·B·I TS ARE NOT 
USED»• 

9. 5. 4 8-1 T PLACEMENT 
F·I GURE 9. 1 SHOWS lHE ARRANGEMENT ·OF Bl TS- ON THE· TAPE. IT 
ILLUSTRATES-· THE TRACK REDUNDANCY ·AND THE; ·REL AT I ONSH IP OF THE' ·MARK· 
TRACK. 
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1 0·.'0 THEORY !OF ·OPE RAT l10N 

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

THE DR l VE ·SYSTEM IS S lMPLE WI TH VERY FEW MOVING PARTS; 
THE TAPE · ACCELERAT I·ON: CAN BE·. SLOWER, THUS ·HANDLING THE TAPE 

MORI:. GENTLY; 
THE COMPUTER ,DOES NOT ·NEED TO KEEP·-TRACK OF THE·. TAPE ·POSITION, 

SINCE TH lS CAN BE ·FOUND ·ON THE· TAPE ITSELF; 
DATA-CAN BE WRITTEN OVER OLD ·DATA PRECISELY, WITHOUT DANGER 

OF UNDER• OR· !OVER-WRIT I NG ADJACENT RECORDS; 
BLOCK SEARCHING CAN·BE DONE IN EITHER DIRECTION. 

THE LlNCTAPE· ·SYSTEM CONSISTS OF MAGNETIC TAPE WI TH: FI VE· EFFECT I VE 
TRACKS. Fl GURE 10•1 SHOWS THE BASIC BLOCK- DI AGRAM, AND FI· GU RE 
9.1 ILLUSTRATES·THE 'TAPE ·PATTERNS. 

THE TIMING TRACK· lS ·USED TO SYNCHRONIZE· THE lNFORMATlON.FROM ALL 
OTHER TRACKS. IT IS A· SIMPLE SQUARE· WAVE, 90 DEGREES OUT ·OF PHASE 
FROM ·THE OTHER· iTRACKS. TH lS ALLOWS THE'· EDGES OF THE T lMI NG: S lGNAL 
TO ·STROBE ALL-OTHER· DATA. 

THE MARK .. TRACK lS THE KEY TO THE L INCT APE: SYSTEM. IT IS. A ·SERI ES 
OF UN:IQUE, ·-SIX "B'lT CODES WH1CH IDENTIFY THE·. INFORMATI·ON IN THE 
CORRESPOND·!:NG .. DATA: TRACKS. THESE. CODES: ·SPEC I FY WHEN, THE DAT A, 
CHECKSUM, UR :BLOCK -NUMBERS ARE.\AVAILABLE IN THE DATA REGISTERS. 

THE .. THREE UATA, TRACKS .CONT A lN 6 -SI TS OF DAT A PER TRACK FUR A 
TOTAL :OF 1 ~ BI rs .• ' . TWO BI TS ·ARE ·UNUSED. THESE TRACKS . ALSO.· CONT A lN 
THE:- CHECKSUM <FOLLOWING THE LAST DATA WORD·>, AND THE FORWARD: AND· 
REVERSE BLUCK NUMBERS, AT THE: BEGI NNlNG AND· END OF EACH -bLOCK., 

'RESPECTIVELY. 

AS THE> TAPE .MOVES WHILE READ ING, THE B·I TS FROM· TAPE· ARE -SH I FTED 
SE RI ALL. Y l NT 0 · · THE· F 0 UR· SH I FT · REG IS TE RS: AT . A 2 5 KHZ RATE • WHEN 
THE, PATTERN: lN. THE MARK :REG'! STER: IS 4-1 «OCT AL), THE MARK 0EC0D1 NG 
C-1 RCUI TRY· tiETS THE "DATA·. READY" L-l·NE. -DURING TH lS · T lME, ·THE DAT A 
RE6'ISTERS LONTAlN THE CORRESPONDlNG DATA WORD. OTHER BIT PATTERNS 
DEF:l NE THE :QHECKSLJM: ANO THE BLOCK NUMBER. THESE PATTERNS-. ARE ·SIX 
BI TS, ·OR 21.!-0 ·MICROSECONDS APART. 

DURING, WRIT ING, THE,·:NEXT DA 1'A WORD TO -BE WR! TTEN IS JAMMED INTO 
THE ·SHIFT kEGlSTERS WHEN. THE "DATA READY·" COMES- TRUE, AND THE 
WORD IS ,,9H I FTED:, ·BlT -BY -;BIT, INTO THE ;DATA· WR1I TERS.. ·SPEC I AL 
"FINAL." MARK CODES ARE: USED: "PO ·D·I FFERENTlAIE.-READ:I NG· .AND WR IT ING 
TIM I NG.· Sl:.E FIGURE· 10.2. 

A CHECKSUM LS WRITTEN AT:THE END··OF EACH :BLOCK. TH1S: SUM IS THE 
ALGEBRA.IC SUM:,. iMODULIO 651°536., OF: ALL THE· WORDS lN THE B~UCK. 
THE.- CHECKSUM lS. ·CALCULATED· ·AND WRITTEN :BY· ·'TiHE. WRITE PROGRAM 
CUTil!.:ITIES> DURING.THE WRITING OF EACH BLOCK. DURTNG,,THE READING OF 
EACH BLOCK, THE ·SUM ·OF THE INCOMING DATA lS- CALCULATED -ANO· COMPARED 
WI TH;. TH~ CHECKSUM· ON THE TAPE. 
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___ n_· __ _ 

.ALL T)MES IN MICROS£CONDS 

NOT£: THIS TIMING DIABRAl1 REPR£..5EIYTS POSITIVE TRl/E LINES. TH£ LINC TAP£. 
l/O LINES AR£ GRqUND TRUE. 

FIGURE. /0.2 TIM/NC. FOR FORWARD MOTION., 



THE FIVE HcAD SIGNALS ARE DERIVED FROM TEN ACTUAL TRACKS ON TH~ TAPt. 
ALL DATA IS RECORDED· REDUNDANTLY: I.E., THERE AliE TWO CLUCK 
CHANNELS, TWO MARK CHANNELS, AND THREE ~AIRS OF DATA CHANNELS. 
IDENTICAL INFORMATION IS RECORDED ON EACH CORRESPONDING TRACK. SEE 
FIGURE 9.1. WITHIN THE HEAD, THE CORRESPONDING HEAD PAIRS ~HE 
WIRED IN SERIES. I~ A DROPOUT SHOULD OCCUR IN A GIVEN TkACK 
DUE TO DIRT, POOR ·OXIDE, ETC., THE SIGNAL FROM THE OTHEk TRACK 1S 
SUFFICIENTLY LARGE TO INSURE PROPER READING OF THE DATA. THE CLOCK 
AND MARK CHANNELS ARE AT THE EXTREME EDGES OF TH~ TAPE TO MlNIMIZc 
SKEW PR 0 BU:. MS • THE DAT A TRACKS ARE P 0 S I T I 0 NED T 0 · MA I NT A l N MA X l f"l l Ji'I 
SEPARATION BETWEEN CORRESPONDING CHANNELS. IT IS THE FULLY 
REDUNDANT NATURE OF THE RECORDING PROCESS THAT IS ~ESPON~IBLE ~uR 
THE HIGH RE:.LIABILITY 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 is MARKED AND EACH BLOCK IS IDENTIFIED, 
IT IS UNNELESSARY TO KNOW WHERE THE TAPE IS TO LOCATE A SPECIFIC 
BLOCK. THE PROGRAM <UTILITIES.) SIMPLY READS WHERE IT I~ AND TAKES 
APPROPRIATE ACTION. 

A MORE'. DETA:I LED BLOCK DI AGRAM OF THE L I!NCT APE SYSTEM IS ~HOWN 

IN FIGURES 10.3 AND 10.4. 
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11.0 SYST~M COMPONENTS 

THIS SECTIUN DESCRIBES THE MAJOR .COMPONENTS OF THE LINCTAPE SYSTEM 
AND I LLUSTkATES ·THEIR LOCAT I·ON A~D lNTER·RELAT ION. SEE FIGURE 11 .1 
FOR THE PHYSICAL LAYOUT. 

11.1 MASTEK CONTROL ·BOARD 
THE MASTER CONTROL BOARD IS THE. CENTRAL LOGIC BOA~D FUR THE 
COMPLETE LiNCTAPE SYSTEM. IT; INTERFACES TO·THE COMPUTER, AND 
TO ALL SLAVE ·UNI TS• · IT ALSO ·CONNECTS TO THE DR I VE CONTROL BOARD 
AND THE READER-WRITER BOARD. ITi rs THE "WIRE-WRAP" BOARD 
ON THE BACK DOOR OF THE· MASTER UNIT. ONLY ONE OF THESE bOARDS 
IS REQU I REU, REGARDLESS OF THE NUMBER ·OF SLAVE ·UNI TS ON THE 
SYSTEM. THE SCHEMATICS FOR THIS BOARD··ARE SHOWN. lN COi 
DRAWING NUMBER D•10230•01 CD-101.44•01 FOR SIN BELOW 1016). 

11 • 2 DR I VE CONTROL .BOARD 
THE DR I VE CONTROL .BOARD IS LOCATED; ·DIRECTLY BEHIND THE FRONT 
PANEL. IT CONT A I1NS MUCH OF THE :MOTOR CONTROL· LOGIC, THE ·HEAD 
SWITCH I NG U·I ODES, AND THE FRONT PANEL SWITCH LOGIC. THkt;E 
CONNECTORS AT THE TOP· ;OF THE ·BOARD CONNECT· TO 115 VAC, TO 
LOG t C SIGNALS FROM THE MASTER CONTROL .BOARD:, AND. HEAD S lGNALS 
RESPECTIVELY. THIS BOARD IS IDENTICAL- <EXCEPT FOR JUMP~R. WlRES> 
IN THE MASTER AND ·ALL SLAVE UN ITS. THE· SCHEMATICS FOR TH IS BOARD 
A RE I N C 0 I DR A W I NG NUMBER B • 1 rzJ 1, 6 4 • 01 • 

11.3 REAOEH/WRITER BOARD 
TH IS P. C. ts OARD, MOUNTED :QN THE BACK DOOR· ·OF THE MASTER UN IT, 
CONTAINS THE HEAD WRITER DRIVERS, AND THE HEAU READER AMPLIFIERS. 
ONLY ONE R~ADER/WRITER BOARD IS ·REQUIRED PER· SYSTEM, REGARDLESS 
OF· THE NUMl:3ER OF SLAVE UN I TS. I NTEROONNECT IONS TO THE R/W ·BOARD 
ARE· MADE THRU: THREE 16 PIN .. CONNECTORS WH!I CH PLUG INTO THE 
MA IN CONTROL ·BOARD. THE SGHEMAT IC FOR· TH IS BOARD IS ·SHOWN 
IN COI DRAWING NUMBER D·HJl98•01 CD•112J232•01 FOR S/N BELOW 1016>. 

11.4 POWER SUPPLY 
THE. POWER ~UPPL Y IS BEHIND THE· DR I VE CONTROL BOARD. THE-: TERMINALS 
CAN BE ACCt:.SSED BY ·OPENING THE· BACK DOOR. IT SUPPL I ES THREE D. C. 
VOLTAGES Al\JD A "POWER FAIL,. ·LOGIC SIGNAL. SEE COI DRAWING ;NUMBER 
0•10244•01. 

11.5 INTERCONNECTION 
THE I NTERCUNNECT I:ON CABLING .BETWEEN· THE· bOARDS ·AND CONNECTORS. 
IS SHOWN lN FIGURE 11.2. 
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12.0 POWER SUPPLY 

THE POWER ~UPPLY FURNISHES D.C. POWER· FOR THE COMPLETE· LlNCTAPE 
SYSTEM. IT· IS »SUFFICIENT TO SUPPLY ANY NUMBER OF SLAVE ·UN I TS. 

INPUT 
·ouJPUT 

115 V, 50/60 HZ 
+5 V @ 2.5 AMPS 
•5 V @ 0.15 AMPS 

+15 V @ 2.0 AMPS 

I N A DD I T I 0 N ., 1! HERE I S A L 0 G I C LEV.EL 0 UT RUT W H 1 CH I ND I CA TE: S THE 
LINE STATUS··AND IS USED TO PROTE€T THE:· TAPE WHEN POWERING '.UP OR 
DOWN, ·OR W ! TH ·POWER FA I LURE. 

THE +1 5 VOLT SUPPLY IS ·DELAYED UPON POWER UP ·UNTIL THE +5 VOLT 
SOURCE HAS STABILIZED ANO THE LOGIC LEVEL HAS RESET THE CRITICAL 
REG·I STE RS. TO A ·SAFE STATE. 

WHEN POWER I NG DOWN, C OR 'UPON POWER FA I LURE» THE +1 5 VOLT 
SUPPLY IS L.ROWBARRED AND THE LOGIC LEVEL IS PULLED: ;DOWN BEFORE 
THE +5 VOLT SUPPLY CAN FALL. THIS PREVENTS ANY ACCIDENTAL 
WRITING.-QN TAPE. THE ·5 VOLT SUPPLY IS NOT·CRITICAL •. AND IS 
NOT DELIBERATELY SEQUENCED· 

FIGURE 12 .1 SHOWS THE APPROX I MATE· POWER ON- ·AND ·OFF SEQUENC·lNG. 
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13.c.ii MAINTt;NANCE 

ALTHOUGH L!NCTAPE IS RELATIVELY MAINTENANCE-FREE, THERE ARE A 
FEW MINOR·MAINTENANCE STEPS WHICH WILL HELP ASSURE LONG, TROUBLE• 
FREE SERVICE: 

1 • PER IUD I CALLY, CLEAN THE ·HEADS AND TAPE GU I DES. USE A 
SOFT, CLEAN CLOTH (JOHNSON STERI~PAD GAUZE PADS AR~ 
GOOD> AND AN APPROVED, UNCONTAMINATED HEAD CLEANING SOLVEIH 
<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 ~NVIRONMENTAL CONDITIONS~ DO NOT LET THE SOLVENT CONTACT 
THE TAPE. BE SURE THE HEAD ANO GUIDES ARE DRY BEFURE MOUNTING 
THE TAPE. DO NOT SCRATCH THE ·HEADS OR THE GU !·DES. 

·2. THE lAPES THEMSELVES OCCASSIONALLY GET:DIRTY •. ·THIS LS THE 
PROBABLE CAUSE OF A TAPE "HUNTING" FOR A BLOCK. ·ONE CAN BE 
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 ND: THE TAPE SO· THE WHOLE 
LENGTH PASSES BETWEEN THE PADS. BE CAREFUL NOT TU DAMAGE 
THE EDGES OF THE TAPE. 

CAUTION: NEVER USE STICKY TAPE, SUCH AS. "SCOTCH 11 TAPE 
OR ADHESIVE LABELS ON THE TAPE ITSELF. IN TlME, THE 
GUMMY MATERIAL 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, MAGNETIC Fl ELDS, 
SUCH AS NEAR TRANSFORMERS, MO~ORS, OR FLUORESCENT 
LIGHT BALLASTS. 

WHEN 0 I AGNUS I NG TROUBLES, THE FOLLOW I NG CHECKS ARE· HELPFUL: 
1. DO THi:. WR·ITE PROTECT LIGHTS WORK? IF so, THE +15 ·val T 

IS PRUBABLY OK. 
2. DO TH~ LOAD AND REWIND BUTTONS WORK? FOR BOTH DRIV~S? 

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

3. ARE THE SHAFTS FREE TO· TURN WI TH OUT 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 
MOTlON STARTS? 

4-. ARE THE HEADS, GU I DES, AND TAP Er CLEAN? IF THESE ARE DIRTY, 
THEY WILL CAUSE DROPOUTS. 

5. IS TH~ "TROUBLE INTERMITTENT? DOES IT COME AND GO WHEN 
WIRES ARE MOVED? IS IT ASSOCIATED WITH ONE DRIVE? ONE' TAPE? 

6. DOES THE CPU WORK? WITH .. QTHER PERIPHERALS? 
7. DOES ·1 HE CPU TRANSFER DATA IN: ANO OUT OF THE1 REGISTERS 

PROPERLY? 
8. DOES THE CPU START AND ·STOP· TAPE·? CAN THE, RELAYS BE HEARD? 
9. DOES THE CPU SELECT OR1VES? CAN THE RELAYS BE HEARD? 

10. DOES THE CPU FlND BLOCK MARKS? DATA· MARKS? CHECK MARKS? 



BASED ON THE ABOVE··OBSERVATIONS, THE FOL~OWlNG FAULTS MIGHT OCCUR: 
1. POWER OFF OR SY.STEM NOT PLUGGED IN. 
2. FUSE l:)LOWN: THERE:. ARE: FOUR FUSES. IN THE P.OWER SUPPLY AND 

ONE IN EACH OF THE DRIVE CONTROL BOARDS CMAST~R AND SLAVES>. 
3. LOOSE CONNECTIONS: CHECK THE CONNECTORS ON THE: REAR 

PANEL, AND ALL CONNECTORS INSIDE THE UNiTs. ARE ALL TERMINALS 
TIGHT AND CLEAN? SOMETIMES· TERMINALS CAN SE SQU~EZ~D 
SLIGHTLY TO MAKE THEM TIG~TER. EDGE TERMlNAL F!NGEHs CAN BE 
CLEANED WITH AN ERASER. . 

4. LOOSE IC' S: REMOVE THE I. C. COVER AND· PRESS ALL 1 C '~ 
FIRMLY IN PLACE. BE SURE NONE ARE M1SSING. 

5. PUWER FAIL CROWBAR HUNG UP: TURN ·OFF POWER FOR A FEW SECONDS 
AND TKY AGAIN. 

6. MECHANICAL FAILURE: CHECK TO BE SURE· THE :HUBS AND SPROCKETS 
ARE FIRMLY FASTENED TO THE SHAFTS. ·INSPECT·THE BELT FOR WEAR. 
BE SlJkE THEY ARE MECHANICALLY FREE. THE HUB SPRING TENSION 
CAN B~ CHANGED BY MOVING OR REPLACING THE RUBBER BAND· UNDER 
THE SPRING. 

SOME I MP ORT ANT TIM ING PO I NTS THAT CAN BE· OBSEVED· WHILE THE· TAPE 
TS MOVING ~ORWARD ARE: 

TREA+ 40 US ·S~UARE WAVE 
ALL OIHER READER SIGNALS ARE RECTANGULAR WAVE~ WITH TRANSITIONS 

~0 OR 40 US APART 
AC IP+ 1 3~ MS PULSE WHEN ST ART I NG ··MOTORS OR CHANG ING· THEIR 

WIRECTION 
BMRK+, GMRK+ 40 US PULSE EVERY 63 MS 
DMRK+ 255 40 US PULSES EACH BLOCK, 240 US APART 
FMTN+ MUST BE ON FOR MARKS TO .. DEGODE, BUT THE READER 

~IGNALS CAN BE MONITORED BY MANUALLY ·MOVING TAPE. 



APPENDlX A. BOOTSTRAP 

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

C 1 ) SUPERNOVA PROGRAM LOADER, 
C2> NOVA 800/1200 SERlES AUTOPROGRAM OPTION, OR 
(3) NOVA OR 800/1200 SERIES MANUAL BOOTSTRAP. 

; THE LI NC TAPE BOOTSTRAP CAN BE. USED WI TH ANY 
; OF THESE TO LOAD IN THE LINCTAPE UTIL1TIES AND LOAD 
; .AND EXECUTE THE EXE CUT I VE· SY.STEM ROUT lNE. 
; 
; THIS EXECUTIVE SYSTEM ROUTINE WILL DEPEND 
; ON THE TYPE OF TAPE BEING USED. THE KEYBOARD 
; EXECUTIVE ROUTINE IS ONE EXAMPLE OF AN 
; EXECUTIVE SYSTEM ROUTINE • . , . , . , . , <<<<< PROCEDURES >>>>> 

; THE PROCEDURE FOR ·BOOT STRAPP I NG WI TH THE. SUPERNOVA 
; PROGRAM LOADER OR THE NOVA 80011200 SERIES 
; AUTOPROGRAM OPTION Is: 
; 
; 
; 
; . , . , . , 
; . , 
; 
; 

(1 > SET THE DATA SWITCHES TO THE LINCTAPE DEVICE 
NUMBER (USUALLY 74>, 

C2> PUT A LINCTAPE WITH .. THE NUVA BOOTSTRAP ROUTINE 
ON DR l VE 0, WI TH· THE MARKER TO THE· R l·GHT 
OF THE, ·HEAD. LEAVE IN·· TENS I ON ·MODE., 

(3) PRESS RESET, 
CI+> PRESS PROGRAM LOAD·. THE LI NCT APE WI LL 

MOVE AND STOP, AND THE· TELETYPE:. WI LL RESPOND 
WI TH THE APPRORRI ATE EXECUTIVE .SySTEM 
RESPONSE. 

; THE PROCEDURE FOR ·BOOTSTRAPPING WHEN US ING 
; THE MANUAL BOOTSTRAP IS: 
; C 1 > BE SURE· THE MANUAL BOOTSTRAP IS lN CORE. 
; IT IS LISTED BELOW, 
; (2) sET·THE DArA SWITCHES TO X7770, WHERE 
; X7777 IS THE: ,HIGHEST CORE LOCAT lON, 
; C 3) PUT A L INCT APE WI TH THE NOVA LOADER ·ON 
; DRIVE ·f2l, WITH.TiHE MARKER TO THE. RIGHT 
; ·OF TiHE HEAD. LEAVE· IN TENS I ON MODE• 
; (4) PRESS.RESET, 
; (5) PRE.SS ·ST ART• THE LI NC TAPE WI LL· MOVE 
; AND STOP, AND THE TELETYPE WILL RESPOND WITH 
; THE APPROPRIATE· EXECUTIVE SY.S)"EM RESPONSE. 



; TO LOAD THE MANUAL BOOTSTRAP INTO COR~: 
; (1) SET THE DATA SWITCHES TO X7755 <1ST LOC>, 
; <2> PRESS EXAMINE, 
; (3) SET TH~ DATA SWITCHES TO 1777l7 C1ST WORD>, 
; (4) PRESS DEPOSIT, 
; (5) SET THE DATA SWITCHES TO THE NEXT WORD, 
; < 6 > PRESS DEPOSIT ·NEXT, 
; C7) kEPEAT C5> AND <6> UNTIL ALL WUkDS ARE 
; LOADED. 

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

X7755 
; X7756 
; X7757 

X776f2J 
; X7761 
; X7762 
; X7763 
; X'l764 
; X7765 
; X7766 
; X7767 
; X777f2J 
; X7771 
; X7772 
; X7773 
; X7774 
; X7775 
; X7776 
; X7777 
; 
; 

177737 
126420 
f2J636YY 

·000777 
0605YY 
107363 
!Of2l0774 
1253f2J5 
f2Jf2lf2J771 
045041 
f2Jf2l1400 
06f2J5YY 
030764 
004764 
151404 
012lf2J776 
f2Jf2l0002 

WHERE: 

COUNT: •41 
GET: SUBZ 1,1 

SKPDN LINC 
JMP .•1 
DIAS ~,LINC 
A DOCS ft1, 1 , SNC 
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 2,2,SZR 
JMP • • 2 
JMP MANLD 

; RESERVE FOR BINARY 
; RESERVE· FOR t'S.INARY 

;wURDS LOADED 
;CLEAR AC1 & SET C 
;BYTE READYt 
;Nu: WAIT 
;YES: GET BYTE 
; MERGE: 1ANOTHER? 
;Yt:.S: GET IT 
:NO: SWAP BACK: Z~RO? 
;YES: TRY AGAIN 
;~TORE IT 
;RETURN WITH WORD 
;START LINCTAPE 
~~~T WORD COUNTER 
;GET A· WORD 
;INCR & TEST 
;NOT·THRU 
;GU TO MAN PRELOAD 
LUADER·, ADDRESS 
LOADER JUMP 

. , X7777 = HIGHEST CORE· LOCATION 
; 
; 
; 
; 
; . , 

CORE X CORE X 
4 K f2J 2f2J K 4 
8 K 1 24 K 5 

12 K ·2 28 K 6 
16 K 3 32 K 7 

YY = LlNCTAPE DEVICE NUMBER <-USUALLY ·74) 



AAA 

; . 
I 

; . , 
; 
; 
; 
; 
; 
; 
; 
; . , 
; 
; 
; 
; 
; 
; . , 
; 
; 
; 
; 
; 
; . , 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 
; 

<<<<< PROGRAM SEQUENCE >>>>> 

THERE· ARE FOUR SECTIONS TO ·THE COMPLETE BOOTSTRAP 
ROUT I NE, ·NOT I NCt.UD I NG THE HARDWARE ROUT I·NES • 
THESE FOUR SECTIONS RESIDE IN THE FIRST THREE 
BLOCKS OF LINCTAPE: 

C 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 1 0N THE 
HARDWARE LOADERS • 

THE PRELOADER IS NEAR THE END OF BLOCK :..10 OF THE 
LINCTAPE IN BYTE FORM. THE BEGINNING OF BLOCK 
• 1 0 I S ALL Z ER 0 ES • THE UT I L l TY L 0 ADER, -AL S 0 
IN BYTE FORM, IS AT THE, BEGINNING OF BLOCK ·7. 
THE UTILITIES ARE IN WORD( FORM AT THE END OF BLOCK 
•7, AND THE EXECUTIVE· SYSTEM, IN WORD FORM. FILLS 
BLOCK :.6. 

THE SUPERNOVA OR THE MANUAL BOOTSTRAP: ·~KI Ps 
LEADING ZEROES, AND LOADS THE PRELOADER 
PROGRAM· FROM LI NCTAPE BLOCK -1 0 INTO CORE 
AT LOCAT J;ONS 0 THRU 40. THE SUPERNOVA 
THEN JUMPS TO LOC 40, WHILE THE MANUAL 
BOOTSTRAP JUMPS TO LOC 2 1 0F THE PRE LOADER. 

THE PRELOADER S~TS.THE. DEVICE NUMBER AND IN TURN 
LOADS THE UTILITY LOADER FROM BLOCK -7 INTO GORE 
LOCAT I 1 0NS 1 42 THRU ·21 6, AND EXE.CUTES AT L Oc 21 6. 

THE NOVA 800/1200 AUTOLOADER LOADS -AND EXECUTES 
I TS OWN .BOOTSTRAP· FROM HARDWARE INTO LUC AT IONS 
r2l 'THRU 37. IT THEN 1 LOADS THE· PRELOADER ( WH1 CH 
IS, IGNORED> AND THE·UTILITY LOADER INTO CORE 
LOCAT I·ONS 100 THRU 216, AND E:.XECUTES -, HE 
UTILITY LOADER AT LOCATI 1 0N 216. 

THE UTILITY LOADER lS THUS LOADED AND EXECUTED 
AT 216 BY ANY OF THE BOOTSTRAP CONFIGURATIONS. 
IT SIZES CORE, AND' LOADS THE UTILITIES ·JUST BELOW 
THE BINARY TAPE LOADER AT X7600. 

THE LINC UTILITIES THEN REST AT X7400 THRU X7577. 
THE PROGRAM THEN JUMPS TO nSTART" IN THE UTILITIES, 
READS THE -EXECUTIVE· SYSTEM FROM ·BLOCK •6 INTO CORE 
LOCAT IiONS X7r2lr210 THRU · X7377, AND F I1NALLY ST.OPS 
THE TAPE AND JUMPS TO LOCATlON X7377 WITH 

·AC3 = ADDRESS OF "CLlNC" CX7412l0> OF THE UTil:.ITIE.S. 

SOME t..;OCAT IONS ;NEAR THE·'·BOT'POM -iOF .CORE: ARE 
W I·PED ·OUT BY THE BOOTSTRAP PROCESS. THEY ARE: 

.SUPERNOVA MANUAL -.AUTOLOADER 
0~ ~0 ·0• ~0 .0-37 

1~2~216 1~2~216· 100•216 
377 377 



""'" 

. NOW THE PRELOADER PROGRAM , 
; 

01211o01121 .RDX 8 
1210~002 .LOC 2 

00002 IJ21 77f:;) MANLD: LOA 0,.3·,..3 i MANUAL E:NTRY LUC: GET D.·N. 
00003 000005 JMP .+2 
00004 060477 PRELOD: READS el ; GET DEVICE NUMBER 
JG'llt105 024026 LOA 1, C77 
~in u k16 12j41210 AND 1 , eJ ; MASK 6 BITS 
Of110V17 12124-030 LOA 1 ,GET+1 
0001 0 107000 AUD 0,1 
00ltJ 11 044030 STA 1 , GET+ 1 ; SET SKIP COMMAND 
01-rn 1 2 (-12 4-~132 LOA 1,GET+3 
00013 1121HH~0 ADD 0,1 
00014 04"1-V'l32 STA 1, Gl::T+3 ; SET INPUT COMMAND 
0~015 1 20440 SUF30 1 , 1 ; CLEAR AC1 & RES£T CARRY 
0V'IVJ 1 6 017lLf.030 ,JSR GET+1 ; GO AFTER BYTE 
00017 101065 MOVC 0,0,SNR ; ZERO BYTE"i 
00020 000016 JMP .-2 ; YES: IGNORE IT 
00021 004027 JSR GET ; NO: GET NEXT FUl...L WORD 
0002~ 046025 STA 1,@PTR1 . . STORE THE WORD , 
00023 12111£11 42 ISZ 142 ; LAST WORD? 
1210024 1211211t.112121 JMP .-3 ; NO: GET·ANOTHER WORD 
00025 1210io141 PTR1: 1 41 ; POINTER TO STOkt & JUMP 
00026 000077 C77: 77 

; GET A WORD SUBR. GET A ·BYTE SUBR 
00027 1 2042121 GET: SUBZ 1 ; 1 ; CLEAR AC1 & SET CARRY 
00030 06.)61210 SKPDN 0 ; BUFFER READY? 
00031 0(iH:J'7J30 JMP • -1 ; NO: WAIT 
~j(i'JeJ32 0A1£J51210 DIAS 0,0 ; YES: INPUT THE BYTE 
000.33 107363 ADD CS 0,1,SNC ; SWAP BYTES. NEED ANOTHER? 
00034 00I0030 JMP .-4 ; YES: GO GET IT 
00055 12~300 MOVS 1 , 1 . NO: SWAP BACK , 
00036 0Ci1l 1400 JMP 0,3 ; RETURN WITH WOkD/BYTE 
0121037 177777 _, 
0CH:i40 1211211t.1004 FORTY: JMP PRELOD ; SUPERNOVA ENTRY LOCAT I·ON 



r2HHH2J 1 0 
00k1077 

00077 0Qlk'.J377 
00112J0 177661 

01210142 
·00142 177723 

00143 020030 
00144 024213 
00145 12j400 
00146 024206 
00147 112J7012Jl2J 
00150 044-206 
00151 024210 
00152 107000 
00153 04421 IZl 

00154 020214 
0C'l155 034215 
00156 116400 
001 57 ·055777 
12lC'J160 031777 
00161 156414 
00162 000156 

00163 012JL+206 
0016!+ 101025 
00165 0r2llc'J163 

00166 040214 
00167·11)000 
00170 050213 
00171 004206 
00172 04100121 
00173 151400 
00174 011ll214 
00175 012Jk1171 

00176 030213 
0V1J177 051170 
00200 025163 
00201 13~400 
00202 126520 
00203 020212 
00204· 034213 
00205 001577 

00206 06J600 
0fil207 00"1206 
00210 060500 
0C1211 001 400 
00212 177772 
00213 ·f'HHH2177 
00214 ·001 000 
0021 5 10ia600 
00216 00"114-3 

; NOW THE UTILITY LOADER 
; 

SYNC: 
COUNT: 

; SET 
GOGO: 

; SIZE 

SKIP 

; LOAD 

; SET 

; GET 
GETW: 

BLOCK: 
K77: 
ONEK: 
HIGH: 
END: 

.ROX 

.LOC 
8 
77 

377 
SYNC-END 
.LDC 142 
.-END•1 

DEVICE NUMBER 

; SYNC BYTE 
; WORD'COUNTER 

LOA 0,GET+1 ; GET 1/0 WORD 
LOA 1,K77 
A ND 1 , 0 ; GET DEVICE NUMBER 
LOA 1,GETW 
ADD 0, 1 
STA 1,GETW ; SET SKIP COMMANu 
LOA 1,GETW+2 
ADD 0,1 
STA 1,GETW+2 ; SET INPUT COMMAND 

CORE 
LOA 0, ONE.K ; MEMORY SIZE· INCREMENT 
LOA j,HIGH · ; HIGHEST OPEN· ME.MORY 
SUB 0,3 ; MOVE DOWN TO NtXT CORE 
STA 3,·1~3 ; TRIAL STORAGE 
LOA 2,•1,3 ; GET IT AGAIN 
SUB# 2,3,SZR ; TEST FOR MATCH 
~JMP .-4 ; ·NO MATCH:· TRY AGAIN 

ZERO BYTES 
JSR GETW ; AC2 = HIGHEST OPEN CORE 
MOVZ 0~12J,SNR ; IGNORE LEADING ZEROES 
JMP .•2 

THE UTILITIES 
STA 0,0NEK ; SAVE COUNT "LT~Izn 
ADD 0, 2 ; POI NT TO LOAD· ADDR 
STA 2,K77 ; SAVE POINTER 
JSR GETW GET A WORD 
STA 0,0,2 ; STORE IT 
INC 2.2 ; !NCR POINTER 
ISZ ONEK ; !NCR COUNTER 
JMP .-4 ; IF NOT DONE, GO BACK 

UP TO LOAD KEYBOARD EXEC 
LOA 2,K77 ; IF DONE, GET 1ST UTIL LDC 
STA 2,LLOC•CLINC,2 ; & PUT IN LLOC 
LOA 1,SIZE•CLINC,2; GET WORDS/BLOCK 
SUB 1,2 ; SET 1ST CORE LUC 
suBZL 1,1 ; SET NU OF BLOCKS TO 1 
LOA 0,BLUCK ; SET NEXT BLK NO 
UJA 3,K77 
JMP START-CLINC,3 ; GOTO START 

WORD SUBROUTINE 
SKPDN l2J 

JMP .•1 
DIAS 121~0 
JMP 0,3 
-6 

·77 
1 000 
77600+1000 
JMP GOGO 

; BUFFER READY? 
; NO: WAIT 
; READ, WORD lNTO AC0 
; RETURN WI TH 1 FULL WORD 

; SAVE BINARY LOADER 
ENTER BOOTSTRAP HERE 



APPENDIX B. LINCTAPE UTILITIES 

T~ES~ UTILITIES ARE SHOWN ASSEMBLED FOR A 4K MACHINE. HOWEV~R, 
P·H: y ARE Pus IT lON I.NDEPENDENT i ANO THEREFORE w I LL BE I DENT I CAL 
FOR ANY SILE MACHINE. 

00"1"11 0 
007377 

07377 177600 

; NOW THE LINCTAPE UTILITIES ------
; 

BLOCK ~7 MUST CONTAIN ZEROES ~ETWEEN THE 
; LAST WORD OF TH~ UTILITY LOAOE~ AON "LTSIZ" • 

• ~DX 8 
.LOC 7377 

LTSIZ: .·START ; LINCTAPE UTILITY SIZE 
; 
; ENTRIES TO LINC UTILITIES 
; WLJNC: WRITE & CHECK 
; RLINC: READ & CH~CK 
; CLINC: CHECK ONLY 
i*** USER MUST SELECT DRIVE BEFORE CALL WITH "DOB •,74" 
; ALL CALLS MADE BY 'JbR' TO ONE ·OF TH~ ABOVE, 
; WITH AC0= FIRST 8LOCK # 
; AC1= NUMBER OF ~LOCKS TO BE PROCESSED 
; AC2= FIRST CORE ADDRESS 
; 
; AC1 MAY =0. THIS lb THE "FIND" FUNCTION. 
; AC2 IF NEGATIVE, REPRESENTS THE 

ONE'S COMPL OF THE REAL ADDRESS, AND CAUSES 
; THE BLOCK SEARCH TO START IN REVEHSE. 
; 
; NORMAL RETURNS ARE INDICATED BY AC1=0. 
; AC2= NEXT CORE ADDRESS 
; AC0= NEXT BLOCK # 
; . , 
; . , 
; . 
' . , 
; 
; 
; 
; 
; . , 

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

AC1=2 

AC1 :LJ. 

AC1=8 

BLOCK SIZE ERROR. AC0: BAD BLOCK. 
AC2= EXCESS OF MARKS I.N BLOCK~ 
AC3= EXPECT~D #· 

ILLEGAL BLOCK. AC0= TARGET BLOCK. 
AC2= NEXT CORE ADDR. 
AC3= HIGHEST LEGAL BLOCK. 

DRIVE STATUS ERROR. AC3= DRIVE STATUS, 
BIT 1= PROTECTED, BIT 0= NOT READY • 

; 
07400 054431 CLINC: 
07401 , 52400 

STA 3,SAC3 
SUB 2,2 ;ADDRESS DU~SN'T MATT~R 

071.i-02 00!0417 
07403 054426 RLINC: 
07404 12134430 
0740~ 01210415 
07406 054423 WLINC: 
07407 034423 
07410 054'510 
07411 0LJ.4501 
07412 05!0416 
07413 004423 

JMP CHKZ 
STA 3,SAC3 
LOA 3,02R ; SET READ RTNE. TO STORE DATA 
JMP READZ 
STA 3;SAC3 
LOA 3,·01 W 
STA 3,D1XX ; SET UP FOR WRITE 
STA 1,02xx ;SAVE PARAMS 
STA 2,SAC2 
JSR DO ; FIND & WRITE BLOCK~ 



07414 024476 RAW: 
07415 122400 
07416 030412 
07417 151113 
~17420 15k11Zl1Zl1Zl 
07421 034473 CHKZ: 

, 
07422 054470 READZ: 
iH423 k_D4-410 
07424 054474 
07425 004411 
07426 ·060274 EXIT: 
07427 1Zl1Zl24r212 
0743121 000000 SAC2: 
07431 V'llZlllJIZllZJIZl SAC3: 

0743~ 021000 
l<'.'17 4 3 3 ~HHfl 5 0 
07434 132512 
07435 000000 

. , 
01w: 
01RC: 
D2k: 
RETU: 
; 

07436 054777 DO: 
074-37 075474 
07440 17511 2 
07441 000446 
07442 151113 
07443 000410 
07444 150000 . , 
07445 176400 FINDR: 
07446 16~000 

07447 060374 
Wli.J.50 004467 
07451 101401 FINDN: 
07452 12100776 
07453 060174 F!NDF: 
07454 004463 
07455 000777 
07456 17~224 

07457 01Zlk1766 
07460 12~005 FOUND: 
07461 002754 
07462 16b0r2lr2l 
07463 040474 
07464 044474 
07465 024476 
07466 14701210 
07467 000431 

LOA 1~02xx ;RESTORE PARAMS 
SUB 1,0 
LOA 2,SAC2 
MOVL# 2,2,SNC ;MAKE ADDR. NEG FOR REVERSE 
COM 2,2 
LOA 3,D2C ; NO STORE ON CHECK 

STA 3,02XX 
LOA 3,01 i~C 
STA 3,01 J(X 
JSR DO 
NIOC LINC 
JMP (Q)SAC3 
eJ 
IZl 

; SET UP FOR READ OR CHECK 
; FIND & READ BLOCKS 
; STOP DRIVE 
; RETURN TO ·CALLER 

LOA 0,0,2 ; DATA FOR WRITE SWITCH 
JMP READ•D1XX,1 ; FOR READ SWITCH 
SUBL# 1,2,szc ;DO THIS FOR READ, NOT CHECK 
0 

STA 3,RETU 
DIB 3,LINC 
MOVUt 3,3,szc 
JMP E4 
MOVL# 2,2,SNC 

; CHECK DRIV~ REAOY 

; LOOK AT ADDR. 
JMP FINDF 
COM 2,2 

; IF POS~ START FCJkWARD 
; IF NEG, START REVERSE 

SUB 3,3 
ADC 3, IZl 
NIOP LINC 
JSR GETBLOCK 
INC 0,0,SKP 
JMP .•2 
NIOS LINC 
JSR GETBLOCK 

; ENTER HERE FOR REV. 
;POINT TO TARGET•1 
;START REV 

; KEEP GCJ I NG IF AbOVE ;QR 1 0N 
; ENTER HERE FOR FWD. 

JMP .·1 ; KEEP GOING IF BELOW 
MOVZR 3.3,SZR ; FOUND TARGET IF =0 
JMP FINDR 
MOV 1,1,SNR 
JMP (Q)RETU 
ADC 3, 1 
STA 0,TEMP1 
STA 1,TEMP2 
LOA 1,SIZE 
ADD 2, 1 
JMP D1XX 

;LAST BLOCK? 
; YES, EXIT FROM "00n 
; AC3=f21. DECR, BLOCK COUNTER 

;POINT TO END OF BLUCK. 



07Lf.70 .06j674 READ: SKPDN LINC ; WAIT FOR OATA 
07tP1 001i!1777 JMP • • 1 
07472 063474 SKPBN LINC 
07473 00'1416 JMP ROAT 
07474 060474 RCHK: DIA PJ,LINC ; INPUT CHECKSUM 
1217475 11 6405 SUB 0,3,SNR 
(il7476 000434 JMP SCHK ; SHOULD : ACCUM. CHKSM 
07477 024465 E 1 : LOA 1 , c 1 ; CHECKSUM ERROR 
eJ7500 001c1403 JMP .+3 
07501 034462 E2: LOA 3,SIZE 
07502 •0241.J.63 LOA 1,c2 
07503 020454 LOA 0,TEMP1 
07504 ·00ta722 JMP EXIT 
07505 02'+461 E3: LOA 1,c4 ; ILLEGAL BLOCK NUMBER 
07506 ·00'1720 JMP EXIT 
07507 024460 E4: LOA 1 , CB ; DRIVE STATUS ERROR 
07510 000716 JMP EXIT 
07:,11 ·06!0'+74 ROAT: DIA 0,LINC ;INPUT DATA WORD 
07512,132512 02XX: SUBL#' 1,2,szc ;nJMP • +2" FOR CHECK 
07513 041000 STA 0,0,2 
07514 000402 02c: JMP .+2 
07515 061074 WOAT: DOA P!,LINC ; WRITE ·DATA 
07~16.117000 BLOOP: ADD QI, 3 UPDATE CHKSM· ACCUl"I. 
07S17 151400 1.NC 2,2 . UPDATE POINTER , 
0'7~20 021000 D1XX: LOA 0,0,2 ; f-"UR, ·READ & CHECK, nJMP READ" 
07521 ·06.jl7.J74 DOC 0,LlNC ;WRITERS ON 
07~22 063674 SKPON LINC 
07~23 ·000777 JMP • • 1 ; WAIT FOR DATA, CHECK MARK 
07524 ·063474 SKPBN LlNC 
07525,000770 JMP WDAT ; ,DATA MARK 
07526 07~074 ·WCHK: DOA 3,LINC ; WRITE CHECKSUM 
07~27 07!:;>474 DIB 3,LINC ;INPUT DRIVE STATUS 
07~311 175004 MOV 3 ;;;·5, SZR 
07~31 ·0011756 JMP E4 ; MUST BE: READY & UNPROTECTED 

·07532 13i414 SCHK: SUB# 1,2,SZR ;WAS BLOCK RIGHT SILE? 
07~33 000746 JMP E2 I 

0753.4 020423 NEXT: LDA 0,TEMP1 ;BLOCK FINISHED 
07535 02'+423 LOA 1 , TEMP2 ;RESTORE BLOCK CO.UNTER 
07536 ·000713 JMP FI NON· . ·NEXT RLOCt< , . , 

; 



07537 054-420 GETBLOCK: STA 3,TEMP1 
07540· 034421 LOA 3,MLlM ;CHECK TARGET LIMITS 
07541 16~432 SUBZ# 3,0,SZC ; OK IF BETWEEN MLlM & PLIM 
07542 00(11405 JMP WAIT 
07:>43 034417 LOA 3,PLIM 
07544 162032 ADCZ# 3,121,SZC 
07545 000740 JMP E3 ; NO SUCH BLOCK 
U7~46 074474 DIA 3,LINC ;CLEAR SYNC FLOP 
0754-7 063474 WAIT: SKPBN LINC ;GET BLOCK # 
07550 000777 JMP WAIT 
07551 065774 SKPDZ LINC 
07552 001l'.l774 JMP WAIT~1 ;WAS A CHECK MARK 
07553 074474 DIA 3,LINC ;INPUT IT 
07554 11b543 SUBOL r2J,3,SNC ;SK.JP IF BELOW BLOCK WANTED 
07555 01 041212 ISZ TEMP1 
07?56 00~401 JMP (G)TEMP1 
07557 f2J QI 0 f2J !2J 0 TEMP 1 : 0 
07560 000000 TEMP2: 0 
07561 177770 MLIM: 1 77770 ;LOWEST BLOCK 
07562 00k1620 PLIM: 620 ;HIGHEST BLOCK 
07563 012JllJ400 SIZE: 400 ; BLOCK, LENGTH 
07564 00~001 c 1 : 1 
07565 000002 C2: 2 
07566 !2H?Jio004 C4: 4 
07?67 00!0010 CB: HJ 

; 



; . , 
; 
; 
; 
; 
; 
; . , 
; 
; 
; 
; 
; 

WHAT FOLLOWS IS A BOOT , WHICH CAN ~~ 
'.USED TO UOAD .ALL BUT ONE BLOCK OF M~MORY, 
FROM DRIVE 0. THIS PROCEDURE IS .USED BY 
THE BOOT PROG. 
JUMP TO nSTART" WITH: 

AC0=FIRST BLOCK TO ~E READ, 
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· ~UADED +1, 
AC3= ADDR OF "CLINC" IN UTILITIES· 

; 
07570 00~0121121 LLOC! 
07571 121121Ll-612 

l2J 
JSR RLINC 

07572 034776 
1217573 12!;1211215 
t717574- 01211377 
07575 06~677 PAUSE: 
1217576 12163077 
07577 00~772 START: 

LDA 3,LLUC 
MOV 1,1,SNR 
·JMP. •1,2 
IORST 
HALT 
JMP .•6 
.END 

;STOP & SELECT ·DRIVE 121 
;IF ERROR, SET AC'S.& CONTINUE 
; SYSTEM START BLOCK 



APPENDIX C. KEYBOARD EXECUTIVE 

LINCTAPE KEYBOARD EXECUTIVE ROUTINE 5/71 

THE LINC EXECUTIVE INTERPRETS TYPED COMMANDS, AND 
PERFORMS L!NCTAPE OPERATIONS ACCORDINGLY. THE PROGRAM 
MANIPULATES INTEGRAL NUMBERS OF LINC BLUCKS <256 WORDS EACH) 
BETWEEN TAPE AND ANY CONTIGUOUS CORE LOCATIONS. 

COMMAND ~TRUCTURE 

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 GENERAL DEFINITION 
AS tA•, EXCEPT THE STRING IS INTERPRETED AS 
A 1 6 .. BIT SIGNED NUMBER. C 2' S COMPLEMENT CONVENT I·ON > 

C =COUNT, THE COUNT OF BL.OCKS TO !:SE PROCESSED; SAM!; 
DEFINITION, BUT A 16-BIT UNSIGNED NUMBER. 

D =DRIVE, THE DRIVE NUMBER; AN OCTAL DIGIT.STRING NOT 
FULLOWED BY A COMMA. ONLY THE LEAST SIGNFICANT 
(LAST TYPED> 4 BITS ARE USED. 

X =ONE OF THE FOLLOWING SINGLE CHARACTERS: 

C .CHECK • FIND AND VERIFY BLOCK NUMBERS AND 
CHECKSUMS. 

R READ v FIND, CHECK AND TRANSFER INTO GORE. 

W WRITE • FIND, WRITE FROM CORE, AND CHECK 
<TWO PASSES>. 



THE INTEKPRETER CATCHES INVALID CHARACTERS TYPED, ANO 
CHECKS COMMAND FORMAT,BUT IT IS POSSIBLE TO "tiUMB" THE 
SYSTEM By LOADING OVER THE EXECUTIVE PROGRAM, FOR EXAMPL~. 
THE ~XECUTlVE·RESIDES AT X7000-X7377 OCTAL CWHERE X7777 
IS THE HIGHEST CORE· LOCAT I·ON), AND IT CALLS ON THE LI NC 
UTILITIES AT X7ij00•X7577 OCTAL~ IN OTHER WORUS, THE 
MAXIMUM ·NUMBER OF BLOCKS you CAN READ IS 16 BLOCKS IN 
l\ ijK MACH I NE, OR ALL BllT THE Hl GHEST 1 000 LOCATIONS OF 
CORE. THE~E IS NO RESTRICTION UN CHECKING. 

THE DRIVE MUST BE IN TENSlON MODE· ANO, iF WRITING, 
THE DRIVE PROTECT LIGHT MUST BE OFF. IF ON, 
THE TAPE WlLL NOT BE WRITTEN~ AND· AN ERROR WILL BE 
INDICATED. 

THE EXECUTIVE MAY 8~ RESTARTED AS FOLLOWS: 
PRC.SS 'RESET' 
SET DATA SWITCHES TO X7000 OCTAL 
PRtSS •START' 



AUTOMATIC MOOE 

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 "A" CAN READ THE ASSEMBLER FROM THE 
TAPE ON DRlVE 0 INTO CORE. AS WITH THE GENERAL MODE, TH~ 
SYSTEMS RETURNS TO THE KEYBOARD EXEC AFTER READING, AND THE 
NORMAL START PROCEDURE FOR THAT PROGRAM MUST ~E FOLLOWED TO 
EXECUTE IT. 

TH~ NECESSARY INFORMATION FOR READING IS STORED IN A TABLE IN 
THE KEYBOARD EXEC. IT IS ASSUMED THAT THE PROPER PROGRAM WILL 
BE FOUND 01-.J THE TAPE. IN' GENERAL, IT IS ADV I SABLE TO MA I NTA IN 
THE TABLE IN THE KEYBOARD EXEC TO MATCH THE PROGRAMS ON THAT 
PARTICULAR TAPE. IN THIS WAY, THE SYSTEM, AFTER BOOTSTRAPPING, 
WILL FUNCTION PROPERLY. 

~HEN PROGRAMS ARE ADDEO TO OR DELETED FROM THE TAPE, TH~ 
KEYBOARD EXEC MUST BE UPDATED IF THE AUTOMATIC MOOE LS TU 
HANDLE IT PROPERLY. THIS TABLE STARTS AT LOCATION YY2t2 
<WHERE YY000 IS THE FIRST LOCAT I1 0N IN THE EXEC). THE TABLE 
REQLJ I RES A GROUP OF· FOUR PARAMETERS FOR EACH PROGRAM: 

< 1 ) KEYBOARD LETTER 
<2> FikST CORE LOCATI·ON 
(3) FIRST BLOCK NUMBER 
,( 4) NUMBER OF BLOCKS 

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

THE PROCEDURE FOR CHANG I;NG THE TABLE IS: 
< 1 ) ENTER THE EXE CUT I VE ROUT I NE 
(2) LOAD THE DEBUG III ROUTINE 
C3) PUT THE TAPE WITH THE EXECUTIVE ROUTINE THAT 

IS TO BE UPDATED ON DRIVE 0 
(4) READ A FRESH COPY OF THE EXEC INTO WORKING CORE 

<THE EXEC IS ON BLOCK ·6, OR 177772>: 
1000,177772,1,0R 

NEVER TRY TO UPDATE THE EXEC "IN PLACE". 
C5l ENTER THE DEBUG ROUTINE 
(6) LIST THE TABLE, FROM LOCATION 1212 UNTIL THE FIRST 

(ASCII LETTER) WORD IN A GROUP IS ZERO, INDICATING 
TH~ END OF THE TABLE CA LOCATION ENDING IN -2 OR ~6·> 



C7> ADU, CHANGE, OR DELETE GROUPS IN 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 
ALtiO THAT; THE ·ASCII: IS 7, NOT 8 BIT CODE. A TYPICAL 
SElJIUENCE lS: 

001242 000113 ASCII LETTER K 
001243 001000 1ST LORE. LOCATION 
001244 000030 1ST BLOCK NUMBER 
001245 000014 NUMBER OF BLOCKS 
001246 000000 END OF TABLE 

THE TABLE CAN, OF COURSE~ BE UPDATED BY OTHER 
MEANS, SUCH AS THE FRONT PANEL SWITCHES. 

C 8) WR I TE THE UPDATED VERSION BACK ,ONTO LI NCT APE: 
1000,r11112,1,0w 

(9) REbOOT, AND TEST THE NEW ROUTINE. 

TO ~XECUTE ANY LOADED PROGRAM, YOU MUST FOL~OW 
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.TAPE NOT IN TENSlON. 
2. TAPE· PROTECTED AGAINST WR I TE. 
3.CHECKSUM ERROR; YOU HAVE A BAD BLOCK ON TAPE, 

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

LIMITS ARE 177772 C-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 ~LOCK 2, DRIVE 0. 

*0,77777777777#1;1W 

* 
*0,177777,1;1W 
? 

* 
*0,V!,620,12JC 
*"h~0,~C 

* 

WRITE BLOCK ·1 FROM CORE ADDR 0,DRlVE 1 

ERROR. SAME COMMAND AS ABOVE. 

CHECK TAPE BLOCKS 0 THROUGH 617. 
SAME THING. 

LOAD EXTENDED· ASSEMBLER. 



THIS ROUTINE IS LISTED AS ASSEMBLED AT LOCATION 712100. 
EXCEPT FOR THE POINTERS, WHICH ARE1 PRESET AT BOOT. TIME, IT IS 
POSITION lNDEPENDENT, AND WILL BE THE SAME F"OR ANY SIZE CORE. 

121070121121 

07000 01211£)504 
07001 11212400 
07002 '040571 
07003 12140571 
07004 04-0571 
07005,,040571 
07-~H?J6 12120552 
0701217 12140571 
0701121 004-51213 
07011 12144-562 
07'112 1213!0552 
0712113 142415 
1217"114 12100422 

121701 5 12124543 
07016 12134-573 

; 

; 
; 

. , 
; . , 
; 
; 
; 
; . , 

EXEC: 

121712117 121314-121121 EAGN: 
07020 1 5112105 
07'121 01211c1457 
0712122 142415 
1217'123 121121041213 
12170214- 1370121121 
1217025 12100772 

07026 -021~01 FNDI: 
12l712l27 04-0544 
07030 0211+02 
07031 12140543 
0'7032 0214-03 
1217033 04-0542 
07034 1 021£J536 
07035 01210414 

KEYBOARD EXEC 5/71/JJM 

THESE ROUTINES ALLOW THE USER TO USE, THE LI NC 
TAPE UTILITIES FROM THE KEYBOARU. 
TH lS PROGRAM ACCEPTS TWO TYPES -OF COMA NOS 
TYPE 1 IS THE SlNGLE 1 LETTER 1 TYPE WHICH· IS USED 
PRIMARILY TO REAU IN SYSTEM PROGRAMS FROM 
DRIVE 121 ONLY. THE PROGRAM CONTAINS ·A LOOKUP 
TABLE FOR THESE COMMANDS WHI OH 1 .CAN BE:· EAS IL y 
UPDATED WITH DEBUGER. 
THE TYPE TWO COMANDS ARE: READ, WR I TE AND 
CHECK. THESE, COMMANDS REQUIRE 4 PARAMETERS 
AS EXPLAINED IN· THE· INSTRUCT I ON bOOK 

.LOG 

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 

1JMP· 

700121 

ELIN 
0, 0 
121,TEM1 
121, TEM2 
121, TEM3 
121, TEM4 
l2J, C4 
0,ERCO 
!NOC 
1, TEM1 
2, C5LJ. 
2,fZl,SNR 
COMA 

; 
10UTRUT CR II* 

; CLEAR ·AC0 
; CLEAR INPUT ARRAY 

; SET RE·TRY COUNT 

; INPUT OCTAL NUMBER 

; COMA?? 

1,C4 ; LOOK UP INPUT CHARACTER 
3,TABL 
2, 121, 3 
2.1:2,SNR; IF END OF TABLE GRIPE 
NOGO 
2,IZJ,SNR ; IF MATCH GO.,TO IT 
FNDI 
1,3 ; UPDATE POINTER 
EAGN ; AND TRY AGAIN 

0, 1,. 3 ; GET PARAMETERS. AND SAVE fiHEM 
0,TEM1 
12l, 2, 3 
·0·, TEM2 
0,}~,3 

0,TEM3 
0,CR 
COM1•1 ; GO lO IT 



12.17036 004455 COMA: JSR INUC ; GET NEXT ·NUMBER 
07037 044535 STA 1, TEM2 ; SAVE IT 
07040 030524 LOA ·2, C54 ; CHECK FOR COMA 
07041 142414 SUB# 2,((J,SZR 
Q17(J42 00tal.l-36 JMP NOGO 
0Hil0 004-1+50 JSR INOC ; GET·NEXT NUMBER 
07()41.j. 01+4-531 STA 1,TEM3 
0701+:> 14~1+04 SUB 2,·fZJ, SZR 
0701.1-6 0001+32 JMP ·NOGO 
0701+7 0041+41+ JSR lNOC 
070512.1 044526 STA 1,TEM4 
07051 03i+530 LOA 3,TABL1 ; LOOK UP CHARACTER 
07052 031 400 GOM1: LOA 2,0,3 
07053 ·1 7~1+12.10 INC 3#,3 
07054 17!:>1+00 INC 3,·3 
07055 1-5101-5 MOV# 2,2,SNR 
07056 000422 JMP NOGO ; IF END OF TABLE GRIPE 
07057 11+~414 SUB# 2, 0 ,.SZR 
07060 r2H'.llo772 JMP COM1 ; IF ·NOT MATCH TRy AGAIN 
07061 031::>777 LOA 3., • 1 ,.3 ; GET EXECUTION ADDRESS 
07062 054515 STA 3,FDDR ; SAVE EXEC ADDRESS 

07063 02'1511 TRYAGN: LOA 0,TEM2 . ; STARTING BLOCK # 
VJ7064 024-511 LOA 1, TEM3 ; NU.MBER OF BLOCKS 
07065 030511 LOA 2,TEMlf ; DR11Vt:: # 
07066 072074 DOB· .. 2, 74 ; SELECT DRIVE 
07067 030504 LOA 2,TEM1 . STARTING CORE LOCATION . , 
07070 034507 LOA 3,FDDR ; GET EXECUTION ADDRESS 
07071 00!J40f2J JSR ·0, 3 ; GO TiO IT 
07072 12~015 ·MOV# 1;1,SNR . IF NO- ERROR RETURN TO START , 
07073 000705 JMP EXEC 
07071+ 12:,223 MOVZR 111,SNC ; ·IF CHECKSUM TRY .AGAIN 
07075 -12.10'1403 JMP NOGO . ELSE GIVE UP , 
07076 014502 osz ERCO 
07"177 012.10764. JMP TRYAGN ; TRY THREE TIMES 

12.17100 020462 NOGO: LOA 0,C15 
07112.11.·12.10444 7 JSR ·0Af2J 
12.17102'- 020466 LOA f2J ,.CQUES 
071 03 0041+1+5 JSR ·OA0 
07104 021t1456 ELIN: LOA l2J, c 1 5 
07105 004443 ·JSR OA0 
07106 020463 LOA 0,CSTAR 
~7107 004441 JSR OA0 
0711 IZJ 02IOl.l-53 LOA. 0~C412J 
07111 ·004437 JSR' ·OA0 
07112 00'1667 JMP EXEC+1 



. CONVERT AN ;ASCII OCTAL CHARACTER STRING TO A BINARY , 
; NUMBER IN AC 1 , AND A BREAK CHARACTE~ IN AC0 

0711 3 054-425 INOC: STA 3,RTRN ; SAVE, RETURN AOURESS 
0711 4 050425 STA 2,TEM0 ; SAVE AC2 
0711 5 1 0l:'.400 SUB l2J, 0 
0711 6 04k'.l424 STA 0,0CTL ; CLEAR RESULT WORD 
0711 7 004424 I NOC 1 : JSR IA0 ; GET A CHARACTER 
07120 030445 LOA 2,C60 
07121 034445 LOA 3,C67 
07122 162033 AOCZ# 3,0,SNC . TEST FOR 60<=N<:67 , 
07123 112032 ADCZ# ·0,2,SZC 
07124 000411 JMP EI NOC ; NO MUST BE BRE:AK CHARACTER 
07125 142400 SUB 2,0 ; MAKE IT OCTAL 
07126 024-414 LDA 1,0CTL 
07127 12~120 MOVZL 1 , 1 . OLD TIMES 8 , 
07130 12'.:>120 MOVZL 1 , 1 
07131 125120 MOVZL 1 , 1 
07132 1 07000 ADD 0,1 ; NEW PLUS OLD 
07133 044407 STA 1,0CTL 
07134 000763 JMP INOC1 ; LOOP UNTIL BREAK CHARACTER 

0713~ 030404 EI NOC: LOA 2, TEMIZJ ; RESTORE AC2 
07136 02i.+-404 LOA 1, OCTL ; RESULT TO AC1 
07137 0121~401 JMP @RTRN 

07140 000000 RTRN: 0 . SAVE RETURN LOCATlOf\J , 
07141 000000 TEM0: 0 ; STORAGE FOR AC2 
071 42 r2H21"1000 OCTL: 0 ; RESULT 

INPUT AND ECHO TELETYPE CHARACTER AND MASK PARITY 

071 lj.3 063610 IA0: SKPDN TT! ; WAIT FOR INPUT CHARAC:rER 
07144 r2J0rtl777 JMP • -1 
07145 061c1610 DIAC l2J, TT I ; INPUT GHARACTER TO AC0 
07146 030421 LOA 2,C177 ; MASK OFF PARITY BIT 
07147· 1 43400 AND 2, f2J 

07150 063511 OA0: SKPBZ TTO ; WAIT FOR OUTPUT READY 
07151 000777 JMP • • 1 
07152 061111 DOAS 0,TTO ; OUTPUT AC0 AND START 
07153 030407 LOA 2,C15 
071 54 .. 142434 SUBZ# 2,0,SZR ; IF CR OUTPUT LF 
07155 001400 JMP 0 , 3 
07156 02"1403 LOA 0,c12 
07157 000771 JMP ·OA0 



; CONSTAN"f.S 
07160 0016004 C4: 4 
07161 000012 c12: 12 
07162 leH'HHHS· c 1·5: 15 
07163 12100040 C40: ~0 
07164 00'1054 C54: 54 
07165 000060 C612J.: · · 60 
07166 000067 C67: 67 
07167 000177. C177: 177 
07170 001d077 CQUES: tt? 
12171 71 00!0052 CST AR: "* 
07172 00fll 1'22 CR: "R 
07173 00"1000 TEM1: ·0 
07174 000000 TEM2: 0 
07175 000000 TEM3: 0 
07176 0(/Jlc1000 TEM4: 0 
07'177 000000 FOOR: 0 
07200 000000 ERGO: 0 



07201 00'1000 
07202 0C?lk'.l1 22 
07203 00!0000 
07204 001.11 03 
V17205 001LJ000 
Vl7206 00ia127 
V17207 000000 
0721 {l) 00i0000 

. , 
; 
T ABL 1 : 

LR: 

LC: 

LW: 

; . , 
; 
; 

; 

VALUES IN THIS TABLE WILL BE FILLED IN BY THE 
SIZE ROUTINE AT LOAD TIME 
0 ; ADDRESS OF TABLE 
nR ; READ LINC TAPE 
0 
"C 

"w 

; 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 THE SINGLE 
LETTER COMMANDS. 

THE FORM IS: 
COMMAND LETTER 
STARTING CORE, LOCATlON 
STARTING BLOCK NLJMbEk 

; NUMBER OF BLOCKS 

THUS: 
07212 000104 11 0 
07213 001000 1000 
07214 000000 0 

; 07215 00014 14 
!2l7216 0k1k'.l000 0 

; WOULD LOAD L0CAT10NS 1000 THRU 6777 INTO CORE 
FROM BLOCKS 0 THRU 13 ON THE TAPc ON DRIVE 0, 
WHEN THE LETTER 11 D11 WAS TYP~D. 

; THERE IS ROOM IN TH~ TABLE FOR 2j (DECIMAL> 
COMMAND LETTERS. 

07211 00k117l00 TABL: 
vJ7 2 1 2 0 0 1,HH'.! 0 

; ADOHESS OF TABLE 
; END OF TABLE 



007352 
07352 02Lrl.J;21 
07353 . 1 32400 
07354 141000 
07355 024421 
07356 1 33000 
0 7 3 5 7 ·~ 0 51 3 7 7 
07360 024415 
07361 . 1 33000 
07362 ·051377 
07363 054622 
07364 024410 
07365 137000 
07366 ;054615 
07567. 137000 
07370 054617 
07371 '111000 
073 72 00112Jf2Jl2J 
07373 0vh1400 
07374 f2112J012Jl2J3 . 
07375 000010 
07376 12J01tJ202 
07377 000753 

; TH IS· ROUT I NE~··DETERMI NES THE: SIZE OF .CORE AND 
; SETS ALL OF THE P01NTERS. 

C400: 
C3: 
TAB2P: 
TA8.P: 

• LDC, 
LOA 
SUB 
MOV 
LOA 
ADD 
STA 
LDA 
ADD 
STA 
STA 
LOA 
ADD 
STA 
ADD 
STA 
MOV 
JMP 

.400 
·3 

EXEC+3S2 
1, C400 
1 , 2 
2,·0 
1,TABP 
1 , 2 
2, • 1 ,·2 
1, TAB2P 
1,2 
2,-1,2 
3,LC 
1,C3 
1 , 3 
3,LR 
1,3 
3,LW 
0,2 
0, 2 

TABL·'TABL1 
TABL1·E~EC+1 
JMP· SIZE 
.END 



APPENDIX D. LINCTAPE MAP 

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

BLOCK 
NUMBER PROGRAM 

•10 PRELOADER <BYTE FORM) 
.7 UTILITY LOADER <BYTE FORM> 

LINCTAPE UTILITIES 
-6 KEYBOARD EXECUTIVE 

-~ THRU - 1 ZEROES 


