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Memory 
Memory Buffer Effect 

Address 

10 [X] [- ] Memory address for storing samples. 

1 1 [ -n] [-] Counter. 

- 1000 RSW 0516 } C(RIGHT SWITCHES) -+ C(ACC). Comp' ement tl 

1001 COM 0017 and store in register 11 . 

1002 STC 11 4011 

1e number 

1003 �~�S�E�T� i 10 0070 Set register 10 to store samples beginning at 1400 

1004 1377 1377 
" 

1005 -).SAM 14 0114 
Sample input line 14, store value and repeat unti 

1006 STA i 10 1070 �~� samples have been taken. 
1400

8 

1007 XSK10 0210 ------, 
1010 JMP 1005 I 7005 

I 

1011 WRC u{--_I 0714 When quarter 3 is full, write it on tape and checl �~� the 

1012 [3 200] [- ] tape stops. 

1013 LOA i 1020 
..... 

1014 1 0001 

1015 ADM 1140 
Add 1 to the BN in register 1012. 

1016 1012 1012 

1017 XSK i 11 0231 Index the counter and skip if the requested numbe r has -------, been collected. 
I 

1020 JMP 1003 : 7003 If not, return. 
I 

1021 WRC �u�~�-�J� 0714 If so, write this program in block 177, check the transfer 
and stop the tape. 

1022 21177 2177 Ha It the computer. 

1023 HLT 0000 Halt the �c�o�m�p�~�_�t�~�r�.� 

Example 31 Collecting Data and Storing on Tape 

Since the program saves itse If when fin ished, the operator can continue to collect data at (l 

later time by reading block 177 into quarter 2, and starting at 1000. Since the BN in location 1012 will 

have been saved, the data will continue to be stored in consecutive blocks. 

2-15.2 Group Transfers 

Two other block transfer instructions, similar to ROC and WRC, permit a program to transfer as 

many as 8 blocks of information with one instruction. These are called the group transfer instructions; 

80 



PROGRAMMING THE LlNC-8 

RCG, WCG 

they transfer information between consecutive quarters of the memory and a group of consecutive blocks 

on the tape. Suppost:, for example, that we want to read 3 blocks from the tape into memory quarters 1, 

2, and 3. The 3 tape blocks are 51, 52, and 53. Using the instruction RCG i u (read and check group), 

write: 

Memory 
Address 

Memory Buffer 

p RCG iu 701 +20i+10u 

p + 1 2151 2051 

The first register spec ifies the instruction, the tape unit, and the tape motion as usual. The 

second register, however, is interpreted somewhat differently. It uses BN to select the first block of the 

group. In addition, the rightmost 3 bits of BN specify also the first memory quarter of the group. That is, 

block 51 will be read into memory quarter 1, (block 127 would be read into memory quarter 7, etc.). The 

leftmost 3 bits (usually QN are used to specify the number of additional blocks to transfer. In the above 

example, block 51 is read into quarter 1, and 2 additional blocks are transferred: block 52 into quarter 2 

and block 53 into quarter 3. 

The format for WCG i u (write and check group) is the same as for RCG: 

Memory 
Address 

Memory Buffer 

p WCG i u 705 + 20i + lOu 

p+ 1 31300 3300 

The computer interprets the above example as: w.rite and check quarter 0 in block 300, and 

make 3 additional consecutive transfers: quarter 1 into block 301, quarter 2 into block 302, and quarter 3 

into block 303. When the leftmost 3 bits are 0, i.e., 0 additional transfers, the WCG instruction is 

I ike the WRC instruction in that only 1 block is transferred. 

The second word of a group transfer instruction may be diagramed: 

\ Initial Memory Quarter/ 
V 

9 10 11 

I- I I I 
p + 1 

0 2 3 4 5 

[ I I I I I 
6 7 8 

I I I 
# of additional- \ Initial Block Number--------I 

transfers 
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RCG and WCG a Iways operate on consecutive memory quarters and tape blocks. Spec ifying 

3 additional transfers when the initia I block is, say, 336, will transfer information between tape blocks 

336, 337, 340, and 341, and memory quarters 6, 7, 0, and 1; that is, quarter 0 succeeds quarter 7. 

The tranfers are always checked; when a transfer does not check, the instruction is repeated starting with 

the block that fa i led. With WCG, a II the blocks and the ir checksums are first written, and then a II are 

checked. If any block fails to check, the blocks are rewritten beginning with the block that failed, 

and then all blocks are checked again. As with RDC and WRC, group transfer instructions leave -0 in 

the accumulator and go to p + 2 for the next LlNC instruction. 

Using RCG instead of RDC, the program example on page 78 can be written more effeciently: 

Memory 
Memory Buffe r 

Address 
Effect 

===~=======;:====F===========:=====_C:::--======--==-_ 

100 

101 

102 

103 

104 

2-15.3 

WRC 

2150 

RCG 

21201 

JMP 400 

0724 

2050 

0701 

2201 

6400 

C(quarter 2) -+ C(block 50); transfer is checked and tape 
cont inues to move. 

Read blocks 201-203 into quarters 1-3; check the transfers 
and stop the tape. 

Jump to the new section. 

Example 32 Tape and Memory Exchange with Group Transfer 

Tape Motion and the Move Toward Block Instruction 

When the computer is searching the tape for a required block, it looks at each block number 

in turn until it finds the correct one. Since the tape may be positioned anywhere when the search is 

begun, it must be able to move either forward or backward to find the block. 

Forward means moving from the low block numbers to the high numbers; physically the tape 

moves onto the lefthand reel. 

FORWARD BACKWARD 
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Backward means moving from the high numbers to the low; the tape moves onto the righthand 

reel. 

When search ing for a requested block, the computer decides whether the tape must move f.orward 

or backward by subtracting each block number it finds from the requested number, and using the sign of 

the result to determine the direction of motion. If the difference is positive, the search continues in the 

forward direction; if negative, it continues in the backward direction. This may, of course, mean that 

the tape has to reverse direction in order to find the required block. 

Suppose, for example, that the computer is instructed to read block 50, and that the tape is 

presently moving forward just below block 75. The next block number found will be 75. The result of 

subtracting 75 from 50 is -25, which indicates not only that the tape is 25 blocks away from block 50, 

but also that block 50 is below the present tape position. The tape will reverse its direction and go 

backward. 

To facilitate searching in the backward direction a special word called a backward block -number, BN, follows the checksum for each block: 

BLOCK 

Ly-" 
1 word 

When searching in the forward direction, the computer looks at forward block numbers, BN; -when search ing in the backward direction, it looks at backward block numbers, BN. In either direction, 

each block number found is subtracted in turn from the requested number, and the direction reverses as 

necessary, until the result of the subtraction is -0 in the forward direction. Transfers and checks are 

made only in the forward direction. 

Thus, in the above example, the tape will continue to move in the backward direction until 

the result of the subtraction is positive, i.e., until the BN for block 49 is found and subtracted from 50, 

indicating that the tape is now be low block 50. The direction wi II be reversed, the computer wi II find 

50 as the next forward block number, BN, and the transfer will be made because -0 is the result of the 

subtraction and the tape is moving forward. 

For all magnetic tape instructions, if the tape is not moving when the instruction .is encountered, 

the computer starts the tape in the forward direction and waits until it is moving at the required speed be­

fore reading a forward block number, BN, and reversing direction if necessary. If the tape is in motion, 

however, (including coasting to a stop), the computer does not change direction until block number com­

parison requ ires it. 

For all tape transfer or check instructions with i = 1, the tape continues to move forward after 

the instruction is executed. 
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MTB 
For a II magnetic tape instructions stops are made in the backward direction. For transfer ()r 

check instructions this means that the tape always reverses before stopping. Furthermore, the tape then 

stops be low the last block involved in the instruction, so that when the tape is restarted, this block wi II 

be the first one found. This reduces delay in programs which make repeated references to the same block. 

The last magnetic tape instruction illustrates some to the tape motion characteristics. MTS, i u 

(move toward block) is written: 

Memory 
Address 

p 

p + 1 

Memory Buffer 

MTB i u 

BN 

703 + 20i + lOu 

BN 

As in the other magnetic tape instructions, the u-bit selects the tape unit. The tape motion 

bit (the i-bit) and the second register, however, are interpreted somewhat differently. MTB directs tlhe 

LINe to subtract the next block number it finds on the tape from the number spec ified in the second word 

of the instruction, and leave the result in the accumulator. QN is ignored during execution of MTB. 

For example, if the block number in the second register of the instruction is 0, and the tape is just below 

block 20 and moving forward, then - 20, or 7757, will be left in the accumulator. The MTB instruction 

can thus be used to find out where the tape is at any particular time. 

When i = 0, the tape is stopped as usua I after the instruction is executed. When i = 1, however, 

the tape is left moving toward the spec ified block. The result of the subtraction is left in the accumula­

tor, and the tape direction is reversed if necessary as the computer goes on to the next instruction. "~BT i 

does not actually find the block; it merely orients the tape motion toward it. 

The initial direction of motion and possible reversal are determined for MTB just as they an3 for 

a II other magnetic tape instructions, as described above. Note, however, that since M TB i makes no 

further corrections to the direction of motion, the specified block may eventually be passed. 

The move-toward-block instruction serves not only to identify tape position, but also to save 

time. If, for example, a program must read block 700, and then, at some later time, write in block 50, 

it is efficient to have the tape move toward block 50 in the interim while the program continues to run: 
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Memory 
Memory Buffer Effect 

Address 

- 100 RDC i 0720 C(block 700) - C(quarter 3); tape moves forward. 

101 31700 3700 

102 MTB i 0723 CO 03)-next BN - C(ACC); tape reverses and moves 

I 
backward toward block 50. 

103 50 0050 I 
300 WRI 0706 

J Tape continues to move backward wh i Ie program continues 

C(quarter 0)- C(block 50); tape stops. 

301 50 0050 

In this example it would be inefficient to stop the tape (i = 0) with the RDC instruction at lo­

cation 100 or to let it continue to move forward unti I block 50 is ca lied for. AI though the number left 

in the accumulator after executing the MTB at location 102 may not be of interest, the MTB does reverse 

the tape. Then, when block 50 is ca lied for, the de lay in finding it wi II not be so long. 

2-15.4 Tape Format 

Certain other facts about the tape format should be mentioned. Other special words on the 

tape are shown: 

512 Block Zones 
A 

I I ~ ( 
Inter 

End Block 
Zone Zone 

;;> 
, J 

• 
...... ........ 

........ 

about 5 feet ........ 
........ 

........ 
........ 

........ 
........ 

Block 

• • 
256 words 5 

At each end of the tape is an area called end zone which provides physical protection for the 

rest of the tape. When a tape which has been left moving as the result of executing a tape instruction 

with i = 1 reaches an end zone, the tape stops automatically. (This prevents the tape from being pulled 

off the reel.) Words marked C and G above do not generally concern the programmer except insofar as 
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IBZ 
they affect tape tim ing. The computer uses words marked C to insure that the tape writers are turned off 

following a write instruction. Words marked G, ca lied guard words, protect the forward and backward 

block numbers when the write current is turned on and off. 

I nter-block zones are spaces between block areas which can be sensed by the skip closs instruc­

tion, IBZ i, when either tape is moving either forward or backward. The purpose of such sensing is to 

make programmed block searching more efficient. For example, suppose that somewhere in a program 

block 500 must be read into quarter 2; assume it does not matter when as long it is before the program 

gets to the instructions beginn ing at location 650. The following illustration uses a subroutine to check 

the position of the tape and execute the read instruction if the tape is within 2 blocks of block 500. If 

the tape is not in an inter-block zone, the ma in program continues without having to wa it for a block 

number to appear. For purposes of simpl ic ity, assume that the tape (on un it 0) is moving. The program 

begins at location 400 and the subroutine at location 20. 

Note that the following example works only if the tape is stopped by the RDC instruction in 

register 32. If the tape is not stopped here, subsequent jumps to the subroutine may continue to find 

the tape at an inter-block zone (locations 20-22) and block 500 may be read repeatedly. The test with 

the APO instruction at location 646, which signifies if the transfer has been made or not, is necessary to 

guarantee that the transfer will occur before location 650. At this po int, if the transfer has not been 

made, the J MP 32 at location 647 wi II be executed. 
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Address 

20 

21 

22 

23 

24 

25 

26 

27 

30 

31 

32 

33 

34 

35 

.... 400 

401 

402 

500 

600 

644 

645 

646 

647 

650 

( 

( 
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Memory Buffer Effect 

IBZ 
- -- --

I 
JMP 0 I 

I 

MTBi~1 

500 

APO 
-------1 

COM I 
I 

ADAi~ 

-2 

APO i 
-----1 

JMP 0 I 
1 

RDC~I 

2500 

STC 645 

0453 

6000 

0723 

0500 

0451 

0017 

1120 

7775 

0471 

6000 

0700 

Enter subroutine and sense tape position. 

Return if tape is not at an inter-block zone. 

If it is, subtract BN or BN from 500. Tape continues 
to move toward block 500. 

Is result positive? 

If negative, complement it. 

Add -2 to see if tape is within 2 blocks of block 500. 

Is result positive? 

If result is positive, return to main program. 

I f negative, tape is within 2 blocks of block 500. 
Make the transfer and stop the tape. 

( J~P 0 

2500 

4645 

6000 } 
} 

Store the transfer check = - 0 in location 645 to indicate 
transfer has been made, and return. 

CLR 

STC 645 

JMP 20 ) 

J 
JMP 20 ) 

~ 
JMP 20 ) 

t 
LDA i 

[ -] 

0011 

4645 

6020 

t 
6020 

t 
6020 

t 
1020 

[ -] 

APO i 0471 ------1 
I 

JMP 32 ): 6032 

l~---! 

l 
I 

Store positive 0 in location 645 to indicate transfer has 
not been made. 

Jump to subroutine at these points; return to p + 1 and 
continue with main program. 

Put test number (either 0000 or 7777) into accumulator. 

Skip to location 650 if the transfer has been made; 
(C(ACC) = 7777). 

If not, jump to subroutine to make transfer, and return 
to location 650. 

Example 33 Block Search Subroutine 
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. 2-15.5 Tape Motion Timing 

When a tape is moving at a rate of 60 ips, it takes approximately 43 msec to move from one 

forward block number to the next, or 160 tlsec per word. The following table summarize s some of the 

timi ng factors: 

LlNC TAPE MOTION TIME 

START (from no motion to 60 ips) --0. 1 sec 

STOP (from 60 ips to no motion) --0.3 sec 

REVERSE DIRECTION (from 60 ips 
to 60 ips in opposite direction) ........ 0.1 sec 

CHANGE UNIT (from no motion 
to 60 ips on new unit) --0. 1 sec 

--~ 

BN to BN (at 60 ips) '" 43 msec 
.,---

END ZONE to END ZONE 
(at 60 ips) ....... 23 sec 

.. _-------

Some methods of using the tape instructions efficiently become obvious from the above table. 

Generally speaking, tape instructions should be organized around a minimum number of stops and a 

minrmum amount of tape travel time. When dealing with only one tape unit, it is usually efficient to 

use consecutive or nearly consecutive blocks in order to reduce the travel time between blocks. 

It is also efficient to request lower-numbered blocks before higher-numbered blocks, avoiding 

unnecessary reversals. The write-and-check instruction, requiring two reversals, is thus costly. It first 

must find and write in the block in the forward direction; the tape must reverse and go backward unti I it 

is below the block, and then reverse a second time and go forward to find and check the block: 

? IBN I 
Inter 

I I I ~~ Gs I Block BN G Block 
Zone 

y 

Requested Block 

Forward "I f~r;: 1 --I Write ., 
...... \ 

Reverse 

f4 1 f~r;: '4 .. 4 .. 4 .. 
Backward 

~--~~--~.---~.-------~~~-~ 
Reverse 

"- .. .1 f~r;: I ~ ..f Forward Check 
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Because of these reversals it is sometimes more efficient to use two tape instructions, WRI 

followed by CHK, than to use WRC. This is true, for example, when more than one block must be 

written and checked. For example, write quarters 1, 2, and 3 in blocks 100, 101, and 102, and check 

the transfers: using WRC, this would take a minimum of six reversals. The following sequence requires 

a minimum of two reversals: 

Memory 
Memory Bu ffer Effect 

Address 

- 20 r.>LDA 1000 

f 
Put the BN of the first block to be checked in register 32 

21 24 0024 

22 STC 32 4032 

23 WRI i 0726 

24 11100 1100 
Write 3 consecutive blocks on the tape on unit 0 and 

25 WRI i 0726 > leave the tape moving forward after each transfer. 

26 21101 2101 

27 WRI i 0726 

30 31 102 3102 

31 r-~CHK i 0720 Check the blocks, beginning with block 100. 

32 [BN] [ -] 

33 SAE i 1460 l 34 7777 7777 I f a block does not check, repeat entire process. ----- -, 
J 35 JMP 20 : 6020 

36 LDA i .(-_1 1020 

37 1 0001 

40 ADM 1140 

41 32 0032 Add 1 to the BN in register 32. If th e re su It f 1 1 03, 
>- not a II have been checked. Return and check the next 

42 SAE i 1460 block. 

43 11103 1103 
---- -

44 JMP 31 : 6031 

45 
, 

0703 } MTB+--I 

46 0 0000 When all have checked, execute move-toward-block 
to stop the tape, and halt. 

47 HLT 0000 

Example 34 Write and Check with Fewest Reversals 
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In this example the two reversals wi \I occur the first time the CHK instruction at location 31 

is executed. Other reversals may be necessary when the computer initially searches for block 100, '::lnd 

when a block does not check, but carefu I hand ling of the tape instructions can re uce some of these 

de lays. It shou Id be noted that there are 9 words on the tape between any CS and the next BN in the 

forward direction. When the tape is moving at speed, it takes 1440 fJsec to move over these 9 words. 

Thus the program has time to execute several instructions between consecutive blocks, i.e., before the 

next BN appears. In the above example, then, there is no danger that the next block will be passed 

whi Ie the instructions at locations 33-44 are being executed. 
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3-1 GENERAL 

CHAPTER 3 

GUI DE 

GUIDE is a system of routines which controls a file of binary programs stored on LlNC-tape. 

By using the keyboard, an operator may obtain from LI NC-tape any program in the file by its 6-character 

name, cause it to be read into the computer memory, and then execute it as a program. Using GUIDE, 

an operator :nay put a binary program located anywhere on either tape on the tape drives into the binary 

file on either drive. It is also possible to remove from a file a program which is no longer desired. GUIDE 

wi II, upon command, di splay to the operator an index of the bi nary programs currently in its fi Ie so that 

the operator may determine if a desired program is on the tape. GUIDE also provides direct communica­

tion with the lAP system. GUIDE occupies blocks 400 to 477 on the tape. Blocks 410 to 477 are used 

for the storage of user's programs. 

3-2 GENERAL OPERATING PROCEDURE 

To set the basic GUIDE system into memory: 

1. Mount tape with GUIDE system on it on tape unit 0 

2. Set 0700 into the lEFT SWITCHES 

3. Set 3400 into the RIGHT SWITCHES 

4. Operate DO 

5. After tape stops moving, operate START RS 

The basic GUIDE system is now in memory and on the display the words "EXECUTE THE 

PROGRAM??????? II are presented. 

3-3 BASIC SYSTEM COMMANDS 

a. INDIS - This is a command to GUIDE to display to the operator the index of 

programs in the fi Ie area, The following information is displayed: 6-character 

title of each program, the first block number used to store the program, the num­

ber of blocks (or quarters) the program occupies, and the starting address of the 

program, Only a portion of the index will be displayed at any given time. To 

advance to the next higher portion (h igher block numbers), type F on keyboard. 

To move back to a lower portion (lower b lock numbers), type B on keyboard, 

Typing EOl (1 key on keyboard) returns GUIDE to "EXECUTE, , ," display .. 
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b. REWIND - This is a command to GUIDE to rewind the tape on the specified drive. 

REWIND or REWIND 0 rewind tape drive 0 and the computer halts. REWIND 1 

causes tape drive 1 to rewind and returns to the "EXECUTE ••• II display. 

c. lAPGO - This command causes GUIDE to read the lAP system into memory and 

start lAP with a cleared working area. 

d. lAPRTN - This command causes GUIDE to read the lAP system into memory and 

start lAP; the working area is the same as when lAP was last used. 

e. CAST - Use of th i s command causes GU I DE to copy onto the tape on tape drive 1 

the lAP and GUI DE systems from tape drive O. The tape on unit 1 must , however, 

have the mark and timing tracks already written on it. 

f. FllEBI - Use of this command allows the operator to file any binary program 

from either tape onto the other tape so that the program may be accessed by GUIDE 

and placed in memory. After the program has been filed, its statistics are entered 

in the index of binary programs, displayed by I NDIS, for reference. 

g. DELETE - When this command is used, GUIDE deletes a specified program from 

the binary file area. 

3-4 USE OF BASIC COMMANDS 

The following assumes the basic GUIDE system is in memory and running, and that thle presl~n­

tation "EXECUTE ... " is on the display. Information typed to GUIDE is normally terminated 

with EOl (1 key). 

a. INDIS 

1. Type I NDIS (EOl). 

2. Type F to advance display to next four entries in index. 

3. Type B to retreat display to last four entries in index. 

4. Type EOl to return to basic display. 

b. REWIND 

1. Type REWI ND (EOl), REWI ND 0 (EOL) , or REWI ND 1 (EOl) to rewind 

specified unit. 

2. If unit 1 is rewound, basic GUIDE display is presented. 

1. I f unit 0 is rewound, liNe halts and gong chimes. 
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c. LAPGO 

Type LAPGO (EOL). LAP is taken from unit 0 and uses the working area of unit O. 

d. LAPRTN 

Type LAPRTN (EOL). LAP is taken from unit 0, and uses the working area of unit O. 

e. CAST 

1. Type CAST (EOL). 

2. Mount a marked tape on unit 1 • 

3. Type 0 (EOL) or 1 (EOL) in answer to question asked on display. Question 

concerns the index on unit 1 • 

f. FILEBI 

1. Type FILEBI (EOl). 

2. Type origin of binary program, either name or block number of first block 

occupied by program, then (EOL). 

3. Type origi n ree I, then (EOL). 

4. Type destination reel, then (EOl). 

5. If block number was typed, assign a 6 character name to program, type it in, 

then type (EOl) . 

6. Type starti ng address (EOL), 

7. Type number of blocks of tape (or quarters of L\ NC memory) program occupies 

(EOl) • 

g. DELETE 

1. Type DELETE (EOl). 

2. Type name of program, then (EOl). 

3. Type unit number where program is located, then (EOl). 

3-5 LOADING A USER'S PROGRAM INTO MEMORY 

a. Get basic GUI DE system into memory and running. 

b. Type I NDI S (EOL) to search index to determine if desired program is on the tape. 

Return to "EXECUTE ••• II display after title has been found in index. 

c. Type 6-character title, then (EOL). GUI DE loads program into memory and starts 

it at the address indicated in the index as the program's starting address. 
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CHAPTER 4 

LAP 4 

4-1 GENERAL 

LAP4 (LINCAssemblyProgram4)isasystemwhichaids the programmer in creation and in manipu­

lation of the symbolic text of source programs, and converts the symbolic text into binary so that it may 

be executed as a program. The symbol ic text is often ca lied a manuscript. 

LAP4 occupies blocks 270-377 on a reel of LI NC-tape. Blocks 270-327 are used for the storage 

of the system itself, and blocks 330-377 are used as working area for LAP4. It is here that the manuscript 

is written during generation of symbol ic text as we II as where the binary of the converted program is tem­

porarily stored (the binary should be filed by GUIDE for permanent storage). 

The LAP4 system i$ operated from the keyboard and it is from here that the symbol ic text is in­

putted and commands are given to the system. 

4-2 GENERAL OPERATING PROCEDURE 

To get the LAP4 system into memory: 

1. Read the basic GUIDE system into memory and start it running 

2, Type LAPGO (EOL) or LAPRTN (EOL) 

The LAP4 system is then rea':! into memory. LAPGO causes LAP4 to be read into memory with 

the working area cleared of all manuscript material (no symbolic text) and the number 0001 displayed on 

the scope to indicate the first I ine of symbolic text. LAPRTN causes LAP4 to be read into memory with 

the working area in the same condition as when LAP 4was lastused (manuscript is still intact if LAP4 was 

exited properly) and the first free line number displayed on the scope. Normally only the current line 

number and its contents are displayed. 

4-3 BASIC SYSTEM (META) COMMANDS 

a, REMOVE - Use of this command causes LAP4 to remove from the working area the 

specified line (or lines) of text thereby deleting it (or them), All succeeding lines 

are renumbered to maintain continuity of I ine numbers, 

b, INSERT - This command causes all text typed after the issuing of this command, 

until the END command is given, to be inserted before the specified line. All 

succeeding lines are renumbered to maintain continuity of line numbers, 
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c. PACK - The insertion and deletion of lines of text in the manuscript working 

area causes physical gaps in the text stored; thus the text is stored inefficiently. 

To remove these gaps, the command PACK is given which causes the text to be 

physi cally reposi tioned, fi II s the gaps, and makes room for more I ines of text to 

be stored in the working area. 

d. DI SPLAY - Use of th i s command causes consecutive I ines of text to be di splayed 

on the scope. The operator may display from 1 to 100
S 

lines of text at one time; 

however, no editing can take place while the display command is being executed. 

Typing F advances the display to the next higher (numerical) set of lines ot text; 

typing B retreats the display to the next lower set of lines of text. Typing F when 

at the highest set of I ines or typing B when at the lowest set of lines has no effect. 

Typing (EOl) causes LAP4 to return to the normal input mode. 

e. SAVE MANUSCRIPT - This is a command to LAP4 to write the manuscript in the 

LAP4 working area into the specified blocks anywhere on either reel of LlNC-tape. 

An unpacked manuscript is packed by LAP4 before i,t is saved. 

f. ADD MANUSCRIPT - This command adds a manuscript to the manuscript currently 

in the LAP4 working area . The added manuscript may be located anywhere on either 

tape as long as its location and size is known. 

g. CONVERT - The convert command causes LAP 4 to convert the manuscript in the 

LAP4 working area into its binary equivalent. The resultant binary is stored in 

blocks 330-333. Information for quarter 0 is in block 330, quarter 1 in block 331, etc. 

If multiply-defined or undefined symbolic addresses (tags) are encountered, LAP4 

displays these on the scope to inform the operator that such errors exist. 

h. CONVERT MANUSCRIPTS - To convert manuscripts not in the working area, 

give this command. Up to eight manuscripts may be converted by this command; 

however, all manuscripts must be on tape unit O. The result of the conversion will 

be in blocks 330-333 on unit O. The manuscript in the working area is neither 

affected or converted by th i s command. 

i. COpy - This command allows the operator to copy any number of blocks of in­

formation from anywhere on tape to anywhere on tape. The information moved may 

be manuscripts, binary programs, or anything else written on tape. Care must be 
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taken when copying overlapping blocks to prevent destruction of data since only three 

blocks wi II be moved at a time. More than three blocks can be specified for any 

copy, but copy moves it in three block segments. 

i. START LAP 4 - To restart LAP4 with the working area cleared, give this command. 

k. START GUIDE - To transfer control of the computer to GUIDE to do something 

with GUIDE, this command saves the manuscript in the working area and then reads 

the basic GUIDE system into memory and starts it running. The operator can return 

to LAP4 from GUIDE with the saved manuscript in the working area by executing the 

GUIDE command LAPRTN. 

I. MANUSCRI PT CONTROL - This command allows the user to manipu late manu­

scripts into and out of manuscript fi les and the LAP 4working area. After giving this 

command, the operator is given his choice of the several functions which LAP4 can 

do for him. He can examine the index of any of the eight manuscript fi les on each 

tape unit so that he may determine if a desired manuscript is filed there. He may 

add to the working area any manuscript in any fi Ie, or put into any fi Ie the manu­

script currently in the LAP 4 work ing area. He may remove from any fi Ie manuscripts 

which he no longer wants fi led. He may c lear a file of all manuscripts. After doing 

all of the above the operator may then return to normal input with the LAP4 working 

area intact , or, if he prefers, may transfer control of the computer to GUI DE. 

4-4 USE OF BASIC (META) COMMANDS 

The following assumes that the current line is displayed on the scope and that it contains no 

text. If anything else is displayed, it is necessary to return to the normal input mode by the appropriate 

manner before the command is given. Commands issued to LAP 4 are termi nated by ME TA, as compared 

to lines of text which are terminated by EOL. Both are 1 key. 

a. REMOVE 

1. Type RE LN, n (META) or RE LN - LN + n (META) where LN is a 

line number (octal) and n is the number of lines (octal) to be de leted • 

2. If the RE LN - LN + n format is used, LAP4 will remove from line LN to 

LN + n -1 (n lines of text)., The higher line number will not be removed. 
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3. To remove all lines after a given line, type the first line number to 

be removed and then any value of n equal to or greater than the number 

of lines to be removed. 

4. Attempts to remove non-existent lines causes LAP4to respond with NO. 

5. LAP 4 returns to normal input mode after the specified lines have been 

removed. 

b. INSERT 

1. Type IN LN (META) where LN represents the number of the I ine before 

which the insertion should be made. All text typed is then inserted before 

the specified line until the termination command is given, at which time 

LAP 4 returns to the normal input mode. 

2. Type EN (META) on a separate line to terminate the insertion of text. 

LAP4thenreturnstothe normal input mode with a new line number displayed 

on the scope. 

3. LAP4aliowstheoperatorto insert up to 1108 lines on one INSERT com­

mand. Attempts to exceed this cause LAP 4 to automatically terminate that 

insertion. However, an INSERT command can be given again immediately 

if desired. 

4. LAP 4 responds with NO if certain operator errors are made duri ng insertion, 

such as: inserting before a non-existent line, or inserting no lines after giving 

the INSERT command. LAP 4questions META commands other than EN (META) 

(end) issued during an insertion. 

c. PACK 

Type PA (META). LAP4thenpacksthe manuscript in the working area, filling in any 

physical gaps which may exist in the manuscript. LAP 4 returns to norma I input mode 

when packing is completed. 

d. DISPLAY 

1. Type DI LN, S (META), where LN is the number of the first line to be dis­

played and S is the size (number of lines) of the display. The text is displayed 

S lines at a time, the first display starting with line number LN. 
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2. If LN is not specified, the number 0001 is assumed. If S is not specified, 

the number 10
8 

is assumed. Thus, typing D1 (META) causes 10 lines starting 

wi th line 0001 to be di splayed. 

3. Type F to advance display to next higher S I ines segment. 

4. Type B to retreat di splay to next lower S lines segment. 

5. Type EOL to return to normal input mode. 

o. Li nes of text are displayed along with their line numbers. 

7. LAP 4 packs an unpacked manuscri pt before di splayi ng it. 

8. Type NS to change size of display (number of lines) once the display of 

text has begun. 

9. Type LN L to change first line number of display once the display of text 

has begun. 

e. SAVE MAN USCRI PT 

1. Type SM (META). LAP 4 then displays to the operator the number of blocks 

of text to be moved and asks for the desti nation of the text. 

2. Type the destination block number, terminating with (EOL). 

3. Type unit number, terminating with (EOL). 

4. LAP 4 packs an unpacked manuscript before saving it. 

5. LAP4returnstonormai input mode when this command is completed. 

f. ADD MANUSCRIPT 

1. Type AM BN, U N (META) where BN represents the fi rst block occupied 

by the desired manuscriptand UN indicates the unit (number of tape drive) where the 

manuscri pt is located. 

2. LAP 4 returns to norma I input mode after executing this command. 

3. It is advisable to pack the working area after adding manuscripts. 
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4. LAP4respondswitha NO if there is no manuscript at the indicated lo­

cation. Typing any key allows LAP4 to recover. 

g. CONVERT 

1. Type CV (META). LAP4colWerts~hemanuscript in the working area of 

LAP4and stores the binary in blocks 330-333. Manuscripts can be no longer 

than 37778 lines. 

2. If no errorsoccur. LAP4 returns to the normal input mode. 

3. The LAP4 system isable to detect certain types of errors in the manuscript/ 

mainly multiply-defined symbols and undefined symbols. If these errors occur/ 

LAP4 displays the error(s) and the symbols which caused them. Typing F ad­

vances the error display to the next higher set/ while typing B retreats the 

error display to the next lower set. Multiply-defined symbols are displayed 

separately from undefined symbols. Typing (EOL) returns LAP4 to the normal 

input mode. 

h. CONVERT MANUSCRIPTS 

1. Type CM (META), 

2. Type in the block numbers of the first block of each manuscript to be 

converted. Separate each entry with a space. Terminate the string with 

(EOL). To delete en entry type (DEL) before the (EOL). 

3. All manuscripts must be on unit O. 

4. No si ng Ie manuscri pt may be longer than 2000
8 

lines. 

5. Manuscri pts are converted in the order typed. 

6. Up to eight manuscripts may be converted with each CM. 

7. Binary version of manuscripts is in blocks 330-333 as with CV. 

8. Multiply-defined symbols and undefined symbols are displayed the same 

way as with CV. 

100 



PROGRAMMING THE LlNC-8 

9. If no manuscript is found at the indicated block, LAP4 responds with NO. 

Striking any key returns LAP4 to the normal input routine. 

i. COpy 

1. Type CP (META). 

2. Type number of blocks to copy, then (EOL) .. 

3. Type first block number of origin, then (EOL). 

4. Type unit number of origin, then (EOL) .. 

5. Type first block number of destination, then (EOL). 

6. Type unit number of destination, then (EOL). 

7. LAP4 then copies the specified blocks, 3 at a time. Care must be taken 

when origin and destination blocks overlap. 

8. LAP 4 returns to norma I input mode when copyi ng is completed. 

9. No more than 7778 blocks may be copied. 

10. Individual entries (b), c), d), e), f)) may be deleted by typing (DEL) 

before final (EOL). 

11. I f an illegal (non-numeric) entry is made, LAP4 asks a II its questions 

again. 

i. START LAP4 

Type LA (META). LAP4 is restarted with the working area clear and the number 0001 

(I ine 0001) displayed. LAP 4wi II be in the normal input mode. 

k. START GUIDE 

Type GU (META). Control of the computer is transferred to the GUI DE system. 

The manuscript in the working area of LAP4 issaved for restoration by the GUIDE 

command LAPRTN. 
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I. MANUSCRIPT CONTROL 

NOTE: For most of the options presented to the operator, use of this META 
command causes LAP4toexaminesense switch O. If SSWO is 0, LAP4 performs 
the specified function on file 2, unit 0, which is commonly called the standard 
file. If SSWO is 1, LAP4performsthespecified operation on the specified file 
on either tape unit. The fi les are numbered 0 to 7 and start at blocks 000, 100, 
200, etc., respectively. All files except file 2 are 100 blocks long. File 2 
is 70 blocks long sinceLAP4 beginsat block 270. 

1. Type MC (META). LAP4 then displays a series of options from which the 

operator may choose the function he desires, LAP4 to perform. 

2. Type the desired option number, then (EOL). 

3. Type in the answers to each question LAP4asks, terminating each with 

(EOL). Typical questions concern manuscript name, file number, unit 

number, block number. The final (EOL) causes LAP 4 to execute the function. 

4. Except for going to LAP4 or GUIDE, after function is complete, LAP4 

returns to MC option display. 

5. I f a manuscri pt fi Ie is be i ng di splayed, typi ng F advances the di splay, 

typing B retreats the display, and typing EOL returns LAP4 to the Me option 

display. 

4-5 LAP4 LANGUAGE 

a. CHARACTER SET 

1. All 26 upper case letters of the alphabet. 

2. The octal number set (0-7). 

3. The following special or punctuation characters 

a. E3 
b. # 

c. 

d. u 

e. 

(origin) 

(number sign) 

(lower case I) 

(lower case U) 

(vertical bar) 

specifies an origin 

specifies a symbolic tag 

specifies bit 7 on a 1 

specifies bit 8 on a 1 

separates QN and BN in magnetic tape instructions 
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f. p (lower case P) 

g. + (plus) 

h. (minus) 

I. (equal) 

i· (left bracket) 

k. (EOL) 

I. (CASE) 

m. (META) 

n. (SPACE) 

o. (DEL) 

PROGRAMMI NG RULES 

spec i fi es the current location 

add values of syllables in lis complement 

subtract values of syllables in lis complement 

parameter assignment 

initiates a comment 

term i nate statement 

change case of keyboard for upper case characters 

terminates command to LAP4 

separation character for ease of reading text 

delete all information to previous line terminator 

1. The following elements must be alone on a I ine of text. 

a. Origins 

b. Comments 

c. Parameter assignments (use of =) 

2. Tags (a symbol used to represent a memory location) 

a. Must begin with #. 

b. Must be two characters of the format number-letter (e.g., #4E). 

On Iy octal numbers allowed, and capital letters. 

c. No tag delimiter is required. 

d. No space may occur in the tag. 

e. Tags defined by parameter assignment may not be used with a #. 

3. Spaces 

a. Not permitted on origin line except before the character 8. 
b. Not permitted before a [ . 

c. Not permitted before a #. 

d. Not permitted anywhere on a parameter assignment. 

e. Not permitted in the middle of the digits of a number. 

f. Not permitted in the middle of an address calculation. 

g. Not permitted in the middle ofa symbolic mnemonic. 

h. May be used to separate tag, operation, index, address, vertical bar 

fi e Ids 0 f a lin e • 

I. Not required anywhere on a line. 
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4. Symbol ic Mnemonics 

(l. Only the defined symbolic mnemonics may be used as instructions. 

5. Parameter Assignments 

(l. Defined by equal sign (=). 

b. Number-letter combination must appear on left of =. 

c. Octal assignment must be on right of =. 

d. Octal assignment may not be signed. 

e. Must appear alone on a line. 

f. No spaces allowed on the line. 

6. Address Calculation 

a. No spaces permitted in the address calculation. 

b. Symbolic or relative addressing allowed with any combination of 

number-letter combinations or p or octal numbers (e.g., JMP p-ll' 

ADD 500, ADA i 32.., STC 4P-l, 6E + 3, RDC i u). 

c. All undefined number-letter combinations are assigned the value 0000. 

d. All mu Itiply-defined number-letter combinations are assigned the last 

value speci fied. 

7. Example of a symbolic program and its octal equivalent. 

0001 [THI,s PROGRAM 
0002 [DI.sPLAY,s THE 
0003 [CONTENT,s 01--
0004 [ THE: kIGHT 
0005 [,sWITCHE:S A,s 
0006 [A DECIMAL 
0007 [NUMBEK AT 
0010 [ THt.: CENIEK 
0011 [ OF THE; .sCOPE 
0012 B3~4 

0013 [ TAt:3Lt.: Of 
0014 [CONSTANT,s 
001~ [ fOI\ IJI.sPLAY 
0016 [ OF DIGITS 

0354 0017 #~E 4136 4136 
0355 0020 3641 3641 
0356 0021 2101 2101 
0357 0022 0177 0177 
0360 0023 4523 4523 
0361 0024 21 ~ 1 2151 
0362 0025 4122 4122 
0363 0026 26~1 2651 
0364 0027 2414 2414 
0365 0030 0477 0477 
0366 0031 ~172 :)172 
0367 0032 4651 4651 
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0370 0033 1506 1506 
0371 0034 4225 4225 
0372 0035 4443 4443 
0373 0036 6050 6050 
0374 0037 5126 5126 
0375 0040 2651 2651 
0376 0041 5120 5120 
0377 0042 3651 3651 

0043 ( THESE 
0044 (IN,sTKUCTIONS 
0045 ('S[T INDEX 
0046 [k~GISIERS 

0047 ( "-OR 4 
0050 (CHAr<ACTERS .. 
0051 [HORIZONTAL 
0052 [COORDINATE 
0053 [ OF 320 .. A 
0054 [POINTER TO 
OOSS ( 6E .. AND A 
0056 [COUNTEr< 10 0 

0400 0057 #5H SET i 2P 0062 
0401 0060 -4 7773 
0402 0061 SET i IP 0061 
0403 0062 320 0320 
0404 0063 SET i 3P 0063 
0405 0064 6E 0453 
0406 0065 SET i 4P 0064 
0407 0066 0 

--
0000 

0410 0067 RSW 0516 
0411 0070 STC 6Z 4452 

0071 [ THESE 
0072 [INSTRUCTIONS 
0073 [DETERMINE 
0074 [HOW MANY 
0075 [ 1000 .. 100 
0076 (10 .. 1 .. 
0077 [DECIMAL .. 
0100 (ARE IN THE 
0101 (NUMBER .. ONE 
Oi02 (AT A- TIME --

.-
0412 0103 #6B CLR 0011 
0413 0104 ADA 3P 1103 
0414 0105 COM 0011 
04i5 Oi06 ADA i 1120 
0416 0107 1 0001 
0417 0110 LAM 1200 
0420 0111 6Z 0452 
0421 0112 XSK i 4P 0224 
0422 01 i 3 LZE 0452 
0423 0114 JMt> P-ll 641'2 
0424 OIlS LDA 3P- 1003 
0425 0116 LAM 1200 
0426 Oi17 6Z 0452 

0120 (THESE 
0121 (INSTRUCTIONS 
0122 (SET UP THE 
0123 ( TABLE ENTRy 
0124 [POINT TO 
0125 [DISPLAY THE 
0126 [CORRECT 
0127 [DIGIT 
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0427 0130 LOA i 1020 
0430 0131 -1 7776 
0431 0132 #6C ADD 4P 2004 
0432 0133 HOL 1 0241 
0433 0134 ADA i 1120 
0434 0135 5E 0354 
0435 0136 STC 5P 4005 

0137 (THESE 
0140 (INSTHUCTIONS 
0141 (DISPLAY THE 
0142 (DIGIT AT 0 V 
0143 (AND 320+ H 

0436 0144 DSC 5P 1745 
0437 0145 DSC i 5P i 765 

0146 [THESE 
0147 (INSTHUCTIONS 
0150 (SET UP FOR 
0151 (THE NEXT 
0152 [DIGIT 
0153 (DISPLAY 

0440 0154 LOA i 1020 
0441 0155 4 0004 
0442 0156 ADM 1140 
0443 0157 IP 0001 
0444 0160 SET i 4P 0064 
0445 0161 0 0000 
0446 0162 XSK i 3P 0223 

0163 (THIS XSK 
0164 (TESTS TO SEE 
0165 (IF 4 DIGITS 
0166 ( WERE 
0167 (DISPLAYED 

0447 0170 XSK i 2P 0222 
0450 0171 JMP 6B 6412 
0451 0172 JMP 5H 6400 
0452 0173 #6Z 0 0000 

0174 (TABLE OF 
0175 ( OCTAL VALUES 
0176 (OF 1000 .. 
0177 ( 100 .. 10 .. 

0453 0200 #6E 1750 1750 
0454 0201 144 0144 
0455 0202 i2 OOi2 
0456 0203 1 0001 

0204 (DEFINITION 
0205 (OF 
0206 [PARAMETERS 
0207 IP=1 
0210 2P=2 
0211 3P=3 
0212 4P=4 
0213 5P=5 
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A1-1 WORD DEFINITIONS 

PROGRAMMING THE LINC-8 

APPENDIX 1 

GLOSSARY 

Address A unique 11-bit binary number assigned to each 12-bit 

binary word {core storage location in" LINC-8 memory; 

allowable range for addresses is (0000-3777)8 • 

Assembler 

BN 

Binary 

Block 

Case 

Comment 

A program which translates program statements in a symbol ic 

language closely resembl ing machine language into machine 

language. 

Refers to bits 8-11 of certain LINC-8 instructions which 

may reference the ~-registers (addresses 0001-0017) • 

Abbreviation for block number; see Block. 

Used to refer to the aggregate of the machine language ins­

tructions generated by the conversion (assembly) of a manu­

script by LAP4. 

A numbered sect ion of a marked L INC tape capabl e of re­

taining 400
8 

12-bit binary words; blocks are numbered 

consecutively from {000-777)8. 

The upper leftmost key on the L INC keyboard, used in input 

to this LINC-8 utility system to cause the system to treat the 

next struck character as upper case. 

In LAP4, an MS I ine beginning with the comment character 

((), used by the programmer to ill ustrate his MS, but ignored 

by LAP4 during conversion. 
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Compiler 

Control Block 

Control Console 

Conversion 

Core Storage 

Delete 

EOl 

Equal ity 

File 

PROGRAMMING THE LINC-8 

GLOSSARY {continued} 

A program wh ich translates program statements in a symbc)1 ic 

language closely resembl ing Engl ish or mathematics into 

machine language. 

See MS control block or fil e control block. 

The lINC-8 panel which contains the toggle switches, 

pushbuttons, levers, rotary switches, and indicator lights; 

operation of the LINC-8 util ity system is initiated via the 

control console. 

The assembly process whereby lAP4 translates a prclgram 

written in a symbol ic language into machine languCJgei 

MS is converted into binary. 

The lINC-8 memory. 

To remove a I ine of MS or an answer to a displayed quesi"ion 

in this LINC-8 Utility system, use the del key. 

Abbreviation for end of line; the key used to indicate to the 

utility system the end of a MS line or the end of an answer 

to a displayed question. 

An MS I ine in LAP4 used to assign an absolute numerical 

va lue to a tag4 

Either the file of binary programs maintained by GUIDE or 

a file of MS created and maintained under the control of 

the Me meta command in lAP4. 
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File Control Block 

Full-size Character 

GUIDE 

Half-size Character 

Index 

Keyboard Codes 

LAP4 

LN 

Line 

MS 

PROGRAMMING THE LINC-8 

GL OSSARY (cont i nued) 

The first block in an MS file; used in LAP4 by the MC meta 

command to retain titles, block numbers, etc., of filed MS. 

A character displayed on the scope via a 4 x 6 grid pattern, 

the grid spacing being 4 units between points. 

The GUIDE to binary programs; one of the two systems which 

comprise this LINC-8 utility system; used for the filing and 

execution of binary programs. 

A character displayed on the scope via a 4 x 6 point grid 

pattern, the grid spacing being 2 units between points. 

The i-bit; bit 7 of certain LINC-8 instructions. 

Either the index to the GUIDE file of binary programs or the 

index to an MS fil e. 

The 6-bit codes for the characters on the L INC keyboard; 

generated in the accumulator upon the execution of a KBD 

instruction after a key has been struck. 

LINC-8 Assembly Program 4; one of the two systems which 

comprise this LINC-8 utility system; used for the creation, 

convers ion, and fil i ng of MS. 

Abbreviation for I ine number; see line. 

A string of characters (keyboard codes) in a LAP4 manu­

script, last character of which is EOL (or META). 

Abbreviation for manuscript; see manuscript. 
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MS Control Block 

MS Line 

Mac h i ne Lan guage 

Manuscript 

Marking 

Meta Command 

Mnemonics 

Object Program 

Order Code 

Origin 

PROGRAMMING THE LINC-8 

GL OSSARY (cont inued) 

The first block of every LAP4 MS, created during regular 

input of an MS by LAP4 in the working area; contains 

information about number of I ines, number of tape blocks 

occupied, etc. 

A line retained by LAP4 as a permanent part of an MS; i.e., 

program I ines, equal ities, origins and comments; as opposed 

to meta commands. 

The directly machine-interpretable, i.e., binary, form of 

the L INC-8 instructions. 

A series of one or more program I ines, equal ities, ori~~ins, 

and comments typed into the LAP4 system and stored o,n tape. 

The process whereby a virgin tape is readied for use on the 

LINC-8. 

A I ine not retained by LAP4 as part of an MSi a direct, 

immediately executed command to LAP4. 

Three-character acronyms or abbreviations for the LINC-8 

instructions. 

The binary generated by conversion of an MS. 

The LINC-8 instruction repertoire. 

An MS I ine used to locate sections of a program in core 

storage at absol ute addresses. 
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p 

Packing 

Palimpsest 

Pass 

Program 

Program Li ne 

Q 

QN 

Q&A 

Quarter 

Regular Input 

PROGRAMMING THE LINC-S 

GLOSSARY (continued) 

Keyboard character; interpreted by LAP4, on a program 

I ine, as referring to the present location; i.e., the ad­

dress of the location in which the binary for the current 

I ine will reside. 

The process whereby gaps in MS left by the operation of 

the meta commands RE, IN, AM, or MC are removed. 

A parchment which has been re-used, the earl ier writing 

hav i ng been erased. 

In LAP4, a scan of an MS from beginning to end during 

conversion. 

A series of instructions to the L INC-S. 

An MS I ine which will cause binary to be generated; i.e., 

will occupy a location in core storage upon conversion. 

Abbreviation for quarter; see quarter. 

Abbreviation for quarter number; see quarter. 

Abbreviation for the Questions and Answers subroutine, used 

for displays by the GUIDE system commands, convenience 

programs, and the LAP4 meta commands CP and MC. 

One fourth of a 1024'0 word LINC-S memory bank; consists 

of 400
S 

contiguous 12-bit words. 

The section of LAP4 which accepts input from the keyboard 

of MC I ines and meta commands. 
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S 

ssw 

Scope 

Source Program 

Subroutine 

Symbol ic Address 

Symbol ic Operation 
Code 

System Tape 

Tag 

Tape Block 

UN 

Unit 

PROGRAMMING THE LINC-8 

GLOSSARY (continued) 

Abbreviation for size; refers to the number of lines l:>f MS 

displayed on the scope by the DI meta command. 

Abbreviation for SENSE switch. 

The standard L INC-8 display scope. 

MS. 

A program written to perform some special function; may 

be entered from another program, to which it will return 

control upon completion of its operation. 

A number, letter combination (tag) used to referenc·e a core 

location, the absolute value of which is assigned by LAP4 

during conversion. 

Mnemonics. 

A tape which contains the LAP4 and GUIDE systems. 

A number, letter combination used as a symbol ic address by 

LAP4. 

See Block. 

Abbreviation for unit number; see Unit ~ 

L INC-8 tape unit 0 (left) or 1 (right). 
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Uti! ity System 

Working Area 

Al':'2 SYMBOL DEFINITIONS 

Al-2.1 Registers 

Symbol Function 

A Accumulator 

-B Memory buffer 

C Control 

L Link bit 

P Program counter 

R Output of relays 

S Memory address 

Z Odd jobs 

GLOSSARY (continued) 

A programming system for the LINC-8 composed of two 

communicating systems, LAP4 and GUIDE. 

That section of a system tape used by the LAP4 system for 

storing MS and the binary converted from MSj occupies 

blocks 330 and ff. 
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Al-2.2 Other Symbols 

Symbol 

A. 
1 

A. k 1-

u 

n 

p 

x 
X{f3) 

X{p+1 ) 

h 

h{f3) 

h{p+1) 

X{f3)ndx 

X{f3)hndx 

Y 

Y{p+1 ) 

Y{f3) 

PROGRAMMING THE LINC-8 

Definition 

Bit j of register A. 

Bits j-k, inclusive, of A. 

Bit 7 of the instruction word or of the contents of C. 

Bit 8 of the instruction word or of the contents of C. 

Bits 8-11 of the instruction word, when these bits are not used to 
refer to one of the first 16 memory locations as index registers. 

Bits 8-11 of the instruction word, in those instructions which may 
use these bits to specify the address of an index register. 

The address of the memory location from which the first word of 
the current instruction was obtained. 

Bits 2-11 of a twelve bit word. 

Bits 2-11 of the contents of index register f3. 

Bits2-11 of the contents of the memory location whose address is p+1. 

A bit which is used to specify which half of the operand word is used 
by a half-word instruction. 

Bit a of the contents of index register f3. 

Bit a of the contents of the memory location whose address is p+1 • 

1 + X(f3), using 1 a-bit 2 1s complement addition. 

X{f3)hndx = X(f3} if h{f3) = a 

x (f3)h d = X (f3) d i f h (f3) = 1 • n x n x 

The address of the operand of an instruction, 11 bits in length. 

Bits 1-11 of the contents of the memory location whose address is p+l • 

Bits 1-11 of the contents of index register f3. 
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APPENDIX 2 

CHARTS 

A2-1 CHART I CLASSES OF L1NC INSTRUCTIONS AND THEIR CODES 

Miscellaneous Shift 

*HLT 0000 *ROL (i) n 0240 

0001 *ROR (i) n 0300 

0002 *SCR(i) n 0340 

0003 

0004 
Skip On Level 

ZTA 0005 

0006 
*SZL (i) n 0400 

0007 
0401 

0010 
0402 

*CLR 0011 
0403 

0012 
0404 

(MARK) 0013 
0405 

*ATR 0014 
0406 

*RTA 0015 
0407 

*NOP 0016 
0410 

*COM 0017 
0411 

0412 

0413 
Alpha n 

0414 

*SET (i) a 0040 *KST (i) 0415 

* SAM (i) n 01 00 0416 

*DIS (i) a 0140 0417 

*XSK (i) a 0200 

*These mnemonics are defined to LAP4 
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Skip On Condition Operate 

*SNS (i) n 0440 *OPR (i) n 0500 

0441 0501 

0442 0502 

0443 0503 

0444 0504 

0445 0505 

0446 0506 

0447 0507 

* AZE (i) 0450 0510 

*APO (i) 0451 0511 

*lZE (i) 0452 0512 

* IBZ (i) 0453 (PDP) 0513 

FLO (i) 0454 (TYP) 0514 

ZZZ (i) 0455 * KBD (i) 0515 

0456 *RSW 0516 

0457 *lSW 0517 

Magnetic Tape Unused Codes 

*RDC (i) (u) 0700 0540 

*RCG (i) (u) 0701 

*RDE (i) (u) 0702 

*MTB (i) (u) 0703 
Memory Bank Selection 

*WRC (i) (u) 0704 1MB 0600 

*WCG (i) (u) 0705 UMB 0640 

*WRI (i) (u) 0706 

*CH K (i) (u) 0707 
Fu II Address 

*ADD X 2000 

Execute PDP-8 *STC X 4000 

EXC 0740 *JMP X 6000 

*These mnemonics are defined to lAP4 
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Index (or Beta) 

*LDA (i) ~ 1000 r *LDH (i) ~ 1300 *BCL (i) ~ 1540 
Half

l *STA (i) ~ 1040 Word *STH (i) ~ 1340 *BSE (i) ~ 1600 

*ADA (i) ~ 1100 *SHD (i) ~ 1400 *BCO (i) ~ 1640 

*ADM (i) ~ 1140 *SAE (i) ~ 1440 1700 

*LAM (i) ~ 1200 *SRO (i) ~ 1500 *DSC (i) ~ 1740 

*MUL (i) ~ 1240 

*These mnemon ics are defined to LAP4. 

A2-2 CHART II ASR 33 L I NC CODE 

ASR 33 LlNC ASR 33 LlNC 
ASCII 

Symbol 
LlNC 

Symbol 
ASCII 

Symbol 
LlNC 

Symbol 
Code Code Code Code 

260 0 00 0 304 D 27 D 

261 01 1 304 E 30 E 

262 2 02 2 306 F 31 F 

263 3 03 3 307 G 32 G 

264 4 04 4 310 H 33 H 

265 5 05 5 311 34 I 

266 6 06 6 312 J 35 J 

267 7 07 7 313 K 36 K 

270 8 10 8 314 L 37 L 

271 9 1 1 9 315 M 40 M 

212/215 LF/CR 12 META/EOL 316 N 41 N 

377 RUBOUT 13 delete 317 0 42 0 
240 SPACE 14 SPACE 320 P 43 P 

275/246 =/& 15 =/i 321 Q 44 Q 

300/247 @/I 16 u/p 322 R 45 R 

254/255 , /- 17 ,/- 323 S 46 S 

256/253 ./+ 20 ./+ 324 T 47 T 

244/257 $// 21 9/ I 325 U 50 U 

333/243 {/# 22 [/# 326 V 51 V 

375 ALTMODE 23 CASE 327 W 52 W 

301 A 24 A 330 X 53 X 

302 B 25 B 331 y 54 Y 

303 C 26 C 332 Z 55 Z 
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A2-3 CHART III PATTERN WORDS FOR CHARACTER DISPLAY 

A table of 24-bit patterns for 4 x 6 display, using the DSC instruction, of all characters on the 

l I NC keyboard. The tabl e is ordered numeri cally as the characters are coded on the keyboard. Table 

entries for non-displayable characters are o. 

0 4136 A 4477 U 0177 
3641 7744 7701 
2101 B 5177 V 0176 
0177 2651 7402 

2 4523 C 4136 W 0677 
2151 2241 7701 

3 4122 D 4177 X 1463 
2651 3641 6314 

4 2414 E 4577 Y 0770 
0477 4145 7007 

5 5172 F 4477 Z 4543 
0651 4044 6151 

6 1506 G 4136 1212 
4225 2645 1212 

7 4443 H 1077 u 0107 
6050 7710 0107 

8 5126 7741 0500 
2651 0041 0006 

9 5120 J 4142 0001 
3651 4076 0000 

EOl 0000 K 1077 B 4577 
0000 4324 7745 

del 0000 l 0177 [ 4177 
0000 0301 0000 

SPACE 0000 M 3077 
0000 7730 
0101 N 3077 
0126 7706 

p 3700 0 4177 
3424 7741 
0404 P 4477 
0404 3044 

+ 0404 Q 4276 
0437 0376 
0000 R 4477 
0077 3146 

# 3614 S 5121 
1436 4651 

CASE 0000 T 4040 
0000 4077 
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A2-4 UTILITY SYSTEM TAPE ALLOCATION 

Block 

000 - 012 

013 - 267 

270 - 327 

330 - 377* 

400 - 407 

410 - 477 

500 - 777 

A2-5 GUIDE TAPE ALLOCATION 

Block 

400 

401 

402 

403 

404 

405 

406 

407 

410 - 477 

Allocation 

Loaders 

Available to user (may be used for MS files) 

LAP4 system 

LAP4 working area 

GUIDE system 

GUIDE file area 

Available to user (may be used for MS files) 

Allocation 

I nput control 

Display index (lNDIS) 

Index of binary program file 

Questions and answers subroutine 

File a binary program (FILEBI) 

Create a system tape (CAST) 

File a binary program (FILEBI) 

Del ete a fil ed program (DEL ETE) 

Binary programs 

*LAP4 does not test for an upper limit on the length of a manuscript. Manuscripts of maximum length (4000
8 

I ines) in unpacked form might exceed the working area assigned above. 
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Block 

270 
271 
272 
273 
274 
275 
276 
277 

300 

301 

302 

303 
304 
305 
306 

307 

310 

311 
312 

313 

314 
315 

316 

317 

320 

321 
322 

323 

324 
325 

326 

327 

330 
331 
332 
333 

334 

335 

336 and ff. 

PROGRAMMING THE LlNC-8 

Allocation 

MANUSCRIPT CONTROL meta command 

Regular input 

COpy meta command 

Temporary Storage 

CV and CM meta commands 

Reserved block 

SAVE MANUSCRIPT meta command 

DISPLAY meta command 

PAC K meta command 

I NSERT meta command 

ADD MANUSCRIPT meta command 

REMOVE meta command 

Pass III 

Regular input 

Temporary storage 

Temporary storage for INSERTED lines 

Pass I for conversion 

Pass II for convers ion 

Binary program after conversion 

Temporary storage 

Manuscript control block 

Manuscript 

120 



PROGRAMMING THE L1NC-8 

A2-7 LAP4 META COMMANDS 

Command 

REMOVE 

INSERT 
END 

PACK 

DISPLAY 

SAVE 
MANUSCRIPT 

ADD 
MANUSCRIPT 

CONVERT 

CONVERT 
MANUSCRIPTS 

COpy 

START LAP 

START GUIDE 

MANUSCRIPT 
CONTROL 

Required 
Format 

RE LN, n 
RE LN-LN+n 

IN LN 
EN 

PA 

DI LN, S 

SM 

AM BN,UN 

CV 

CM 

CP 

LA 

GU 

MC 

LN - I ine number 
n - number of lines 
s - size of display 

Information Requested 
During Operation 

none 

none 

none 

none 

un it number; 
initial block number 

none 

none 

initial block number{s) on 
unit 0 of each MS to be 
converted 

number of blocks to be 
copied; UN and initial BN 
of pi aces from and to wh ich 
copy will be made 

none 

none 

option number 0 - 4; various 
additional information re­
quested by options 1-4 

Comments 

*Removes n I ines of MS beginn ing 
with line LN 

* Allows insertions of I ines prior to 
line LN; insertion terminated by EN 

*Removes gaps in MS I eft by RE, 
IN, AM, and MC (option 2) 

*Displays MS; F: forward; B: back­
ward; L after octa I nos.: L N; S 
after octal nos.: S 

*Saves MS in any designated block 
on either unit 

Adds MS to work i ng area from any 
block on either unit 

*Converts MS 

Converts manuscripts residing any­
where on un it 0 tape 

Copies up to 7778 blocks from either 
tape to either tape 

Starts LAP4 system 

Starts GUIDE system 

Allows manipulation of MS files; 
SSWO down - standard MS fil e; 
up - file requested 

BN - block number 
UN - unit number 

*Operates only on MS in working area 
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A2-8 GUIDE SYSTEM COMMANDS 

Command 

INDIS 

REWIND 

LAPGO 

LAPRTN 

CAST 

FILEBI 

DELETE 

Information Requested 
During Operation 

none 

none 

none 

none 

create basic index or 
retain old index 

name or block number of 
program; if necessary, short 
title, starting location and 
number of blocks, un its to 
and from; return option 0 - 1 

name and unit number; 
return options 0 - 2 
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Displays index 

Rewinds tapes 

Starts LAP4 

Returns to LAP4 

Creates a systems tape 

Files a binary program by name or block number 
from and onto either unit 

Deletes a filed program by name from either unit 
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A2-9 SUMMARY OF ANSWERING PROCEDURE FOR Q & A 

Status of Display 
Result when Key Struck 

del EOL CASE All others 

no questions inoperative proceed* display fades from inoperative 
scope until next 
character struck; 
any next character 
treated as upper 
case 

no entries in answers to all pre- current question display fades from struck character 
current question vious questions filled completely scope until next appears on scope 

deleted with blanks (14); character struck; in place of one 
any next character question mark 
treated as upper 
case 

partial entry in answer to current remaining question display fades from struck character 
current question, question del eted marks filled with scope until next appears on scope 
question marks blanks (14); character struck; in place of one 
remaining proceed* any next character question mark 

treated as upper 
case 

complete entry in answer to current proceed* display fades from inoperative 
current question, question del eted scope until next 
no quest ion marks character struck; 
remaining (EOL not any next character 
yet struck) treated as upper 

case 
-"-- --

*Proceed either back to program or to next question, whichever appl ies. 
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APPEND,IX 3 

EXTENDED MEMORY PROGRAMMING 

A3-1 DOUBLE MEMORY 

The LlNC has been presented as having a single 12-bit, 1024
10 

word memory. A second 

addressable memory provides 2048
10

, or 4000
8 

12-bit words. This second memory is addressable for data 

storage and retrieval; it can not, however, be used to hold running programs. 

Bit 1 of a register containing a memory address, e.g., a p register, is designated as the memory 

select bit. When this bit is 1, the second memory is addressed: 
pOlO 000 000 000 \..._--- ..---_ ....... / 

- ----It YX Memory select bit -

The addresses for the second memory may then be thought of as 2000 + X, where 0 ~ X ~ 1777, 

as usual. 

More simply perhaps, it is referred to as memory registers 2000-3777
8

, Whi Ie this scheme 

makes the memory addresses of the two memories continuous, they can not always be treated as such by 

the programmer. The i~struction location register, having only 10 bits, prohibits using the second mem­

ory to hold running programs; the next sequential instruction location after 1777 is always 0 • Moreover, 

the full-address class instructions can address only registers 0-1777. 

All other memory reference instructions have available a memory select bit, and can address 

either memory. The instruction 

p LDA 

p+1 2133 

wi II load the accumu lator with the contents of regi ster 2133, i.e., regi ster 133 of the second memory., 

It must be remembered, however, that all instructions which index the first 16 registers (index class, 

hal f-word class, XSK, and DI S) index 10 bits on Iy, and thus index from 1777 to 0 without affecting the 

memory select bit. Therefore, by setting bit 1 the programmer can index through either memory he 

chooses, but he cannot index from one memory to the other, e.g.: 

Memory Address 

3 

~40 

41 
42 
43 

Memory Contents 

[2000 + X] 

SET i 3 
3777 

rLDA i 3 
JMP 42 
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In this example register 3 will contain the succession of values: 3777, 2000, 2001, •.. , 3777, 

2000, etc .,' repeatedly scanning the second memory. In order for the first execution of the LDA instruc-

tion at location 42 to index register 3 to 2000, register 3 must be set initially to 3777, i.e., X(3) = '1777 

and memory select bits = 1 . 

For many purposes th is indexing scheme presents no disadvantages. Often, however, one wou Id 

like to use both memories, for example to collect a large number of data samples. The following pro~~ram 

fills memory registers 400-3777 with sample values of the signal on input line 10. The sample-and-store 

part of the program is written as a subroutine (locations 31-40), and the sample rate is controlled by CJ 

OPR i n instruction: 

Memory 
Address 

Memory Contents 

[ -] 7 
10 r----7 [JMP X] 

[ -] 
[ -] 

~20 

21 
22 
23 
24 
25 
26 
27 
30 
31 
32 
33 

34 
35 
36 
37 
40 

SET i 7 
377 
JMP 31 
SET i 7 
3777 
JMP 31 
WCG 
6131 
HLT 

4SET 10 
o 

~OPR i 1 

SAM 10 
STA i 7 
XSK 7 
JMP 33-: 
JMP 10(-1 

0067 
0377 
6031 
0067 
3777 
6031 
0705 
6031 
0000 
0050 
0000 
0521 

0110 
1067 
0207 
6033 
6010 

Effect 

For memory address. 
For return poi nt • 

} 
Set 7 to initial address minus 1 and jump to 
subroutine. 

} 

Return from subroutine; set 7 to initial address 
minus 1 for second memory I and jump to sub­
routine. 

} Return from subroutine; write memory quarters 1 
through 7 in blocks 31-37 and halt. 

Enter subroutine and save return point in 
reg i ster 10. 
Pause unti I restart signal appears on external 
level line 1 • 

} Sample input on line 10 and store: 

If X(7) ::: 1777, return to get next sample 

When X(7) ::: 1777, return to main program via 
register 10. 

__________ ~ __________________ ~ ______ _L __________________________________________ _ 

Example 35 Indexing Across Memory Boundaries 

A3-2 CHANGING MEMORY BANKS 

In actuality there are more than 2048
10 

words in the LlNC-8 computer. The basic L1NC-B 

contains 4096
10 

words with the capacity of expansion up to 32,768,10 words. From the L1NC point of view, 
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it is best to envision this 32K as 32 1 K segments numbered from 00
8 

to 378 (we wi" call these 1 K segments 

memolY banks in this discussion). In memory bank 0, PROGOFOP resides. Normally, L1NC programs 

reside in memory bank 2 (instructions) and 3 (data--see previous discussion). It is possible, however, to 

change this if such a condition is found desirable. 

15 Bit 

Absolute Addresses 

00000 to 01 777 

02000 to 03777 

04000 to 05777 

06000 to 07777 

1 0000 to 11 777 

12000 to 13777 

14000 to 15777 

16000 to 1 7777 

20000 to 21 777 

22000 to 23777 

70000 to 71777 

72000 to 73777 

74000 to 75777 

76000 to 77777 

00
8 

PROGOFOP 

01
8 

I 

02
8 

"NORMAL" Lower Memory Bank 

03
8 

"NORMAL" Upper Memory Bank, 

04
8 

05
8 

06
8 

07
8 

1 0
8 

118 

34
8 

35
8 

36
8 

37
8 

Diagramatic Representation of L1NC-8 Memory 

Basic Memory 
of LlNC-8 

1st 4K 
Expansion 

7th 4K 
Expansion 

An example of a desirable condition would be when a program requires more than 102410 data 

words to be in computer memory at one time. A decision is made to store the data in memory bank 1 and 

memory bank 3. The program wi II occupy memory bank 2 (where it normally is) and the double memory 

programming technique discussed previously will be used to access this data. The accessing of the data 

in bank 3 is no prob lem as bank 3 is the "norma I upper memory bank." However, when it is desired to 

access the data in bank 1 the" numberll of the upper memory bank must be changed. Th is is accomplished 

by executing the instruction UMB N (640 + N), change upper memory bank to N. N must be nonzero to 

change the upper memory bank selector. After this instruction is executed, all references to "upper mem­

oryll wi II be to th is memory bank (1 in our example) unti I it is changed by another UMB N. 
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Another example of when it would be desirable to change memory banks would be if (J program 

were too large to occupy one memory bank and it was desirable to store a frequently used subroutine in a 

different memory bank. Again, let us use memory bank 1, th is time to hold the subroutine. The main 

program is in memory bank 2; the data, in bank 3. To change memory banks and transfer the control of 

a program, the instruction LMB N (600 + N), change lower memory bank to N (N i- 0), is given. Upon 

executing the next JMP X (X i- 0) control will be transferred to location X of bank N (1 in our example) 

and JMP p+l will be stored in location 0 of the new memory bank. To exit bank 1 to the original pro­

gram in bank 2, a LMB 2 instruct~on is given, followed by a JMP O. 

o 

500 
501 
502 

Bank = 2 

LMB 1 
JMP 20 

o 

"--~ 20 

2000 

Bank = 1 

JMP 502 

LMB 2 
JMPO 

The upper memory bank number is not affected by the LMB instruction (nor is it directly af-· 

fected by the JMP X) . 
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APPENDIX 4 

I NSTRUCTI ONS 

A4-1 MSC CLASS I NSTRUCTI ONS 

HLT 0000 3 ~sec HLT 

Halt. The computer halts. The RUN light on the console is extinguished. The gong chimes if it 

is turned on. The computer can be restarted only from the console. 

ZTA 0005 3 ~sec ZTA' 

Z to A. The contents of Z, bits 0 to 10, replace the contents of A, bits 1 to 11. Bit 0 of A is 

set to o. Bi t 11 of Z is ignored. The contents of Z are not changed. 

CLR 0011 3 ~sec CLR 

Clear. Clear A, L, and Z. 

ATR 0014 3 ~sec ATR 

A to R. The contents of the right half of A (A
6
-A

11
) replace the contents of R. The contents 

of A are not changed. 
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RTA 0015 3 flsec RTA 

R to A. The contents of R replace the contents of the right half of A. The left half of A is cleared. 

The contents of R are not changed. 

NOP 0016 3 flsec NOP 

No operation. This instruction provides a delay of 3 flsec before proceeding to the next instruction. 

I t does noth i ng • 

I __ C_O __ M ______________ O_01_7 _______________________ 3_fl_se_c _______________ C=='_OM___ ~ 
Complement. Complement the contents of A. J 

A4-2 SK I P CLASS I NSTRUCTI ONS 

Address of Next Instruction to be Executed 
Following Skip Class Instruction 

Condition Address of Next Instruction 

° met p+2 

° not met p+1 
1 met p+1 
1 not met p+2 
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AZE i 0450 + 20i 3 iJ sec AZE 

A zero. Check if A contains either 0000 or 7777.· 

APO i 0451 + 20i 3 iJsec APO 

A positive. Check if AO (the sign bit of A) is O. 

LZE i 0452 + 20i 3 iJ sec LZE 

L zero. Check if Lis O. 

IBZ i 0453 + 20i 3 iJsec IBZ 

Inter-block zone. Check if either tape unit is up to speed and reading an inter-block zone mark. 

FLO i 0454 + 20i 3 iJ sec FLO 

Overflow. Check if overflow flip-flop is in the one state. FLOFF (overflow flip-flop) will be set 

on ADD, ADA, ADM, or LAM if an overflow occurred. Overflow exists when the sum of two posi­

tive numbers is negative or the sum of two negative numbers is positive. 

ZZZ i 0455 + 20 i 3 iJsec zzz 

Z bit 11 on a zero. Check if bit 11 of Z is a O. 
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SXL i n 0400 + 20i + n 3 fJsec SXL 

Skip on external level. Check if external level input line n (0 ~ n ~ 13
8 

is in its negative state. 

(-3v) 

KS1~ KST i 0415 + 20i 3 fJsec 

Key struck. Check if a key has been struck and is in the locked position. 

A4-3 SHIFT CLASS INSTRUCTIONS 

ROLin 0240 + 20i + n see table below ROl. 

Rotate left. Shift the contents of A n places to the left. If i=O, bit AO is shifted into bit All' and 

the contents of L are unchanged. If i=l, bit AO is shifted into Land L is shifted into bit All. l'lo 

effect on Z. 

RORin 0300 + 20i + n see table below ROR 

Rotate right. Shift the contents of A n places to the right. If i=O, bit All is shifted into bit A
O

' 

and Zo and the contents of L are unchanged. If i=l, bit All is shifted into Land L is shifted into 

bit A
O

' All is shifted into ZOo Zll is always lost. 

SCR in 0340 + 20i + n see table below SCR 

Scale right. Shift the contents of A n places to the right with bit AO never changing. If i=O, the 

information shiftedoutofA
ll 

isshi"ftedinto Zo and L is not changed. If i=l, bit All is shifted into 

L and the information shifted out of L is lost. All is shifted into ZOo Zll is always lost. 
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A4-3.1 Execution Times for Shift Class Instructions 

n n 

0 3 jJ sec 10 9.0jJsec 
1 3 jJ sec 1 1 9.0 jJsec 
2 4.5 tJsec 12 10.5 jJsec 
3 4.5 jJsec 13 10.5 jJsec 
4 6.0 jJsec 14 12.0 jJsec 
5 6.0 jJsec 15 12.0 jJsec 
6 7 .5 jJsec 16 13.5 jJsec 
7 7.5 jJsec 17 13.5 jJsec 

A4-4 FULL ADDRESS CLASS INSTRUCTIONS 

ADD X 2000+X 3 jJsec ADD 

Add. Add the contents of memory register X to the contents of A, and leave the resulting sum in A. 

The addition is lis complement binary addition (i .e., with end-around carry). The contents of 

memory register X are not changed. 

STC X 4000+X 3 jJ sec STC 

Store and clear A. The contents of A are copied into memory register X and A is then cleared. 

JMPX 6000+X see note JMP 

Jump to X. If X 10, 6000 + P + 1 is stored into memory register O. Regardless of the value of X, 

the next instruction is taken from the memory location whose address is X. 

NOTE: If X 10, this instruction is executed in 3 jJsec. If X == 0, the instruction 
is executed in 1 .5 jJsec. 
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. A4-5 I NDEX CLASS I NSTRUCTI ONS 

Addressing and set up time in index class instructions. 

~ Y Indexing 

0 0 Y (p+l) 4.5 Ilsec -----------
1 0 p+l 3.0 11 sec -----------
0 1 ~ ~ ~ 17 Y(M 4.5 11 sec -----------
1 1 ~ ~ ~ 17 Y(~)ndx 4.5 Ilsec X(~)d X(M n x 

LDA i ~ 1000 + 20i + ~ t 11 sec LDA 

Load A. Copy the contents of memory register Y into A. The contents of memory register Yare 

not changed. 

STA i ~ 1040 + 20i + ~ t 11 sec + 1 • 5 Ilsec STA 

Store A. Copy the contents of A into memory register Y. The contents of A are not changed. 

ADA i ~ 1100 + 20i + ~ t 11 sec ADA 

Add to A. Add the contents of memory register Y to the contents of A and leave the resulting sum 

in A. The addition is l's complement binary addition (i .e. f with end-around carry). The contents 

of memory Yare not changed. 

ADM i ~ 1140 + 20i + ~ t + 3.0 11 sec ADM 

Add to memory. Add the contents of A to the contents of memory register Yand leave the sum 

both in A and in memory register Y. The addition is lis complement binary addition (i.e; f with 

end-around carry). The contents of L are not changed. 
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LAM i ~ 120.0. + 20i + ~ t + 3.0. I-Isec LAM 

Link-add to memory. First, add the contents of L (0. or 1) to the contents of A and leave the sum 

in A. The addition is 2 1s complement 12-bit binary addition with the end-carry replacing the 

original contents of L. If there is no end-carry, L is cleared. Next, add the contents of memory 

register Y to the contents of A and leave the sum in A and in memory register Y. If there is an 

end-carry, set L to 1 • 

MULi ~ 1 240. + 2o.i + f3 t + 30..0. I-Isec MUL 

Multiply. Multiply the contents of A oy the contents of memory register Yand leave half of the 

product in A. The contents of A and of memory registerY are treated as lis complement binary 

numbers with bit 0. serving as a sign bit. Their full product contains 22 bits plus a sign bit. If bit 

0. (the h bit) of ~ is 0., the multiplication is.carried out as an integer multiplication and the least 

significant 11 bits of the product are left:·in th.e least significant 11 bit positions in A. The left­

most bit of A contai ns the sign of the product. I f the h bi tis 1, the mu Iti pi ication is carri ed out as 

a fraction multiplication and the most significant 11 bits of the product are left in the least signif­

icant 11 bit positions in A. The left-most bit of A contains the sign of the product. The least 

significant bits of the product are in Z bits 0. to 10.. The sign of the product is also left in L in both 

cases. The contents of Yare unchanged. 

SAE i f3 1 440. + 2o.i + f3 t + 1 .5 I-Isec SAE 

Skip if A equals. If the contents of A exactly match the contents of memory regi ster Y, take the 

next instruction from memory location p+2. Otherwise take the next instruction from memory lo­

cation p+ 1. The contents of A and of memory register Yare not changed. 

SRO i f3 150.0. + 2o.i + ~ t + 1 .5 I-Isec SRO 

Skip and rotate. Rotate the contents of memory register Yone place to the right. If, after the ro­

tate, bit 0. of the contents of memory register Y is a 0., take the next instruction from memory loca­

tion p+2. Otherwise, take the next instruction from memory location p+ 1 • 

135 



PROGRAMMING THE LlNC-S 

~-----------------------------------------------------------------------

BCl i ~ 1540 + 20i + ~ t fJ sec BCl 

Bit clear. For each bit position of memory register Y that contains a 1, clear the corresponding 

bit position in A. The contents of memory register Yare not changed. 

BSE i ~ 1600 + 20i + ~ t fJsec + 1.5 fJsec BSE 

Bit set. For each bit position of memory register Y that contains a 1, set the corresponding bit 

positi on inA to CI 1. The contents of memory reg i ster Yare not changed. 

----------_ ... _----_._._--_._-----------------------------

BCO i ~ 1640 + 20i + ~ t fJ sec BCO 

~------------------------------------------------------------

Bit complement. For each bit position of memory register Y that contains a 1, complement the 

corresponding bit position in A. The contents of memory register Yare not changed. 
1--_____________ ... __ . ____ . __ . ___ . __ . __ ..... __ ._ .... __ .. ____ . _____ .. _ .. __ .. 

DSC i ~ 1740 -I 20i + ~ 75-140 fJsec DSC 

Display character. Intensify points in a 2 x 6 grid on the display scope with the pattern displayed 

controlled by the contents of memory register Y. Each bit position of memory register. Y controls the 

intensification of one of the twelve points in the grid. The diagram below specifies the bit position 

control I i ng each grid poi nt . 

6 a 
7 1 

.. -

S 2 
t- ... -.-.. -.-- -.--

9 3 

10 4 

11 5 

Spac i ng between poi nts is +4 in both the horizontal and verti ca I di rections. The contents of memory 

register 1, augmented by +4, controls the horizontal position of the lefthand edge of the grid. Th'2 

contents of the accumulator, with bits 7-11 set to 0, controls the vertical position of the grid's 

lower edge. Bit 0 of memory register 1 selects one of two display channels for intensification. At 

the end of the instruction, the accumu lator has been augmented by 30
S 

and register 1 has been aUfl­

mented by lOS. Memory register Y is left unchanged. The Z register is used by this instruction. 
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A4-6 HALF WORD CLASS INSTRUCTIONS 

Addressing and set up time in half-word class instructions 

~ Y h Indexing 

0 0 Y(p+ 1) h(p+ 1) 4.5 usec ----------
1 0 p+1 0 3.0 usec ----------
0 1 < ~ < 17 Y(~) h(~) 4.5 usec ----------
1 1<~<17 Y(B)hndx h(i3) 4.5 usec See note below 

If h=O, the left half of memory register Y is the operand. If h=l, the right half of memory 

register half of memory register Y is the operand. 

LDH i ~ 1300 + 20i + ~ t !-,sec LDH 

Load half. Copy the contents of the designated half of memory register Y into the right half of A. 

The left hal f of A is cleared. The contents of memory regi ster Yare not changed. 

STH i ~ 1340 + 20i + ~ STH 

Store half. Copy the contents of the right half of A into the designated half of memory register Y. 

The contents of A and of the remaining half of memory register Yare not changed. 

SHD i ~ 1400 + 20i + ~ SHD 

Sk i P if hal f di Hers. Compare the contents of the righ thai f of A with the contents of the spec i fied 

half of memory regi ster Y. If they do not match exactly, take the next instruction from memory 

address p+2. I f they do match; take the next instruction from memory address p+ 1. The contents 

of A and of memory regi ster Yare not changed. 
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A4-7 ALPHA CLASS INSTRUCTIONS 

SET i a 40 + 20i + a i=l: 4.5 fJsec, i=O: 6.0 flsec SET 

Set. Set the contents of memory register a equal to the contents of memory register Y. The contents 

of memory reg i ster Yare not changed. 

._------------_._-------_. __ ...... __ ._ .. __ ..... _------------------------------- -----------

DIS i a 140 -+ 20i + a 18 flsec DIS 

Display. Index the contents of memory register a if i=l. Intensify a po'int on the scope whose 

horizonta I posi tion is spec i fi ed by bits 3-11 of memory reg i ster a and whose vertical posi tion is 

specified by bits3-11 of A. Bit 0 of memoryregistera selects one of two display channels for 

intensification. 

The leftmost point which can be displayed corresponds to the horizontal coordinate 000 octal, 

and the rightmost point to 777. The lowest point which can be displayed'corresponds to the vertical 

coordinate -377, and the highest to +377. Bits o through 2 ofmernory regider aand of Ado not 

effect the position of the point which is intensified. 
L-________________________________________________________________________ _ 

XSK i a 200 + 20i + a 4.5 flsec XSK 

Index and skip. Index the contents of memory register a if i=l. If contents of(q) equals 1777,take 

the next instruction from p+2. Otherwise, take the next instruction from p+ 1 . 

A4-8 SAMPLE CLASS I NSTRUCTI ONS 

SAM in 100 + 20i + n 19.5 flsec SAM 

Sample. Sample the signal on one of 16 input channels selected by n. Leave 'its binary value, 

seven bits plus sign bit, in the least significant bit positions of the accumulator. The sign bit is ex'­

tended through bit O. O~n~ 7 selects one of the potentiometers on the display scope: 1 O~ n S 17 

selects one of the analog inputs in the terminal box. The i bit has no effect unless equipped with 

additional analog channels; then i selects the second 16 channels. 
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A4-9 MAGNETIC TAPE CLASS INSTRUCTIONS 

These instructions are used to transfer information between the internal core memory of the 

LI NC and digital tapes on either of the two LI NC tape transports. Two additional instructions in this 

class permit moving tapes and checking the integrity of information stored on tapes without modifying 

the contents of the tapes or the core memory. 

LI NC tapes are subdivided permanently into blocks by an initial process of marking which 

records a fixed pattern on certain portions of the tape. This pattern includes fixed block addresses which 

permit references to information stored on tape by means of a block number. Information is always trans­

ferred and checked in units of complete blocks which are specified by their block addresses. Each block 

includes a checksum for verifying the integrity of information transfers to and from the tape. 

A standard LI NC tape contains 1000
S 

(512
10

) addressable blocks numbered consecutively from 

000-777. Each block on a standard tape contains 400
S 

(256
10

) words corresponding to the contents of 

one quarter of a LI NC core memory modu Ie. The first core memory address whose contents are transferred 

to or from a given block is the first address within the specified memory quarter. Quarter 0 begins with 

address 0, quarter 1 with address 400, and so on up to quarter 7, which begins with address 3400. The 

length of blocks as well as the format of the block addresses can be varied by using a non-standard tape 

which has been marked using a non-standard marking program. Once a given tape is marked, however, 

the format is fixed for that tape unless it is completely erased and remarked. 

A4-9.1 Tape Motion and Searching 

Tape motion and searching are essentially identical for all magnetic tape instructions. The 

tape system automatically searches for and finds the specified block on tape and then completes the de­

sired operation. If the tape transport selected by a magnetic tape class instruction is not in motion at the 

time it is selected, it starts to move the tape in the forward direction (i.e., toward larger block addresses) 

until the next block address is read. If the tape unit selected is already in a state of motion, the initial 

direction of motion continues unti I the next block address is read. At this time the desired block number 

is compared with the block address just read and the tape is subsequently moved in the correct direction 

to approach the desi red block. When the desi red block address is reached and the tape is mov ing in the 

forward direction, the specified tape operation is carried out. 

At the conclusion of a tape instruction the i-bit of the tape instruction determines whether 

the motion of the tape is to continue or not. If the i-bit is a 1, tape motion continues in the direction 

it was moving at the completion of the instruction (usually forward). If the i-bit is a 0, the tape is moved 

backwards for a fraction of a second and is then stopped. In the event that the tape has been left in motion 

by ali n the i -bit position, the motion conti nues unti lei ther the end of the tape is reached, the computer 

is halted, or the next magnetic tape instruction is executed. Only one tape transport can be in motion 

under computer control at a given time. 
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A4-9.2 Transfer Check 

The term data sum refers to the sum (2 1s complement) of all the data words in a block. A data 

sum is automaticall y ca Icu I ated in the accumu lator whenever a block of tape is written, and its compl e­

ment, called the checksum, is written in a special place at the end of the block. When a block of tope 

is read, a new data sum is automatically calculated in theaccumulatorand the checksum from tape is 

added to it. If the result, called the transfer sum, is not -0, there has been a transfer error. Usage of 

this feature varies from instruction to instruction and is, therefore, described in detail for each. 

A4-9.3 Instruction Format 

All magneti c tape c I ass instructions are two-word instructions. The fi rst word spec i fi es the 

instruction, selects the left or right tape unit, and determines the motion of the tape following the com­

pletion of the instruction. The second word specifies the memory quarter(s) and the tape block address(es) 

used in the transfer. 

First word: 

Second word: 

Motion bit: 

Unit bit: 

0-"-----"0_0-'--_1, ,-1---=-_--=--0 i u 

tape class -------J! II 
motion bit _~ 
unit bit _ 

xxx 
\=- instruction 

xxx XXX XXX XXX 

QN bits 
BN bits 

See A4-9.1 

~_---i! 

If u=O, the lefthand unit is selected. 
If u=l, the righthand unit is selected. 

QN & BN bits: (for instructions RDC, RDE, WRC, WRI) 

The QN bits specify the quarter of memory involved. 
The BN bi ts spec i fy th e block of tape involved. 

QN & BN bits: (for instructions RCG and WCG) 

The QN bits speci fy the number of consecutive block-quarter transfers 
to occur, after the first block-quarter transfer. 

The BN bits specify the first block of tape involved in the transfer. 
Bits 0-2 of the BN bits specify the first quarter of memory involved 
in the transfer. 

QN & BN bits: (for instructions MTB and CHK) 

The QN oits have no meaning. In the CHK instrucf"ion, the BN bits 
specify the block involved. The use of the BN bits in the MTB in­
struction is explained under that instruction. 
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RDC i u 700 + 20i + lOu RDC 

Read and check. The spec i fi ed block is read into the spec i fi ed quarter of memory and the accumu­

lator is exam i ned for - O. I f it is - 0, the computer goes on to the next instruction. If not, the 

block is re-read unti lei ther a - 0 resu I ts or the computer is hal ted from the conso Ie. 

RCG IU 701 + 20i + lOu RCG 

Read and check group. The specified blocks are read into the specified quarters of memory. After 

each block is read, the accumulator is examined for - O. If it's not, the block is re-read until either 

a - 0 results or the computer is halted from the console. When all blocks have been read success-

fu Ily, the computer goes on to the next instructi on. 

RDE i u 702 + 20i + lOu RDE 

Read tape. The specified block of tape is read into the specified quar.ter of memory. The transfer 

sum is left in the accumulator and the computer goes on to the next instruction. 

~------------------------------------------'-------------------------------

MTB i u 703 + 20i + lOu MTB 

-------------------------------------------------------------------------------------------~ 

Move towards block. The first block address read from tape is subtracted from the block number 

spec i fi ed by the BN bi ts of the instruction and the di fference is left in the accumu lator . If i= 1, the 

tape is left in motion at the end of the instruction. Tape motion will be in the forward direction if 

the accumu lator is posi tive and in the backwards di rection if the accumu la tor is negative (i nc ludi ng 

-0). If i=O, tape motion stops at the end of the instruction. 

WRC i u 704 + 20i + lOu WRC 

Write and check. The specified quarter of memory is written in the specified block of tape. The 

tape then reverses, re-finds the spec i fi ed block, reads it, and exam i nes the accumu lator for - O. If 

it is - 0, the computer goes on to the next instruction. If not, the block is re-written and re-read 

unti lei ther - 0 resu I ts or the computer is hal ted from the console. Memory is not changed by th i s 

instruction. 
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WCG i u 705 + 20i + lOu WCG 

Wri te and check group. The spec i fied quarters of memory are wri tten into the spec i fi ed blocks of 

tape. After all the blocks are written, the tape reverses, re-finds the first block, and reads all 

the blocks just wri tten. The accumu lator is exam i ned for - 0 after each block is read, and if it is 

not - 0, the who Ie i nstruc tion is repeated, begi nn i ng wi th the block that fai led. When all blocks 

have been successfu Ily written, the computer goes on to the next instruction. Memory is not 

by this instruction. 

WRI i u 700 + 20i + lOu WRI 

Write tape. The specified quarter of memory is written in the specified block of tape. The checksum 

is left in the accumulator and the computer goes on to the next instruction. Memory is not changed 

by this instruction. 

CHK i u 707 + 20i + lOu CHK 

Check tape. The spec i fi ed block of tape is read and the transfer sum is left in the accumu la tor. 

Memory is not changed by this instruction. 

A4-l0 OPERATE CLASS I NSTRUCTI ONS 

OPR in 500 + 20i + n OPR 

Operate channel n. These instructions form a powerful, though complex, set of input-output com­

mands whose functions are partially controlled by signals from external equipment. They are ex­

ecuted by the PDP-8 portion of the LINC-8. 
L--__________________________________________ , __ , __ 

OPR i 13 513 + 20i < 200 f-Isec (PDP) 

Transfer control to PDP-8 mode by executing a PDP-8 JMS instruction to the absolute address speci·· 

fied in the Linc A register. Th is address is taken to be in the first 4K segment of LINC-8 memory. 

i B it has no effect. L-_________________________________________________________________________ _ 
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aPR 14 (TYP) 514 <200 IJsec TYP 
1---------------------------------------------... --

Print the ASCII Character in bits 4-11 of the Linc A register. If Teletype Printer is free, put charac­

ter in printer buffer and immediately return to LINC programming. If printer is not finished, then 

pause until character can be put in printer buffer. 

aPR i 15 515 + 20i <200 IJsec KBD 

Read keyboard. If a key has been struck, the code number corresponding to the key is read into A, 

and the instruction is completed without pausing whether i=O or i=1. If no key has been struck and 

i= 1, the computer pauses unti I a key is struck, then reads the key code into A, and continues to the 

next instruction. If no key has been struck and i=O, there is no pause and the computer goes to the 

next instruction with A cleared. 

aPR i 16 516 + 20i <200 IJsec RSW 

Right switches. The contents of the RIGHT SWITCHES on the console are read into A. There is no 

pause. The i bit has no effect. 

aPR i 17 517 + 20i <200 IJsec LSW 

Left switches. The contents of the LEFT SWITCHES on the console are read into A. There is no 

pause. The i bit has no effect. 
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