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PROGRAMMING THE LINC-8

PREFACE

This document is derived from several works developed by persons outside of DEC.

"Programming the LINC" LINC V16 Section 2 Programming and Use, April 1965, by Mary Allen Wilkes

and Wesley A. Clark, Washington University, St. Louis, Mo., was used, with some changes felt ap-
propriate, for the discussion of the instruction set of the LINC portion of the LINC-8. "A LINC Utility
System" Technical Report 1, March 19, 1965, written by M.D. McDonald, S.R. Davisson, and J.R.

Cox, Jr., Biomedical Computer Laboratory, Washington University, St., Louis, Mo., was used to
provide a basis for the discussion of the LAP4 and GUIDE systems. To the above individuals, as well
as others at the Computer Research Laboratory of Washington University, the National Institutes of

Health, the National Aeronautics and Space Administration, and individual LINC users, we are greatly
indebted.
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CHAPTER 1
INTRODUCTION

The Digital Equipment Corporation LINC-8 system is comprised of two subsystems: a standard
Programmed Data Processor-8 (PDP-8); and the LINC subsystem consisting of a central processing portion,
a display scope, and a dual tape transport. The two subsystems are interconnected by a special interface
section which mediates the interchange of data and control, and both share a dual console. The LINC-8
is designed to operate in one of two modes. In the first mode, it operates as a standard basic PDP-8 com=-
puter system. In the second, it operates essentially as a LINC having certain special in/out and speed
characteristics. Despite these differences and improvements, the LINC subsystem will often be referred
to simply as the LINC throughout the manual .

In the LINC mode, the LINC section is controlled by an ordinary LINC program held in the
upper half of the PDP-8 memory (which is arranged to correspond exactly to the standard LINC memory of
2048 words). The PDP-8 memory can be expanded to 32,768 words. The LINC section is designed to call
and carry out all instructions of the LINC program except MTP, OPR, and a new instruction called EXC.
Instructions of this excepted class, called the execute class, are carried out by interpretive routines held
in the lower half of the PDP-8 memory, which also holds programs for the interpretation of console switch
actions and for the conversion of Teletype input to LINC keyboard code. The interpretive program is
named PROGOFOP (PROGram OF OPeration), and is automatically read into the PDP-8 memory from

magnetic tape by a wired-in LOAD mode initiated at the console.

1=1 MANUAL ORGANIZATION

This manual presents programming information relating to the LINC subsystem of the LINC-8
computer. The registers, switches, and indicators referenced in this document are associated with the
LINC section and are located on the left half of the LINC-8 dual console. The RIGHT SWITCHES used
in the LINC mode of operation also serve as the switch register for PDP-8 operation. Programming infor-
mation for the PDP-8 subsystem of the LINC-8 can be obtained from the PDP-8 Users Handbook, F-85.

The first two chapters of this document acquaint the reader with number systems, instructions,
and programming examples., Chapters 3 and 4 discuss the LINC Utility System (GUIDE and LAP4) which
provides the user with information necessary to use these basic system programs for compiling and manipu=
lating LINC=-8 programs.

Like most digital computers, the LINC-8 operates by manipulating binary numbers held in various
registers under the control of a program of instructions which are themselves coded as binary numbers and
stored in other registers. LINC-8 instructions generally fall into types or classes, the instructions of a

class having certain similarities. In this description, however, instructions are introduced as they are
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relevant to the discussion. Reference to chart I appendix 2 is therefore recommended when class charac-
teristics are described. Furthermore, not all LINC-8 instructions are described here in detail; therefore

this document should be read in conjunction with the LINC-8 order code summary in appendix 2.

1-2 NUMBER SYSTEMS

The best way to begin studying number systems is to consider only a few of the registers and
switches which are shown on the LINC-8 control console: the ACCUMULATOR (ACC) which is a register
of twelve lights; the LINK bit (L); the LEFT and RIGHT SWITCHES, which are rows of twelve toggle
switches each; and one lever switch labeled DO. The number systems and operation of several of the
instructions can be understood in terms of these few elements.

The elements (bits) of each register or row of toggle switches are to be thought of as numbered
from left to right starting with 0. This will serve to identify the elements and to relate them to the numer-
ical value of the binary integer held in the register. C(ACC) denotes the contents of the accumulator

register, etc, If the accumulator is illuminated thus

b ACCUMULATOR i

@ Light off

20 200 0O0é& 08O

0o 1 2 3 45 6 7 8 9 10 n |Q Lnton
then the binary number stored in the accumulator is
C(ACC) =010 011 100 101 (binary)
which has the decimal value
C(ACC) = 2]0+ 2?+26 +25 +22+2O
=1024+128+64+32+4+1
= 1253 (decimal)

This can also be considered as an octal number by considering each group of three bits in turn. In this

example, grouping and factoring proceed as follows:

cAce) = 2'% + @428 + @) + %20
=227+ @'42%2° + (2923 + 2% 2920
= (2)-8%+(3)-8% + (4)-8' +(5).8°
=3 3 4 5

= 2345 (octal)
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To put this more simply, each octal digit can be treated as an independent 3-bit binary number

whose value (0, 1, ..., 7) can be obtained from the weights 22, 21, and 20:

f ACCUMULATOR {

I

O

Y

0 00 0&e
L

4 2 1 4 2 1, A4 D
'

5 3

This ease of representation (the eight possible combinations within a group are easily perceived

O
4

LS

mﬁm

= 2345 (octal)

and remembered) is the principal reason for using octal numbers; the octal system can be viewed simply as

a convenient notational system for representing binary numbers. Of course, octal numbers can alse be

manipulated arithmetically .
Translation from one system to the other is easily accomplished in either direction. Here are

some examples:

1 0 7 3 0o 2 &6 5 f246(octu|)
001 000 111 011 000 010 110 101 111 010 100 110 (binary)

Sometimes it is useful to view the contents of a register as a signed number. One of the bits
must be reserved for the sign of the number. The leftmost bit is therefore identified as the sign bit (0 for

+, 1 for =). To change the sign of a binary number, complement the number (replace all 0's by 1's and
vice versa). Examples:

000 000 000 O11 =+3
111 111 111 100 =-3

011 111 111 111 =+3777 The largest positive and negative octal integers
100 000 000 000 = -3777 in the 12-bit signed-number system.

The pair of binary numbers 101111110011 and 010000001100 (57638 and 201 48) are comple-

ments of each other, and denote the complement of the number N by N. Note that the sum of each

binary digit and its complement is the number 1, and that the sum of each octal digit and its comple-

ment is the number 7. Note also that there are two representations of O:

000 000 000 000=+0
11 111 111 111 =-0

Note finally that the sum of any binary number and its complement is always =0 in this system.
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CLR, COM,
ATR, RTA, RSW.

CHAPTER 2
INSTRUCTIONS

2-1 SIMPLE INSTRUCTIONS

LINC-8 instructions themselves are encoded as binary numbers and held in various registers,
The simplest of these instructions, namely those which operate only on the accumulator, are described

first with reference to the LEFT SWITCHES.
Raising the DO lever (DO means "do toggle instruction") causes the LINC to execute the in-

struction whose binary code number is held in the LEFT SWITCHES. The LINC then halts. For example,
if the LEFT SWITCHES are set to the code number for the instruction CLEAR, which happens to be 001 ]8'
and the DO lever is then momentarily raised, the ACCUMULATOR lights all go out as does the LINK bit
light, so that C(ACC) =0, and C(L) = 0. In setting a switch, up corresponds to 1.

Do e LEFT SWITCHES ——m—m——m8 —
LEFT SWITCHES SET

@ s1s 318 83 914 Loman

STOP FOR "CLEAR."

0 o} 1 i

Briefly: If C(LEFT SWITCHES) = 001 ]8, DO has the effect 0 - C(ACC) and 0 = C(L). (Read
"0 replaces the contents of the accumulator, " etc.).

Clear (or CLR) is an instruction of the class known as miscellaneous instructions. A second
miscellaneous class instruction, COM (complement), with the code number 001 78’ directs the LINC to
complement the contents of the accumulator and therefore has the effect C(ACC) = C(ACC). (Read:

"the complement of the contents of the accumulator replaces the contents of the accumulator.")

Two other instructions of this class transfer information between the accumulator and the relay
register. The relay register, displayed on the control console, operates six relays which can be used to
control or run external equipment. An instruction with the code 001 48’ called ATR (accumulator to relay),
directs the LINC to transfer the contents of the right half of the accumulator, i.e., the rightmost six bits,
into the relay register. The accumulator itself is not changed when the instruction is executed. Another
instruction, called RTA (relay to accumulator), 00158, causes the LINC to clear the accumulator and
then transfer the contents of the relay register into the right half of the accumulator. In this case the relay
register is not changed and the left half of the accumulator remains cleared (i.e., contains 0's).

Another instruction called RSW (right switches), 0516, directs the LINC to copy the contents

8!’
of the RIGHT SWITCHES into the accumulator. By setting the LEFT SWITCHES to 051 68' the RIGHT

SWITCHES to whatever value wanted in the accumulator, and then momentarily raising the DO lever,
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the operator can change the contents of the accumulator to any desired new value. The drawing

shows how the switches should be set to put the number 6451 into the accumulator;

8

Do M——— LEFT SWITCHES ——#»l @— RIGHT SWITCHES —
T 338 939 j]4 ddg  8dg djg dqd ¢3¢
STOP
CODE NUMBER FOR RSW 6451 —8» C{ACC) WHEN
INSTRUCTION =0516 DO LEVER IS RAISED
2-2 SHIFTING

After a number has been put into the accumulator it can be repositioned (shifted) to the right
or left. There are two ways of shifting: rotation, in which the end-elements of the accumulator are

connected together to form a closed ring, and scaling, in which the end-elements are not so connected.

LCO HJ
D SO OeI eI -]

Rotation
L 0 11
O LIl Il ]=-[TTI=-[TT]>.
Scaling
Examples of shifts of one place:
Effect of retating Effect of scaling
right 1 place right 1 place
Before | 000 000 011 001 000 000 011 001 =+25 (decimal)

After 100 000 001 100 000 000 001 100 =+12

Before | 111 111 100 110 111 111 100 110==25 (decimal)
After 011 111 110 011 111 111 110 011 ==12

Note that, in scaling, bits are lost to the right, which amounts to an error of rounding off;
the original sign is preserved in the sign bit and replicated in the bit positions to the right of the sign bif.
This has the effect of reducing the size of the number by powers of two (analogous to moving the decimal

point in decimal calculations).
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ROR, ROL, SCR
The LINC has three instructions, called the shift class instructions, which shift the contents
of the accumulator; rotate right, rotate left, and scale right. Unlike the simple instructions considered
so far, the code number for a shift class instruction includes a variable element which specifies the number
of places to shift. For example, write ROL n (rotate the contents of the accumulator n places to the left),
where n can be any number from 0—178.
As a further variation of the shift class instructions, the link bit can be adjoined to the accum-

" ulator during rotation to form a 13=bit ring as shown below, or to bit 11 of the accumulator during scaling

to preserve the low order bit scaled out of the accumulator:

L~LD'—'FOIII-*IIIF—-IH-*IH%-J

11

Rotation with Link Bit

[T T} IJ-LJ_I—'-EDHJ

0 11
Scaling with Link Bit

The code number of a shift class instruction, e.g., rotate left, therefore includes the number
of places to shift and an indication of whether or not to include the link bit, Use the full expression

ROL i n, which has the octal coding:

{i =0: ACC only
[ i =1: linke—= ACC
ROLin 0240 + 20i +n

number of places to shift
n=0,1, ...,17)

so that, for example, rotate ACC left 3 places has the code 0243, and rotate ACC with link left 7 places
has the code 0267. Note the correspondence between the code terms and bit positions of the binary-

coded instruction as it appears, for example, in the LEFT SWITCHES:

THE "i-BIT"

0 ‘ 11 .
\%cﬁ% C@cgqa d%@k% cg(g(gj ROL i 7

CODE NUMBER = 02867

ROL n

Similar coding is used with ROR i n (rotate right), 300 + 20i + n, and SCR i n (scale right), 340 + 20i + n.
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2-3 LINC MEMORY AND MEMORY REFERENCE INSTRUCTIONS

Before proceeding to other instructions, it is necessary to introduce the LINC memory. This
memory is to be regarded as a set of 1024.'0registersT each holding 12-bit binary numbers in the manner
of the accumulator. These memory registers are numbered 0, 1, ..., 102310, or Q; 1, wivy 17778, and
reference is made to "the contents of register 3," C(3), "the contents of register X, " C(X), etc., refer-
ring to "3" and "X" as memory addresses.

The memory actually consists of a remotely-located array of magnetic storage elements with
related electronics, but for introductory purposes view it in terms of two registers of lights, namely the

memory address register and the memory buffer register;

j—— MEMORY ADDRESS —m—
(1] O] [1T1] 117

—_— MEMORY BUFFER —

[(1T] T (OI1J O
L b———— AccumuLATOR —————]

0 OO0 OO O™ 01 PDP-8

l——— — LEFT SWITCHES ——— P Ml——— RIGHT SWITCHES ———m~

FTT FEF TR BV FEF BT RRR ¢ XK

By using these two registers in conjunction with the LEFT SWITCHES it is possible to find out
what values the memory registers contain. For example, to find the contents of register 3, set the RIGHT
SWITCHES to memory address 0003 and then operate the key labeled EXAM. As 0003 appears in the
memory address register, the contents of register 3 appear in the memory buffer register. By setting the
RIGHT SWITCHES to amemory address and pushing EXAM, the contents of any register in the LINC memory
may be examined.

The contents of any selected memory register may be changed by using both the LEFT and
RIGHT SWITCHES and the key marked FILL. For example, to make the memory register whose address is
700 contain =1 (i.e., 77768) set memory address 0700 into the RIGHT SWITCHES . Set the LEFT SWITCHES
to 7776 and operate the FILL key. A 0700 appears in the memory address register and 7776 appears in the
memory buffer register, indicating that the contents of register 700 are now 7776. Whatever value regis-
ter 700 may have contained before FILL was pushed is lost, and the new value takes its place. In this
way any register in the LINC memory can be filled with a new number.

None of the LINC instructions make explicit reference to the memory address register or memory
buffer register; rather, in referring to memory register X, an instruction may direct the LINC implicitly to
put the address X into the memory address register and the contents of register X, C(X), into the memory

buffer register.

TSee appendix 3 for the discussion of extended memory programming.
8
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STC, ADD
2-3.1 The Store=Clear Instruction (4000 + X)

Now it is possible to describe the first of the memory reference instructions, STC X (store-clear

X), which has the code number 4000 + X, where 0 < X <1777,. (From now on only octal numbers will

be used for addresses.) Execution of STC X has two effects; 18) the contents of the accumulator are copied
into memory register X, C(ACC)—~C(X), and 2) the accumulator is then cleared, 0—+C(ACC). (The link
bit is not cleared.) Thus, for example, if C(ACC) = 0503 and C(671) = 2345, and the code number for
STC 671, i.e., 4671, is set into the LEFT SWITCHES, raising the DO level puts 0 into the accumulator
and 0503 into register 671. The original contents of register 671 are lost,

It will be clear that the memory can be filled with new numbers at any time either by using
the FILL key and the switches, or by loading the accumulator from the RIGHT SWITCHES with the

RSW instruction and the DO lever and then storing the accumulator contents with the STC X instruction

and the DO lever.

2-3.2 The ADD Instruction and Binary Addition (2000 + X)

STC is one of three full-address class instructions. Another instruction in this class, ADD X,
has the code number 2000 + X where 0 < X <1777, Execution of ADD X has the effect of adding the
contents of memory register X to the contents of the accumulator, i.e., C(X)+ C(ACC)- C(ACC).

If the accumulator is first cleared, ADD X has the effect of merely copying into the accumulator the
contents of memory register X, i.e., C(X)—=C(ACC). In any case, the contents of memory register X
are unaffected by the instruction.

The addition itself takes place in the binary system,* within the limitations of the 12-bit
registers, The basic rules for binary addition are simple: 040=0; 14+0=1;1+1=10 (i.e., zero,
with one to carry). A carry arising from the leftmost column (end-carry) is brought around and added
into the rightmost column (end=-around carry). Some examples (begin at the rightmost column as in

decimal addition):

001 111 010 001 111 100 010 011
000 010 111 001 001 010 010 000
11 111 1 1 (Carries) 1 11 1 (Carries)
010 010 001 010 (Sum) 000 110 100 011
: > (End-around carry)
11 (Carries)

000 110 100 100 (Sum)

*See Volume 16, Section 1, "An Introduction to Binary Numbers and Binary Arithmetic," Irving H. Thomae.

9
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HLT

The reader should try some examples of his own, and verify the fact that adding a number to
itself with end-around carry is equivalent to rotating left one place. With signed-integer interpretation,

some other examples are:

000 000 000 101 =45 111 111 111 010 ==5
111 111 111 100 ==3 1117 111 111 100 ==3
T 111 111 111 1 111 111 11
( 000 000 000 001 ( 111 111 110 110
> | 1
1
000 000 000 010 =+2 177 111 110 111 = =8 (decimal)

It can be seen that subtraction of the number N is accomplished by addition of the complement
of N, N. Of course, if either the sum or difference is too large for the accumulator to hold, the result
of the addition may not be quite the desired number. For example, adding 1 to the largest positive integer
in this system (+ 377’78) results in the largest negative integer (= 37778). This is sometimes called over=-

flowing the capacity of the accumulator.

2-3.3 Instruction Location Register

It is clear that the code numbers of a series of different instructions can be stored in consecu-
tive memory registers. The LINC-8 is designed to execute this stored program of instructions by fetching
and carrying out each instruction in sequence, using a special 10-bit register called the instruction lo=
cation register (P), to hold the address of the next instruction to be executed. Using the FILL key
and the LEFT and RIGHT SWITCHES already discussed, can, for example, put into memoryregisters 20-24
the code numbers for a series of instructions which divide by 8 the number held in memory register 30 and

store the result in memory register 31:

Memory Address Memory Buffer Effect
Start -
20 CLR 0011 Clear the accumulator.
21 ADD 30 2030 Add the contents of register 30 to the
accumulator,
22 SCR 3 0343 Scale C(ACC) right 3 places to divide by 8.
23 STC 31 4031 Store in register 31.
24 HLT 0000 Halt the computer.
30 N N Number to be divided by 8.
31 N/8 N/8 Result.
Example 1 Simple Sequence of Instructions

10



PROGRAMMING THE LINC-8

JMP
Use the FILL key and the LEFT and RIGHT SWITCHES to put the code numbers for the

instructions into memory registers 20-24 and the number to be divided into register 30. Operating the
console key labeled START 20 directs the LINC to begin executing instructions at memory register 20.
That is, the value 20 replaces the contents of the instruction location register. As each instruction of the
stored program is executed, the instruction location register is increased by 1, C(P) +1-C(P). When
the instruction location register contains 24, the computer encounters the instruction HLT, code 0000,
which halts the machine. To run the program again, merely operate the START 20 key. (The code

numbers for the instructions stay in memory registers 20-24 unless they are deliberately changed.)

2-3.4 The Jump Instruction (6000 + X)

The last full-address instruction, JMP X, code 6000 + X, has the effect of setting the instruc-
tion location register to the value X; X — C(P). That is, the LINC, instead of increasing the contents
of the instruction location register by one and executing the next instruction in sequence, is directed by
the JMP instruction to get its next instruction from memory register X. In the above example having a
JUMP to 20 instruction, code 6020, in memory register 24 (in place of HLT) would cause the computer
to repeat the program endlessly. If the program were started with the START 20 switch, the instruction
location register (P) would hold the succession of values: 20, 21, 22, 23, 24, 20, 21, etc. (Later in-
structions will be introduced which increase C(P) by extra amounts, causing it to skip.)

JMP X has one further effect: if JMP 20, 6020, is held in memory register 24, then its execu-
tion causes the code for JMP 25 to replace the contents of register 0; i.e., 6025~ C(0). More generally,
if JMP X is in any memory register p, 0 < p <1777, then its execution causes JMP p+1 -~C(0).

:.23?::: Memory Buffer Effect
0 JMP p+1 | 6000 + p+1
~ p JMP X | 6000 + X X — C(P), and JMP p+1 — C(0).
p+]
X - - Next instruction,

This JMP p+1 code replaces the contents of register 0 every time a JMP X instruction is executed
unless X =0, in which case the contents of 0 are unchanged. Use of memory register 0 in this way is

relevant to a programming technique involving subroutines which is described later .

tSee appendix 3 for a discussion of JMP X when using extended memory .
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