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Introduction

The PDP-1 is & bimary, word-oriented digital computer. It
has the abllity to perform arithmetic upon numbers represented in
either of two formets known as one's complement and two's
complement respectively. Two's complement is & relatively recent
addition to the PDP-1 but it is the preferred mode of operation.
Therefore, this manual will describe 1in detail only the two's
complement mode of operetion. However, since mny existing
programs are written to run in one's complement mode, a brief but
complete description of one's complement mode mey be found in
Appendix I.

Although two's complement mode 1s preferred, one's comple-
ment mode is still the default mode of operation. To assemble and
debug & program to run in two's mode, the following three steps
mist be takene

1., Place the symbol "twos" at the beginning of the
program that you wish to assemble. This tells the
agsembler that your program iz to run in two's mode.

2. Make "e2m" the first instruction of your program.
This will set the computer to run in two's complement
mode.

3. Type "*Dtwos" to ID. This tells ID that numbers are
represented in two's complement form. This need only be

done once during each console sesslion.



i, Basic Instructions
1.1 Word Formts

Each PDP-1 word i1s 18 bits long. The bits are numbered, in
decimal, O to 17 from left to right. In this mmal, all numbers

are octal, unless otherwise specified. The numbering of bit
positions in words 1s always decimal,

o1 2 3 4 5 6 7 8 91011121314‘151617

| [ 1 1] 1 1T 1 1
~ first ' last
octal diglt octal digit
1.1.1 Number Formats

The entire word mey be regarded as a_signed 18-blt number.
Bit O is the sign bit. It is on (i.e., a “1") if the number is
negative. Positive numbers are represented in the ordinary blmary
notation. The range of positive numbers that can be represented
is O to 377777 (1310T7L decimal). The negative of a number is
formed by complementing all bits of the number and then adding 1.
Hence =1 is represented as T77777. 400000 (-131072 decimllﬁ is
the most negative number that can be represented. Note that the
negative of O is TTTTTTH which is O. _



Examples

Number (base 10) Two' s Complement
0 | 0
5 5
-5 TTT773
131071 3TTTTT
-131071 4oo001
131072 400000

By 1ignoring the sign convention, & progréam could deal with
data words &as unsigned numbers ranging between O and 262143
(decimal) or O and TTTTTT (octal).

The addition rule for 2 18-bit numbers is as follows. Add
the 2 numbers in the normal fashion, propagating carries to the
left. If there 1s & carry out of the 1ast bit (bit 0) it 1s
ignored. The addition is s&id to overflow Iif the result does not
correctly represent the algebrailcally correct sum, 1.e., the

megnitude—of-the correct result 1s gresterthamr 3TTTT R, ¢/ (1 Hhe renge

~Y90 200 ﬁ 3227722,

The overflow condition is equivalent to the condition that a
carry occurred from bit 1 but not from blt O or vice versa.

Example
7
+ -1
123456 123456
~NN 2 666666 + 666686  (-1ui1Z)

FOIo348 12344 =101236F



1.1.2 A ddressable Instruction Formmt

Instruction Part ' A ddress Part

7\ N\

0 1 2 3 4 5'6 7 8 940411 12 13 14 15 16 17
rc 0 ¢ ¢ C[I[A A K & K K A K A A & A]
\ v v \ J

. ““»/
Op. Code T 1 of 4096 (decimrl) locations
the ™1" pit

The "instruction pert® consists of 5 bits (the "op. code®)
that tell which instruction the computer will do if 1t executes
this word, &and the ™i-bit" which has to do with address
modificatlon.

Except for jnp &and Jsp, addressable instructions take a
minimum of two Temory cycles -- one to fetch the actwal
instruction and another to fetch the operand. %?ugmand Jsp do not
take an operand and consequently, redquire a min of one cycle,
The amount of time required for the execution of an addressable
instruction depends on what addressing is done gsee PDP=35,
INSTRUCTION MANUAL, Part 2 for complete informatlion). Under the
most common conditions, the actuwal time required for instruction

execution 1s the minimum time given above.

1.1.6 Non-addressable Instruction Format

01 2 3 4 5 6 7 8 91011 12 13 14 15 16 17

[ C CCCIE EEEEE EE E E E E EJ

N AW J
N/ N\

Op. Code Extended Op. Code

The low 13 bits are actually an extension of the op. code,
further specifyling what the computer is to do. Non-a&ddressable
instructions never require more than one cycle because they do
?ot reference memory, except for the instruction with PRL on
See PDP-35, INSTRUCTION MANWAL, Part 5).



1,2 Registers

The PDP-1 contains 6 18-bit registers which define the state
of the user's process They are the A (accumilator), I
(1nput/output register}, X  (index register), G, F (flag
register), and W. When the user first logs in, all of these
registers contain O (a1l bits off). This defines the initial
state of the user's process. Each of these registers has 1ts own

properties.

1.2.1 Accumulator

The accumulator is the ma jor register for use 1n processing
data. Most arithmetic and logical instructions operate on data in
A and leave results in A,

1.2.2 Input/Output Regilster

The input/output register was originally used primarily for

input/output operetions. This 18 no longer true. I is now &
secondary accumulator. Many arithmetic and logical operations ca

be performed on data contained in I.
1.2,3 ‘Index Register
The index register has two functions. First, it is used 1n

addressing memory (See PDP-35, INSTRUCTION MNUAL, FPart 2).
Second, it is, like I, a secondary accumulator.



1.2.4 G Register

The G register contains the 15-blt program counter, the
overflow Dbit, the extend mode bit, and the arithmetlic mode bit.

The progrem counter (PC) is bits 3-17 of the G reglster. The
purpose of the progrem counter is to tell the processor where in
memory the instruction that is to be executed next lies. The
program counter is incremented after each instruction so that
instructions are executed sequentially, according ¢to their
locations 1in memorye. When the program counter 1s incremented,
carries out of bit 6 of G are lost. Thus, the Instruction
executed after the instruction in location 7777 1s the
instruction in location OJiCertain testing instructlons increment
the PC an extra time, causing &an 1instruction to be skipped.

Bit O of G 1s the overflow bit (OWF). It is set to 1 by
certain arithmetic instructions when overflow. occurs, and cleared

by the szo instruction. Bit 1 of G 1s the extend mode bit (EXD).
This bit is used in addressing (See PDP-35, INSTRUCTION MANUAL,

Part 2). Bit 2 of G 1s the arithmetic mode bit (TWOS). If this
bit 1is off, the processor is in one's complement modeg if this
bit it on, the processor 1s in two's complement mode.

The formet of the G register is shown below.
6 7 8 91011 12 13 14 15 16 17

014 2 3 4 5

Of[E[T[P P P P P P P P P P P P P P P

v|{x|w|Cc ¢c ¢ ¢c ¢c¢CcCcCCCCOCTCGCTCOC

F|plo|/3 # 5 6 7 8 91 1 1 1 1 1 11
S 01 2 3 4 5 6 17




1.2.5 Flag Reglster

The flag register contalns the 6 progrem flags and several
bits which define various states of the processor.

The prograni flags are 6 1-bit reglsters that may be quickly

and convenlently set and tested by progreams (see Operate and Skip
class instructions and also PDP-35, INSTRUCTION MANUAL, Part 3,

section 3.2.6 concerning the light pen).

The 3 bits AMD, AEF, and AAL determine the mode of
~addressing which the processor will use on memo referencing
instructions (see PDP-35, INSTRUCTION MANUAL, Part 2).

The 2 bits SBH (Sequence Break Hold) and SBM (Sequence Break
Mode) determine the state of e sequence break system (see” PDP-
5, INSTRUCTION MANUAL, Part 3).

The ESI (Execute Single Instruction) bit causes  the
processor to trap after each instruction 1s executed (see PDP=35,

INSTRUCTION MANUAL, Part 5).

The PRL (Progream Reference List) bit affects the way in
which the ivk (Invoke) Instruction works (see PDP-35, INSTRUCTION
MANUAL, Part 5). When the PRL bit is 1, references to memory

locations O-77 are illegal,
The format of the F register 1s as followse

o1 2 3 4 5 6 7 8 91011 12 13 14 15 16 17
A A A[S S|P|E P P P P P P
M E A|B B|R[S F FFPFFF
p F L/ M H[L|I 12 3 4 5 6

1.2.6 W Register

The W register, a software reglster maintained by the time-~
sharing supervisor, is used solely for communication with the
supervisor«Certain mta and lvk instructions (both are supervisor
calls) use the W register (see PDP-35, INSTRUCTION MANUAL, Part

5).



1,3 Instructions to Set the Arithmetic Mode

The PDP-1 processor may operéte in either of two arithmetic
modes, one's complement and two's complement. The arithmetic mode
in which an instruction is executed 1s determined by the state of
the TWOS bit in the G register., When the TWOS bit 1is off
(contains a 0), the processor 1s 1n one's complement mode. One's
complement mode (TWQGS off) is the default mode. The following
instructions change the state of TWOS.

Mnemonic Op.Code Name Function
e2m . 770060 Enter two's mode Set TWOS to 1
"elm 770061 Enter one's mode Set TWOS to O

The instructions add, &adm, sub, mul, div, 1idx, isp, sft,
opr, and opr i (the micro-program instruction) behave d ferently
h one's and two's mode. Address arithmetic is always done in the
current arithmetic mode. '




1.4 Addressable Instructions

In this section, the symbol "y" when used in the context of
"ins y" means the memor§ location referenced by the instruction
"i1ns®. The notation “(y)* means the contents of location y. ‘For
infoermAation on how addresses are computed, see PDP-35,

INSTRUCTION MANUAL, Part 2.

1.4.1 Data Moving Instructions

These instructions s8erve to move data Dbetween  memory
locations and the A, I, and X reglsters. These instructions copy
data words (or parts of wordss from one place to the other and
never destroy information at the source. N

Mnemonic Op.Code Neme Function

lac y 20 load A copy (v) into A
lio y 22 load I Copy (y) into I
xr y 12 load X copy (y) into X
dac y 24 deposit A Copy A into y
dio y 32 deposit I ‘Copy I into y
dap y 26 deposit address Copy the low 12 bits of A
part of A into y. The high 6 bits of
Y are unchanged
dipy . 30 deposit instruc- Copy the high 6 bits of A
' | tion part (of A) into y. The low 12 bits of
_ ‘ y are unchanged
dzm y 34 deposit zero in Makes location y contain O

memory



1.4.2 Logical Instructions

These instructions take one operand in A and the other from
a memory location. The result is left in A, Each bit of the
result depends only on the corresponding bilts of A and the memory

word before the operation.

Mnemdnic Op.Code Name

and y 02 and

ifor y o4 inclusive
: | or

xor y 06 exclusilve

or

Each Dit of A will be a 1
if and only 1if the corres-—
ponding bits in A (before
the instruction) and (y)
were =—-

both one

not both zero

different

iy



1.4.3 Arithmetic Instructions

The following instructions are wused to comgute sums and
differences. The "left™ operand 1s in A and the “right" operand
is taken from memory, The result is left in A and in the case of
adm (add to memory), it replaces the contents of the memory

location as well.

The overflow bit OVF will be set by the add, adm, or sub
instructions if the signed result cannot be correctly represented
in 18 bits. This 1is the case if and only if a carry occurred from
bit one and no carry occurred from bit O, or vice versa. See the
szo instruction.

Mnemonic Op.Code Name Functlon
add y 40 add Sum of A and (y) to A
adm y 36 add to memory Sum of A and (y) toA and y

sub y 42 subtrect " A minus (y) to A
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1.4.4 Multiply
- 2 SPAcCES

Multiply/gperates upon two 18 bit numbers to produce a 36

bit product.’mul my be viewed as multiplying two 17 bit integers
lus signs to produce a 35 bit integer plus sign 1n the combined
and I registers. pjyL pever SETS THE OVERPFLOW BIT OVF

01 2 16 17 0 1 2 16 17

stgn{=] [ [*e*] [ I [ [ [+*e] 1]
A I T

least significant bilt

When two integers are multiplied such that the result can be
held in one register, the entire result will be in I in the
conventional signed integer format.

Examples ==
Before mul After mul
A y A I
3 200000 0 600000
-3 200000 TT7T77 200000
3 2 0 6
-3 2 TT7777 177772
400000 2 777777 0
4100000 _ 400000 200000 0
Mnemonic Op.Code Name Function
mul y 54 multiply A times (y) to A,I

Multiply takes & minimum of two memory cycles plus from 3 to
15 microseconds, depending on the number of one's 1n A,



g

1.4.5 Divide

Divide (div) takes a double-length integer in A and I (in
the format produced by mul) and divides this by a single length
integer in the addressed memory location. The result of a div 1is
a single-length integer quotient in A, and a single-length
integer remainder in I. The sign of the remainder will be the
same as that of the dividend. Joes _

If a gquotient overflow occurs, that/ is, if the dilvisor goes
into the dividend more times than can/ be represented 1in the
accumulator (A), the div instruetion not skip. If & div does
not skip, the contents of the A and I registers are preserved Iif
the divisor is O, otherwise they are usually destroyed. dlv never
sets the overflow bitJorF. :

Examples
Before divide | After divide
A I c(y) | A I
0 16 2 7 o]
0 7 3 2 1
0 11 TT1773 -1 4
0 25 TTTTT4 : =5 1
1 400000 200000 6 0
TTT776  3T7TT77 TTTTTH 300000 -1
777777 0 400000 2 0
200000 0 400000 400000 0]
6 TTTT76 o] no skip, A and
~ . I unchanged
10000 222222 100000 no skip, A and
I destroyed
27777 estroye
Mnemonic Op.Code Name Function ,
div y 56 divide Quotient of (A,I)/(y) to A

Remeinder to I
Skip 1if the quotient does
not overflow

Divide instructions which skip take two cycles plus 20
milcroseconds. Divide-instructions which restore A-—and I-and—do-

not SKIp-take 2-cyclesy other non-skipping divides take 2 —eyeles g

S i S
_ ' wp
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1.4.6 Counting Instructions

The two instructions 1dx and 1sp add one (in-the—eurrent _
Spithmetie—mede) to the contents of the specified memory location
and leave the result both in memory and A. 1sp skips the next
instruction if the result is positive. Neither Instruction will

set overflow, A

Mnemonic Op.Code Name Function
ix y L4y index ’L(y) +1 to A and ¥y
ettt s e |
1sp ¥ 46 index and skip (y) +1 to A and y
if result positive skip if result > O
1.b4.7 Compare Instructions

The following two instructions are used to compare A Wwith
the contents of & memory loction. The comparison 1s done bit-by-
bit, therefore, the contents of A are the same as the contents of

memory if and only if every bit of A is %he same as the
corresponding bit in memory.

-Mnemonic Op.Code Name and Function

sas y 52 skip if A 1s the same as (equal to) the
contents of y

sad y 50 skip if A 1is different from (y)



b

1.4,.8 Trensfer of Control

All of the following instructions have the effect of
changing the program counter (PC) so that the PDP-1 will begin
" executing instructions 1ln & new sequence.

Mnemonic Op.Code Neme Function

Jmp y 60 Jump transfer control to location
' Y

Jap v 14 jump and deposit store G in y, Jjump to y+l
program counter

Jspy 62 Jump and save Jump to y and save G in A
program counter

Jda y 17 jump and deposit store A Iny, save G iInA
accumulator Jump to y+& (dac y, Jsp y+1)

cal y 16 call store A in 00100, save G in

A, Jump to 00101, ignored
(similar to jda 100

The 1instructions dp, Jjsp, &nd jda are used chiefly for
calling subroutines. e saved G register 1s the 1linkage
mechanism which allows the subroutine to return to the place from
which it was called.

Simple Examples

Jdp subr Jsp subr Jaa subr
TR X L X W ] N s0oe
subr, O subr, dap suhlx subr, O
Y . coe dap subx
o 0e [N -] . [ N ]
Jmp 1 subr subx, Jmp ‘subx, Jmp

These exaniples show three ways in which a subroutine my. be
called. In each example the method by which the subroutine
returns to the calling progrem is illustrated. In each example
the return 1s to the location immediately following the
subroutine call.
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1.4.9 Execute

The xct instruction causes the contents of the specified
memory location to be executed as an instruction. Xct's mRy
execute other xct's. In all cases the effect 1s the same as if
the xct were replaced by the instruction it addresses. Xct takes
a minimum of one cycle plus the time to do the addressed

instruction.
Mnemonle Op.Code Name Function
xct ¥y 10 execute execute the contents of y as

an instruction



| &

1.5 Non-Memory Referencing Instructlons

1.5.1 Skip Class

Instructions from the skip class will cause the PDP-1 to
jump over one instruction in the normal sequence if the skip
condition described by the low 13 blts of the instruction 1s

true.
A skip class instruction has the following formt{ —-—

o1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

[1 i 0 1 0] I|/S- S S S8 S S S S S S S 8|
| \ ~— J \ N J
Op. Code 6l=skp skip conditions

invert sense of skip

Each of the low 12 bits emdbles & different skip conditlon.
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Memonic Op.Code Neme Function

skp 640000 skip never skips

szf n  64000n skip on zero skip if program flag n 1s
flag n (14n<T) off. szf T skips if all

flags are off.

szs nO 6400n0 skip on zero skip if sense switch n 1is

switeh n (L<¢n<T) off. szs TO skips if all
"S < switches are off.

sza 640100 skip on zero A skip if A(0-17) = O

spa 640200 skip on positive A skip 1if A(0) =0

s 640400 skip on minus A skip if A(0) =1

8Z0o 641000 skip on Zero skip 1if the overflow Dblt

overflow | (vF) 1s off.

A szo 1instruction always
clears (WF

spi 642000 skip on positive I skip if I(0) =0

sni 644000 skip on nonzero I  skip if I(0-17) 4 O

If more than one skip condition 1s enabled, the instruction
skips if any (l.e. the loglcal OR) of the skip conditions 1is
true. :

The ™i-bit" reverses the sense of the skip, 1.e., a skip
instruction with the "i-bit" on will skip if and only 1f :the
corresponding instruction with the “i-bit" off would not sklp.
For example, skp 4200 will skip if either I 4 O or A(0) = O. skp
1 4200 will not skip if either of these conditions is true. Thus,
skp 1 4200 will skip only if I = O and A(0) =1,

The following mnemonics define several useful compound skip
instructions, 1l.e, each has several skip conditions erAabled.

Mnemonic Op.Code Neme Function
szm 640500 skip on zero or skig if A(0=17) = 0 or if
minus accumulator A(0) =1
(szm = smavsza)
spa 650500 skip on positilve skip if A > O
quantity (spa = smevsza 1)
clo 651600 clear overflow this never skipsg it is

1(\sed to clear overfltiw
clo = spavsmVszo 1



1,5.2  Shift/Rotate Class

The shift instructions perform a variety of functlons,
including rotates, loglcal and arithmetic shifts, normalization,
and bit counting, The register operated upon may be the A, I, AI
{bit 17 of A Joined to bit O of I}, or IA (bit 17 of I joined %o
bit O of A) or even combinations in which one of the registers ia
reversed, The A and I reglsters way be operated upon independent-
1y, but they must shift the same number of bits,

0O 2 2 3 4% 56 7 8 910111213 1% 1516 17
1 4+ 01 2|/p s s 8{p s s sjec ccCc ¢

- ” \__‘__‘_\' N — PN w >
Op.Code 66msft .
: A field I field Count

If the coun} field is zerc, the low 5 bits of the XR are used instezqd,
The 4 bits of the & and I fields are interpreted 88 followse
S 8 8§

D
- 1left (L « specifies the operation, pérticularly the
' ' information shifted into the vacated bit

’

Because of the grsat nunber of possible operatigna, the
mnemonics Lfor thig instruction {and the “micrampregrau instruc-
tlon which follews) are “mlcro~coded®, That is, they are assem-
bled in a methodical way from constituent letters, This makes it
e%g;sg ?ga ang% ger ggg %gggrucgiegs in terggs ?f t?aighahasic
componen e a1 ng to deg -] or, in 3hs cage
of the mMiero~program  instbuctions  SSBh) ingtructions,  Shift
instructions are written entirely in UPPER CASE charascters. (This
is to 2vold confllicts with other symbols,) Since ID has TAnY
.%gger case commands, shifte must be preceded by a single quote

J When typing them into ID, The assembler has no such problem,

tizee upper casa

of
ctlicon, operation; and registed,

Shift instructions always conaist
letters, specifying acgira 4 &

LZA
A
direction = left ﬁi s reglster = A

operation = *Z" {see below)



In & "pasic® shift instyuction he register _is given as
eilther A orb§,1§nd théfopégétggn %g 5netaf th% nine lactgra géveg
telow., The operation and direction are encoded into the ¢DSss*
field for the Indicated register, The field for the other
register 1z set to QO000, wmaking that reglater do nothing,
Instructions directing actiens by both A and I may be written by
inclusive ortfing basic instructions,

Example - LZA 5 shift A left 5 bitas in a “Z% cperation
TP TPAVRPI 5  BATPE T riust 5 bits Tna ¢peoP

operation slimultanecusly with the above
LZA shift A left 2 number of bits sequal to
XR(13-17)

lett The eight possible operetiens &re specified by the following
etters == .

letber standz far S88

F | 000

if direction = R, do nothing %o this reglster,

ir direction = L, zeroes &re shifted into hit 4%, bit ©
is unchanged; if bit lost from DIt L & hit O, set
overflow {arithmetic left shift, doubles the magnitude
of the number for each bit shifted

@ ) oot

It divection = R, see below,

If direction = L, bit O of othsr register is shifted
into bit 17, bit O 1s unchanged$ if bit lest from bit i
@ bit 0, set overflow {arithmetic shift left cowdined
ir ogher register 1s simultsnesasly doing a left %2
ghift). '

Z Zero 0io
Shift zeros into vacated bit {logieal shift),



ons 5,4

Shift ones into vacated bi%,

propagate 100 if right
- 10% 1f left

Vacated bit 18 shifted into it@elf, 8o it opagAtes
itself along the register, If directio w-B, thiz Ig an
arithmetic right ahift, halving the mEgnitude of the
number for each position shifted, Non-integral results
are rounded toward wminus infinity.

rotate 101 1f right
100 if left

The bit &% the opposite e of the same register
Rl P S U R 3 o T R e TR L b
of i’ one end are re-introduced at the other, mking the

reglater “rotate® as Af its ends were tied together in
g ring.

reverse 140 1f right
334 AT left

The kit &% the correaponding end of the other regisier
18 3snifted into the vacated bit, If the other reglsier

ie simultansously shifting in the eopposite dlrectlon,
bits that fall off 1t willd be introduced Iinto this
regiatgr in the reverse order,

conbine 344 if »ight
.1i0 if lelft

The bit at the opposite end of the other regisher will
be shifted into the vacated bit, If the other reglster
i8 ghifbing in the same direction, bits that fall off
it will he shiftzd into this register as if 1t were an
extension of the other, E.g. LCAVLZI shifte the AI leflt
together, inserting zeroa into I{i7}. In practice, it
is raraly necsssary to welite such combinstions, because
there are sbbreviations for them., LZC is egqulvalent to

LCAVLZY,

For convenient arithmetic shifts, & ninth letter ip delfined -

S

Balflt 400 15 yight
000 if Zeft

Equivalent Co F if left or P if right.



RGA 12 uzed fop normaliization and bif counting, Tue AC
does not shirt at all, but la initlalized to
zero and counts, IF the Y0 operation is F o
@, the cperation proceeds until either I{0} %
1{1) or the count runs out, The AC returns
the pumber of places actually shifted, E.g
RCGAVIFI 7 (or, equivalently, RGAVISI ?5
shifts the 10 left at moest T places or antil
it 18 about %o cverflow, returning the numbeyr
of placas shifted 1n thz AQC, If the IO
eperation 1s Z, O; P, Rp vm o G, it will
shift as usual for the 7full count, The AC
will count the number of times 2 1 is shifted

cut of I{iT7). E RCAVRZI counts the
number of cgézpin I(§§=1730 | >

RGI 1s resarved for futwre expinaion,

Operations contaiping ROA mey be convenilently specified by
giving N nexmalize? 2% if it gere~the ragiscerg angeapeciryin§

¢ne directlon and operation to be perfoermed on the IO, xyN 1is
ggxézgiegt to RCAVEYI for all xané y, ISN 7 is eguivalent %o

Most of the comnon combired opergticns m2y be writiten with one
symbol by specifying C (combined] or R (reverse combined) in
plece of A or I for the register, ¢ mekes the shift operats on
AT as a 36 hit reglzter. FR" makes the shift operate on IA,

If the operation is not 5 oF R, & left copbined shift causes
toth registers to shift left, the AC doing a "C" shift and_the IO
doing whatever operation 48 sepeciflied By the second letter,

LxC = LAVIXT 1f x & S or R 4
1SC = [OAVLZI, & combined arithmetic left shift,
IRC = LCAVLCI, 2 combined rotate,

For exauple, LOC = LOAVIODI

£ %he operstion is pot R, & risht combingd shift ceuses both
regtatena ta  Shtfe rionte thd 30 Hoine aohgEd St SNaTERe R

Going whatever 16 specified by the second lstier,

RXC w RZAVRCI 1f x 2R x% S
RRC = RCAVRCI, & combirked rotate

For example, ROC = ROAVRCI

If the third letter is K instead of C, bthe treatment 1s the
same &8 for G, excapt thlt the roles of A énd I are reversed, &0
thei %Q iz conaidared to be to the left of the A0 in the comblned
regiater,

Por example, IZR = LZA?LGI



CPERATION A

shift left LSA
ghift right RSA
rotate left IRA
rotate right RRA
logical left LZA
loglcal right RZA

count bite in I
noermilize I

reverse 35 bits of A
reverse 36 bits of AT

EXAMPLES

1SI
RSI
IRI
RRI
121
RZI

RZN %8,
LSN 17,
RVAVLVI 18,
RVAVLVI 48,

Az

1LsSC

RSC
IRC

RRC .

RZC

1SR
RS8R
AR

LZR
RZR
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1.5.3 The 1law Instruction

law and law 1 ("load accumlator with") mke it possible to
load the accumulator with 12 bit positive or negative numbers in
one cycle.

o1 2 3 4 5 6 7 8_91011121314151617

‘[T T £ 0O0[I[NNUNWNUNNUNPNNNN N
\ J oA\ v

Op.Code TO=law 12-bit number to be loaded

on to complement

law first loads A from the address part of the instructlion and
then, if the i=-bit is on, complements A, Thus, law 3 puts three
into A and law 1 3 puts 777774 into A,

~ 1an ("load accumulator with negative") is defined as law TT7T.
Thus, lan n (1 { n £ 10000) will load A With -n.
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1.5.4 The Operate Class

Each bit of the address part of an opr instruction emables an
operation in the processcor.

0 1 2 3 4 5 6 7T 8 91011 12 13 14 15 16 17
[T 1 111 OJ]E EE EEEEZETEE E E|
¢c 1l ¢c ¢ ¢c ¢ 1 1 s
l a m s 1 ma 1 ¢t
1 ¢t a a a 1 1 a ¢
- / \ J
A4 N/
Op.Code 76 = opr operation enabling bits

Several operations can be embled by turning on more than one
bit in the address part. The order in which the various
operetions on A and I occur is -- first, clear A and clear Ig
second, OR in the test wordg third, negate As¢ fourth, complement
A and complement I¢ &and last, switch data between A and I,

Mnemonic¢c Op.Code Name Function
opr 760000
nop 760000 no operation one cycle time delay
stf n 7600dn set flag n set one of the six program
(14ngT) flags. Set all if n=7. Set
none if n=0
clf n 76000n clear flag n clear selected flag. Clear
(14ng7) all if n=T. Clear none if
n=0
1lia 760020 load I from A meke I the same as A
lai 760040 load A from I meke A the same as I
SWp 760060 - swap A and I exgh%nge the contents of A
an
cmi 760100 complement T invert all the blts of I
cla 760200 clear A ~ put O into A
csa 760400 complement and negate A, If A contained

step A 400000, WF 1s set.



cm

c_lc

csc

lat

cli

761000
761200

764400

762000
762200

764000

Although the

mnipulate the program flags,

instructions =——

Mnemonic

1pf

rpf

complement A

clear and
complement A

complement, step,
and complement A

OR test word to A

load test word

‘clear I

Op.code Name

770051

TT0050

load program flags

read program flags

invert all the bits of A
put TTTT77 in A

subtract 1 from A, I~€ A
olained 407072 W o] |

copy test word switches
into A

put O into T

stf and clf  instructions are uswlly used ¢to
there are also the following two

Function

27

Top 2 bits of I to Address

mode bits. Bottom 6 bits
of I to program flags.

Address mode to top 3 bits
of I. Flags to low 6 bits
of I.
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The Micro=program (lzss

The micrcuprogram instructian class hhs the followling insiruc-
tion format

2 38 56 7 8 910414213 14 15 26 27

4 1 1 11x x

¥ ¥ X

A I X

S 5 8 8§

g 1
i1
-~

-~ 7 Nt S et N e N

Op.Code 7

operanda {column_ in
following %table)

skip conditions

assignrent of result

operation (row in fcllowing table)

Symbolic Specification of Micro-program Operations
X7 00 o4 i 54
YY? ’ -
I :
00 N I ™ TX T {Test, or transmit,,
% % then clear)
o, % % NI o' MY N {Negate)
I C _ ‘ axchange {see
CAO .g § - AT X4y X1 explanation below)
0 \ _
044, § AMI YMA XMT 4 {arithmesic minus}
400 Z AVY XvA WI V {inclusive or)
4,05, SA EAL XAA XAI A {bitwise and)
140 ST A~Y XA b ~ {exclusive o)
344, - 8X L A+I H4A X+I + {arithmetic plus)
Z = 2ero

S = akep, 1.e, cen»ents of regiarer + i



Like the shift claes, the namesz of these Inatructions are
micro=coied, 1.2, mide up'from certein charaicters and groups of
characvers, The inatructions are written entirely in UPPER f4SE
characters with no imbedded blanks, {This is why subtractlon is
epecified " with the letter M). Since ID has mAny upper case
cormands, these instructicns must be preceded by 8 single gquote
{®} when typing them into ID, The assemdler has no such problem,

The name of & micro-program instructl iz composed of en
operation nere {an entry in the ahove tablg? followed by optionazl
cheracterz %o speclfy wreglster sssignment and skip conditions,

The 28 o .ratisgs in the above table compute & result, Excent
fer the “T° and “»" operations, this computation doee not by
itself mnedify any of bne three registers, {It may set overflow,
however,) The result will be stored in the AC, IO, or XR if bits
11, 12, or 13, respectively, are on, These are spscified by the
letters A, I, amd ¥ immediately following the eperation name,
{¥ote that the letters in the pregeding table are not essignment
letters, To assign the result of "5A" to the AL, use "SAA%,) Any
or 211 registers may De epecifled, Independently of the reglster
assignment; the presult 15 tested, categorized as being >0, <=%,
0y, or =1, &nd the instruction skips if the corresponding skip bik
{bitce 44 to 47} is on, '

The operations are 83 follows —-=

Z ZETO,

S, SI, S{ contents of rezister plug one, Note that the remlster is
e actualiy medified unleas Ene paduly 1s ass g%ed pack
to that reglaber; =2.2., ShA, SAX sets XR =« AC + 1 without

chenglng AC, Stepping 377777 will set overflow,

T, TI, 7K The register is clezred, and its old contents are the
value &£ the instruction, The vaiue mey, of cowrse, be
assignad back to the zame reglater; e.g. TAAX sends AC
to AR, ThX sends AC to XR and then clesrs AC,

YA, NI, X Negate, The result is the negative {two's complement)
of the register, The regilester iz not changed unless the
repult is azaigned back to 1t, Negation of --B00000 will
set overfiow, '

A=y abo, Tha indicated registeg tranefer t2kes place, end the

result 18 the opiginal contents of the register on che
right, I the result is assigned back to the register
on the left, $he Lwo registers will simply be exchanged,
X exchangss AC and X, There are no I+, A-Y, opr =X
instruckiona, :

AMI etc, The resuls is

T B ﬂmﬂc = I0 etc, Ovarfliow iy be set, Thers
re no 1 1 » Co Ball 5

or Il ingtructions,



AVI; Afe\Ia A..Ia 8 ‘ . s
A+l, ete, Qvarilow a2y be set Quring additicn. These Instructicns,
being commuiative, may be written in either order. e.z,
I‘i‘ﬁ or A’l‘zq . ' .,

The instruction will skip 1f a slcdp bit {bi%s 44 to 17) £s on
and the corresponding condition is true,

bit comndidlon

14 50 {stgn bit off but not all bits of '}
15 €~1 i{sign bit on dut not 21l bite on)
16 Q , (all pits of

17 =i {all b1tz on

These bits mAy be specified with one or more of the following
characters —e- ,

cheracter bit valﬁ@_ meaning

S 1000 result S 0
| 4 0104 resull <0
= 0010 resuls = 0
M 10 6x8 resull = =1
.. {underbar) ocol0 used with € or >, changes meaning to g,or¥z

{vertical bar)
i3 inverts the sense of any skip comdition

If_more than cne charactep ,1s wriiten, Sneir it values will
be exclusive orfed, Hence "= has wvalue 1101 end akips if the
resully is = 0. " * always mkips, "= skips 1f the vesult i8 O op

=L, *¢M' (which could te read less then minus one®} has value
GO0 and skips if She resuly is ¢ =4,

All micro-program instructions require one cycle,



SAMPLE MICRO-PROGEAM INSEZIUCTIONS

syabolic octa)  actien

I+ - T13600 [ 3 228 1gm(g§t ﬁiigdae% ngﬁlg he 352%256%“
| . ovarflowa), _

A+TA ‘moo'tneamotamxnputzma,

A+IAIX  TT3760 the mum of A and I 15 gt into A, I, and X,

ZAIX 774260 A, I, apd X are clered,

SAY» j ' T7i220 skip if A plus one is 5 D,

S8 w "TTi302  add one to {step) A snd ekip if it 13 O,

TXM 77600@ skip 1f X 1s -1 and cleaar X,

TEXR 6024 skip il X 18 -1,

TAYT T74060  transfer the contents of A into I and X, ther

: clear A,

TAAXI TTH160 sa2me as TAXI, dut A is not cleared,
A=A TT2500 exchanre the contents of A and Iq

M s 774442  trensfer the contents of X inta Ag ﬁﬁip 1f the
previcus A is positive,

&%3 774204  ekip 1f A plus one is -4, _
AvI¢w  YT3607 skip if the sum of A amd I is ¢ O,
A+i=}  TE3510  skip if the sum of A and I 15 > O,.
ATINY 773632 the sum of A and I is pub into X, If the sum

i3 » 0, She instruction will skino

PR TIEE02  slip is -X is 0, 1,2, if ¥ i3 O,
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