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I. Introduction

~The. PDP~1l is a 1l6~bit small computer. It operates on bytes (8 bxts)
‘or words (16 bits). The memory is byte addressable, to a maxlmum of
65536 bytes. Instructions are one, two, or three bytes (8, 16, 24
bits). Throughout this memo, several conventions will be adhered to:

- The term "byte" refers to an 8-bit quantity.

The term "word" refers to two consecutive bytes. The low
order byte is first.in memory. SRR

Numbers are hexadecimal except as noted and when spec1fy1ng
bit positions within a byte or word. L

Bit numbering begins at @ at the right or low order endfof'a wo
byte or word and increases to the left to 7 for a byte or 15 . .=
for a word. For example, the high order bit of the accumu1a~ 

tor is bit 15. ~ ;

This memo describes the processor registers, the memory reference{” iy
instruction addressing and the six groups of machine instructions -
memory reference, operate, conditional jump, add to reglster,,push/po
and external. , : , TR
I1. Storage Organization

‘The PDP-1l system has a single bus for memory and input/butput,
devices. Addresses for memory locations or status registers in
devices are referred to in a similar manner. There are 16 address
bits, allowing locations 0 through 2161 to be assigned to memory
units or input/output devices. ’

- There is no paging as in the PDP-8, but certain locations are reserved
for special purposes. Words O through 7F are called page0 and may be
referred to from any location by a 2 byte instruction. Words O through
FF may be used for interrupt status (described in the next section.

The last 12810 bytes (FF80 through FFFF) are called the external page
and are normally assigned to hardware registers in the processor and
input/output devices. The last 16 bytes (FFFO-FFFF) are internal o

- processor registers. ' ‘ ‘



PDOP-11 Instyruction Set
RC:69:01 ~ January 31, 1969
Pag@ 2

III., Processor Registers

The PDPﬂll has 8 addressabie 16~bit hardware registers.

A. Program COunter (P) | P ]
' ‘ T 15 0

Prior to each instruction, the program counter contains the address = «
of the instruction. During the execution it contains the address of o
the next sequential instruction. The program counter itself‘isw* S
addressable at (FFFrc) 1lé. S

B. Status Regis?erw(s) ~i?%%22%22%7}ﬂprlorlty|F]ZIN]LIé"i

4 3210

A

Bits 7 through 4 of the status register contain the current processor  %J
priority. Bits 3 throdgh O contain the condition codes. Bits 15-8 :
are zero if referenced. The status register is addressable at (FFFE) 16~

1. Condition Codes i

Bits 3 through 0 of the status register are called the condltiOn codes.
They are set according to the results of most instructions. L (bit 0) o
is complemented as a result of carry out from the adder. N (bit A1) is
set (resct) if the result of an arithmetic instruction is negatlve,‘
(non-negative). 2 (bit 2) is set (reset) if the result of an-arith-
metic operation is zero (non-zero). Bitr3 is the input/output flag
(F). It is set by certaln devices on conditions determlned by thé

device. ~ » ‘

B

2. Priority

Bits 7 through 4 of the status register determine the priority of

the currently running program. The higher order bits 7, 6 determine
the processor major priority, while bits 5, 4 determine its minor ‘
priority. The processor will only service requests from other devices
in the system if it is operatlng at a lower prlority than the request—
ing dovzce :

C. Accumulator (A) { A N ;] #
15 | o

This register is used both as an operand and as the result regié;er‘
for most arithmetic instructions. 1In addition to being implicitly -
addrcq yed by these 1nstructlons it also may be explicitly addressed =
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at location (FYEZ) 16.

D. X-Register (X) I X ]
R 15 0

The X-Register is used to provide a hardware push down list facility.
It may also be employed as a general index register. It is incre- .
mented or decremented by various instructions below. It may be -
explicitly addressed at (FFF8)16. R

" BE. Y-Register (Y) | %Y ]
15 ' 0

This register is a general index register. It may be explicitly ,f
addressed at (FIFA)16. ? SN

F. General Registers (K, M, N)

RiR =

15 o
| o o :
The general registers are three hardware 16-bit registers useable by

the program for temporary address or data storage. They are normally

addressed in the mode described below in Section IV (E). In.addition,

K, M, N may be explicitly addressed at (FFF2)16, (FFF4)16, (FFF6)16,
respectively. ’ ' o SR A

IV. Memory Reference Instruction Addressing

R )

op M
AV[? 43 1 0

Each memory reference instruction consists of one, two or three bytes.
The first byte is called the instruction byte. Successive bytes, if
any, contain either address information or data. The operation code
(orP) is in the range of @ through (C)16. The mode bits (M) determine
the address computation. The deferred bit (D) specifies whether the
address is to be deferred one level indirectly. ' '

A. Relative Addressing L 0 I op lllO {D}»
‘ 15 87 43 10
The 2's complement offset quantity Q is added to the program couﬁter'~
to form an effective address which is in the range (-80,+7F)16 rela~
tive to the program counter. ' ' )
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15 14 | 8
FF

Q ip used to form an address in the range (0, /1?)16.

_E. Page # Addressing Lo | ) T

C. Full Addressing { Q
RN . : |
(V3% ‘WA W\CA\OJY p{e‘@bf‘rcA N 23

Q is taken as a full l6-b1t address. This address mode canngtvbei;i
deferred . T R

D. Immediate Addressing , _ _ T T T T ] fQP,[xi‘OOﬁDLﬁf

e b e - o o

i

. , ‘ SN
The operand is taken directly from the byte or word following the
instruction byte. The operand is a byte or a word depending on th
operation code (sce Section V). This addressing mode may not be
deferred : : e e

E. General Register Addressing { op TO}XX'lgj”i
: 7 | 4 3 2 1 0
i

et
The effective address before deferral is K, M, or N depend1ng on V:?,,
whether XX is 01, 10, or 1l respectively. va D is set, and “auto«“f
increment” is added to the register & 3 e5s
This new effective address also replaces the contents of the reglster.
The autoincrement is 0, 1, or 2 depending on the 1nstructlon (see b
Section V).

F. External Addressing (1] o T OP: [ llI;I517 §
15 14 ; 87 4 3 1 Q?V” 

In this mode, the high order 9 bits of the effective address before ,
deferral are all ones. The low order 7 bits are Q. Thus, the address
range before deferral is (FF8J-FFFF)16. Input/output and external

devices are typically assigned in this area allowing 1npuL/output or

' external references in a two byte instruction. : ; ';,f,.V”
G. X-Indexed Addressing L 0 B opP L ‘190 f‘D‘ e
| 15 L T 43 Goroa

The cffective address before defazlal is the sum of the 2's complement
number @ and the contents of the Y-register. This provides a range of
(-80,+71')16 relative to the contents of X. BT
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H. YwindexedzAddreS$ing . Q | op | 101 D]
' 15 8 7 43 0

The effective address, before deferral, is the sum of the\Z?S‘ébmplefJ
ment number Q and the contents of the Y~register. This provides a
range of (~80,+7F)16 relative to the contents of Y. | W T

V. Memory Reference Instruction Group

Bits 3-0 are defined by the address mode as dlscussed in” Sectlon Iv
above. : :

A. Load Byte (LDB) fooxo . | M Il
4 3 10 !

The effective byte is loaded into bits 7 through 0 of the accumulator.
The high order bit of the effective byte is extended through bits 15-8
of the accumulator. L is not affected. N is set to bit 15 of the
‘effective byte. 2 is set to one (zero) if the effectlve byte is zero

" (non=zero). The autoincrement is one. ?

B, Load Word (LDW) loo11 [ M .5|Dl ":/“z
7 4 37 10 L

The effective word is loaded into the accumulator. L is not changed.
N is set to bit 15 of the effective word. 2 is set to one (zero) if
“the effective word is zero (non-zero). The autoincrement is two.

C. Store Byte (STB) [1000 [ M [D
7 4 3 10

The contents of accumulator bits 7 through 0 are stored in the effec-
“tive byte. The condition codes are not affected. The autoincrement
is one. ' AR T

D. Store Word (STW) loor | ™M ||
- 7 i3 10

The contents of the accumulator are stored in the effective word.: The
condition codes are not affected. The autoincrement is two.’ =

[

@00 éMAxbiuid, &n,/wﬁmaXCa/QS;?
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E. Add Byte (ADB) loooo | M |D| TR R
7 -4 3 = | L

The effective byte is treated as a 2's complement 8-bit quantity and
added, with sign extended, to the contents of the accumulator. L is
complemented if the operation causes a carry out.of bit zero of the
‘adder. N is set to the high.order bit of the result. Z is set to V
one (zero) if the result is zero (non-zero). The autoincrément is one..

© F. NMdd Word (apw) ~ [0001 M |Dpl
7 43 10

The effective word is added to the contents of the accumulator. L is
complemented if the operation calises a carry out of bit zero of the

adder. N is set to the high order bit of the result. 2Z is set to /
one (zero) if the result is zero (non-zero). The autoincrement 1£ twogf

G. Compare Byte (CPB) [0100 [ M [
‘ 7 4 3 10

The 2's complement of the accumulator and the effective byte are added%
together. The effective byte is treated as a 2's complement 8-bit :
‘quantity. The result is not stored in any register, but is-used to
get the condition codes. L is complemented if the operation causes a
caxry out of bit zero of the adder. N is set to the high order bit of
the result. 27 is set to one (zero) if the result is zero (non-zero)
“fhe autoincrement is one. : T SRIAE S A

H. Compare Word (CPW) 0101 [ M |n
| 43 10

The 2's complement of the accumulator and the effective word are .
_added together. The result i$é not stored in any register, but is used
" to set the condition codes. L is complemented if the 0peratlon causes
a carry out of bit zero of the adder. N is set to the high order bit
of the result. 2 is set to one (zero) if the result lf zero (non—u
zoro). The autoincrement is two.

1. ‘EHH\EEEf\(Ajgﬁ\ (6110 . [ - 'igp?f7‘
7 43 10
&P & a :

. The 0Cf0011v0 byte is anded to the contents of the accumulator bits
7 through 0. Bits 15 through 8 of the accumulator are not affected.
L is not changed. N is set to the sign of the accumulator. 2. is
get to one (zero) if the accumulator is zero (non-zero) after the
operation. The autoincrement is one. ' . e
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fJ; 'And Word (ANW) o111 | M |pl.
‘ 7 43 10

;The°effective word is anded to the contents of the accumulator., I
~ is not changed. N is set to one (zero) if the result is negative
(non-negative). Z is set to one (zero) if the result is zexro (non-
zero). The autoincrement is two.

K. Increment (INC) - [1010 | M ]l
L 7 4.3 10
,"The effectivejword is incremented by one. L is complemented if the
~ operation causes a carry out of bit zero of the adder. N is set to
~ the high order bit of the result. 2 is set to one (zero) if the
1wresult is zero (non-zero). The autoincrement is two.

i A Jump (JMP) - 100 | M [p
R . 7 43 1 0

f The effectlve address replaces the contents of the program counter.
i{The condltlon codes are not affected. The autoincrement is zecro.

M{ Jump‘to Subroutlne (IJSR) 1011 | M ld

7 4 3 10
P

: The program counter is stored in the word which has the address
" specified by the contents of the X-register. The X-register is
 then: incremented by two. The effective address then replaces the
. contents of the program counter. The condition codes are not
‘affected. The autoincrement is zero. :

"™

eft

‘VI;v  Opéréte Inséiuction Group é Co s§3@07
" A. No Operation (NOoP) ~ [L1311]0o0o0o0 Qﬁf
e | 7 4 3 0

'The pxogxam counter is. advanced one byte. The condition codes are
not. changed. | D | | /

| | / |
Herement Accumulator (IAC) 111 10001 alborx
3

- 7 4. 0
‘;()62. : AlﬁE> /vwwedbéwQL/ | ,

The accumulator is incremented by one. T is complemented if the
_operatlon causes a carry out of bit zero of the adder. N is met
" to the high order bit of the result. 2 is sel to one (zero) if
\ the result is zero (non-zero). :
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©.C. Complement.Accumulator (CMA) fL111] 00 10

The contents of the accumulator and the L bit are replaced by the.
ones complement of the orlglnal contents. N is set to the high '
order bit of the result. 2 is set to one (zero) if the result is
zero (non-zero). : b

~D. Negate (NEG) L 1 11| 0011
7 4 3 0

The 2's complement of the accumulator replaces the original ‘
accumulator contents. L is complemented if the original contents{F».
of the accumulator are non-zero. N is Bet to the high order bit

the result. 2 is set to one (zero) if the result is zero»(nonwzego)

. E. Clear Accumulator (CLA) ‘]l 111010 Q“Qﬁé§z3~
‘ [ 7 4 3 o wa

- The contents of the acéumulator are set to zero. L is not affectéﬁ.f
N is set to zexo and 2. is set to one. i o

F. Plus One to Accumulator (PAC) 1111|010 ﬁf .w&&r;
' ‘ ; 7 4 3 o ¥

The accumulator is set to plus one. L is not affected. Botth‘aﬁd»H
Z are sct to zero. o . A

G. Minus One to Accumulator (MAC) 1111 ] 01 1‘0f~ 
: 7 L4 30

The accumulator is set to minus one. L is complemented. N is seﬁ:,
~to one and Z is set to zero. : ' S
H. Rotate Accumulator Right (RARR) (L 111] 1001

7 4 3 o .

i

The L bit and the accumulator are treated as a single 17 bit 01rcular,
register. The combination is rotated right one bhit poaltlon (L goes
into accumulator bit 15 and accumulator bit @ goes into L. N is ‘set -
to the high order bit of the result. 2 is set to one/(zero) if the'%
‘result is zero (non-zero). o . L
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I. Rotate Accumulator Left (RAL) {l 111 l'l,O’l;ll_
: ' B 7 4 3 0

~The L bit and the accumulator are treated as a single 17 bit reglstér.,k
The combination is rotated left one bit posxtlon (L goes to accumulator
bit # and accumulator bit 15 goes to L). N is set to the hlgh @rdar ol
bit of the result. 2 is set to one (zero) if the rcsult is zero
(non~zero). : : : :

J. Complement Link (cMn) [1 111 ] 110 1
~ 7 4 30

The I bit is complemcnted N, Z, and F are not affected.

K. Clear Condltlon Codes (ccc) 11171111
7 4. 3 0

i

'Thebfour condition codes (F, 2, N, L) are set to zero. -

vii, gConditional Jump Instructions
; !

o i o o
These instructions test for specific patterns of condition codes.
“There are 16 such instructions, formed as mlcrOwcodlngs of the o
three conditions and a Lrue/false bit. The format of these lnstru&—‘ 
tiona is as belows : ot

e T ol wmmm,
15 8’7 4 3 210

Where T/F specifies JCT (Jump on Conditions True) or JCF (Jump on .
Conditions False) and 7, N and L specify the condition code pattern,
undey test. If %, N, L are all zeroes, then the I/0 Flag bit (F) is
tested. If the T/F bit is zero, then the test is performed on the OR
of the indicated conditions; e.g., JCT 2 L; is "Jump on either Z=1 .
or ¥e=1", If the T/F bit is one (JCF), then the test is performed on
the AND of the falsity of the indicated condltlons. Thus, JCF Z L‘ls
"Jump on Z=f and Le=g. RN SRR S '

If the specified condition is met, the offset Q is added as a 2's
complement number to the program counter. This provides a range of
(~80,+7F)16 relative to the program counter. If the condition is 'not
met, the next xnctruct;on is executed. The condition codes themselves
are not affected. ' : .
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1969

Mnemonics, for more commonly used conditions tested are:.

v,‘4 3

MNEMONIC MEANING CONDITION
JEQ jump on equal 2
JNE jump on not equal " not Z
JLT jump on less than N
JGT jump on greater than not N and not Z
JLE jump on less than or equal NorZz
5 JGE jump on greater or equal not N
JLS jump on link set ) L
JLR jump on link reset not L
JFS jump on I flag set F o
JFR jump on F flag reset ~ not F
Viir. Add to Register Group ()\
A. Add to M (ATM) 0 1111 | 1100 |
: 15 8 7 0

tents

result.

adder.
one (zero)

C. Add to X-Register (ATX) | o T i | .
15 SRR ' 43 0
Q is treated as an 8-bit 2's complement number and added to X."Q"is
complemented if the operation causes a carry out of blt zero of the ;
adder. N is set to the high order bhit of the result. 'Z is set to one
- (zero) if the rcgult is zero (non ~ZEero). : f l g
D. Add ta YwReqmﬁtor(ATY) HI‘ 0 1111 | 1010 'If
<= 43 0
0 is tyreated as an 8~bit 2's complement number and added to Y; ‘§’is
complemented if the operation causes a carry out of bit zero of the ;
adder. N is set to the high order bit of the result. % is set to one
(vzexo) if the result is zero (non-zero). | i 2

Q is treated as an 8-~bit 2's
of M.

complement number and added to the con- =

L, is complemented if the operation causes a carry out
N is set to the high order bit of the

of bit zero of the adder.

B. Add to N (ATN)

7 is set to one (zero) if the result is zero (nonuzero)

l | 0 |

1111

[ 1110 |

15 8 7

§ is trecated as an 8-bit 2's complement numbcr and added to, N.

complemented if the operation causes a carry out of bit zero of
N is set to the high order bit of the Kesult
if the result is zero (non~zero). i

43 p,

L is
the
7 is set to

“T000 |
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A

'Ix. - Push/Pop Group

This xnsiruct;on group provmdes for moving data words between the
) gencral registers and the push down list. ~

A. Push Instructions [1 110/ REc |1
7 43 10

The contents of the addressable hardware register specified by REG
are stored at the address in the X-register. The contents of X are. -
then incremented by two. The contents of the REG is not altered.;‘p
The instructions specifying the registers ares

REG MNEMONIC . OPERATION L
. i !

000  PUA Push Contents of A

001 PUK Push Contents of K

010 PUM Push Contents of M

011 PUN Push Contents of N

100 PUX Push Contents of X

101 PUY ' Push Contents of Y

110 PUP Push Contents of P

111 PUS Push Contents of S -

B. Pop Instructions [l 1 1 0 | REG '|d

7 43 10

The coutcntq of X are decremented by two. Then the word at the address
in the X-register is stored in the addressable hardware reglster spec1~
fied by REG. The 1n&truct10ns specifying the reglsters are-” g

REG MNEMONIC OPERATION

000 POA Pop Into A
001 - POK Pop Into K
010 POM Pop Into M
01l PON Pop Into N ,
100 POX Pop Into X 3
101 POY Pop Into Y e
110 POP . Pop Into P )
111 ' POS Pop Into S

PO is the return inastruction corrc,pondlng to JSR (jump to subroutlne)‘
The instruction sequence POS, POP causes a return from an lnterrupt
routine.

»
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X. External Transfer (XTR)

This instruction allows the program to control certain dcv;ces in the -
system. The processor is device zero - a reference to the processor

‘in an external, instruction causes a programmed interrupt. The console
is device (1L)l6 ~ an external instruction to the console causes a . =
halt. Other device numbers may be assigned to extended arlthmetmc‘

elements, input/output devices or user equipment. The function of the
externa] instruction in these cases depends on the devxce.~

.

[ FUNCTTON COMMAND | DEVICE SETECT |1 1 1 1] 0 11 ﬂ

24 16 15 87 . 4 3 0
A. Interrupt of ;gg;;;;;;\\\iﬁi/ .;f,?‘” > a*j' 7

This instruction causes the processor to "1nLerrupL 1tself" - that is,
reapond as if the interrupt had occurred from an external device. It
occurs if the contents of DEVICE SELECT are zero. The program counter
is stored in the location spGleled by the contents of the X-register. '
The status byte is stored in the location which is two greater than
the contents of the X~register. The FUNCTION COMMAND code (bits 24~l6)
of the instruction is stored in the location which is three greater Ee
than the contents of the X-register. The X-register, itself, i ' ‘
ineremented by four. : ! RN

The processor resumes operation as determined by a three byte "status @ i
block" which begins at the address with bits 15-8 zero and bits 7-0 o oyl
FUNCTION COMMAND. The first two bytes of the status block replace j;dt¢:
the program counter and the third byte becomes the new status byte.__ i

B. Halt

If DEVICE is (FF)16, the system stops. Condition codes are not
affectod,

C. Input/Output Control

If DEVICE refers to an input/output device, the operation of the
instruction is determined by the device.



Por=-11 Tnatruction S@t
RC:69:01 - January 31, 1969
Page 13

D. ¥Extended Arithmetic References
Tf the referonced device is an extended arithmetic unit, thatwuniér‘

performs the appropriate operation and returns control. fThe in3£:§q;¢
- tion format is determined by the referenced unit. BN

E. Trap

1f DEVICKE specifies a non-existant unit, and if the "time-out" optian”~*

is installed, the effect is the same as an external control instrue-

tion with DEVICE and I'UNCTION zero. This is used to simhlate~unimp1e~f‘

mented extended operation codes by software or firmware programs. . The%f
contents of the word at location zero must be the starting. address of a.

- softwarc trap handler. ‘ Voo $\3«_¢p
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