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 These specifications are for the inStructien set 1mpﬁe-
 mented in the PDP-11/30" system.  * This initial system
.~ will contain a 4K word memory and have an average cycle
vgtlme of 2 2us. :

THESE SPECIFICATIONS ARE FOR INTERNAL'DIGITAL'USE ONLY
. AND ARE NOT TO BE RELEASED TO ANYONE OUTSIDE OF THE
*PDP—ll PROJECT WITHOUT APPROVAL OF PDP-ll ENGINEERING

,Future PDP~11 Englneerlng Specrflcatlons w111 deal w1th

- definition of expan31on instructions for extended arith-
metic, double precision, floatlng p01nt exec/user opera-
tions, memory relocatlon and protect ~and other larger B

,*system features. NS IR :
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 PDP-11 DESCRIPTION AND INSTRUCTION SET

~The PDP—ll is a two s-complement arlthmetlc, stored-program com-

5 puter ‘with a basic 16 bit instruction word. It is a two-address

machine with a very powerful multl-accumulator/general register
conflguratlon, and is capable of doing memory-to-memory arlthmetlc
~ operations, Most instructions can specify either byte or word
~ data, enabling use as an 8- or 1l6-bit processor. When the byte
~ mode is used, the accumulators operate as true 8-bit reglsters on
two' s-complement numbers. The memory is byte addressable with ‘
1nstructlons that occupy 2 bytes. S
A
: The ba31c 1nstruct10n Qrganlzatlon for blnary two address operatxons
o is : : g : :

B} op | SOURCE ' DESTINATION

15 4 211 65 -o;'~f
“*twhereér “nB 1ndlcates byte or word operatlon (except for multlply/

,lelde 1nstructlons) ;
ii'OP de51gnates the operatlon to be performed
' SOURCE deflnes the location of source data.

‘"rDESTINATION deflnes the 1ocat10n of the destlnatlon data

et’SOURCE and DESTINATION are conflgured 1dent1cally.

M D REG | S
11 10 9 8 6  SOURCE :
5 . 4 3 2 0 DESTINATION

M is the mode 00 The reglster (blts 8-6 or 2-0) 1tse1f
... ... .01 Autoincrement using the register spec1f1ed
10 Autodecrement using the register specified

- 11  Register specified is 1ndexed by the
"‘fT“,follow1ng word ; B

D g d ST




D is the defer bit

,,ﬁREG,is;thevregister‘k"

011

000
- 001

- 100

‘41111

RG

R1

~R2
R3

R4

- R5

- general hardware.
register/accumulators

T1p
PC‘

Llnkage Pointer

Program Counter, ,

,szhere are three classes of 1nstruct10n forma@-

g Slngle word: B

B

oP-

“SOURCE .

DESTINATION

‘k“f{dflsb”yj

sf;sﬁouble,wordth‘

15

1eld ‘of the farst word

'~*‘Tr;ple word:

15

;The second word can. be used by elther the source or destlnatlon

B or

SOURCE

I

T DESTINATION

'immediate addresS or data

8

0

[=1 OPh

SOURCE

| DEsTINATION

immediate source address or data

‘f_odi

}yThe second word is used by the source fleld of the flrst word, the‘
s:7th1rd word is used by the destlnatlon fleld of the flrst word.

]In‘addltlon, there is a{hardware reglstervthat contalns a STATUS word

“PRIORITY | T

N

e

\/V'

T

 UNDEFINED

15 1312

 where:  PRIORITY

11

10

9

8f

of 1nterrupts allowed

7

.O~>

The operating‘progrem pfiotity 000 - 111
" which determines the major prlorlty 1eve1

- |immediate destination address or data

0

o

O ‘},



'ﬂerﬁqhh,*°f~Reserved for INSTRUCTION set expan51on (Not
Ly '*'.Q,lmplemented in bas1c set ) : G

N IthA condltlon code 1nd1cat1ng 1ast result was~fﬂ
'z ff}t;ifth condltlon code 1nd1cat1ng ‘the 1ast result‘

5 ‘A condltlon code 1nd1cat1ng that the last
. arithmetic operation had a true arithmetic
. QVERFLOW (a change in sign when quantltles;
. of llke 51gn are added) , : -

B e '5,‘A condltlon code 1nd1cat1ng that the last
- arithmetic operation had a CARRY out from
" . bit 15 (bit 7 if byte). Unchanged on unary

7~~~“7‘¥V* :1nstructlons. Increment (INC) and Decrement
(DEC) e , e ; il
r{fThe syntax for the PDP—ll Assembler is as fOllOWSF

i (Numbers/areb"
s octal unless spec1f1ed otherw1se) S

2 “

£ ;A,\
[ A M)

2 al datahls o
[‘analogous to 1mmed1ate 1nstructlon)

(#100 is the quantlty 100)

'k*W#Lh'ne:hf;f;de81gnates a llteral L (d

/ddes1gnates the absolute address of a locatlon A

f{ GQQIOO is the memory 1ocatlon 100) .

“~fa@‘4j - iffkde51gnates a level of deferral
o «@IOO 1s the contents of locatlon 100)

e k‘if"des1gnates current locatlon S ol
| (++10 is the memory 1ocat10n 10 bytes o
beyond the present 1nstruct10n)
i‘kfhh‘ = }kdEslgnates a value whlch is the octal
L - equivalent of an ASCII A ‘ i
.~ (#'A is the quantlty 101)
‘t“AB :hud'f;'designates a value wh1ch is the octal equlva-
e \“lent of an ASCII pair AB. ' L
(#"AB is the quantlty 102 101 041102)

lk\ L[L(




: )j%m;-l

-

Il

deflned as:

P

kdesignates a register m, where m can be an e
- expression that has a value in the range 0~7
S y(correspondlng to reglsters Rﬂ—RS LP PC)

ﬁl,des1gnates us1ng reglster m (as deflned above)
_f'1n ‘an aut01ncrement mode.. (Increment 1s after

“des1gnates u51ng reglster m (as deflned above)
in an autodecrement mode. (Decrement is before

- 7 iuse ) Wl’\/v]q . ? >€\%¢§1 ‘ ’

A(m): dmrr;!de51gnates us1ng reglster m (as deflned above)

, -;1n an indexed mode (A is added to the reglster
‘”»iln computlng address) '

"»Qdes1gnates that a comment field follows, must
,be repeated on contlnuatlon lines.,

et equates symbol to the value spe01f1ed (Kl 07123)

. “;‘deflnes the absolute ‘address of a SYmbOllcallY
"H{rexpressed 1ocat10n." : :

The symbology for descrlptlon of the 1nstruct10n operatlons 1s ‘

- (pC) ,+l - ,(,1?33) i

e '“;ylncremented and become the new contents of the

‘f_reglster named R¥. The contents of PC do not
)5lchange., ' S G «

RO ()

| (P¢)+1i

‘The contents of the reglster named PC are,;,w:l

Thefcontents‘of the register named PC become

‘the contents of the memory cell whose address

is the contents of the register named Rf.

kf”vThe contents of PC and Rff do not change.

This is symbolic of the program counter pointing

' to the next instruction. If there is no immedi-

ate data or address PC is incremented by 2. If

~ there is an immediate byte or word data, or word
”“*address, ‘the PC is incremented by 4. TIf there -
fare 2'1mmed1ate references[

the PC 1s 1ncremented Mf




“ﬁ"diE”f:;dd TW"7k»QVWEffective'Addressfkﬁ
e SEtg,_ fg ;"'”sg“ScurcekEffeCtive AddreSsl.'k
“fLDETj;”dvf{ht‘ iag,DestihatiOh\Effeétive'Address  .
AuuRefer to Appendlx B for a complete dlscu531on of address modes.e
~Because of the nature of the poss1ble stack operatlons in the PDP—ll’

~ - instructions, stacks usually are built to expand. towards zero; a
;push is an autodecrement and a pop is an aut01ncrement '

7‘MQV A;' -‘Rﬁ)" /Push A onto Rﬂ stack

e,,MOV‘ (Rﬁ)+ . u’~‘ /Pop A from RY stack

‘;tThe"llnkage pointer. stack (p01nted to by LP) must be buiit to expand
Lhktowards zero since the interrupt stacklng process decrements LP
k”’durlng the push operatlon and 1ncrements LP dur1ng the pop operation.
'7j1;15M6v1 #X;_j;(Rﬁ) .‘i/fushkx1onto“Stack '
2M0V '#Y,”}"_".. (R§)  /push ¥ onto gta;:;; o
?f‘3;?hAbD k§¢)¥'h@%ﬁﬁ' ‘/pdb‘last eh stack'and
o {tvh%?’3h ;Lu/add to former next to 1ast ‘1ea§e
’d7:/result in top of | -
\ ;:;/stack

Stack After 2: ‘ 't ‘,~,f't7~,fﬂLStack After,3:'

«—3ILP n -4 Y ‘
n-2 [ XFY  |e—1rp

M




Both instruction and data words are constrained to even address
~ boundaries. Bytes . (except a byte immediate reference) may be on
‘even or odd address boundaries. This is a hardware restriction.
‘Tt will result in faster and uniform execution times. N
The following assumptions are common to all instructions, unless
otherwise noted: '

1. The B bit determines that the operand is a 16-bit word (B = 0)
or an 8-bit byte (B = 1). Condition codes are set accordingly.

2. Two's complement arithmetic.

3. Condition codes are unchanged.



BINARY GROUP

MOV o . MOV A B
: B | 001 | SOURCE | DESTINATION
15 14 12 11 65 0

(SE) —» (DE)
(PC)+n —» (PC)

:Cwonvdltlon code operatlon same as in ADD noted below.
_ There is no carry or overflow however, :as a MOV is_an

Vwﬂ’w{/wwyﬁ 'ADD to zero.

ADD - ~ ADD | A B
B 010 SOURCE | DESTINATION
.15 14 1211 65 0

(SE) + (DE)-——»‘(DE)
(PC)+n —-pC

If result negative 1-—»N, otherwise g~ N
If zero 1l—* Z, otherwise g— 2 L
"If carry l-—C, otherwise g—C.

If overflow 1 —»V, otherwise #—»V.

'SUBTRACT ~ suB | A B

Md”‘ Ee LB] 011 | SOURCE | DESTINATION |
,]L\,w*\”‘“’? 15 14 1211 65 0

(DE) - (SE) —» (DE)
- (PC)+n —PC e
Condition codes N, Z, and V operate as in ADD.
If carry 0—»C, otherwise 1 —C.

~ COMPARE . amp A B
[B] "~ 100 SOURCE DESTINATION
15 14 = 1211 6 5 0

(SE) - (DE), Set Condition Codes
(PC)+n —»(PC)

.“Condition codes operate as in SUB. &



AND

[B] 100 | source DESTINATION |
15 14 12 11 - 65 0
(sE) - (DE) -—-(DE)
(Pc)+n -—#(PC) ’
~ Condition codes operate ‘as in ADD. N¢j¢arry or overflow
 results.
MULTIPLY DIVIDE, ETC (OP Codes 1100 - 1111)
: Not fully deflned at this tlme- not 1mplemented in
ba31c machlne._u B «
 GOTO (Unconditional Jumplw

’

GOTO -
0| oo1 | o | source | ggglll

15 14 12 11 . 65 0

b Thls is a special- case/of the MOV 1nstruct10n (move

source word to PC).

‘The source field is the location to which the jump is
~ desired. : ’

GOTO A = MOV #A, %PC

This assembles as a two-word instruction unless A is
held in a register: ,

if (RE) =

then GOTO @%RF -

assembles as MOV %Rg, %¥PC

'~ condition codes operate as in ADD.



BRANCH . Bee

X 0000 Y T OFFSET
15 14 11 109 8 7 0

Test condition and, if met, branch to a location which
J;s from +127 to ~128 words from location of Branch
‘31nstructlon._ Condition codes are not changed. -
" If condition met: (PC) + OFFSET —p(PC), where OFFSET

is an 8-bit 2's complement quantity.
- If condition not met: (PC) +2 — (PC)

'.x Y CONDITION* MNEMONICS
Lo e T=1  T=0
0 01 =(zV) .~ BEQ  BNE
0 10 ((Nev) . BLT BGE Arithmetic Results Tests
0 11 £(z-V4NGV) 'BLE  BGT
1 g TN BNs BNC
1 g1z - .BZS  BZC e
1 10 v  Bvs BVE Condition Code Flag Tests
1 C BCS  BCC

1
% If T is set the branch takes place if stated condition is met.

~ UNARY GROUP

Bl 000101 | op DESTINATION,WA
15 14 98 65 )

Eight byte-word instructions which perform operations-
on the operand as designated by DESTINATION. Byte,
word and DESTINATION operation same as noted before.
Condition codes are set as noted.
CLEAR CLR A
= gpg
g — (DE)
(PC)+n —a (PC)

- condition codes operate as in ADD.



- 10 -

' COMPLEMENT coM A
= g7l
- 1's complement of (DE)-&(DE)
(PC) +n —~(PC)

Condition codes operate as in SUB

| INCREMENT INC A

ﬂlﬂ

(DE) + 1 —»(DE) ;

(pC)+n —»(PC) , o S
Condition codes 2%, N, V .operate as in ADD; C is not
changed : e o : - s

DECREMENT - DEC A
= g11
(DE) - 1 — (DE)
(PC) +n—» (PC) s o , |
Condition codes Z, N, V !operate as in ADD; C is not
 changed. ! A
NEGATE =~ NEG A

2's complementﬁof (DE) —» (DE)
(pC)+n —(PC) ' ;
Condition codes operate as in SUB.
ADD CARRY ADC A
or = 141
(DE) + (C) —(DE)
(pC) +n —>(PC)
Condition codes operate as in ADD
DECREMENT IF CARRY  DIC A
op = 11¢
__(DE) - (c) = (DE)

(PC)+n-b(PC)
Condltlon codes operate as in SUB.



=11 -

TEST TST A
op = 111

(PC)+n —(PC)
Condition codes operate as in ADD.

- ROTATE/SHIFT

, B 000110 | OP DESTINATION
~15.14‘ 98 65 ' 0

pven
o

“Shlft 1eft flllS b1t ﬁ with ﬂ
- shift rlght fills left bltS Wlth sign (arithmetic shlft)

hLCondltlon{ codes N and 7 operate as in ADD. :
GCondition code C receives the bit shifted or ‘rotated out
}f:QonQrt}opmeode V 1e ‘set if C° changes, cleared otherw1se.

; Ot R ; Operation Mnemonics -
o op: Bit 8 = 0 Rotate ROT
e 8 =1 Shift SHF
\ : L ; : .
VA Bit 7 = 0 Right 4
7 =1 Left =
Bit 9 =0 Once 1
9 =1 Multiple (unimplemented in
, ) Lo basic machine)
Exemple::fﬁQTrl “(Rotate right. once) = gog

(DE)' Rotated right once~*+(DE)
(PC)+n-$(PC) ,

o SUBROUTINE CALL JSR R : A

0 000 100 | REG | DESTINATION
15 98 65 0

JSR Jump and Store Return

(Lp)- 2-»—»«(LP)
(REG) —» ( (LP))
(PC)+n —> (REG) =~
DE —» (PC)



AE

7

EXECUTE

%(pMCP

_TRAP

- 12 -

DE cannot be REG  undeferred. This is illegal and
will trap to location 0. ‘

EXC A | o
1 000 100 | 0| ADDRESS | , .
15 98 7 0

The instruction at ADDRESS of the low 256 memory words

“isyexecuted.-‘For all but subroutine linkage the effective

[

PC becomes ADDRESS; for JSR the PC is that of the EXC.
instruction., Condition codes are a function of the
executed 1nstruct10n.

11 oo00 100 | 1 | ADDRESS
15 9 8 7 0

Trap to ADDRESS of low 256 memory word51s undefined and

‘unlmplemented in basic machlne.

OPERATE GROUP

| 0 000 000 | sG | op |
15 98 7 54 0

. Combinations of SG, OP and X provide the miscellaneous

instructions noted:

e it e bRy

BRANCH ALWAYS

'0 000 000 | 1 | OFFSET
15 | 98 7 0

(PC) + OFFSET-M%(PC)

where OFFSET is an 8-b1t 2's complement quantlty

' allow1ng a +127, -128 word relative branch.

CONDITION CODES OPERATES

op = 101, SG = 0

0000000} O 101 | s|nN}|2Z]| V] cC
15 98 7 54 3 2. 1 0




. Bit

Bit

Micro-coding of the X,bits 4 - 0,allows a variety of
instructions: o e e e T T

It

code unaffected by bit 4

4 =0 Clear codes noted
Bit 4 =1 set codes noted

Bit 3 = 0 N code unaffected by bit 4 -
Bit 3 =1 N code affected by bit 4
Bit 2 = 0 7 code unaffected by bit 4
Bit 2 = 1 Z code affected by bit 4
Bit 1 =0 V code unaffected by bit 4
Bit 1 = 1 vV code affected by bit 4

0 0 C

0 1 C

- Bit

RETURN

op = 100, SG = 0

. - [0 000000 0] 100]0 | | RrEe

code affected by bit 4

RTS V A

15 . 98 7 5 4 3 2 0

Return from subroutine either direct or indirect on

~ register noted.

For D = 0: (REG) — (PC), ((LP)) —»(REG), (LP)+2 —= (LP)

.‘,-‘Fyyor D=1:

PUSH/POP

e (pc), ((LP))—+(REG), (LP)+2—>(LP)
Remingér of this OP unimplemented on basic maéhine.

op = 000, SG = O

. [ooo00000] 0] ooof x |
15 98 7 54 0

Direct coding of X provides the Halt, Wait and basic
push/Pop instructions. The remainder of this OP is

 unimplemented on the basic machine.

.
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 MNEMONIC X OPERATION B R P
HALT 00 000  (PC)+2 —=(PC), Halt
WAIT 00 001" (pC)+2 —# (PC), Pause -and stop

g SRR Rt “ ~ cycling, wait for interrupt.

PUS 00 010 'Push ST on Llnkage P01nter Stack

POS 00 011  Pop ST off Linkage P01nter Stack
PUSP 00 100 Push ST, PC on Linkage Pointer Stack

RTI 00 101  Pop PC, ST off Llnkage Po;nter  Stack

*_RTI instruction is used for return from interrupt.

Typical'operatibn= CRTI ]
((@e)) —=(2c)
~ (LP)+2 —» (LP)
((LP)) —»(sT)
(Ls)+2 — (LP) |

vTheiremainder of OPERATE GROUP, SG = 0, is unimpiemented on the
- basic machine. - R

The group code (blts 14-9) 000111 1s unlmplemented on the ba31c
machlne. . .

Traps on the Ba51c Machlne-k

‘,Whlle no spec1f1c trap 1nstruction is provided on the basic machine,
two trap locations exist. These are: location @ for time-out and
llllegal instructions; and 1ocat10n 4 for ‘unimplemented instructions.
The trap results in ST and PC belng pushed on the Linkage P01nter
Stack and a new PC and ST f“ obtalned from the trap locatlons. ~¢

s



 APPENDIX A:

Instruction Summary (Basic Set)

NOTE: All instruction numbers in octal representation except
. where digit is underlined it is a single binary digit.

- (First digit is always sin
implied.) . '

Ci.e. lOil, (8 bit displacement)
o 1 0 5 1

Bihary

Branch

,‘Execute

gle digit and underline is

1| 000 | 101 | 1

.. 1514 98

X

A R T
2 octal digits 2 octal digits
6 bits 6 bits

MOV A, B ol
MOVB A, B 11
ADD A, B 02
ADDB A, B 12
SUB A, B 03
SUBB A, B 13

. CMP A, B 04

~ CMPB A, B 14

AND A, B 05
ANDB A, B 15
BEQ OQ 0011
BNE 0 0010
BLT Q 0021
BGE Q 0020
BLE OQ 0031
BGT Q 0030
BCS Q 1031
~BCC Q 1030
BVS Q 1021
BVC Q 1020
BZS Q 1011
BZC Q 1010
BNS Q 1001 .
BNC Q - 1000
BR Q - 0001
EXC A o 1040

(Ssource) (Destination)

(0 = 8 bit displacement)

(8 bit address of 256)



Unary Group

24

Rotate/Shift

- CcoM

‘DEC

-DICB

ROT+1

_ ROT-1

SHFB-1

CLR
CLRB"

COMB
INC
INCB

DECB
NEG
NEGB
ADC
ADCB
DIC

TST
TSTB

o R B R i i . i

ROTB+1

ROTB-1
SHF +1
SHFB+1
SHF-1

T

Subroutine Call

JSR A, A

Ssubroutine Return

Operate Group,

RTS R
RTS R

Condition Codes

CLC
SEC
CLV
SEV
CLZ
SEZ
CLN
SEN
CNZ

‘CCC
‘scC

1054
0055

6 bits

- 0050 (Deétination)

1050
0051
1051
0052
1052
0053
1053
0054

1055
0056
1056
0057 , B
1057 v

6 bits

- 0060 (Destination)

1060
0062
1062
0064
1064
0066
1066 ¥

3 bits 6 bits

~‘004 (Reg.) (Destination)

3 bits

- 00020 (Reg.)
’;00021 (Reg.)

000241

000251

000242
000252

000243

000253
000250

- 000270

000254
000257

1000277



_Operate Group, Push/Pop
. HALT
WAIT

PUS .
POS

5%@ e 7

000000

000001

-~ 000002

000003
000004

000005




‘ APPENDIX B:

: Typlcal source and destlnatlon conflguratlons are shown below

'together W1th the M, D, ~and REG bit patterns. , i
D Lo .
CODE ‘SYMBOL - MEANING
00 0000 %RF;  E =Rp ' Rf contains data
001000 @RF ° E=(RF) - RF contains address
010000 +(RE . E= (rg), e
e B R (Rﬂ) +2 ~+(R¢)‘ Autoincrement
011000 _@(RE) _E= ((RA), S
; 5 : (R¢)+2-P(Rﬁ)' Autoincrement, defer.
10 0 000 , -(R@) (RE)-2 =~ (RE),
e - S -~ E = (R@) Autodecrement
10 1 000 @ (RF) : (RF)-2—»(RE), 4 g ,
RIS . E = ((rM))  Autodecrement, defer.
010 111 #L' = (PC)+2 Immediate literal |
101 1111  @H#L = ((pc)+2) = Defer thru immediate
11 0 001  A(RL) B = (RL)+((PC)+2) Indexed by RL
SRR o e i _ A is next word
7.11 1 001 A(Rl)i . E = (Rl)+((PC)+2)) Index defer Rl ,
11 0 111 A iﬂ ~E = (PC)+((PC)+2) Alternate form of defer.
RIS e ~ where((pC)+2)=A-. thru immediate mode
11 1 111 ea - E = ((pc)+((PC)+2)) Above with additional |
' FEEE ‘where ((PC)+2)=A~., defer. level .
NOTES: 1) A can be an ekpression.‘

2) R@, Rl designate reglsters RZF, Rl. These can be named
- with expressions.

- 3) Note the ease of countlng 1nstructlon length w1th this

symbology. The base instruction is 2 bytes, and each
~ expression not enclosed by parenthes1s or preceeded by
% adds another word.



'APPENDIX B (continued):

MOV %Rﬁk, V%Rl
- MOV #L, - %Rl
MOVB  #L, %Rl
MOV A, B
MOV A, (RE)+
© MoV  A(RE), B(RL)

W N W NN

word

words

words

words
words

words



“’BINARY GROUP “BASIC PDF

OP SOURCE Jofs TINA'rmnﬂ

'” ;
\

11 IND

NUTESo

TIONS

L\’ ;\\L\:\‘\ﬁ . "L INSTRUCTION LENGTH :
: | ONE WORD : OPERATE, BRANCH, EXECUTE ; 6THERS IF SOURCE AND
B . SOURCE  DESTINATION DESTINATIGN NOT INUERED OR AUTO-ING ON PC,
~O-WORD -oo: MOV : §-+D I lDl REG | M [D[REG | TWOWORDS | EITHER SOURCE OR DESTINATION 1§ INDEXED BY NEXT WORD
- 1-BYTE 010 ADD:S+D=D T B3 €% ¥3 o OR THE AUTD-INC OF FCL PROVIDES AN IMMEDIATE GF»‘ERANQ.
" ©oil sUB:D-$=D | L — . A WORD Is REQUIREL FOR THES DATA. |
( : ‘ S 4 T I S E R /
100 CMP: TESTS-D  \\ \1ooece voe o . REG ! THREE WORDS: BOTH SOUKCE AND DESTINATICN ARE INDEXEL CR HAVE AN
101 AND: S-D=D o - DIRECT 000 R4 * . IMMEDIATE OPERAND. NEXT WCRD AFTEK FNSTRUCTLON
o 00 REGISTER | -DEFERRED 001 RI ' ! REFERS TO SCURCE j NEXT WORD REFER. Te DES‘TINA“”IG»,,
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