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If the use of the bus is reqmaatoavwv i devxce tor data transfer
other operation. which does not affect’ the processor (D‘
- DTR other than to proaasaor) it may gain access to the
. middle of an instruction cycle by asserting ASAP almng
? 1inﬁ. ‘When the processor a) has control of the bus, b
_have a slave device selected, and c) sees NPR.asserted x

Anto a PTR segquence” i the . BR priority is greater or equal
processor priority. ‘Note tRat by means of the NPR line, a,‘evmc
may obtain the bus hgfore completion of the current ingtruc '
The processor may not be _dnterrupted (DTR squence) atﬂ‘hls
Thua, the NPT signal muat lnhlblt a device from putting it

. priority-on D 7 0 ’mf xt is. request;ng the bus for”proe
Loanterrupt. L : L :

luywa~a Direct Transfer ’f

« Th;s is used ta uncandltxonally transfer eontrol of the
) dovuv@. It is the means by which the processor
: ‘ xnatructions and by Whlch a devicernaylnter

- progessor,

1. Master ‘ots'C“é, sets D{Z 0> to the Devmce select io
- code (DS) of the device to which it wishes to trans e
control, and sets n<@5 8) to the. Functlon Command (FC|
being issued to the selected daviee (the signif
of the Device COmmand is 3pec1f1q to the sele te
device), o

Master asaerts MSYN and negatas BBSY.,

g

3 ‘/‘i.

ALl devices see C=6 and MSYN, and examme D

,{}0

Tl
*

The selected device examines p{15:8) (FC) and’pe

a@vmrdlnqu. If the salected davmce’r’qulres
it Agsaerts BB&Ya

4. The selected device: asserts SSYN.
5. The master sees SSYN and negates MSYN :
-6+ The selected device sees MSYN, negates SSYN. If thzﬂ ,
i ﬁvlvmtod device has asserted BBSY, it then becames me ter
otherwise, the processor sees MSYN and SSYN andf~BS
‘and becomes master. ‘ :

NOTE: o A |
The processor responds to DS=0. Processor 1nterprets FC&as thﬁ
‘address in the first 256 bytes of memory at which ‘an lntenrupt i
entry vector is located and performs an 1ntarrupt vxa that aédr&as,

he npnnuia responds Lo DS=FFy1e. The console 1nterpret& anyf‘
Ay a Halt, and holds the bus urt il manual xnturvent*mn re&tar*
system,  in wddition, if the Punction Command is in the r :
to FFv‘,’thw\wunamlz'wyamln@& and displays the contents o
Losnor rogistor with fhat aduhwss ‘in the last 256
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xX. Introducgion

mhe ppp-1l is a 16-bit small computer. It operates on bytes (8 bits)

“or words (16 bits). The memory is byte addressable, to a maximum 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 DA

Numbers are hexadecimal except as noted and when'Specifyiﬁéwy M
bit positions within a byte or word. ’ = IR IS

Bit numbering begins at @ at the right or low order‘end;of‘a i
byte or word and increases to the left to 7 for a byte or 15 .
for a word. TFor example, the high order bit of the accumula-~
tor is bit 15. : F e T

This memo describes the processor registers, the memory reférence ;
instruction addressing and the six groups of machine instructions =
memory reference, operate, conditional jump, add to register, push/pop
and external. , : * BTN ol e

II. 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 216.1 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. Woxds O through 7F are called page0 and may be

roferred to from any location by a 2 byte instruction. Words 0 through
FI* may be used for interrupt status (described in the next section. :

The last 1287 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 internai',
processor registers. ' L .
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II1. Processor Registers

The‘PDP~ll has 8 addressabieiléwbit hardware registers.

A. Program Counter (P) : al P >J
o s 15 0

Prior to each instruction, the program counter contains the address e
of the instruction. During the execution it contains the address of ok
the next sequential instruction. The program counter itself is.

addressable at (FFFC) 16. ‘ DR

B. Status Regis?e;‘(s) ‘T%%Z%ZZZszaé 3rioritz|§|2NlLf¢‘*§~»}3

210

G g

Bits 7 through 4 of thé*statuauregister contain the current prdcéSaon, ;
priority. Bits 3 through 0 contain the condition codes. Bits 15-8
are zerxo if roferenced. The status register is addressable at (FFFE) 16.

1. Condition Codes

Bits 3 through O of the status register are called the condition codes.
They are set according to the results of most instructions. L (bit 0)
is complemented as a result of carry out from the adder. N (bit'l) is
set (reset) if the result of an arithmetic instruction is negative
(rion-negative). 2 (bit 2) is set (reset) if the result of an arith-
metic operation is zero (non~zero). Bit+ 3. is the input/output flag
(F). 1t is set by certain devices on conditions determined by’thét'
device. 3 F ot

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 operating at a lower priority than the reqhestw”
ing device. ‘ ' S P .

c. Accumulator (A) L A B | | v
15 0 : )

This register is used both as an operand and as the result register
for most arithmetic‘instructions. In addition to being implicitly :
addrassed by these instructions, it also may be explicitly addreSSed ja
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at location (PFFP) 16.

D. X-Register (x} | X ]
e 15 o

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. : St

E. Y-Register (Y) L &y 1
15 0

This register is a general index register. It may be explicitly 1:
addressed at (FI'FA) 16. , | L

F. General Registers (K, M, N)

N
M
K

15 ¥ : 0
The general registers are three hardware l6-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). 1In addition,
K, M, N may be explicitly addressed at (FFF2)16, (FFr4)1l6,. (FFF6)16,
respectively. ‘ : ‘ | b sy

1V,  Memory Reference Instruction Addressing
RS D)

' op M
/\*,7 43 1 0

Bach memory reference instruction consists of one, two or three bytes.
mhe first byte is called the instruction byte. Successive bytes, if
any, contain either address information or data. The operation code
(op) is in the range of @ through (C)1l6. 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 [ op 110 [ D]

‘ ‘ 15 87 = 43 10
the 2's complement offset quantity Q is added to the'prbgram couﬁter' 
to form an effective address which is in the range (-80,+7F)16 rela-
tive to the program counter. ' ' o : '
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B, Page § hddressing Lo o] ~
15 14 817
o : ; - FF
Q “is used to form an address in the range (0, 2F)l6.
C¢. ¥Full Addressing L Q i I
oo wmwmeliate Adeforved 23 « | i

Q is taken as a full 16~bit address. This address mode Cannotib@f ‘

deferred .
p. Immediate Addressing ., _ __ _ _ _ 1 __ [ op —T176000,
23 16 15 758\7;,““ﬁ4~3j_°p:“5
The operand is taken directly from the byte or word following the

instruction byte. The operand is a byte or a word depending on thé“
operation code (sce Section V). This addressing mode may not be .
deferred p . : it

" B. General Register Addressing ] op___|0|XX 1D]

7 i 43210 ¥
The cffective address before deferral is K, M, or N dependingﬁoh;;bj e
whether XX is Ol, 10, or 11 respectively. If D is set, an:‘"auto~f1 :

inerement" is added to the register ; 3 ret
qhis new effective address also replaces the contents of the register.
The autoincrement is 0, 1, or 2 depending on the instruction‘(éee'fl‘*f
Section V). S o

F. External Addressing (1 | Q | OPv;l"llI:[fovﬁ

15 14 87 43 10

tn this mode, the high order 9 bits of the effective address before A

defexral are all ones. The low order 7 bits are Q. Thus, the address
range before deferral is (FF8@-FFFF)16. Input/output and external RN

dovices are typically assigned in this area allowing input/output or . R

external references in a two byte instruction. P ~‘,‘:?;j?y”wt“

G. X-Indexed Addressing l 0 'l ~ OP_ [ 100; }§] 2‘

' 15 - g7 .43 1 0o

The effective address before deferral is the sum of the 2's coﬁpleménﬁfﬁf““*
number @ and the contents of the y-register. This provides a range of

(-80,+71') 16 relative to the contents of X.
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H. Y-Indexed Addressing T Q | or | 101{D
5 8 7 i3 0

The effective address, before deferral, is the sum of the.2f5766mple~ﬁ”
ment number 0 and the contents of the y-register. This provides ‘a «
range of (~80,+7F)16 relative to the contents of Y. | R

V. - Memory Reference Instruction Group

Bits 3-0 are defined by the address mode as discussed'in-SedtLon~IV
above. o O :

‘A. Load Byte (LDB) foo1o | T
o7 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

ceffective byte. 2 is set to one (zero) if the effective byte is zero
© (non-zexo). The autoincrement is one. E SRR ‘

B, Load Word (LDW) ooir | M ] S
7 437 10 s

oy

The effective word is loaded into the accumulator. L'is;notfbhangéduu
N is set to bit 15 of the effective word. 2 is set to one (zero) if
the effective word is zexo (non~zero). The autoincrement is two. o

¢c. Store Byte (STB) [1000 T
| 7 4 3 10

the contents of accumulator bits 7 through O are stored in the‘éffec~
tive byte. The condition codes are not affected. The autoincrement
is one. ' . i

pD. Store Word (STW) EpOl | M |D
- 7 i3 176

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

o aule tne: o /mm/;a/a‘?‘
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g. Add Byte (ADB) loooo .M _|D| B

4 3 10

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 ‘
‘one (zexo) if the result is zero (non-zero). The autoincrément,isvone,f

p. Add Word (ApWw) 0001 (%o
7 43 10

The effective word is added 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 _
one (zero) if the result is zero (non-zero). The autoincrement ig two.

¢. Ccompare Byte (cpB) |0100 M D9
| 7 43 10

fhe 2's complement of the accumulatox and the effective byte are. added
together. The effective byte is treated as a 2's complement]8~bit"“f
quantity. The result is not stored in any register, but is#usedytof'“"
get the condition codes. L is complemented if the operation causes a i
carry out of bit zero of the adder. N is set to the high order bit of
the result. 7 is set to one (zero) if the result is zero (non-zero)
phe autoincrement is one. : P R R T

H. Compare Word (CPW) o101 T M__|o
7 43 10

the 2's complement of the accumulator and the effective word are ;
~added together. The result ié not stored in any register, but is used
" to set the condition codes. 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. % is set to one (zero) if the result if zero (non- .
zoro). The autoincrement is two. R U it

A m\%(p‘w {o110 T wm__Io
' 7 Z3 . 10
S - AP £ - P

he effective byte igs anded to the contents of the accumulator bits
7 through 0. Bits 15 through 8 of the accunulator are not affected.
L is not changed. N is set to the sign of the accumulator. 2. 1is
get to one (zero) if the accumulator is zero (non—-zexro) afterﬁthe
operation. The autoincrement is one. ' ' L i

-
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':QiJ; ’And‘Word (ANW) lo111 [ m |D
RO 7 4 3 10

iThe efE¢¢£iye‘word is anded to the contents of the accumulator., L
o is notﬂchanged. N is set to one (zexro) if the result is negative

,(non~negative). 7 is set to one (zero) if the result is zero (non-
‘zero). The autoincrement is two. '

K. Increment (INC) -  [1010 | M | D
; o 7 4.3 10
. The effective word 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. Z is set to one (zero) if the
result is zero (non-zero). The autoincrement is two.

L. Jump (JMP) 00 E
' U ~ 7 4 3 10

f Thé é£feétiVeJaddress replaces the contents of the program counter.
_ The condition codes are not affected. The autoincrement is zero.

M. vJﬁmp'tofSubroutine (JSR) 1011 ™M |1l

} o | 7 43 10 | CHWNN ;

G , ; \0Wt3
'ffThe;prOQram‘cOunter is stored in the word which has the address

s specified by the contents of the X-register. The X-register is
f; 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. | :

i

“_ﬂYI}u  op§réte Inééruction Group %, - %:@4>

" A. No operation (NoP) . L 111 0000 QSV
B ~ ’ 7 4 3 0

Tﬁéf@%dgxam counter is advanced one byte. The condition codes are

‘not changed. | /

B—rncrement Accumulator (1ac) L 111 "0 0 01 PIRES
3

» . | | ' 5 i
Vse  ADB iwwm ediade ! |

The accumulator is incremented by one. L is complement&d if the

©  operation causes a carry out of hit zero of the adder. N is sot

" to the high order bit of the result. % is sel to one (zero) if
\ the result is zero (non-zero). :
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- ¢. Complement.Accumulator (CMA) f111] 0010
: 7 4 3 0

‘the contents of the accumulator and the L bit are replaced by the .
ones. complement of the original contents. N is set to the high
order bit of the result. 7 is set to one (zero) if the result is
zexo (non-zero) . o 8 )

p. Negate (NE¢) L 11 1] 0011
7 4 3 ° 0

The 2's complement of the accumulator replaces the original

accumulator contents. L is complemented if the original contehts§‘
of the accumulator are non-zero. N is set to the high order bit o
.the result. 7% is set to one (zero) if the result is zero (non-zero).

. Clear Accumulator (CLA) ‘r111]010 0| Qﬁ%f%?‘ oy
‘ | R 7 4 3 o |

mhe contents of the ac@umulator are set to zero. L is not affectééff
N is smet to zero and z.is set to one. \ 5 o

F. Plus One to Accumulator (PAC) !?"1 11]0 1,0;Qi‘3 !Et{ 
' ‘ 7 4 3 . 0 ¢hs B E

The accumulator is set to plus one. L is not affected.  Bbth7N7aﬁd E
2 are sct to zero. e REsT i &

G. Minus One to Accumulator (MAC) ‘l 111 ]VO‘l 1 Q} F   ¢\
rhe accumulator is set to minus one. L is complemented. N is set
th one and Z is set to zero. : ! S Fili

H. Rotate Accumulator Right (RAR) [1 111,100 1 R

7 4 3 o .

jo : :

The L bit and the accumulator are treated as a single %ﬁ“bit cirqular,
register. The combination is rotated right one bit position (L goes

into accumulator bit 15 and accumulator pit @ 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). * i : T
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T. Rotate Accumulator Left (RAL) L1211 [ 1071 1.
‘ : ' : 7 4 3 0

_The L bit and the accumulator are treated as a single 17 bit rsgister.,
The combination is rotated left one bit position (L goes to accufwlator
bit # and accumulator bit 15 goes to L). N is set to the high order
bit of the result. 2 is set to one (zero) if the result is mero
(non~zero) . B

5. Complement Link (CML) Mi1i1i] 1101
7 & 3 0

The I bit is complemented. N, Z, and F are not affedted{ 

K. Clear Condition codes (cccC) j1 111 | 111 ﬂ'
: 7 4 3 0

[

Tﬁekfour condition codes (F, Z, N, L) are set to zero. -

Vi, conditional Jump Instructions 1
; | B
nThese instructions test for specific patterns of donditionlcodés.

fhere are 16 such instructions, formed as micro~codings of the

P

three conditions and a true/false bit. The format of these,ihstruéé7
tions is as below: - . ' S

R} T i'l o1 \r/elzininl
15 | 8 7 2 3 210

Where T/F specifies JoT (Jump on conditions True) or JCF (Jump on .
conditions False) and 7, N and L specify the condition code pattern
under test. Tf 7, N, 1, are all zeroes, then the 1/0 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 7 L; is "Jump oOn either Z=1
or Ieil"., If the T/F bit is one (JCcF), then the test is performed on
£he AND of the falsity of the indicated conditions. Thus, JCF 7 Liis
"Jump on Z=f and L=g. RO R R

1f 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. 1f the condition is mot
met, the next instruction is executed. The condition codes themselves
arc not affoected. : : . . O
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Mnemonics, for more commonly used¢Conditionsftested ares

I .
MNEMONIC : MEANING . CONDITION
JEQ jump on equal Z
JINE jump on not equal ' ' not Z
JLT jump on less than v N o
JGT jump on greater than not N and not Z
JLE ~ jump on less than or equal Nor?2
. JGE : jump on greater oOr equal not N
JILS jump on link set ' : L
JLR - jump on link reset not L
JFS . jump on F flag set F .
JER jump on F flag reset . not F

viir. Add to Register Group “*\

A. Add to M (ATM) Q 1111 | 1100 |
| 15 §7 43 0

\Q is treated as an 8-bit 2's complement number and added to the con%kfﬂ}
tents of M. L is complemented if the operation causes a‘carry outg‘
of bit zero of the adder. N is set to the high order bit of the B

result. 2 is set to one (zero) if the result is zero (non-zero). S

‘B. Add to N (ATN) l 0 1111|1110 |
15 8 7 43 - p, .

Q is treated as an 8-bit 2's complement number and added to N. L-is
complemented if the operation causes a carry out of bit zerq'of the
adder. N is set to the high order bit of the result. % is set to
one (zero) if the result is zero (non-zero). L L S

c. Add to X-Register (ATX) [0 ~T 1111 | 1000 |
- | 15 g 7 i3 0.

Q is treated as an 8-bit 2's complement number and added to X. 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 one
(zero) if the result is zero (non-zero) . o ! K

b Add to Y-Register(ary) [0 ] 1111 | 1010 ik

Sw T 87 43 0

O is treated as Aan 8~bit 2's complement number and added to Y. Lis
complemented if the operation causes a carry out of bit‘zérb‘Offéhe T
adder. N is set to the high order bit of the result. Z'ié setft0‘oné;
(zero) if the resull is zevo (non-zero). o S T L Ty
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o4

This inﬁtructicn~group provides for moving data words betwaen thg
 general registers and the push down list. L R

A. Push Instructions {111 0] _REG 11

7 43 10

The contents of the addressable hardware register specified[ﬁy'REq_u
arc stored at the address in the X-register. The contents of X afe]g

then incremented by two. The contents of the REG is not altered. -
The instructions specifying the registers are: NE B e

REG MNEMONIC OPERATION i
, . ; i
000 PUA Push Conteﬁts of A 4
001 PUK push Contents of K -
010 PUM push Contents of M i
01l PUN push Contents of N
100 PUX push Contents of X
101 PUY Push Contents Qf b4
110 PUP push Contents of P
111 PUS push Contents of S
B. Pop Instructions " lLar1ro0 [ rEc__| 0Ol
: 7 43 10

The contents of X are decremented by two. Thenvthe word at,the adétggéiiﬁ
in the X-register is stox d in the addressable hardware'registerispeéi*' *

fied by REG. mhe instructions specifying the registers ares

REG MNEMONIC OPERATION

000 POA Pop Into A
001 POK Pop Into K
010 POM pop Into M
0ll PON pop Into N :
100 POX pop Into X T
101 POY pop Into Y o
110 pop . Pop Into P
111 ‘ POS Pop Into S

The instruction sequence pPOs, POP causes a return from an interrupt -
roultine. B D P

poP is the return instruction corresponding to JSR (jump to SQbroutine)gf
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X. External Transfer (XTR)

This instruction allows the program to control certain devices 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 (FI')16 - an external instruction to the console causes a =
halt. Other device numbers may be assigned to extended arithmetic. i
elements, input/output devices or user equipment. The function of the
external instruction in these cases depends on the device. SRR

.

. R j;?“”

l FUNCTION COMMAND ‘ DEVICE»SELECT }
24 '

| 16 15 ,
A. Interrupt of ;Egg;g;ngf\j?i/

This instruction causes the processor to "interrupt itself" - that is,
respond as if the interrupt had occurred from an external device. It
occurs if the contents of DEVICE SELECT are zero. The program counter
is storced in the location specified 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 24f16v”
of the instruction is stored in the location which is three greater |
than the contents of the X-register. The X-register, itself, is
ineremented by four. : ' Ll

The processor rewumes;operatidn as determined by a three bytgf“statgs 2
block" which begins at the address with bits 15-8 zero and bits 7-0 o
FUNCTION COMMAND, The first two bytes of the status block replace 2W /(Y

the program counter and the third byte becomes the new status bytg;fj‘”;f'i

B. Halt

Tf DEVICE is (FF)16, the system stops. Condition codes are not
affected. : ‘

c. Input/Output Control

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

D. Fxt@ndﬂd Arithmetic Referenoes

Tf the referenced device is an extended arithmetic unit, that unlt
‘performs the appropriate operation and returns conLrol The lnstrqu
tion format is determined by the referenced unit.

1f DEVICK specifies a non-existant unit, and if the ”tlmeuout" optlon -

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

tion with DEVICE and FUNCTTON zero. This is used to simulate unimple-

mented extended operation codes by software or firmware programs. - The?'
contents of the word at 1ocation zero must be the starting address‘of a.

" goftwarc trap handler.. : Joor
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