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MEMORY REFERENCE INSTRUCTIONS*

MEMORV REFERENCE FORMAT

12 BIT ADDRESS

(PAGE MODE)
INDIRECT 84T
INDEX BIT (PAGE MODE):
. e am w1
13 BIT ADORESS
{BANK MODE!
Mem Execute
Time
Mnemonic Code Operation Cyc!es (Microsec

CAL 00 JMS Absolute 20s 2 1.6
DAC 04 Deposit AC 2. 1.6
JMS 10 Jump to Subroutine 2 1.6
DZM 14 Deposit Zero in Memory 2 1.6
LAC 20 Load AC 2 1.6
XOR 24 Exclusive OR 2 1.6
ADD 30 Add (1's Complement) 2 1.85
TAD 34 Add (2's Complement) 2 1.6
XCT 40 Execute 1+ .8+
1SZ 44 Increment and skip if zero 3 2.4
AND 50 AND 2 1.6
SAD 54 Skip if AC = Memory 2 1.6
JMP 60 Unconditional jump i .8

*Add 1 cycle for indirect addressing or auto indexing (no
extra time required for indexing).

Indirect Addressing through locations 10s-17s will cause
these locations to increment on each access.

Special Op Codes

EAE 64 Extended Arithmetic 1.2 1.325-7.685
10T 70 Input/Output Transfer 1 [2:21-5:02
FPP 71 Floating Point Processor 1-4 5.0-18.3
IND 72 Index Group 1 16

OPR 74 Operate Group 1 .8

OPERATE INSTRUCTIONS

NOP 740000 Operate group, no 1 .8
operation
CMA 740001 Ones Complement AC Al .8
CML 740002 Complement L ] .8
OAS 740004 OR AC switches to AC il .8
RAL 740010 Rotate AC and L one left 1 .8
RAR 740020 Rotate AC and L one right 1 .8
IAC 740030 Increment the AC 4 .8
HLY 740040 Halt 1 .8
SMA 740100 Skip if AC<0 bl .8
SZA 740200 Skip if AC=0 1 .8
SNL 740400 Skip if L#0 1 .8
SKP 741000 Unconditional Skip 1 .8
SPA 741100 Skip if AC20 il .8
SNA 741200 Skip if AC#£0 il :8
SZL 741400 Skip if L=0 1 .8
RTL 742010 Rotate AC and L two 1 .8
places left
RTR 742020 Rotate AC and L two I .8
places right
SWHA 742030 Swap halves of the AC 1 .8
CLL 744000 Clear L i .8
CLA 750000 Clear AC I .8
LAW  76XXXX+n Load the AC wi 1 .8

760000-+n (0<n<17777)

Operate Combinations Found In
Permanent Symbol Table of MACRO 15

TCA 740031 Two’'s complement 1 .8
accumulator

STL 744002 Set L 1 .8

RCL 744010 Clear L, rotate AC and 1 8
L one left 1 .8

RCR 744020 Clear L, rotate AC and 1 .8
L one right

CLC 750001 Clear and complement AC 1 .8

LAS 750004 Load AC from Console 1 .8
switches

GLK 750010 L-AC 17 1 .8

COPYRIGHT ©16874 DIGITAL EQUIPMENT CORPORATION

OPERATE INSTRUCTIONS COMBINING CHART

I 2 3 4
SNL SZA SMA |CLL CLA|BAS CMA IAC HLT
SZL SNA SPA RAR
SKP RAL
RTR
RTL
SWHA
1. Instructions occur in order 1 through 4. i .
2. Instructions may be combined unless they are in dif-
ferent boxes in the same column.
3. The following skips are combined as if ORed: SNL,
SZA SMA,
4. The following skips are combined as if ANDed: SZL,
SNA, SPA.
5. CML occurs at time 3 and can be combined normatly
with everything except IAC and Rotates.
6. CML combined with IAC executes as a CML!STL and
therefore should not be used.
7. CML combined with a rotate will cause the new state

CLA

of the L to be an OR of the compliment of the L and
the state rotated in and therefore should not be used.

AW — ————

30 —
ROTATE 2(SWHA)

INVERT sm SN (o)

8. SWHA combined with CLA will leave the AC in the
same state as it held before the instruction was ex-
ecuted and so should not be used.

9. SWHA and Rotates will cause the following to be ig-
nored: OAS, CMA, 1AC,

10. LAW will cause all other microcodes to be ignored.

11. All illega! combinations not otherwise mentioned will
correspond to some correct microcode of different
meaning and be executed as such.

OPERATE GROUP
0 3 4 [ 7 8 9 L 1 12 13 14 iH 1617
[ HEE BB
L[ gli=
74 OPCODE———T.*—‘J I | |
|

SNL {52

STA SNA) _— =
SMA(SPA)
HLT

RAR{RTR, IAC, SWHA)

RAL(RTL, TAC, SWHA) y
OAS

oML

CMA

Condition Code
AC>0 SPA! SNA
AC=0 SPA
AC=0 SZA

AC<O0 SMAIl SZA
AC<0 SMA
AC=0 SNA



INDEX INSTRUCTIONS
REGISTER CONTROL INSTRUCTIONS

Execute
Memory Time
Mnemonic  Code Operation Cycles (Microsec.)
AXS+n 725XXX*=n Add=n (0<n<377) 1'% 1.6
to index register
and skip if=limit
register
AXR+n 737XXX*n Add n to the index 3Ly 1.6
register
AAC+n 723XXX*n Add n to the 0k 1.6
accumulator
REGISTER TRANSFER INSTRUCTIONS
PAX 721000 Place accumulator in 1es 1.6
index register
PAL 722000 Place accumulator in Iee 1.6
limit register
PXA 724000 Place index register in 1% 1.6
accumulator
PXL 726000 Place index register in I 1.6
limit register
PLA 730000 Place limit register in 1% 1.6
accumulator
PLX 731000 Place limit register in 1 1.6
index register
CLX 735000 Clear the index register 1* 1.6
CLLR 736000 Clear the limit register o 1.6

*For these eleven instructions, although only one memory
cycle is required, the CPU requires another cycle to com-
plete the operation. Each CPU cycle is completed within
800 nanoseconds.

EAE INSTRUCTIONS

EAE
MUL
MULS
DIV
DIVS
IDIV
IDIVS
FRDIV
FRDIVS
NORM
NORMS
LRS
LRSS

LLS
LLSS

ALS
ALSS

OsC
oOMQ

LACS
LACQ

LMQ
GSM

640000

653122
657122
640323
644323
653323

657323
650323
654323

640444
660444
6405xx+n
6605xx+n

6406xx+n
6606xx-+n

6407xx+4n
6607xx+n

640001
640002
640004
641000
642000
644000

650000
660000

EAE group, no 1.325
phstatlon - e

ultiply, unsigne —
Multiply, signed 2.915-+.265L
Divide, unsigned
Divide, signed
Integer divide,
:msignecﬂj »

nteger divide, e
signed 2.9154-.265m
Fractional divide.
unsigned
Fractional divide,
signed
Normalize, unsigned
Normalize, signed
Long right shift
Long right shift,
signed
Long left shift
Long left shift,
signed
Accumulator left
shift
Accumulator left
shift, signed
OR SC to ACl12-17
OR MQ to AC
Complement MQ
Clear AC

2.915+4-.1326h"

ith
absolute value 1.325 set up
of AC instructions
Clear MQ
Move sign (AC00)
to link

Combined EAE Set Up Instructions
Recognized by MACRO 15

641001
641002

652000
664000

Load AC1217 with
Load AC 0-17 with
s 1.325

Load MQ with AC
Sign—Link, |AC|->AC

*Where “h" is the number of steps the instruction must
carry out 0 <h<(36:

**Where ““m" is the number of steps a divide instruction
carries out 0<m<19,

***Where ‘‘L" is the number of steps a multiply instruction
carries out 0<L<18jp
TNot recognized by the permanent symbol table of
MACRO 15

EAE Set Up Combining Chart

1 2 3 4
ABS OAC CMQ oMQ
SLK CLAC 0SC
cLQ

N =

Set

. Order of events is from 1 to 4.
. Any EAE Set Up can be combined with any other EAE

t Up.
3. EAE Set Up and other EAE instructions should not be
combined.

EAE SETUP
0

b‘ OF CODE

CLQ

_J

innsaul

ABS

OAC

CLAC

CODE FOR SET UP

0
UNUSED
[

ome

osC




FP15 INSTRUCTIONS

FP1S FORMAT
I ] L] 3 9 I 01 12 B W 15 6 17
=y e, L
OP CODE 71 ——’ T
FP OP CODE
SUPPRESS OPERAND CYCLE

PRECISION & MODE

00- |N‘EGER(U
01 - FLOATING(F]
10-EXTENDED INTEGER(E]

R{E)
11 -DOUBLE PRECISION FLOATINGID)

PRECISION
MODE

SUPPRESS NORMALIZATION {UN)
SUPPRESS ROL

SIGN CONTROL
00-NO EFFECT
01-MAKE A SIGN POSITIVE
10-MAKE A SIGN NEGATIVE

11-COMPLEMENT A SIGN

General Case FP OP Codes

SB 710400
RS 711000
MP 711400
bv! 712000
RD? 712400
LD? 713000
ST? 713600
LES 714010
LXs$ 714460
LQ? 715000
AD 716000

Subtract, FMA—Arg—->FMA 6.2-11.2

Reverse Subtract, 6.2-11.2

Arg—FMA->FMA

Mulitiply, Arg XFMA->FMQ, FMA
14.1-18.6

DIVIde, FMA/Arg—>FMA, 11.8-18.3

r—F

Reverse Divide, Arg/FMA—~> 11.8-18.3

FMA, r—>FMQ

Load, Arg—FMA 6.6-9.5

Store, FMA-Arg 6.6-9.1

Load and Float, Arg>FMA 6.6-11.2

Load floating and Fix, 11.0-12.4

Arg->FMA

Load and Swap, Arg—>FMQ, 6.6-14.0

FMQ->FMA

Add, Arg+FMA->FMA 6.6-9.3

1. Normalization must not be surpressed for DV or RD.
2. Rounding is irrelevant for LD and LQ and therefore

Rounded Dou
used.

should be sugpressed for floating numbers.
le Stores (DST) are illegal. URDST must be

4. LF arguments must be integer, rounding is irrelevant and
therefore should be suppressed.

5. LX arguments must be floating, normalization is irrele-
vant and therefore should be suppressed.

Particular Case FP Instructions

FPT 710314
FZR 711200
FAB 713271
FNG 713272
FCM 713273
FNM 713250
FLA 714210
UNFLA 714230
FXA 714660
URFXA 714670
SWQ 715250
UNSWQ 715270
LJE 715400
SJE 715600
BZA 716601
BMA 716602
BLE 716603
BPA 716604
BRU 716606
BNA 716610
BAC 716620

Floating Point Test

Zero EPA (A SIGN) FMA
Make A SIGN positive
(Absolute Value)

Make A SIGN Negatlve
Complement A S

Normalize EPA (A SIGN) FMA
Float FMA

Unnormalized, Float FMA
Fix EPA, FMA

Unrounded, Fix EPA, FMA
Swap FMA and FMQ
Unnormalized Swap FMA and FMQ
Load JEA Register

Store JEA Register

Branch on Zero FMA
Branch on Minus FMA
Branch if FMA<0

Branch on Positive FMA
Branch Unconditional
Branch on Non-Zero FMA
Branch if Carry Out of FMA

QOmaLoaIOOUIcIEEUIEONT Il
[N TN I R IRy AL P AT A AT S N XY Ol SYNY=

Data Formats

SINGLE-PRECISION INTEGER

wg'n‘g OPERAND [TWO'S COMPLEMENT)

[]

EXTENDED PRECISION INTEGER

FIRST PLEMENT
WORD HIGH ORDER OPERAND{TWO'S COMI )

1OW ORDER OPERAND(TWO'S COMPLEMENT)

SECOND [_ S——
‘WORD
o

SINGLE-PRECISION FLOATING POINT

FIRST
WORD LOW ORDER MANTISSA l

EXPONENT(TWO'S COMPLEMENT)

0 5 9

seconn [ |

WORD HIGH ORDER MANTISSA

SIGN

DOUBLE:PRECISION FLOATING POINT

FIRST INENT{TWO'S COMPLEMENT)
ik EXPONENT{TWO" )

7
SIGN

5(3{%’:8 | HIGH ORDER MANTISSA
.

SIGN

THIRD
WORD

LOW ORDER MANTISSA




INPUT/OUTPUT TRANSFER INSTRUCTIONS

101 FORMAT
[} N 1213 14 15 18

T T

f ' i

SuB DEVICE SELECT O
SUB DEVICE SELECT )
LEAR AC

CLEAR A )
10P 4 [GENERALLY LOAD DEVICE REGIS”ER) —

10P 2 (GENERALLY OR INFORMATION TO AC)
IOP 1 (GENERALLY SKIP ON CONDITION)

JORS WORD
13 S|

=i T

TT
PROGRAM INT:
ERRUPT ON 4 _T
TAPE READER FLAG =
TAPE PUNCH FLAG »
TELETYPE KEYBOARD FLAG 4 —
TELETYPE PRINTER FLAG =

GRAPHICS FLAG

TAPE READER, NO TAPE w.
TAPE PUNCH , NO TAPE » '
DECTAPE FLAG » +

MAGTAPE =

DISK PACK ®

DECOBK » «

LINE PRINTER w

RESERVED FOR SPECIAL USERS DEVICES

® = WILL CAUSE PROGRAM INTERRUPT IF INTERRUPT 1S ENABLED
* VINCLUSIVE OR OF TRANSFER COMPLETION AND ERROR FLAGS

Execute Time

Mnemonic' Code Operation (Microseconds)?

—_ 700304 OR status to AC 3.96-5.02
IORS 700314 Read status 3.96-5.02
CAF 703302 Clear flags 3.21.4.27
EBA 707764 Enable bank addressing 3.96-5.02
DBA 707762 Disable bank addressing 3.21-4.27
SBA 707761 Skip if bank addressing 2:41=3727
SK15 707741 Skip if PDP-15 2.21-3.27
PROGRAM INTERRUPT
10F 700002 Turn interrupt off 3.21-4.27
ION 700042 Turn interrupt on 3.21-4.27
TYPE KW15 REAL-TIME CLOCK
CLSF 700001 Skip on clock flag 2.21-3.27
CLOF 700004 Disable clock 3.96-5.02
CLON 700044 Enable clock 3.96-5.02
TYPE KA15 AUTOMATIC PRIORITY INTERRUPT
RES 707742 Restore 3.21-4.27
DBK 703304 Debreak 3.96-5.02
DBR 703344 Debreak and restore 3.96-5.02
SPt 705501 Skip on priorities inactive 2.21-3.27
ISA 705504 Initiate selected activity 3.96-5.02
—_ 705502 OR priority levels into AC 3.21-4.27
RPL 705512 Load priority levels into AC  3.21-4.27
EBI 705521 Enable breaks 2.21-3.27
DBl 705522 Disable breaks 3.21-4.29

1SA/RPL WORD

o P | K] 9 10 — — 2

pale aln [ e Fed ]

API REQUEST §
APl REQUEST 6
P)

API REQUEST 7
PRIORITIES ACTIVE 0-7

T10T mnemonics do not appear in the assembler symbol
table.

2 All IOT'S require only one memory cycle. Execute times for
10T's vary between minimum and maximum limits.

INPUT/OUTPUT TRANSFER INSTRUCTIONS (CONT'D)

Execute Time

Mnemonic  Code Operation (Microseconds)

TYPE UC15 PROCESSOR LINK

SI0OA 706001  Skip if 1/0 Accepted (done) 2.21-3.27
tests if PDP11 has done DATI
to 767764 since last LIOR

SAPIO 706101 Skip if APl O flag 2.21-3.27
SAPI1 706121 Skip if API 1 flag 2.21-3.27
SAPI2 706141 Skip if APl 2 flag 2.21-3.27
SAPI3 706161 Skip if APl 3 flag 2.21.3.27
ClOD 706002 Clear 1/0 Done (Accepted) 3.21.4.27
CAPIO 706104  Clear APl 1 flag 3.96-5.02
CAPI1 706124  Clear APl 0 flag 3.96-5.02
CAPI2 706144  Clear APl 2 flag 3.96-5.02
CAPI3 706164  Clear API 3 flag 3.96-5.02
—_ 706004 Load 1/0 Register 3.96-5.02

PDP11 locations 767764
and bits 140 of 767774

LIOR 706006  Clear 1/O Done (Accepted) 3.96-5.02
and Load |/0O Register

LDRS 706122 Load Status (AC17->Enable 3.21-4.27
Interrupt Bit)

—_— 706102  OR Enable Interrupt bit 3.21-4.27
to AC 17
RDRS 706112 Read Status (enable 3.21-4.27

interrupt bit to AC17)

PDP11 Register Definitions

767760

170 FLAG SET TO 1 BY LIOR _—————J
ENABLE BR7 TO TVII0 WHEN BIT 73] oo

767762

API 3 TRAP ADDRESS -——J 9

API 2 TRAP ADOR =

767764

POP-15

LOADED by LIOR from PDP15 AC
DATI to this location clears bit 7 of 767760 and sets 1/0O
Done (Accepted) in PDP15

SRy
15 8 7 ] ] o

e m
API DONE - SET 7O | WHEN NO W TO IS
APl REQUESTS ARE PENDING
ENABLE BRS TO TV300 IFBIT 7:1

©oD81
15 L] 7
767772
= =
APL | TRAP ADOIESS——’

APL O TRAP ADORESS

API O DONE FLAG
API 2 DONE FLAG
LOADED BY LIOR FROM PDP-15 AC




INPUT/OUTPUT TRANSFER INSTRUCTIONS (CONT’D)

Execute Time

Mnemonic  Code Operation (Microseconds)

TYPE KF15 POWER FAILURE DETECTION

PFSF 703201 Skip on power-low flag 2.21-3.27
TYPE KM15 MEMORY PROTECTION
MPSK 701701 Skip if memory 2.21-3.27
protection violation
MPSNE 701741 Skip if violation 2.21-3.27
caused by attempt to
address non-existent
memory
MPCV 701702 f(I:Iear memory protection 3.21-4.27
ag
MPCNE 701744 Clear non-existent 3.96-5.02
memory flag
MPLD 701704 Load boundary register 3.96-5.02
MPEU 701742 Enter user mode 3.21.4.27
TYPE KT15 MEMORY RELOCATION
MPLR 701724 Load relocation register 3.96-5.02
CONSOLE TELETYPE KEYBOARD
KSF 700301 Skip on keyboard flag 2.21-3.27
— 700302 OR keyboard to AC 10-17 3.21-4.27
KRR 700312 ;ig?g 1k7eyboard to 3.21-4.27
— 700322 OR keyboard to AC10-17 3.21-4.27
and suppress echo
KRS 700332  Read keyboard to AC10-17 3.21-4.27
and suppress ECHO (Full”
Duplex made of operation)
CONSOLE TELETYPE TELEPRINTER
TSF 700401 Skip on teleprinter flag 2.21-3.27
TCF 700402 Clear teleprinter flag 3.21-4.27
—_ 700404 Loag printer buffer and 3.96-5.02
prin
TLS 700406 Clear teleprinter flag, 3.96-5.02
load teleprinter buffer
and print
AD15 ANALOG SUBSYSTEM
ADSF 701301  Skip on AD Done 2.21-3.27
MSSF 701321 Skip on Memory overflo 2.21-3.27
WCSF 701341 Skip on WC overflo 2.21-4.27
ADCF 701362  Clear AD15 3.21-4.27
ADCV 701304  Lead Status and Convert 3.96-5.02

STATUS
0 1 2 3 4 s 6 7 8 9 0N

INPUT/OUTPUT TRANSFER INSTRUCTIONS (CONT’'D)

Execute Time

Mnemonic  Code Operation (Microseconds)

TYPE VT15 DISPLAY PROCESSOR

10T Central Instruction

__ WEN  EEN

|, <
oAt
WC OVERFLO #

MEMORY OQVERF
ENABLE MEMORV OVERFL(J'

EXVERNAL SVNC ENABLE .
ADD TO MEM

NO
CHANNEL ADORESS -

+5 WRITE ONLY
= READ ONLY

ADRS 701342
ADRB 701302

Read Status 3.21
Read Data and clear Done  3.96-

SPSF 703001 Skip on Stop Flag 2.21-3.27
SPLP 703021 Skip on Light Pen flag 2.21-3.27
SPPB 703041 Skip on Push Button flag 2.21-3.27
SPEF 703061 Skip on Edge Fla 2.21-3.27
SPDF 703101 Skip on (any) Dlsplay Flag 2.21-3.27
SPDI 703121 Sklp on (any Display) 2.21-3.27
Interrupting flag
SPES 703161  Skip on External Stop flag 2.21-3.27
SIC 703024  Set Initial Conditions 3.95-5.02
SIC WORD
0 1 2 |7l l 1}0||| ﬂl ill |.S[I6I\7l
J l‘ T
U’ |N7R ENABLE
EDGE INTR ENABLE
PUSH BUTTON !NIR ENABLE
EXYERNAL SVO
| ENABLE
CLEAR STOP FL
CLEAR LIGHT PEN FLAG
EAR EDGE FLAG
R PUSH BUTTON FLAG
CLEAR EXTERNAL 5’0? FLAG
PAPER CHANGE ENABLE
PAPER SIZE alvs(o 1]
LP INTR DISAI
SLAVE PUSH W’TON SELECT BiTS
PEN ON
lIGHl PEN OFF
LSD 703004 Load Display Address and 3.95-5.02
Start Display
LSD/RPC WORD
1] 1 17
DISPLAY FILE ADORESS — ————’
STPD 703044  External Stop Display s
RESD 703064 Resume Display (from flag) 3953 92
RS1 703002 Read Status 1 . '

STATUS |
1

—_— —
OFFSET ——j ] [
ROTATE
BLINK
PAPER SIZE BITS
INCREMENT SIZE BITS
STOP INTR ENABLE —
LP INTR ENABLE
EDGE INTR ENABLE
PUSHBUTTON INTR ENABLE
LI’N( REG
RS2 703022 Read Status 2 3.21-3.27
SYAOYUS 2 5 6 7 8 0 n 17
PBO-5 ————4 T T
EDGE FLAG ENABLE
INTENSITY REG.
NAME REG. 0-6
RS3 703142 Read Status 3 3.21-3.27

STATUS 3
Bic6 9 10 3.4 7

. EEE 2 E. [

STOP FLAG—’
PB FLAG
LP FLAG

EDGE FLAG
EXTERNAL §
ARBITRARY VECIOR INSTALLED:
PB FLAGS UNIT 0-3

LPSI FLAGS UNIT 0-3




VT15 INSTRUCTIONS

PARAMETER 1
0

OP CODE 20 —’ ? I
STOP
ENABLE INTENSITY CHANGE

INTENSITY REGISTER
ENABLE INCREMENT CHANGE
INCREMENT REGISTER

PARAMETER 2

OP CODE 1(——,
ENABLE EXCAPE CHANGE

Qs Escare ON ALT MODE ONLY
ALT MODE O CR
ENA!LE BLINK CHANG

ENABLE CHMANGE IN EDGE STATUS
EDGE FLAG ENABLE
ENABLE CHANGE IN ROTATE
ROTATE 90° CCW
ENGABLE CHANGE IN LIGHT PEN
IGHT

ENABLE CHANGE IN OFFSET
OFFSET DISPLA

PARAMETER 3

== = el

IN'EIRUF' E

GL
INTERS
LIGHT PEN INYERI\J" ENAN.E
EDGE INTERRUPT ENABLE
PUSH BUTTON INTERRUPT ENABLE
ENABLE CHANGE IN LINE
LINE REGISTER

SKIP 1
0

e 7

OF CODE 230 —————J

LPS! SKIP & Cl
PUSH IUTTON CLEAR Af\‘" TEST
PUSH BUTTON
0=SET P8
1 lTESV (SXIP IF) PR
P8 0
PIISN!UHON UNIT SELECT 0-3

SKIP 2

— -
or cove 234 ——4 l
SYNC DISPLAY{AT LINE FREQ

TEST{SKIP IF} NAME REGlSTER
NAME REGISTER O

SAVE/RESTORE

B | | mmr I
- " n
OP CODE 24 _,
DIRECTION

02 SAVE
1 2 RESTORE
ADDRESS

SAVE/RESTORE WORD
]

(T [ T [N ) 0 W12 13 1415 16 17
%—__, =)

INCREMENT REGISTER ,

BLINK

ROTATE

OFFSET

EDGE FLAG ENABLE
INéENSl" IEGISTERS

PB INTR ENABLE
P ON
LINE REGISTER

)MP/)MS

IT- i:l

SUBROLIVINE ——1
| l JMS
INDIRECT

ADORESS

SLAVE | INTENSITY ENABLE
SLAVE 2 LP ENABLE

SLAVE 2 lN'mSI" ENABLE
SLAVE 3 LI
SLAVE D IN'ENSI" ENABLE

POINT/GRAPH PLOT
3

OP CODE 14
INTENSIFY
LP ENABLE
DIRECTION
0=y
12X

MODE
0= POINT
12 GRAPH
COORDINATE

BASIC VECTOR
)

BASIC SHORT VECTOR
0 3

OP CODE 5
LP ENABLE
INTENSIFY
DIRECTION
VECTOR

INTENSIFY
OIRECTION
VECTOR

AmllAlV VECTOR

o

r T J
QP CODE 10 —’
INTENSIFY

LP ENABLE e}

SIGN
O .

ax IN FIRST WORD

AY iN SECOND WORD)

MBIIIA" SHORT V(C'Ol

I,IGMV PEN ENABLE ————

lN'lENSlN _————r
AX
Y SIGN

CHARACTER INPUT
0

== & ’
OP CODE 04
INDIRECT

ADDRESS




INPUT/OUTPUT TRANSFER INSTRUCTIONS (CONT'D) INPUT/OUTPUT TRANSFER INSTRUCTIONS (CONT’'D)

Execute Time Execute Time
Mnemonic Code Operation {Microseconds) Mnemonic  Code Operation {(Microseconds)
TYPE VP15A STORAGE TUBE DISPLAY RF15/RS09 DECdisk
SDDF 700521 Skip on display done flag 2.21-3.27 . . 1
CDDF 700752  Clear display done flag 3.21-4.27 DSSF 707001  Skip on disk flag 2.21-3.27
CXB 700502  Clear x-coordinate buffer 3.21-4.27 Dscc 707021  Clear the disk control and  2.21.3.27
CYB 700602 Clear y-coordinate buffer 3.21-4.27 disable Athe”f fr'e'zezg
EST 700724  Erase storage tube 3.96-5.02 i;?sues& sither b;eeaz?(iminl;
LX8 700504 fl-rgi? ;\(ccgordlnate buffer 3.96-5.02 oo cdats trazz hardwa{e
i g error or an address parity
LYB 700604 fl_rg?-r(\j Kgg‘i;d'"ate buffer 3.96-5.02 error. It forces-the control
LXBD 700564  Load x-coordinate buffer 3.96-5.02 to abort the operation in
and display the point progress.
speclfled by XB and DSCD 707242  Clear the Status 2.21-3.27
B (store mode) Register and Disk Flag
LYBD 700664 Load the y-coordinate 3.96.5.02 DSCF* 707041 Clear the function register 3.21-4.27
buffer and display the and the interrupt mode
point specified by XB DSFX* 707042 XOR the contents of AC15, 3.21-4.27
and YB (store mode) 16, 17 into the function
LXDNS 700544 Load the x-coordinate 3.96-5.02 register
buffeir and.gisdplgy )t(lée d
point specifie Y an -
LYDNS 700644  Load the ycooraing 3.96.5.02 ¥ L B
oad the y-coordinate .96-5. ! : : B
buffer and display the A Function Register FO F1 INT
point specified by XB and —
YB (non-store mode) 5 0 o} X no effect
2 0 il X read
TYPE VP158, VP15BL, VP15C, VP15CL 1 0 X write
OSCILLOSCOPE DISPLAYS I 1 X write check
DSF BISR),  ENR RIS Qlank pok)  dalb @i DSCN* 707044  Execute the condition 3.96-5.02
DCF 700702  Clear display (light pen) 3.21-4.27 held in the function
flag register
DLB 700704 Load the brightness 3.96-5.02
register from bits 16-17 *These instructions may be micro-coded in any combination.
of the AC. Note: This e
instruction clears the 0 3 7
display flag associated T = =
with the light pen ASKIACDRESS WOADIADTIESS |
DXC 700502 bCh?far the x-coordinate 3.21-4.27
uftter
DYC 700602 Clear the y-coordinate 3.21-4.27 Bk g k%a?nttg - el
DXL 700504, Tand fhe stcoordinats 3.06.5.02 DRAL 707022  OR the contents of Address 3.21-4.27
buffer from AC8-17 Pointer 0 (APO) into
DYL 700604 Load the y-coordinate 3.96.5.02 the AC
buffer from AC8-17 29
DXS 700544 Load the x-coordinate 3.96-5.02 9 3w s 7
buffer and display [oisx numssr |
the point specified by the _= | J
XB and YB .
DYS 700644  Load the y-coordinate 3.96-5.02 DLAH 707064  Load the contents of the  3.96-5.02
buffer and display the AC into AP1
);zgmt specified by the 4 DRAH 707062  OR the contents of Address
and YB Pointer 1 (AP1) into the AC
RF STATUS
TYPE XY15 INCREMENTAL PLOTTER CONTROL ] . l : T : [ : I‘Ts I : [ : [ - Til s "
PLSF 702401 Skip if plotter flag is a 1 2.21-3:27 . % >
PLCF 702402 Clear plotter flag 3.21-4.27 4 ERROR FLAG i
PLPU 702404  Plotter pen up. Raise 3.96-5.02 HABEAESS EARITY GRROR '
pen off paper WRE CHECK ERROR
PLPD 702444 Plotter pen down. Lower 3.96-5.02 DATA PARITY ERROR
pen onto paper NONEXTENT DISK SELECTED
PLPR 702421 Plotter pen right 2.21-3.27 DARcHANNL T
PLPL 702441 Plotter pen left 2.21-3.27 TRANSFER COMPLETE |
PLDU 702422 E]I:%Etaer':ﬂ drum (paper) 3.21-4.27 i R L e
PLDD 702424 Plotter drum (paper 3.96-5.02
o LT (R DSRS 707262 OR the Status Register  3.21.4.27
PLUD 702442  Plotter drum (paper) 3.21-4.27 with the AC
upward (same as 702422) A0S
g e T 3_‘_ s | 7 7]
3 e e e
DISK BUSY ~— ] J J T
TRANSFER EVERY 4TH:
TRANSFER EVERY ZND —
WRITE BITIMAINTENANCE ONLY)
DISK SEGMENT ADDRESS -
DLOK 707202 OR the disk segment 3.21-4.27

address (ADS) regester
into the AC



INPUT/OUTPUT TRANSFER INSTRUCTIONS (CONT'D)

Execute Time

Mnemonic  Code Operation (Microseconds)

TYPE RP15 DISK PACK CONTROL

DPSF 706301 Skip on disk flag 3.21-3.27
DPSJ 706341  Skip on job done flag 2.21-3.27
DPSE 706361 Skip on error flag 2.21-3.27
DPSA 706321 Skip on attention flag 2.21-3.27
DPCS 706324  Clear status 3.96-5.02
DPCF 706404 Clear function 3.96-5.02

STATUS A

r.” B

' 4
DISK lNOIVSELECY —, ‘I
m 4 ERROR macxm | t
ATTENTION FLAG INYERNP’T ENABLE

WRITE PROTECT E

RGN EXISTER C1LINDER ADORESS
NON-EXISTENT HEAD ADDRESS

NON-EXISTENT SECTOR ADDRESS | ‘

HEADER NOT F

SECECTED UNIT 15 WRITE PROTECTED }

SELEC\‘ED umv 1S SEEK INCOMPLETE —— =

DONI
ERROR FLAG —

Function: 0 NOP 4 Seek
1 Read 5 Read All
2 Write 6 Write All
3 Recal 7 Write Check
DPLF 706464 Load status register A 3.96-5.02
from AC-8 and execute
DPLZ 706424 Load ACO-8 zeros into 3.96-5.02

status register A bits 0-8
and execute

DPLO 706444 Load the ACO-8 ones into 3.96-5.02
status register A bits 0-8
and execute

DPCN 706454 Execute the function 3.96-5.02
register; clear the
accumulator

DPOSA 706302 OR status register A 3.21-4.27
into the AC

DPRSA 706312 Read status register A 3.21.4.27
into the AC

DPCA 706344 Load current address 3.96-5.02
register

DPOC 706442 OR the current address 3.21-4.27

register into the AC

DPRC 706452 Read the current address 3.21-4.27
register into the AC

DPWC 706364 Load word count register 3.96-5.02

DPOW 706462 OR the word count 3.21-4.27
register into the AC
DPRW 706472 Read the word count 3.21-4,27

register into the AC

ADDRESS REGISTER
0

CYLINDER ADORESS 0-7———’ |
HEAD ADDRESS 0-4 4 |
CAR 256

SECTOR ADORESS 0-3

DPLA 706304 Load the cylinder, head, 3.96-5.02
and sector address
registers from the AC

DPOA 706422 OR the cylinder, head, and 3.21-4.27
sector address register
into the AC

DPRA 706432 Read the cylinder, head, 3.21-4.27
and sector address into

the AC
UNIT CYLINDER
9 8 g it4
L_I ==y L L by S ‘
%
smcvzomj 4
RPO3

SELECTED UNIT
CYLINDER ADDRESS

INPUT/OUTPUT TRANSFER INSTRUCTIONS (CONT'D)

Execute Time

Mnemonic  Code Operation (Microseconds)
DPOU 706402 OR the unit cylinder 3.21-4.27
address register into
the AC
DPRU 706412 Read the unit cylinder 3.21-4.27
address register into
the AC

UNI
HV E NTDN UNIV 3

A"ENYON
SEI.ECYED JNII 15 onsapE ————
PROGRA

END OF PA(K
TIMING ERROR
FORMAT ERROR
WRITE CHECK ERROR |
WORD PARITY ERROR =
LONGITUDINAL PARITY ERROR
SELECTED UNIT SEEK —
SELECTED UNIT NOT READY

DPOSB 706322 OR status register B into 3.21-4.27
the AC

DPRSB 706332 Read status register B 3.21-4.27
into the AC

TYPE TC15 DECTAPE CONTROL

DTDF 707601 Skip on DECTape flag 2.21-3.27
DTEF 707561  Skip on error flag 2.21-3.27
STATUS REGISTER A
3 4 k3

[T T T
m“mtss I/I;T—“i LI )

| lEVERSE

0 N IMAL P T S EF

1 CON"NUGIS moo( ENAB;E DTF & EF

0 MDVE 4 WRITE D Dbata

{ iAB = = WAIE Thing

DTCA 707541 Clear status register A 2.21.3.27

DTXA 707544  XOR AC into status 3.96-5.02
register A

DTLA 707545 Load status register A 3.96-5.02

— 707542 OR status register 3.21-4.27
A—ACO00-11

DTRA 707552 Read status register 3.21-4.27
A-AC (0-11)

S'AIUS NEGISTER ]
| EEE____Bam

Eaumam! _T * ‘

MARK TRACK ERROR ]

R —

PARITY ERROR ———

TIMING ERROR

UNUSED |

DECTAPE FLAGIDYF) —o———  — — -

— 707562  OR status register 3.21.4.27
B—>AC00-11

DTRB 707572 Read status register B 3.21-4.27



INPUT/QUTPUT TRANSFER INSTRUCTIONS (CONT'D)

Execute Time

Mnemonic  Code (Microseconds)

Operation

TYPE TC59D MAGNETIC TAPE CONTROL

MTSF 707341 Skip o?. etrror ffllag (EF) or 2,21-3.27
magnetic tape flag (MTF

MTCR 707321 Sklg on('ITtRane con’ﬁ'cgl 2 2.21-3.27
ready )

MTTR 707401  Skip on tape transport 2.21-3.27

ready (TUR)

Clear status and command  3.21-4.27
registers and EF and MTF

if TRC. If not, TCR only

clears EF and MTF.

MTAF 707322

COMMAND REGISTER
0 2

____EEE e

_HEN N
| ——
auooess— ¥ | Y
T
S!EVYEN 0 2008P1
1:0DD 1 556 BPI
DUMES: 2 800 BPY

CORE
EXTENDED INTER-RECORD GAP+ Tt
COMMAND

{13 g
2 READ 29w:gEEmeARD
: REé‘;::l?EA;PQZEREADS 7 TRACK FORMAT ON 9 TRACK UNITS WITH s
TWO LEAST SIGNIFICANT TRACKS IGNORED
+ 2IGNORED EXCEPT ON WRITE
MTCM 707324  OR ACO-5 and 9-11 into 3.96-5.02
;:\%ré\rénand register. Jam
MTLC 707326 Load ACO-11 into com- 3.96-5.02
mand register. MTCL is
the summation of MTAF
and MTCM
MTGO 707304 Execute command in 3.96-5.02

command register

_— 707302 OR CO{nman register into  3.21.4.27

ACO-1
MTRC 707312 Read command register -
el Sar giste 3.21.4.27
MAGTAPE STATUS
] 10 1 12 13 " 15 6 17

INPUT/OUTPUT TRANSFER INSTRUCTIONS (CONT’D)

TAPE REWINDING

| NN EER

ERROR FLAGJ J |
BEGINNING OF TAPE
ENOD OF FILEE
AR
RECORD LENGTH INCORRECT

END OF TAP

READ/COMPARE ERROR

DATA :SEQUES'I LATE

TAPE FLAG OR JOB DONE ~o—
IVE

7 CHANNEL DRI
cCco
1

—_— 707342 OR status register into 3.21-4.27
ACO0-11

MTRS 707352 Read status register into 3.21-4.27
ACO0-11

Execute Time

Mnemonic Code Operation {Microseconds)

TYPE LT15 AND LT19D TELETYPE CONTROL

Teleprinter

704XX1* Skip on transmit flag 2.21-3.27
704XX2* Clear transmit fiag 3.21-4.27
704XX4* Load transmit buffer and 3.96-5.02
send character
Keyboard
704XX1* Skip on receiver flag 2.21.3.27
704XX2* Read receiver buffer and 3.21-4.27
clear receiver flag
UNIT # XX (Keyboard) XX (Teleprinter)
1 10 (or LT15) 00 (or LT15)
2 12 02
3 14 04
4 16 06
5 30 20
(see PDP-15 User Handbook Vol. Il for additional units)
*Where XX is code for Teletype unit
TYPE DCO1-ED TERMINAL SCANNER
SSF 704001 Skip on Scanner flag 2.21-3.27
Dis 704004 Disable Scanner (stop 3.96-5.02
Scanner and clear flag)
SCANNER STATUS
lo 2 l 3 S | L] L] | 9 ‘[ ') ”
I f ] I
UNE &
CLEAR TRANSMIT fL
RECEIVER DATA
RSD 704002 Read line and data, clear 3.21-4.27
receiver flag and scanner
ag
LSA 704021 Stop scanner and lead line  2.21-3.27
LSD 704022 Lead transmitter buffer 3.21-4.27
and initiate printing
STS 704024  Clear scanner flag and 3.96-5.02
restart at current line
—_ 704027  Stop print and restart 3.96-5.02
For Unit # Add to basic 10T
0 400
1 440
2 500
3 540

TYPE PC15 PAPER TAPE READER

SPCO 703341  Skip if PC15 installed 3.21-4.27
RSF 700101 Skip on reader flag 2.21-3.27
RCF 700102 OR reader buffer to AC 3.21-4.27
RSA 700104 Select alphanumeric mode  3.96-5.02
RSB 700144 Select binary mode 3.96-5.02
RRB 700112 Read reader buffer 3.21-4.27
TYPE PC15 PAPER TAPE PUNCH

PSF 700201 Skip on punch flag 2.21-3.27
PCF 700202 Clear punch flag 3.21-4.27
PSA 700204 Punch, alphanumeric 3.96-5.02
PSB 700244  Punch, binary 3.96-5.02



INPUT/OUTPUT TRANSFER INSTRUCTIONS (CONT’D)

Execute Time

Mnemonic Code Operation {(Microseconds)

TYPE CR15 CARD READER CONTROL

CRSKP 706701  Skip on CRI15 flag 2521
CRPC 706724  Clear CR15 status 3.96-5.
(except End of Card)

CR CONDITIONS
Q

CLEAR ALL STATUS BITS{INCLUDING EOC)
OFFSET A CARD —

ENABLE PI
ENABLE DCH
READ A CARD

CRLD 706702 OR CR15 Data to AC 06-17  3.21-4.27

CRIS STATUS
]

4 5 7 8 9 01 12 13 4 15 » ”
ey

DATA MISSED
TROUBLE
BUSY

ONLINE
READY TO READ
CR DCH ENABLE

DATA READY

CRLS 706722 OR CR15 Status to AC 04-17 3.21-4.27

TYPE CRO3B CARD READER

CRSI 706721 Skip if card reader 2.21-3.27
interrupt is set

CRCS 706704  Clear status register 3.96-5.02
and data buffer

CRSC 706722 Clear status register 3.21-4.27

and data buffer;
select a card

CRO3B STATUS

1 % g s
NOT READY

HOPPER EMPTY

NO PASS [CARD} %

BAD DATA

DATA BUFFE
CARD DONE [LAST CARD) »
COLUMN DATA READY =

w s CAUSES PROGRAM INTERRUPT

— 706702 OR Data and Status 3.21-4.27
into AC
CROR 706712 Load data and status 3.21-4.27

into AC

INPUT/OUTPUT TRANSFER INSTRUCTIONS (CONT'D)

Execute Time

Mnemonic Code Operation (Microseconds)

LP15F LINE PRINTER CONTROL

PLSF 706501 Skip on done and error 2.21-3.27
LPCD 706621 Clear done flag 2.21-3.27
LPCS 706641 Clear status and error flags 2.21-3.27
LPEI 706544 Enable interrupt 3.95-5.02
LPDI 706561 Disable interrupt 2.21-3.27
LPP1 706541 Print one Line 2.21-3.27
LPPM 706521 Print Multilines 2.21-3.27
LPS'A\'US
0 2 3 4 5 [ 7 3 17
[
ERROI R ' I
1] ALARM
LINE OVERF!
llLEGAL KORIZONVAL TAB
DONE |
MAINVENANCE ‘
UNUSED
—_ 706542 OR status 0-7 into AC 3.21-4.27
LPRS 706552 Read status 3.21-4.27
UNICHANNEL DEVICE INFORMATION
Control Prior-
& Data Vec- ity
Device Status Buffer tor Level
CR11 Card Reader 777 160 230 BR6
data buffer 1 77T 162
data buffer 2 777 164
Kw11.1. Line Clock 777 546 —_ 100 BR6
LA30 DECwriter
(console) keyboard 777 560 777 562 60 BR4
printer 777 564 777 566 64 BR4
LP11 (LS11) Line Printer 777 514 777 516 200 BR4
LV11 Printer/Plotter 764 000 764 002 170 BR4
RK11/RKO5 Disk Cartridge 777 416 220 BR5
drive status 777 400
error 777 402
control status 777 404
word count 777 406
current 777 410
address
disk address 777 412
maintenance 777 414
XY11 (311) Plotter 777 254 777 256 120 BR4



PDP-15 I0PS ASCll CHARACTER SET APl Addresses

Listed below is the ASCIl character set. Those not inter- Suggested
preted by the ADVANCED Monitor and system programs as Break Priority
vnv'li(:raln;ﬂg:ul data input or as control characters are mark Address Standard Device Level
20 gogware c:anne: (1) g
1 oftware channe
9-SB?{I 9-SB?:I 9-$B?t" gsBc[:I 42 Software channel 2 6
Octal Octal Octal Octal 23 SD%%‘:’:;: fpg{‘é\)el o i
Code Char. Code Char. Code Char. Code Char. 45 MagTape (TC59) 1
000 NUL 040 SP 100 @ 140 * yi
001 SOH 041 ! 101 A~ 141 *a g(i (P;lapekr z)apf‘flR:/ad(%N(lpé):lS) %
002 *STX 042 " 102 B 142 *b 0C; ver'o
003 ETX 043 # 108 C 143 *C &3 Facgins il [EFLS 0
004  EOT 044  $ 104 D 144 *d 54 Graphics (VT15/VP15) 2
005 *ENQ 045 % 105 E 145 *e 1] Card Readers (CR15/CRO3B) 1
006 *ACK 046 & 106 F 146 *f £ P A o ]
007 BEL 047 107 G 147 »*g 60 DB99A/DB98A 3
010 *BS 050 ( 110 H 150 *h gé Dt Pl (DPO9A) 5
011 HT 051 ) 111 | 151 *j ata Fhone
012 LF 052 *+ 112 ) 152 *j 2! ey T 1
iskpack (RP15) 1
013 VT 053 + 113 K 183 *k ' 65 Plotter (XY15) 1
014 FF 054 , 114 L 154 *| ' =
015 CR 055 — 115 M 155 *m " 70 Scanners (DCO1-ED) as needed 3
016 *SO 056 . 116 N 156 *n - - use 70-77
017 *si 057 / 117 o© 157 *o ! RDeTS:
v 72 ADC15
020 DLE 060 0 120 P 160 *p 74 LT19 & LT15 Teleprinter 3
021 DC1 061 1, 121 Q 161 *q 75 LT19 & LT15 Keyboard [ ]
022 DC2 062 2 122 R 162 *r 5
023 DC3 063 3 123 § 163 *s
024 DC4 064 4 124 T 164 *t
025 NAK 065 5 125 U 168 *u
026 *SYN 066 6 126 Vv 166 *v Multi-Cycle Data Channel Addresses
027 *ETB 67 { w ®
030 CAN 870 g 1:% X i?; ,:’ Device Word Count Current Address
031 *EM 071 9 51 ¥ 1 Ay DECtape TC15 30 31
032 SuUB 072 : 132z 172 *z Camane Tald 32 33
033 ESC 078 133 [ 173 ¥ ;C\m? %E %g
034 *FS 074 < 134 174 *| é?%g %g 27,
035 *GS 075 = 135 ] 175 ESC 27
036 *RS 076 > 136 torA 176 ESC L 34 83
037 *US 077 ? 137 <«or_ 177 BEL
Codes 33, 176, 175 are interpreted as ESC (ALT Mode) and
are converted on input to coze 175 by IOPS( hahdlers.) ERNASLLREGTSIER SELEGE
Characters in the left hand column are input by pressing the NERMAL
Control (CTRL) key and the corresponding key in column 3. Switch in position: Register Contents:
AC Accumulator register
PC Program Counter register
OA Operand Address register
MQ Multiplier Quotient register
(EAE Option)
PL/SC Priority Level/Step Counter
XR Index Register
LR Limit Register
EAE Extended Arithmetic status
DSR Data Storage Register
1/0B Input/Output Bus
STA Input/Output Status (Indicates only
when the processor is stopped)
MO Memory Output register
MAINTENANCE
ABU A bus
BBU B bus
CBU C bus
SFT Shift bus
1/0A input/Output address
SUM Sum bus (output of adders)
M1 Maintenance word one
M2 Maintenance word two
MDL Memory data lines
MMA Memory address
MMB Memory Buffer

MST Memory Status



