








TABLE A.3. BASIC lOT INSTRUCTION GROUP (continued) 

/Magnetic tape 
mci=707001 
mrs=707012 
mli=707005 
msc=707101 
mSi=707201 
msf=707301 

type 54 

mrl=707112 

mrm=707202 

mrr=707302 

mwl=707104 
mwm=707204 
mwr=707304 

ICard reader 
crsf=706701 
crsa=706704 
crsb=706744 
crrb=706712 

ICard punch 
cpsf=706401 
cpse=706444 
cplr=706406 
cpcf=706442 

/Line printer 
Ipsf=706S01 
Ipcf=706S02 
Ipld=706S42 
Ipse=706S06 

1ssf=706601 
Iscf=706602 
Isls=706606 

start 
• 

/clear tape instruction and character buffer 
/read tape status into AC 
/load instruction buffer 
/skip if character is present for reading 
/clear interrupt flag and select interrupt 
/ skip if the tape flag is a 1 (end of record) 

/clear AC, read character buffer into AC left 
/clear character buffer 
/read character buffer into AC middle 
/clear character buffer 
/read character buffer into AC right 
/clear character buffer 

/write a character from AC left 
/write a character from AC middle 
/write a character from AC right 

/skip if reader character flag is a 1 
/select card reader for alphanumeric 
/select card reader for binary 
/read card column buffer into AC 

/skip if the card punch flag is a 1 
/select a card, set card punch flag 
/load row buffer, clear punch flag 
/clear punch flag 

/skip if �p�r�i�n�t�i�n�~� flag is a 1 
/clear printing flag 
/load the printing buffer 
/select printing, clear printing flag 

/skip if spacing flag is a 1 
/clear spacing flag 
/load spacing buffer and select spacing, clear spacing fIa; 
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TABLE A.3.1 IORS COMMAND BIT ASSIGNMENTS AND PROGRAM INTERRUPT CONNECTIONS 

IORS Device Program Status if a 1 
Bit Interrupt 

Connected 

0 Prog. Interrupt x Prog interrupt is on 

Tape Reader Flag x Reader buffer has a character 

2 Tape Punch Flag x Punching is complete, punch is available 

3 Keyboard Flag x Keyboard buffer has a character 

4 Teleprinter Flag x Character has been printed, and is available 

5 Display Flag x Light pen flag is a one 

6 Clock Flag x Clock has overflowed 

7 Clock Status Clock counting is enabled 

8 Magnetic Tape Flag x End of record 

9 Card Reader Flag x Card column is available 

10 II II II Card is at reading station 

11 II II II Card Malfunction 

12 II II II End of Fi Ie button is pressed 

13 Card Punch Flag x Punch buffer is available to load 

14 II II II Card ma I function 

15 Line Printer Printing Flag x Pri nti ng is compl eted 

16 Line Printer Space Flag x Spacing is completed 
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APPENDIX 4 

TABLE A.4.1 FlO-DEC CODE 

High order bits 

a A 61 00 01 10 11 
b B 62 Low order 
c C 63 bits 
d D 64 
e E 65 0000 space a -+ • 
f F 66 
g G 67 0001 1 tI / ? j J a A 
h H 70 
i I 4i 0010 2 I s S k K b B 
j J 
k K 42 0011 3 - t T 1 L c C 
1 L 43 
m M 44 0100 4 ::> u U mM d D 
n N 45 
o a 46 0101 5 V vV n N e E 
p P 47 
q Q 50 0110 6 1\ wW o 0 f F 
r R 51 
s S 22 0111 7 < xX p P g G 
t T 23 
u u 24 1000 8 > yY q Q h H 
v v 25 
wW 26 1001 9 t z Z r R i I 
xX 27 
yY 30 1010 lower case 
z Z 31 
o -+ 20 1011 stop , = • x 
1 11 01 
2 I 02 1100 black - + upper case 
j - u.:> 

) <+ .J v""t J...1..01 red J backspace 
5 V 05 
6 1\ 06 1110 tab 
7 < 07 

( 8 > 10 1111 L car ret 
9 t 11 
/ ? 21 

= 33 • 4() , 
• x 73 
- + 54 

l J 55 -I 56 
l 57 

stop code 13 
lower case 72 
upper case 74 
black 34 
red 35 
tab 36 
backspace 75 
carriage return 77 
space 00 

code delete punches seventh channel 
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TABLE A.4.2 TELETYPE CODE 

High order bits 

00 01 10 11 
Low order 
bits 

000 line feed E 3 A -

001 T 5 L ) Z II W 2 

010 car ret R 4 D ~ J I 

011 o 9 G & B ? figures 

100 space I 8 S bell U 7 

101 H # P 0 Y 6 Q 1 

110 N C • F 1 K ( , • 

111 M V • X / letters • , 

letters 37 figures 33 

A 30 0 15 
B 23 1 35 
c 16 2 31 
D 22 3 20 
E 20 4 12 
F 26 5 01 
G 13 6 25 
H 05 7 34 
I 14 e 14 
J 32 9 03 
K 36 ~ 36 
L 1.1 11 
M 07 • 07 
N 06 , 06 
0 03 30 
P 15 ? 23 
Q 35 • 16 • 
R 12 $ 22 
S 24 bell 24 
T 01 & 13 
u 34 # 05 
V 17 I 32 
W 31 • 17 , 
X 27 / 27 
Y 25 I 26 0 

Z 21 II 21 

space 04 carriage return 02 
line feed 10 
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TABLE A.4.3 CARD READER CODE 

High order bits 

A 61 00 01 10 11 
B 62 Low order 
C ~~ bits 
D 
E 65 0000 blank + [&J 
F 66 
G 67 0001 1 / J A 
H 70 
I 71 0010 2 S K B 
J 41 
K 42 0011 3 T L C 
L 43 
M 44 0100 4 U M D 
N 45 
0 46 0101 5 V N E 
p 47 
Q 50 0110 6 W 0 F 
R 51 
S 22 0111 7 X P G 
T 23 
u 24 1000 () Y Q H 
V 25 
w 26 1001 9 Z R I 
X 27 
Y 30 1010 0 
Z 31 
a 12 1011 = [if] , ~ • 
1 01 
2 02 1100 1 [@J t [ %J .. :~ ) [a] 
3 03 
4 04 
5 05 TABLE 3a. HOLLERITH CARD CODE 
6 06 
7 07 Zone 
8 10 digit 
9 11 no zone 12 11 0 
+ 60 
- 40 no punch blank + l &J 0 
/ 21 1 1 A J / 
= 13 2 2 B K S 
, 33 3 3 c L T 
.$ 53 4 4 D M U 
• 73 5 5 E N V 
1 14 6 6 F 0 w 
t 34 7 7 G P X 
~: .. 54 8 8 H Q y 
) 74 9 9 I R z 

8-3 = [ #J • ~ , 
blank 00 8-4 I l@J ) 10] .- t [ %J 
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TABLE A.4.4 HIGH-SPEED LINE PRINTER CODE 

i-iigh order bi ts 

A 61 00 01 10 11 
B 62 Low order 
C 63 bits 
D 64 
.L, 65 0000 space 0 
F 66 
G 67 0001 1 / J A 
h 70 
I 71 0010 2 S K B 
J 41 
K 42 0011 3 T L C 
L 43 
Ivl 44 0100 4 U fv1 D 
N 45 
0 46 0101 5 V N E 
p 47 
Q 50 0110 6 w a F 
R 51 
S 22 0111 7 X P G 
T 23 
u 24 1000 8 y Q H v 25 
\~ 26 1001 9 Z R I x 27 
y 30 1010 II 

~ x 
Z 31 
a 20 1U11 , = 
1 01 
2 02 1100 :) > + 
3 03 
4 04 1101 v t ) ] 
5 05 
6 06 1110 1\ ~ I 7 07 
() 10 1111 , ? ( ( 
9 11 
0 40 60 
/ 21 
I 12 \I 32 - 13 33 , 
:) 14 > 34 
v 15 t 35 
1\ 16 ~ 36 
< 17 ? 37 
~ 52 x 72 
= 53 • t~ - 54 + 
) 55 J 75 
( 57 [ 77 

56 I 76 

space 00 
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A5.1 GENERAL 

APPENDIX 5 

READ-IN MODE SEQUENCE 

The initial data input to PDP-4 is made using the keys and switches on the operator 

console. A small program read in manually can be used to read in a somewhat larger program 

from perforated tape. An example of such a routine is given below. It can also be used to 

read in other programs from perforated tape. 

Manually set the read-in loader into the machine by means of the ADDRESS and 

ACCUMULATOR switches and the DEPOS IT key on the console. When the manual program 

has been establ ished, load the tape reader, set the ADDRESS switches to enter address, and 

operate the START key. The manual loader starts at 7770 and automatically transfers to the 

perforated tape loader when finished. The program keeps track of check sum, and halts at 

7755 if an error is detected. 

A5.2 MANUAL LOADER 

The routine is loaded using the toggle switches on the console. Execution starts at 

register 7770. Since the subroutine to read one binary word always gives a read tape command 

after reading the buffer, the imp instruction at the end of the tape must be followed by a dum­

my last word if the user wishes the tape to stop upon termination of read (necessary to prevent 

reader chatter when readi ng block format tapes). 

Location Octal Code Mnemonic Remarks 

7762/r, 0 0 /read one binary word 

7763/ 700101 rsf 

7764/ 607763 imp i /wait for word to come in 

7765/ 700112 rrb / read buffer 

7766/ 700144 r~b / read another word 

7767/ 627762 imp i r /exit subroutine 

7770/ 700144 rsb /enter here, start reader going 

7771/g, 107762 jms r /get next binary word 

7772/ 47775 dac out 
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Location Octal Code Mnemonic Remarks 

7773/ 407775 xct out / execute control word 

7774/ 107762 jms r / get data word 

7775;but, 0 0 /stored data word 

7776/ 607771 imp g / continue 

A5.3 PERFORATED-TAPE LOADER 

The block format loader will read a block format binary tape of the following 

format: 

doc A 

-N 

N data words 

Checksum 

A is the address of the first data word 

/ complement of number of data words in block 

/data words 

/sum of every word in block 

The routine occupies register 7737 to 7760, and uses the manual loader sub­

routine to read each binary word. Upon completing a block, the computed check sum 

is compared with the read check sum and the loader halts if these differ. The block may 

be re-read by pulling the tape back to the beginning and pressing the CONTINUE 

switch on the console. 

Location 

7737/a, 

b, 

Mnemonic 

rsb 

jms r 

doc s 

xct s 

doc cks 

jms r 

doc out 

add cks 

dac cks 

Ims r 

Remarks 

/block format loader 

/Ioop 
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Location Mnemonic 

isz ou t 

imp s 

sad cks 

imp a 

hit 

imp 0-1 

s, xx 

ISZ S 

imp b 

Remarks 

I check count, last word read is check sum 

Isum checks, continue 

Istop on check sum error 

lout 
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APPENDIX 6 

PDP-4 ASSEMBLER PROGRAM 

A6.1 GENERAL 

The characteristics of the MACRO assembler program are defined here to provide 

the background necessary to understand the programming examples in this manual. A 

separate manua I is avai lable at· DEC which describes the program and explains its use in 

detai I . 

A6.2 CHARACTER SET 

The MACRO character set includes digits 0 through 9, letters a through z, and 

the following punctation characters: 

Punctation Characters 

+ plus 

~ 

1\ 

V 
( 

) 

I 

= 

/ 

J 
-+I 

minus 

space 

and 

or 

left parenthesis 

right parenthesis 

period 

comma 

equal sign 

slash 

carriage return 

tab 

Meaning 

add values 

subtract values 

add values 

combine values by logical AND 

combine values by INCLUSIVE OR 

enc lose constant word 

enc lose constant word 

has va lue of current address 

assign address tag 

assign symbol on left of = 

begin comments; set curr~nt address 

termination character 

term ination character 

overbar variable indicator 

The characters £l., J ,and -.j are used for invisible characters. 
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A6.J NUMBERS 

Any sequence of digits delimited on the left and right by a punctuation character. 

A6.4 SYMBOLS 

Any sequence of letters or digits, the first of which must be a letter. Symbols may 

be any length, but all characters over six are ignored. 

'Value symbols' are those symbols which have a numerical value assigned to them, 

either in the permanent symbol table, or during assembly. Value symbols may be 

assigned by the use of a comma, indicating the symbol to the left of the comma is 

an address tag; or by an equals sign, indicating the symbol to the left of the equals 

sign is to be assigned the value of the word to the right of the equals sign. 

Example: a, dzm 100 

b = -1 

c = a + b 

A6.5 SYLLABLES 

A syllable can take several forms. It can be a value symbol, a period (.), a flexo­

writer input pseudo-instruction ("flex" or "char"), or a constant (a word enclosed 

in parentheses). 

Examples of syllables are: 

al 

A6.6 WORDS 

100 

lz2 

flex abc 

flex now 

(add a + 1) 

lac abcdef 

A word is a string of syllables connected by the arithmetic operators plus, minus, 

space, AND or OR, delimited on the left by tab, carriage return, left parenthesis, 

or equals sign; and on the right by a tab or carriage return. A word may be a single 

number or symbol so delimited, or a string of symbols connected by the operators. 

If the word is delimited on the left by an equals sign then the symbol to the left of 

the equal sign is assigned a value equal to that of the word. Otherwise, the word 
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is a storage word and will become part of the binary version of the program being 

assembled. The arithmetic operators, plus and space both mean add, while the 

operator minus means subtract. 

Examples of words: 

sad K J 
lac a J 
1000-20 J 
add b+2 J 
imp -2 J 
a+b-c-2 J 
lac (add a+ 1) ,/ 

A6.7 THE CHARACTER SLASH V) 

The slash has two meanings: if immediately preceded by a tab or cdrriage return then 

slash initiates a comment, which is terminated by the next tab or carriage return. If 

slash if preceded by a word, then the address part of the word indicates to MACRO the 

address into which the next instruction or data word will go. Normally, MACRO 

translates the first instruction or data word into register 20 and succeeding instructions 

or data words into succeeding registers. If the programmer wishes to break th is 

sequence or wishes to start translating into some register other than 20, then a slash 

may be used to set the new address. 

A6.8 INDIRECT ADDRESSING 

Indirect addressing is indicated by the symbol II i" which has the valuE 20000. 

Example: lac i abc 

A6.9 THE CHARACTER PER IOD (.) 

The character (.) has as its value the current address. 

Example: dac. is equivalent to 

a, dac a 

A6.10. PSUEDO - INSTRUCTIONS 

A6.10.1 FLEXOWRITER INPUT PSUEDO INSTRUCTIONS 
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flex ACJ:,8 .'6 

The psuedo-instruction flex causes the (six -b it) Teletype codes for the three characters 

following the space (l:l.) to be read into one word which is taken as the value of the 

syllable. The code for the characterCC will go into bits 0 - 5 of the word, for 

into bits 6 - 11, and for ~ into bits 12 - 17. The code is a six-bit character, the 

first five of which are the Teletype code, the sixth a 1 for upper case or a 0 for lower 

case. 

Example: flex ~ boy 

char l:l. z ~ 
The psuedo-instruction char causes the (six-bit) Teletype character H to be read into 

the left, middle, or right six bits of the word, depending on whether Z is r, m, or 1. 

Example: char D. rO 

char l:::" la 

A6.10.2 CONSTANTS 

The MACRO assembly system has available a facility by which the program constants 

may be automatically stored. A constant must follow the rules for a word and is de­

limited on the left by a left parenthesis. The right delimiter may be a right parenthesis, 

carriage return, or tab. The value of the syllable (ex: ) is the address of the register 

containing <X • The constantCC wi II be stored in a constants block at the end of the 

program, and the address of OC wi II replace 

Examples of the use of constants: 

A6.10.3 START 

add (1) ,j 
lac (add z 1) J 
lac (-760000) ,; 

lac (fl exo abc) ,) 

The psuedo-instruction II start" indi cates the end of the Engl ish tape. Instruction 

" start A" must be followed by a carriage return. The "A" is the address at which 

execution of the program is to begin, and causes a imp A instruction punched at 

the end of the binary tape on pass 2. 
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A6.10.4 DECIMAL 

The psuedo-instruction "decimal" tells MACRO to take all numbers as decimal. 

A6.10.5 OCTAL 

The psuedo-instruction "octal" tells MACRO to take all numbers as octal. 
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APPENDIX 7 

MULTIPLY SUBROUTINE 

IPDP-4 ones complement single precision multiplication subroutine 

Icalling sequence: Ilac multiplier 
lims mult 
Ilac multiplicand 
Ireturn; low order product in AC, high order product in mp5 

/time = 2,6 msec. for non-zero cases, approximatley 100 microsec. for zero 0 

mult, 0 
dzm mp5 
sna 
imp mpz 
spa+cll-opr 
cma+cml-opr 
dac mpl 
xct i ml,Jlt 
sna 
imp mpz 
spa 
cma+cm I-opr 
dac mp2 
lac (360000 

~ 
ral 
dac mpsign 
lac (-21 
dac mp3 

mp4, lac mpl 
rar 
dac mpl 
lac mp5 
spl+cll-opr 
tad mp2 
rar 
dac mp5 
isz mp3 
imp mp4 

mpsign, 0 
dac mp5 
lac mp 1 
rer 

xct mpsign 

mpz, isz mul t 
imp i mult A-18 
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APPENDIX 8 

DIVIDE SUBROUTINE 

IPDP--4 ones complement divide subroutine 
Ica"ing sequence: Ilac high order dIvidend 

lims divide 
Ilac low order dividend 
Ilac divisor 
Ireturn; quot 0 In AC, rem. in dvd 0 if high dividend is 

Igreater than divisor I no divide takes place and L => 1 0 Time = 301 msec. 

divi de, 0 
spa+c II-opr 
cma+cm' --opr 
dac dvd 
xct i divide' 
sp! 
ema 
dae quo 
ims dv5 

dv5, 0 /remainder has sign of dividend 
isz divide 
xct i divide 
sma+em I-opr 
cma+cml-opr 
jms dv4 

dv4, 0 
cll 
tad (1 
dac dvs 
tad dvd 
isz divide 
spl 
imp i divide 
lac (-22 
dac dvl 
imp dv2 

dv 3, lac dvd 
ral 
doc dvd 
tad dvs 
spl 
dac dvd 
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dv2, lac quo 
ral 
doc quo 
isz dvl 

imp dv3 

lac dv5 
ral 
lac dvd 
spl 
cma 
doc dvd 
lac dv4 
ral 
lac quo 
spl 
cma+c II-opr 
imp i divide 

start 
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TABLE A. 9 CHARACTERISTICS OF INPUT-OUTPUT EQU IPMENT 

Within Main Console External to Main Console 

I Maximum AC Power 
DC Powe, I Weight Real Time Option Distance Size (Inches) Weight Dissi potion 
Dissi parion ! Added Requ i rements from (Pounds) ~ 

(Wattsl I (Pounds) I-O~ Conso I e 
I ID IC DS 105 PIC (Feet) Width Depth Height KVA Watts 

20 10 0 18 1 1 1 1 4 20 1/4 12 8 3/4 30 0.132 125 

20 10 8 0 1 1 1 1 4 73/4 151/4 13 I 24 1/2 0.220 65 

20 10 5 5 2 2 2 2 4 21 1/4 20 14 3/4 55 0.220 65 
.e 

0 0 18 0 1 0 0 0 25 34 44 48 250 0,88 920 

<1 10 0 0 1 1 1 1 6 Approx. 7" long 1/8 0 0 

50 20 18 0 1 0 0 0 0 0 0 0 0 0 0 

0 0 18 0 2 2 2 2 25 663/4 31 61 1/4 1100 2,20 2300 

0 0 0 6 1 2 1 4 25 30 -17 3"4 42 150 0,132 40 

0 0 18 0 1 1 1 2 7.5 40 26 491/2 678 1 ,10 1150 

20 10 18 l~ 4 2 1 1 15 28 22 69 550 1 ,32 1380 
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APPEND IX 1'0 

POWERS OF TWO 

2n -2 
n 

0 1.0 
2 1 0.5 
4 2 0.25 
8 3 0.125 

16 4 0.062 5 
32 5 0.031 25 
64 6 0.015 625 

128 7 0.007 812 5 
256 8 0.003 906 25 
512 9 0.001 953 125 

1 024 10 0.000 976 562 5 
2 048 11 0.000 488 281 25 
4 096 12 0.000 244 140 625 
8 192 13 0.000 122 070 312 5 

16 384 14 0.000 061 035 156 25 
32 768 15 0.000 030 517 578 125 
65 536 16 0.000 015 258 789 062 5 

131 072 17 0.000 007 629 394 531 25 
262 144 18 0.000 003 814 697 265 625 
524 288 19 0.000 001 907 348 632 812 5 

1 048 576 20 0.000 000 953 674 316 406 25 
2 097 152 21 0.000 000 476 837 158 203 125 
4 194 304 22 0.000 000 238 418 579 101 562 5 
8 388 608 23 0.000 000 119 209 289 550 781 25 

16 777 216 24 0.000 000 059 604 644 775 390 625 
33 554 432 25 0.000 000 029 802 322 387 695 312 5 
67 108 864 26 0.000 000 014 901 161 193 847 656 25 

134 217 728 27 0.000 000 007 450 580 596 923 808 125 
268 435 456 28 0.000 000 003 725 290 298 461 914 062 5 
536 870 912 29 0.000 000 001 862 645 149 230 957 031 25 

1 073 741 824 30 0.000 000 000 931 322 574 615 478 515 625 
2 147 483 848 31 0.000 000 000 465 661 287 307 739 257 812 5 
4 294 967 296 32 0.000 000 000 232 830 643 653 869 628 906 25 
8 589 934 592 33 0.000 000 000 116 415 321 826 934 814 453 125 

17 179 869 184 34 0.000 000 000 058 207 660 913 467 407 226 562 5 
34 359 738 368 35 0.000 000 000 029 103 830 456 733 703 613 081 25 
68 719 476 736 36 0.000 000 000 014 551 915 228 366 851 806 640 625 

137 438 953 472 37 0.000 000 000 007 275 957 614 183 425 903 320 312 5 
274 877 906 944 38 0.000 000 000 003 637 978 807 091 712 951 660 156 25 
549 755 813 888 39 0.000 000 000 001 818 989 403 545 856 475 830 078 125 

1 099 511 627 776 40 0.000 000 000 000 909 494 701 772 928 237 915 039 062 5 
2 199 023 255 552 41 0.000 000 000 000 454 747 350 886 464 118 957 519 531 25 
4 398 046 511 104 42 0.000 000 000 000 227 373 675 443 232 059 478 759 765 625 
8 796 093 022 208 43 0.000 000 000 000 113 686 837 721 616 029 739 379 882 812 5 

17 592 186 044 416 44 0.000 000 000 000 056 843 418 860 808 014 869 689 941 406 25 
35 184 372 088 832 45 0.000 000 000 000 028 421 709 430 404 007 434 844 970 703 125 
70 368 744 177 66,1 46 0.000 000 000 000 014 210 854 715 202 003 717 422 485 351 562 5 

140 737 ·488 355 328 47 0.000 000 000 000 007 105 427 357 601 001 858 711 242 675 781 25 
281 474 976 710 656 48 0.000 000 000 000 003 552 713 678 800 500 929 355 621 337 890 625 
562 949 953 421 312 49 0.000 000 000 000 001 776 356 839 400 250 464 677 810 668 945 312 5 

1 125 899 906 842 634 50 0.000 000 000 000 000 888 178 419 700 125 232 338 905 334 472 656 2S 
2 251 799 813 985 248 51 0.000 000 000 000 000 444 089 209 850 062 616 169 452 667 236 328 125 
4 503 599 627 370 496 52 0.000· 000 000 000 000 222 044 604 925 031 308 084 726 333 668 164 062 5 
9 007 199 254 740 992 53 0.000 000 000 000 000 111 022 302 462 515 654 042 363 166 834 582 031 25 

18 014 398 509 481 984 54 0.000 000 000 000 000 055 511 151 231 257 827 021 171 513 417 041 015 625 
36 028 797 018 963 968 55 0.000 000 000 000 000 027 755 575 615 628 913 510 590 791 708 520 507 812 5 
72 057 594 037 927 936 56 0.000 000 000 000 000 013 877 787 807 814 456 755 215 395 854 260 253 906 2S 

144 115 188 075 855 872 57 0.000 000 000 000 000 006 938 893 903 907 228 377 647 697 927 130 126 953 125 
288 230 376 151 711 744 58 0,000 000 000 000 000 003 469 446 951 953 614 188 823 848 963 565 063 .\76 562 S 
576 460 752 303 423 488 59 0.000 000 000 000 000 001 734 723 475 976 807 094 411 924 481 782 531 738 281 2~, 

1 152 921 504 606 846 976 60 0.000 000 000 000 000 000 867 361 737 988 403 547 205 962 240 891 265 869 140 62~ 
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