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POP-1 INSTRUCIION LIST
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This list Includes the vivie of the lnatruction, the norvmal
exccutlion time (i.e., the time with vo indirecH aﬁdre%s%), the
mnemonic code of the instruction, the operation code number, and the
degcription of the instruction's operation. In the following list,
the Accumulator is abbrevliated as AC, the In-Out Reglster as I0,
and the contents of a register as C( ). Thus, C(Y) indicates the
contents of memory azt Address ¥, C(AC), the contents of the

Accumulator; and C(I0), the contents of the In-Out Register.

I. MEMORY REFFERENCE INSTRUCTIONS

A. Information Transfer
1. Ioad Accumulator (10 )psec)
lac ¥ Operatlion Code 20
The C(Y) are placed in the Accumulator. The C(Y)
are unchanged. The original C{AC) are lost.
2. Deposit Accumulator (10 sec)
dac Y Operation Code 24 _
The C(AC) replace the C(Y) in the memory. The
C(AC) are left unchanged by this instruction. The
original C(Y) are lost.
3. Deposit Address Part (10 sec)
dap Y Operation Code 26 |
Bits 6 through 17 of the Accumulator replace the
corresponding digits of memory register Y. The
C(AC) are unchanged as are the contents of bits 0
through 5 of ¥. The original contents of bits 6
through 17 of ¥ are lost.

¥ Add 5 mlcroseconds for sach indirect address level.
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Deposit Instruction Part {i0psec)

dip ¥ Operation Code 30
Pits 0 through 5 of the Accumulator veplace the
corresponding diglvs of nemory register Y. The
C(AC} are uvnchanged as ave the bite 6 through 17
of Y. The oviginal contents of bits 0 Chrough 5
of ¥ are losg.

Load In-dut Register (10 sec)

lio ¥ Operztion Code 22
Tae C(Y) are placed in the In-Out Register. The
¢(Y) are unchanged. The original C(I0) are lost.

Deposit In-Qut Reglster (10 see)

dio Y Operation Code 32
The C(I0) replace the C(Y) in memory. The C(I0)
are unaffected by this instruction. The originsl
¢c{¥Y) are lost.

Deposit Zero in Memory (10usec)

dzm ¥ Ovperation Code 34
Clears (sets equal %o plus zero) the C(Y).



itimetric Ingiructlons
1. 83¢ {40m3eec)
2dd ¥ Operation Code 49

4

sum of the C(Y) and the C{AC) replace the C{aC).

The ¢{Y) are unchanged. The additicn i3 performed
vith oune's complement aritimetic. If the sum of
two like-signed numbers ylelds a result of the
opposite sign, the cverflow flip- flop will be set
(see szo instruction). A result of minus zero is
changed €0 plus zero. ’

2. Subtraction (10ssec)

sub Y Operacion Code 40

The C(AC) minus the C{Y} replace the C(AC). The
C(Y) are unchanged. The subtraction is performed
using one's complement arithmetic. When two
unlike-signed numbers are subtracted, the sign of
the result must agree wlth the sign of the original
Accumulator, or the coverflow flip-flop will be set
(see szo instruction). A result of minus zero can
exist in one instance only. (-0) - (+0) = (-0)

3. Multiply (244 to 25u sec)

mul Y Operation Code 54

The product of the C(AC) and the C(Y) is formed in
the AC and IO registers. The sign of the product iz
in the AC sign bit. I0 bit 17 also contains the sign
of the product. The magnitude of the product is the
34-bit string from AC Bit 1 through IO bit 16. The
c(Y) are not affected by this instruction. If the
entire product results in a minus zero, it is changed
Yo a plus zero. The varlation in execution time is
caused by the mmber of one's in C(Y).

AC I0
product: { || |
g

17
N magnitude N
sign sign
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b, Divide {30 to 40u. sec; except on overflowu, iﬁ;xsec)3
div Y Operation Code 55 x

The dividend must be in the AC and IO reglsters in the
form indicated in the instruction, mul. I0 bitc 17
is ignored. The divisor 18 the C(Y). &t the
completion of the instruction, the C(AC) are the
auotient and the C(I0) are the remainder. The sign
of the remainder (in IO bit zero) is the sign of the
dividend. The instruction that follows a div
instruction will be skipped unless an overflow occurs.
The C(Y) are not affected by this instruction. If
the remalnder or quotient result in minus zero, that
value is changed to plus zero. If the magnitude
of the high order part of the dividend 1s equal to
or greater than the magnitude of the divisor, an
overflow 1s indicated. 1In this case, the instruction
following the ¢iv 1s not skipped. The original
c(2C) ana ¢{I0) are restored. The overflow flip-flop
13 not affected.

AC 10 .

(7] ] Pl }
quotient T remainder
quotient sign dividend sign

5. Index (10m sec)
idx Y Operation Code 44
¢(¥) + 4 replace the C{Y) and the C(AC).  The previous
C{AC) are lost. Overflow 1s not indicated. If the
original c(Y) equals the integer, minus one (-1),
the result after indexing is plus zero.



Yogieal Instruction
1. Logical AWD (40 sec
and ¥ Operation Code 02
The bita of C{V) operate on the covyespondling bits
of The Accumulator to form the logleal 8¥D. The
result is left in the Aceumulstor. The C{Y) zre
unaffected by this instruction.
IOGICAL AED TABLE

0 0 0
0 1 0
i 0 0
1 i i

2. Exclusive OR (10u sec)
xor ¥ Operation Code 06
The bivs of C(Y) operate on the corresponding bits
of the Accumulator to form the =xclusive OR. The
result is left in the Accumulator. The C{Y) are
unaffected by this instruction.
EXCLUSIVE OR TABLE

AC bit ¥ bit Result
0 0 0
) i 1
i 0 1
1 i 0

3. Inclusive OR (10 scc)
lor ¥ Opexration Code 04
The bits of C{Y) operate on the corrzsponding bits
of the Accumulator to form the inciusive OR. The
result is left in the Accumulator. The C(AC) are
unaffected by this instruction.
INCLUSIVE OR TABLE

AC bit Y bit Result
0 0 0
0 1 1
) 0 1
1 1 1
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Pecision-liaking Instiructions

1.

Skip if Accumulator and Y Differ (10psec)

sad Y Operation Code 50
The C(Y) are compared with C(AC). If the two numbers
are different, the Program Counter is indexXed one
extra position and the next instructlon in the sequence
1s skipped. The C{AC) and the C(Y) are unaffected
by this operation.

Skip if Accumulator and ¥ are the Same (10 p sec)

sas ¥ Operation Code 52
The C(Y) are compared wlth C({AC). If the two
numbers are ldentical, the Program Counter is indexed
one c¢xbtra posliion and the next instruction in the
sequence 1s skipped. The C(AC) and the C(Y) are
unaffected by‘this operation.

Index and Skip if Positive (10pm.sec)

isp Y Operation Code 46
The C(Y) +1 replace the C(Y) and the C{AC). The
previous C(AC) ave lost. If, after the addition,
the Accumulator is positive, the Program Counter
is advanced one extra position and the next
instruction in the sequence is skipped. Overflow
is not indicated. I the original C(Y) equals the
integer, minus one (-1), the result after indexing
is plus zero and the skip takes place.



gfer Ingtractlons
4. Juap (Bupeec)
Jmp ¥ Operation Code 60
The next instruction executed wlll be taken from
Memory Reglstexr ¥. The Progron Counter 13 resetr
to Memory Address ¥. The originzl contents of the
Program Ccuntesr are lost,
2. Jump and Save Program Counter (5usez)
jsp Y Operation Code 62
The contents of the Progrzm Counber are transferred
to bits 6 through i7 of the Accumulator. The state
of the overflow flip-flop is transferred to blt zero,
the conditlion of the Extend flip-flop to blt 4, and
the contents of the Extended Program Counter to bits
2, 3, 4, and 5 of the 8C. UWhen the transfer of the PC
to the AC takes place, the Program Counter holds the
address of the instruction fellowing the Jjsp. The
Program Counter is then reget to Address Y. The
next instruction executed willl be taken from Memory
Register Y. The original C(&C) are lost. '
3. Jump and Deposit Accumulator (10 usec)
jda ¥ Operatlon Code 17
The contents of the AC are deposited in Memory
Reglster Y. The contents of the Program Counter
 (holding the address of the instruction following
the jda instruction) are transferred to bits 6
through 17 of the AC. The state of the overflow
flip-flop is transferred to bit zero, the condition
of the Exterd flip-flop to bit 1, and the contents
of the Extended Program Counter to bits 2, 3, 4,
and 5 of the AC. The next instruction executed
is taken from Memory Register ¥Y+i. The Jjda
Instruction reguires that the indifect blt be a
- one, but indirect addressing does not oceur. The
instruction is equivalent to the instruction
dac Y followed by Jsp Y+i.
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b, Jump and Deposit Program Counter (10u sec)

Jdp ¥ Operation Code 14
The contents of the Program Counter (nolding the
address of the instruction follouing the jdp) are
deposited in bits & through 17 of the Memory
Register Y. The original conbents of the AC
remaln in the AC unchanged. The state of the
overflow flip-7Tlop is transferred o0 bit zero,
the condition of the Extend flip-flop ©o bit i,
and the contents of the Extended Program Counter
to bits 2, 3, 4, and 5 of the Memory Register Y.
Tae next instruction executed is taken from
Memory Register Y+i. ’

5, Call Subroutine {(10iseec)

cal Y Operation Code 16
The address part of the instruction, ¥, is lgnored.
The contents of the AC are depesitced in Memory
Reglster 400. The contents of the Program Counter
(holding the address of the iustruction following
the cal) are transferred to bits 6 through 17 of
the AC. The state of the overflcw flip-flop is
transferred to bilt zero, the condition of the
xtend £lip-flop %o bit 1, and the contents of
the Extended Program Counter to bits 2, 3, 4, and
5 of the AC. The next instiruction executed is taken
from Memory Register 404. The cal instruction
reqguires that the indirvect bit be zero. The
ingtruction may be used as part of a master routine
to call subroutines.



Tdacellanesus ¢
. BExecute {Susec plus tiame af dnpiheuction oxeouned)
zet ¥ Opengticn Code 44U
The instructlion locaved in Y is executed.
e Progran Counter vemnins unclangsd {unless a jund
oy slilp vere sectied).  I9 a cidp instruetion is

3 P R A ‘ 8 ; em iR s -
devending on the slklp condition

- N

rogran Counter is odvanced one extra
posivion and The next instrucitlon in the Bequence
(after the xct imstructicn) ic skipped or the
Program G unter remains unchanged and the next
instruction In ﬁheysequ@nce is executed. Execute
may be indirecily addresged, and the instructlion
being execubed may use indirect addressing. hin
wet ingtructlion may execube other xct commands.
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LUCMENTED ITHSTRUCTIONS
i. Ioad Accumulator with M (5 usec)
lau N Operation Code 70
The number in the memory address blis of the
instruction word is placed in the Azeunmulator. If
the indirect address bit (bit 5) i3 a one {1), (-1}
is put in the Accumulator.

Shift Group (5usec)
sft Operation Code 66
| This group of instructlons will rotate or shift the
Accumulator and/or the In-Out Reglster. When the two
registers operate combined, the In-Out Reglster is
considered to be an 18-bit magnitude extension of the
right end of the Accumalator.

a. Rotate is a non-arithmetlic cyclic shift. That
is, the two ends of the register are logieally
tied together and information is rotated as
though the register were a ving.

b. Shift is an arithmetic operation and is, in
effect, multiplication of the number in the
register by EtN, where N 18 the number of shifts;
plus is left and minus is right. As bits are
shifted out from one end of a register they
are replaced at the other end by ones if the
number is negative and zeroes if the number
is positive. The sign bit is not shifted. The
number of shlft or rotate steps to be perfommed
(N) is indicated by the number of one's (1i's)
in bits 9 through 17 of the Instruction word.
Thus, Rotate Accumulator Right nine times is
67ATTT. A shift or rotate of one place can

' be indicated nine different ways. The usual
convention 1s to use the right end of the
instruction word. (rar 1 = 671001)
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3.

5.
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Rotate Accumulator Right (5usec)

rar N Operation Code 671
Rotates the bits of the Accurulator »ight N positions,
where N is the number of one's (1'8) in bits 9 '
through 17 of the instruction word.

Rotate Accumulator Left (5usec)

rgl ¥ Operation Code 661 _
Rotates the bits of the Accumulacor left N positions,
where N is the number of one'!s (1'g) in bits 9
through 17 of the instructlon woxrd. '

Shift Accumulator Right (5usec)

sar § Operation Code 675
Shifts the contents of the Accumulator right N
positions, where N is the number of one's (1's) in
bits 9 through 17 of the instructlon word. As blis
are shifted out from the right end of the AC they
are replaced at the left end by ones 1f the number
is negative and zeroes 1if the number is posiltive.
The sign bit is not shiited,

Shift Accumulator Left (5. sec)

sal N Operation Code 665
Shilfts the contents of the Accumulator left N posivions,
where N is the number of one's (1's) in bits 9
through 47 of the instructlion word. As bits are
shifted out ifrom the left end of the AC they are
replaced at the right end by ones 1f the number
is negative and zeroes if the number is positive.
The slgn bit is not shifted.

Rotate In-Out Register Right (5usec)

rir N Operation Code 672
Rotates the bits of the In-Out Register right N
positions, where N 1s the number of cnels (1's) in
bits 9 through 17 of the instruction word.
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In-Out Register Left (5 usec)

Operation Cocde 662

Rotates the bits of the In-Cuv Reglstey leit U
positions, where N is the number of one's {i's)
in bits 9 through 17 of the instruction word.

Shift In-Out Register Right (5 sec)

sir N

Operation Code 676

Shifts the contents of the In-Out Register rignht N
positions, where N 1s the number of one's ('8} in
bits 9 through 17 of the instruction word. AS
bits are shifted out from the right end of the

I0 they are replaced at the left end by ones if
the number is negatlve and zeroes if the number 1is
positive. The sign bit 1s not shifted.

Shift In-Out Register Left (5 sec)

sll N

Rotate
rer N

Rotate
rcl N

Operation Code 6GH

Shifts the contents of the In-Out Register left N
positions, vhere N 1s the number of cne's (1's) in
bits 9 through 17 of the instruction word. As bits
are shifted ocut from the left end of the IO they
are replaced at the right end by ones if the

nunber is negatlve and zeroes 1f the number is
positive. The sign bit is not shifted.

Accumulator and In-Out Right (54sec)

Operation Code 673 '

Rotates the bits of the combined registers right in
a single ring N positions, where N is the number of
one's (1's) in bits 9 through 17 of the instruction
word.

Accumulator and In-Out Left (5usec)

Operatlon Code 663

Rotates the blts of the combined register left in

a single ring N positions, where N is the number of
one's (4's) in bits 9 through 17 of the instruction
word.
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14, Shift Accuwnmulator znd In-Out Right (5/b890>
ser N Operation Code 677
Shifts the contents of the combined register right
N positions, where N is the number of one's (1!s)
in bits 9 through 47 of the instruction word.
As bits are shifted out from the right end of the
I0 they are replaced at the left end of the AC by ones
if the number is negative and zeroes 1f tThe aumber
is positive. The sign bit iz not shifted.
12. Shift Accumulator and In-Out Left,(@fcsec)
scl N Operation Code 667
Shifts the contents of the combined reglsters
»ight N posivions, where N is the number of one's
{1's) in bits 9 through i7 of the instruction word.
As bits ave shifted out from the left end of the
AC they ave replaced at the right end of the IO
by ones if the nuwber is negative and zeroes 1f the
number is positive. The sign bit is not shifted.
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Skip Geovp (5psec)
skp Operation Code &

1.

This group of instructlions senses the state of various
£lip-fiops and swicches in the machine. The address
portion of the instruction selects the particular function
to be sensed. All members of this group have the came
operation code. The instructions in the Skip Group may
be combined to form the inclusive OR of the separate
skips. Thus, if Addvess 3000 is sele¢ted, the skip would
occur if the overflow Flip-flop equals 0 (zero) or if
the In-Out Reglster is positive.
a. The combired instruction would still take 5
microseconds,
b. The intents of any skip instruction can be
reversed by making bit 5 (normally the Indirect
Address bit) equal to one (1). For example,
the alip on Zero Accumulator instructlon, with
bit 5 equal to one (1), becomes Do Not Skip
on Zero Accumulator.
Skip on Zero Accumulator (5usec)
sza Address 0100
If the Accumulator is equal to plus zero (all bits
are zero), the Program Counter is advanced one
extra position and the next instruction in the
sequence is skipped.
Skip on Plus Accumulator (5u sec)
spa Address 0200
If the sign bit of the Accumulator is zero (0),
the Program Counter is advanced one extra positicn
and the next instruction in the sequence is skirped.
Skip on Minus Accumulator (5. sec)
ama Address 0400
If vhe sign bit of the Accumulator is a one (1), the
Program Counter i1s advanced one extra position
and the next instructlon in the sequence is skipped.



5e

T

~d 5

Skip on Zewro Overflow (5isec)

320

Address 10060 ,

If vhe overflow flip-flop is a zeroc (0), the Frogram
Counter 1s advanced cne extyra position and the

next instruction in the sequence will be skipped. The
overflow flip-flop is cleared by the instruction. This
fiip-flop is set only by an addition or subtraction
that exceeds the capacity of the Accumulator. (See
definition of add and subtract instructions.) The
overflow flip-flop is not cleared by arithmetic
operatlons which do not cause an oyerflow. Thus, a
whole series of arithmetic operatiéns can be checked
for corvectness by a single szo. The overflow
£lip-flop 13 also cleaved by the "start” switch.

Skip on Plus In-Out Register (Sisec)

8pi

Address 2000

If the sign blt of the In-Out Reglster is zero,
the Program Counter is indexed one exira position
and the next Instruction in sequence is skipped.

Skip on Non-Zero In-Out Register (5 tsec)

eni

Address 4000

If the In-Out Register is not equal to plus zero

(at least ome bit is a one), the Program Counter iz
advanced one extra position and the next instruction
in the sequence 1s skipped. |

Skip on Zero Switeh (5usec)

825

Adgdress 0010, 0020, 0030, ... 0670

If the selected Sense Switch is zero, the Program
Counter is advanced one extra position and the

next lnstruction Iln the sequence will be skipped.
Address 10 senses the position of Sense Switch 4,
Address 0020, Switch 2, ete. Address 0070 senses all
the swltches. If Address 0070 is selected all 6

- switches must be zero {0) to cause the skip.. The

instruction o skip on zero Sense Switch 1 would
be szs 10, for sense switeh 2, szs 20, ete.
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v on Zero Program Flag (Suusec)

Adcéresses 0001 to GOO7

If the selected program flag is a zero, the

Program Counter is advanced one extra position

and the next instruction in the sequence will be
skipped. Address 0001 selects Program Flag i, evc.
Adéress 0007 selects all six program flags. A4ll
six must be zero to cause the skip. The lnstruction
to skip on zero prcgram flag 4 would be szf 1,

for program flag 2, szf 2, etc.

The following skip group instructions are extended Instructions;

they are defined to represent the or-ing of exlsting skip instructions.

9v

10.

Skip on Zevo or Minus Accumulator (5jtsec)

SZnm

If the sign bit of the Accumulator is a one (1) or
if the Accumulator is equal to plus zero (all bits
are zero), the Program Counter is advanced one
extrg position and the next instruction in the
sequence is skipped. This represents the or-ing
of gza and sSma.

Skip on Positive Quantity (5usec)

5pq

If the Accumulator 1s equal to plus zero (all bits
are zZero) or if the sign bit of the Accumulator is
not a one (1), the Program Counter is advanced one
extra posiftion and the rext instruction in the
sequence 1s skipped. This represents the or-~ing
of sza and sma i, '

Clear the Overflow Flip-Flop (5msec)

clo

The overflow flip-flop 1ls set only by addltion or
subtraction that exceeds the capacity of the AC.

The overflow flip-Tlop is cleared by the instruction
8zo; 1t is not cleared by any arithmetic operatvions.
This instruction clears the overflow flip-flop and
then proceeds (o the next instructlon ln the sequence.

This represents the or-ing of szo, sma, spa, and 1.
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C. Operate Group (5u sec)

opr

EFFECT

TIME

Operation Code 76
This instruction group performs miscelloneous operations
on various Central Frocessor Registers. The address
poriion of the instructlon specifies the actlion to be
performed., The instructions in the Operate Group can be
combined to glve the union of the functlons. For example,
the instruction opr 3200 will clear the AC, put the
contents of the Test Word into the TW to AC, and complement
the AC.

a. The combined instruction would still take 5

microseconds.,
b. The order of operate class instructions is:

NSAC  TH-AC,8%f  ACAC OB I0-1B(1ai) AGﬂﬂBElia; MB~>T0

0>TI0  PC>AC,clf  O=RUN (1a1) 0-I0{1ia) MB»AC(lai) (1ia)
T 8 9 10 0 1 2
Time pulsesg of this instruction TPs of next instruction

Clear the In-Out Reglster (5 sec)

cli Address 4000
Clears (set equal to plus zero) the In-Out Register.

Load the Accumulator from the Test Word (5sisec)

lat Address 2000
Forms the inclusive OR of the C{AC) and the contents
of the Test Word. This instruction is usually
combined with Address 0200 (clear Accumulator), so
that C(AC) will equal the contents of the Test Word
Switches. (Thus, lat is defined as 762200 initially
in POSSIBLE symbol table and ID symbol table.)
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Ipgd the Accumulator with vhe Program Counter VD pEeC

lap

Addresa 040C

Forms the inclusive OR of the C(AC) and the contents
of the Precgram Counter (which contains the asddress

of the instruction following the lap) in AC bilts 6
through 17. Also, the inclusive OR of AC bit zero
and the state of the overflow flip-flop is formed

in AC bit zero. Thils instruction is usually combined
with address 0200 (clear accumulator) 3o that the
C(AC) will equal the contenis of the overflow
flip-flop (in AC bit zero) and the contents of the
Program Counter (in AC bits 6 through 17). The
contents of the Extend flip~flop are transferred to
AC bit 1, the contents of the Extended Program Counter
to bits 2, 3, 4, and 5. (Lap is initially defined

a8 760300 in POSSIBIE symbol table and ID symbol
table.

Complement the Accumulator (5iusec)

ocma

Halt
hit

Address 1.000 ,
Complements (changes all ones to zeroes and all
zerces to ones) the contents of the Accumnlator.

Address 0400

Stops the computer. VWhen the computer is in
Time-Bharing, this instruction is ¢treated as an
illegal instruction when executed.

Clear the Accumulator (5. sec)

cla

Addrese 0200
Clears (sets equal %o plus zero) the contents of
the Accumulator.
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az Selected Program Flag (Susec)

BlCresg 0004 to 0007

Clears the selected Progvam FPlag. Address 0004
clears FProgram Flag 1, 0200 clearg Program lag 2,
etc., Addresg 0007 clears all program flags. Thus,
the inatruction ©o clear Program Fiag 1 is elf i,
for Progream Flag 2, clf 2, etc.

Set Selected Program Flag (5usec)

stf

Address 0041 to 0017

Sets the selected program flag. Address 001i

sets Program Flag 1; 0012 sets Program Flag 2, etc.
Address (017 sets all program flags, Thus, if

stf 1s defined as 760040, the instruction to set
Program Plag 4 is stf 4, for Program Flag 2,

8tf 2, ete. (Stf is initially defined in POSSIBLE
symbol table and ID symbol table as 760040..)

Wo Operation (5u sec)

nop

Adéress 0000

The state of The computer 1s unaffected by thils

operation, and the Program Counter continues in
seguence.

Load the Accumulator from the In-Out Reglster (QALsec)

lai

Address 0040

This instruction coples the contents of the in-out
register into the Accumulator. It happens after agll
normal operate class optlens. If the computer is
stopped at the end ¢f this instruction, the Memory
Buffer Register will contaln zero, and the old
contents of the Accumulator will be shown. (See

the order of implementation of the operate class
instructions at the beginning of this section.)
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24, Toed the In-Out Register from the Accumulator (ﬁfbsec)

lin

Acdress 0020

Tpic instructlon coples the contents of the
fccumulator inte the in-out register. It happens
afcer all normal operate class optlons. If the
computer is stopped at the end of Thils ingtruction,
the Memory Buffer Register will contain zero, and
the oid contents of the In-Oubt Register will be
shoun. (See the order of implementatlon of the
operate class instructions at the veglnning of
this section.)

The following operate group instructlons are extended inatructions;

they are defined to represent the or-ing of exlsting operate instructions.

12. Swap Accumulator with the In-Out Register (5p.sec)

8wWp

Tnis instructlon is the combination of 1lla and lal,
it copies the contents of the Accumulator inte the

In-Out Register and the original contents of the

Tn~Out Register 1s copied into the Accumulator. It
happens after all normal operate class optlons. If
the computer is stopped at the end of this instruction
the Memory Buffer Reglster will contaln zero, and the

suap will not yet have occurred.

13, Clear and Ccmplement the Accumulator (5}LB@C)

cle

This instruction represents the or-ing of cla and cma.
it clears (sets equal to plus zero) the contents of the
Accumulator and then complements (chapges all ones to
zeroes and all zeroes to ones) the cdhtenﬁs of the
Accumnlator. |



¢ without in-out wait)

10t Operation Coge 72
ihe ln-out transfer ccumand is used to perfovm ailli the in-out
control gnd information vransfer functions. The address of
the iot lustructlons 1s used to select varlious devices.
The decoding for the instructlions is as follous:
Bilis Use
0-4 _ 11401 instruction bit code for
in-out transfer
5-6 Usged for dévice synchronization
T-41. Useful for modification of iot
: instructions
12-47 Addresses 1 of 64 possible devices
NOTE: @uite often. input-cutput operations must be
synchronized., That 1s, information is transferred which
may czuse the computer (or device) to "wait®, and then
procecd in synchronism. UWhen several in—out devices
operate simultansously, the synchronization 1is essential.
The control for this is coded im each in-out transfer
command |
IN-OUT TRANSFER Walt for Completion Pulse Enable/Disable
Comnand Bits for Restart/Continue Completion
5 6 without wait (Done) Pulse
‘ Signal
0 0 continue, no wait Disable
0 1 continue, no wait Enable
1 0 wait, then contlnue Enable
1 1 walt, then continue Disable

Blt 5 of the in-out transfer command designates whether
the program is to wait for a completion pulse before
continuing. The exclusive OR of bits 5,6 of the command
specily whether the completion pulse return signal is to
be enabled or disabled.
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The description of each in-out instruction below 1s divided
into two parts, NON-TS and TS, so that the user can understand
the differences. @Gererally, in time sharing mode the executive
routine buffers characters for the typewriter, punch, and reader
80 the user does not worry about synchronization. Almost all
lot instructions trap to the executive routine where they are
interpreted and serviced. Control 1s quickly returned to the
user's program except when an output lnstruction would caguse
an overflow of an executive routine buffer. In this case, the
program is dismissed and remalns inactive until the buffer
becomes almost empty.

A. Reader
The perforated tape reader of the PDP-1 1s a photoelectric
device capable of reading 400 lines per second. Three lines
form the standard 18-bit word when reading binary punched
8-hole tape. Five, six, and seven-hole tape may also be read.

1. Read Paper Tape, Alphanumeric
rpa Address 0001
a. NOWN+TS: This instruction reads one line of tape
(a1l eight channels) and transfers the resulting
8-bit code to the Reader Buffer. (NOTE: rpa is
initially defined as 730004 in ID symbol table and
in POSSIBLE symbol table.
1) If pits 5 and 6 of the rpa instruction are
different [730001=(rpa) or 724001] the 8-blt
code read from tape is automatically transferred
to the IO Register via the Reader Buffer and
appears as follows:
I0 BITS 410 11 12 13 14 15 16 AT
TAPE CHANNELS 8 7 6 5 4 3 2 1
The remaining bits of the I0 are set to gero. In the
case of 730001, the program walts until the material
has been read and transferred and a completion pulse
veturned before continuing. In the case of 724001,
the program is continued and a completion pulse 1s
generatved but the program walts for it later when a
synchronizing loh instruction is given.
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2) ZIf bits 5 and 6 of the wpa instrustior
zero [(rpa-~1}2720004], the contents o
Reader Buffer must be %ransferrea to the I0

Register by executing a rrb instruction. When

the Reader Buffer has information ready to be
transferred to the 10 Register, Status Register

bit 1 is set to one. (Sequence break can be usad

in this situation to perform the read.)

The rveader must be assigned to the userls concole
before hie progrem can execute a vpa instructieon.
{(¥hen the reader is not assigned, the rpa instruction
is an illegal one.) The instruction is the ssme
as In NON-TS but the line read is put into a
peeudo reader buffer and bit 6 is ignored. The
executive reader buffer routine is then filled
with succeeding lines of tape. The contents of
the pseudo reader buffer (prd) is then placed
in the I0 1f the instruction was a rpa. Otheryise,
on rpa-i, the material goes into the pro but
isn't tramsferred to the I0 until a vrb instruction
i3 executed by the user. Material is taken
from the reader buffer in the executive routine on
the nexv rpa instructions. When the buffer is
2lmost empty more Gape is vead in to refill it.
NOTE: The code of the off-line tape preparation
typewriter (Priden FIO-DEC Recorder - Reproducer)
convains an odd parity bit. This bit may he
checked by read-in pregrams. The FIO-DEC code
can then be converted to the Concise (6-bit)

Code used by the PDP-1 merely by dropping the
eighth bit (parity). A list of characters and
thelr FIO-DEC and Concise Codes can be found
in the appendix.

"y
te
k)

b. Ig:
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Read Paper Tape, Blnary

ph
8o

Addregs 0002

NON-TS: This instruction reads three lines of tape
(six chenvels per iine) znd zsssembles the resulding
18-pit word in the Reader Duffer. For a iine to be
recognlzed by this instruction, Channel 8 must be
punched {(lines with Channel 8 not punched will be
gkipped over). Charnel 7 ig ignored. The lnstruction
sub 5437, for cxample, appes on tape apnd is
assempled by zpb as Tollows:

CHAMMEL 8 7 6 5 4 '3 2 1
LIHNE 1 bid b4 I bt

IINE 2 X x x i X
IINE 3 X X X2 lx X X

READER BUFFER 400 040 404 081 041 141
NOTE: Vertical dashed line &ﬁéQCdtQS snrccket holes
and the symbol "x" indicates holes punched on tape.

WOTE: rpb is initially defined as 730002 in ID
symbol table and POSSIBLE symbol table.

1) If bits 5 and 6 of the rpb instruction are
ieferent [730002 = rpb or T24002], the i8-bit
yord read from tepe 1s automatically transferred
to the I0 Register via the Reader Buffer. In the

case of 730004, the program waits untlil the
material has been read and transferred and a
ceﬂg?e tion pulse is generated but the program
walts for it leter when a synehnronizing ioh
instruction i3 glven.

If bits 5 and 6 of the rpb instruction are both
zero [rpb-i = 720002]), the contents of the Reader
Buffer must be transferred to the I0 Register by
erecuting a rrb instruction. When the Reader
Buffer has lnformation ready to be transferred to
the I0 Reglster, status Register bit 1 is set to
one. (Sequence break can be used in this

iy ]

situation to perform the read.)
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be T3+ The reader must be assigned to the user's
consvle before his program can execute a rpb
instructlon. {When the reader is not assigned,
rpb 18 an illegal instruction.) This lnstruction
is ©the same as in NON-TS but the 3 lines read
are put into a pseudo reader buffer and bit 6
1s‘ignored. The executive routine reader buffer
is then fllled with succeeding lines of tape.
The contents of the pseudo reader buffer (prb)
is then placed in the I0 if the instruction was
a rpb. Otherwise, on 2 rpb-i, the materilal
goes lnto the prdb but isn't transferred to the
I0 until a rrb instruction is executed by the
user. Iaterial is taken from the reader buffer
in the executive routine on the mext rpb instructions.
YWhen the buffer is almost empty more tape is read
in %o refill it.

3. fead Rezder Buifer

rrh

Qe

[

Address 0030
BON-¥8: Uhen the rpa or rpb instructions are given
with bits 5 and 6 both zero (720001 = rpa-1 or
720002 = »pb-i) information read from tape fills
the Reader Buffer, but is not automatically
transferred to the IO Reglster. To accomplish this
transfer, these instructions must be followed by a
»rb instruction. In addition, the rrb instruction
clears Status Register bit 1.
IS: Same as above, but the information is stored in
the pseudo reader buffer. It 1s transferred from .
there to the I0. Executling an rrb instruetion is
11llegal when not preceded by iot 1 or iot 2,
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Ferforated Tave Punch

The 8t

andard PDP-1 Perforgied Wape Punch operaves at a speed

of 63 lines per second., It caun operate in either the alphanumeric
oY binary mode.

‘i. Punch Perforated Tape, Alphammeric
ppa Address 0005

Qo

NON-TS: This instructlion takes informmation from the
I0 Register and punches one line of tape in the
foliouwing format: '

10 Bitis 10 21 412 413 14 15 16 1T
Holes 8 7 6 5 4 3 2 1

NOTE: ppa is initially defined as 730005 in ID

symbol table and POSSIBLE symbol table.

1) If bits 5 and 6 of the ppa instructlon arve
different [730005 = ppa or T24005], a completion
pulse 1s generated.

a) In the case of bit 5 being on and bit 6 off,
the program waits untll the material has been
runched and a completion pulse returned before
continuing.

b) In the case of bit 5 being off and bit 6 on,
the program is contlnued, & completion pulse
is generated and the program will wait for it
later when a synchronizing loh instruction
ia gilven. | ,

2) If tits 5 and 6 are both zero in the ppa instruction
ippa-i = 720005], the program 1s continued and no
completion pulse will be given. In this case, the
Status bit must be checked for. [Sequence break
can be used in this situation to perform the
punching. ] '
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IS¢ Bame as gbove bus vransfers one chavacter from

ID to the ezecutive zoutine punch bulfer for

tranocfer ©o the punch when it is resdy. If the
buffer is full, the user’s guantuw ends, Eoth
bit 5 and 6 are completely lgnored. Time - about
500 micyroseconds.
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sishavmevdc On=Line Tyoagrites

The typeuriter will operate in the inpub mode or the output mode.

1. Type Cut

tyo
a.

Address 0003

HNOH-TS: For each in-cut transfer instructlon, tyo,

cne chavacter is typed. The charactewy is speclfied

by the rizht six bits of vhe IO Reglster.
HOTE: tyo is initially defined as 730003 in ID
ymbol table and FOSSIBLE symbol table.

1) If bits 5 and 6 of the tyo instruction are different
1730003 = tyo or 724003] a completion pulse 1s
generated.

a) In the case of bit 5 being on and bit 6 off,
the program walts for the completion pulse
before continuing.

b) In the case of bit 5 being off and bit 6 on,
the program is contlnued, a completion pulse
is generated and the program will wait for 1%
later when an ioh instruction is given.

2) If bizs 5 and 6 are both zerc in the tyo instruction
[tyo-1 = 7200031, the program is continued and
no completlion pulse will be glven. In this case,
the status bit must be checked for. [Sequence
Break can be used in this situation to perform
the typing. ] : '

TS: Seme as above but places a character from the IO

register into the executive routlne user’s console

puffer to be printed when the typewriter ls ready.

If his buffer iz full, the user’s quantum ends. The

concole 1s placed in print status by the executlve

routine and characters are printed from the buffer
until it is empty. Then the console returns to type
status. Both bits 5 and 6 are completely lgnored.

Time: about 500 microseconds.
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cperavien is completely asynchronous and is therefores
sl

an any of the preceding in-oub

operatlions.

e

NON-T3: When a2 typeweiter key is stuck, the 6-bit
ccde for the struck key is placed in the typewriver
buffer, program flag 1 is set, and the type-in statuu
bit, bit 3, is set wo cne. A program deslgued to
accept typed-in data would perlodically check progiraa
flag 1 or bit 3 of the status register and if found to
be set o a2 one, a vyl instructlon could be executed
for the information to be tfansferred to the In-Out
Register. This in-out transfer should not use the
optlonal in-out wait. The information contzined

in the typewriter buffer is then transferred to the right
six bits of the In-Out Regilster. The tyi instruction
clears the type-in Status bilit and program flag 1.

TS: When a typewriter key is struck, the 6-bit code
for the struck key l1s placed in the console’s typeuwriter
buffer, the type-in Status, bit 3, is set to one.
[Program Flag 1 is not set when a typewriter key is
struck.] The tyl instruction alone can replace the
listen loop described above to accept typed-in data.
Executing this in-out transfer instructlon causes a
character from the typewriter buffer to be transferred
to the right six bits of the In-Out Register. If
there are no characters in the buffer, the program is
made inactive until a key has been struck.® Programs
which perform other operations while walting for
type-in must use a check Status loop for detecting

the striking of a key. This in-out transfer should
not use the optional in-out wait. The tyi instruction
clears the type-in status bit. Time: about 500
microseconds. ‘

¥ The executlive routine accepts manually typed characters

and enters then in the buffer while the console is in

ty“e status. If the buffer becomes fillled, the type-in
Ll&ht will go 2ut and furthaer characters typed Wi ¢ lost.
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Pyosision CKT Dicoiay (Type 30)

The sixzteen-~inch cathode ray tube display is intended to be
used as an on-line oubput device for the PDP-i. It is useful

for high speced presencation of zraphs, dlagrams, drawings, and
alphanumerical information. The unit is solid state, self-powered
and completely buffered. It has magnetic focus and deflection.
The cathode ray tube has a P7 phosphor; thus a point displayed
persigts for a velatively long time. Some other display
characteristics are

102" hy 1024 addressable locations

fixed origlin at ceater of CR

Plots 20,000 points per second

Ones complement binary arithmetic

Random point plotting

Accuracy of points + 3 per cent of raster size
Raster size 9.25 by 9.25 inches.

Resolution is such that 512 points along each axis are discernible
on the face of the tube.
1. Display One Point on CRT
dpy Address 0007 '
a. NON-TS: This instruction clears vhe light pen status
bit and displays one point using bits 0 through 9 of
- the AC to represent the (signed) x coordinate of the
point and bits 0 through 9 of the IO as the (signed)
Y coordinate-
(NOTE: dpy is initially defined as 730007 in ID
symbol table and POSSIBLE symbol table.)
1) If bits 5 and 6 of the dpy instruction are different
[730007 or 724007] a completion pulse is generated.
a) 1In the case of bit 5 beilng on and dbit 6 off
[730007], the prograsm waits until the point is
displayed and a completion pulse returns before
continuing calculations in the program.
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Wi In the case of bit 5 being off and bit 6 on

i the

s generated

wnen the point has been displayed, and the
program gives later a synchronizing “"waiv"
instruction which synchronizes the display.

2) If bits 5 and O are both zero in the dpy insbtruetion
7200071, the program does not halt gnd the
completion pulse fxrom the dlsplay 1is not enabled.
Thus, the program must only refraln from glving the
¢isplay commands too frequently; each dpy instruction
takes 50 microseconds.

TS: The display has been asslgned to all user’s; 1f

more than on2 active program uses the scope, it will

dlsplay for whichever program 1s in core. The dpy
ingtruction is the same as above. Display instructions
do not trap to the executlive rouvine, but are interpreted
by the hardwave. The instructlon dpy (730007) displays

a point and walts 50 microseconds before resuming

operation of the proegram. There is no walting when

a display instruction does not have an indirect bit

(i.e. dpy-i or Gpy-400), but the hardware will delay

execution of the next display command, so that display

instructions cannot ve glven too raplidly in time—sharingaﬁ
¥hen a console's Display lever is depressed, the

program rumning at thatv console 138 given an extended

running time in core. This facllitates observing

information on the scope.

(7240071, the program proceedo wit
calculations, o completion pulse i

# If an interrupt cccurs during the in-out halt of a
display instruction, the current point will be displayed
a second time upon dismissal. This can be avolded by
using the sequence

dpy-i
joh

instead of

dpy
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Light Pen (Type 3&)

NON-TS LND ¥5: Whe light pon is designed To bie used wlth The

’3

.

YPE 30. By "weiting® on tha Zace of the CRY,
stored oz displayed information can be expanted. deleted,
or modified. Spocifically, each time a light-pulse strikes
the pen. the ILight Pen ctatus bi® is set ©o one and Program
Flag 3 is set to one. A&t the time that status LLIC is set, X~y
coordinates of the point Just “scen” by the pen are in biis O
through © of the AC and bits O through 9 of the 10, respeciively
(1f the Display Irstructicn uwas glven with the opticnal in-out
wait). A program deslgned to accept Light Pen ilnput would
periodically check the ILight Pen ststus bit and when found
o be set, would store the C(AC) and C(I0) thereby defining
the point Just “"seen" by the pen.



The PDZ-4 drvan Lo oo big
It ils divided invo 22
transferved bebueen U
control. The drwua runs at 30 revoliutions »er second; thus, each
word on the drum is avallable once every 33 i/3 milliseconds.
When & ¢rum operation has begun, words are transferred at 3
rate of 8.15 microseconds each. In a single operation,
information can be written on thie drum, rcad frox the drun
or beth simulbaneously.
1. Drum Iniclal Address
ia Address 0050
. HON-TS: This instructicn causes the C(I0),
be sent %o the drum write field bufier. These
bits specify wnich fleld of the drum will be written
on during the next dec instruction or if (10}, ¢
ig zero, that no write cperatlion is tc occur. The
C(I")&w are sent to the drum initial address
reglster to speclfy the first drum address to be
transferred.
b. TS: The field number smployed in a user's program 1s
a pseudo {ield number unless specified as absolute by
the sign bit being on. The pseudo field number is
translated into 1ts absolute field number and checked
for valldlty by the executlve routine. Time: about
450 microseconds.
2. Drum Break on Address
dba Address 0061
a. NOH-TS: This instruction causes the C(IO)6__17 to
be sent to the drum initial address register. When
the current drum address becomes equal to the contents
of the inivial address register, a sequence break
vequeat 1s indicated. Bit 5 of the status word is set
by the break, and 1s cleaved by the next dec instruction.

Iy
iy
ne

wry under gutometric
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TS: The address given will ve advanced by approximately
50 words to allow for processing by the executive routire.
Occurrence of the sequence break will interrupt the
user's program and turn on the drum status bit.

The status bit ls cleared as above. Time: about

200 microseconds.

Count 2znd Commence

Address 0062

NON-TS: fThis instruction causes the 0(30}1‘5 to be
sent to the drum read fleld buffer. These bits
speeify which field wlll be read, or if 0(10)1_5 is
zero, that no read operation 1s to occur. The 0(30)2“5
specify which core will be used for the data transfer;
C(AG)6“17 specify the Pirst core memory address of the
data to be transferred. The C(I0)g_,, specify the
number of words to be transferred. If the C(IO)5_17
is zero, 4096 words are transferred. Wnile the dec
instruction is being executed, the computer stops and
the drum system takes full control of the core memory.
Successive words are transferred from sequential
locations until the operation is complete. If no
errors* oceurred during the drum operation, the
instruction following the dec will be skipped. The
c(ac) and the C(I0) are lost during this operation.

If both read field and write field are non-zero (both
reading and writing operations are specified) the
contents of memory are written on the write field;
then the read field data are read into memory. The
read fleld must not equal the write field. 1In order
to aveid passing a glven drum address, and hence
losing 33 milliseconds, the dee instruction must be
glven at least 250 microseconds before the drum address
reaches the inltial address.
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S program 1s

sign
transliated
ivvho Lts and checlied for validivy

by the 2 me:  abour 200 microseconds
plus aceost

Dyar Read Addreass

dra iov 63

a.  HOW-TS S

eddress to be read into I0- 47" The parivy error
flag is wead into TOQ, and the timing error flag ls
read into 102, Two ecycles 2lapse before this
informavion is placed in the I0.

[*] T3: The addrsas read will be about 50 words in
advance of thz zzctual poszition of the drum to
aliow for processing dy the executive routine. Time:
about 1730 microseconds.

P 2 . : -1 n g l .
instrusction causes the curyent drum

¥ Thne vorlous errsy conditlions are as follows:

men o word io wrlitien on the drum, 1ts parity
1186 writiten on the drum. Whenever
vhe drun, a hew parity is generated
the parity just read. A mismatch

C\

sets the read srror f
selectlon Error: A five-blt addvess can specify 32 drum

fielde out of which 23 are legal and % are illegal. Field
0 means no seiectlon, fields 1 through 22 are legal fields
and fields 23 through 32 are illegal flelds. A selection
erpror £1lip-Tlop will be set 1f a user selecis an illegal
field,

Tinluz Error: This error monitors the drum elock circuit
malfancticns. The timing flip flop will be set when (a’
the Time period between consecutlve clock pulses is not
equal to 8.2 microseconds, (b) number of clock pulse:
availzble on the drum 18 not equal to 4096, and {c¢) the
reference ladex pulse 1s lost.
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‘our ccngoles of aine buttons and nine witéhes each can be
added to the FDP-L tive-sharing aysben o facllilitete the
communlaesiion betueen the user and the computer
1. Reaé Buttons

¥t  Addyvess x€37 wheve 0 ¢ X 3

TE: This inutructlen ls available only in Time-Sharing.

The bution c¢onsuie nmust be
belore his program cat
the button console ig
instruetion.] The x in the
to bits 8-9 of the rbt insts

four possible sets of bubto
instyuction reads <he value

The
the 8

intec the IO register.
register will contain

to vight (4 meaning on, 0 meaning off);

nine bits of the I0 wili co
from left to right.

0 8 9

1iin
asopigned to the user's coansole
ute vbt instruetion. [When
the »bt is an illegal
iwatmuction address corresponds
wetlon and indicates one of the
ngs and gwitchea‘% This

o the bucttons and switches
rignt nine bits of the IO
tate of the swltches from left
the resulting lef?
ntain the state of the buttons

!'..;

L !

puttons

% Boy anmer,

ug,

during caslgrient.

e

the progy

switches

sets of buttons are numerated from C
regardliess of vhether the sets are contiguous or not
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The [nalcy conso
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nsole of four kriobs,
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n be placed in vhe I0 reglster.
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during assignment.

vhere 0 € X € 3
gticn is avallablie

only in Tine~Sharing.

ust be assigned to the user!s console

an execuie a2 ckn instruetion. [When

glgred, the ckn iz an 1llegal instruction. ]

O8 the value of the selected snalog device

\bits 10-17) of the IO register. The

tructlon (bits 8-0) determines which
selected while the
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alog-Qevlces ave numerated from
whether the sets are contigucus or not
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4 48-pit rogister hoo veen added to the Time Sharing facilitlos
& 2 oy =, % L - 5, 7, g " 3
of the ?PDF-1 betueeon progeans and

conpubter ©o ald comunication
in-cut devices. This External Reglster can e assigned In twe
modes,; sharad or absolute. Uhen it is absolutely assigned, only
one user may have it; on shared assigment, it is pessible fow
more than one user to use it.
i, Ioad External Reglster from the Accumulator
lea  Address U677
This instruction copies the contenis of the Accumulator
into the External Reglster. This instruction is avallable
only in Time Sharing. The external reglster must be
assigned to the user's console before his program can
execute a lea instruction. [Whan the external register is
not assigned, the lea is an illegal instruction. ]
26 Load External Register f{rom the In-Out Register
lei  Address 4577 '
This instruciion copies the contents of the External Reglster
into the I0 Register. This instruction is available only
in Time-Sharing. The external reglster must be assigned to
the user’'s cconsole before his program can execute a lei
instruction. [When the external reglster is ﬂ@t assigned,
the lel is an illegal instruction. ]
3. Read External Register Into the In-~-Qut Regilster
rer  Addrvess 4777 '
Thisg instruction coples the contents of the Externzal Register
into the I0 Register. Thils instruction 1s available only
in Time-Sharing. The externzl reglster must be assigned to
the user's console before his program can execute a rer
instruction. [When the external register is not assigned,
the rer is an illegal instruction.]
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Seguence Break Mode
The purpose of the Sequence Break licde (or program interrupt)
is 1o allow concurrent operation of several ihwcut devices and
the main program ﬁeguenceo It also provides a means of indicating
to the computer than an in-cut device 1s ready to accept or
furnish data.
a. NON-T3: The standard one channel sequence break mode
is the only nmode available in NON-TS. Infterrupt
requests can be received from any number of in-out
devices. Each such request sets a unigue status bit.
If the channel is free, the malin program sSeduence is
interrupted after completlon of the current memory
cycle and the C(AC) are automatically stored in memory
location 0, the C(PC) in locatlon 1, and the C¢(IO)
in locabtion 2. The time required to gccomplish this
is 15usec. The C(PC) as stored in locatlon 1 includes
the state of the overflow flip-flop in bit 0. The
Program Counter is then reset to the address 0003 and
the prcgram begins operating in the new sequence. The
program beginning at locatlion 0003 is usually deslgned
to inspect the Status blts, through the use of the
Cneck Status Instruction, to determine which in-out
device caused the interrupt. A Jump to the appropriate
in-ocut subroutine can then be executed. Each such
subroutine is terminated by the following instructions:
lac 0000 /to restore the AC
lio 0002 /to restore the IO
jmp 1 0001 /%o resume the mein program
The 1last of these three instructions restores the overflow
and the PC flip-flops and frees the channel thus, allowing
he next interrupt request recelved by the system to
be processed. Interrupt requests that occurred whille the.
channel was busy set status bits, and cause interrupts
when the channel next becomes free. The read, punch,
typeuriter, light pen, and drum are agttached to the one-
channel Sequence Break System and seven status bits are
defined (see Check Status Instruction). Three instructions

are directly assoclated with the One-Channel Sequence
Break System on the standard PDP-1:
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Enter Sequence Break Mode
esn  Addvess 0055
This instructlon turns on the Sequence BEreak System, allowing
autonatic interrupts to the maln sequence to occur.
Icave Sequence Ereak liode
lsm Address 0054 ,
This instruction turns off the Sequence Break System, thus
preventing interrupis to vhe main sequence. Should interrupt
requests occur while the system is off, the status blt will,
nevertheless, continue to be set. This instruction should
be given in the main sequence, not in the program servicing
the break.
Clear Seqguence Break System
ebs Address 0056
This instruction clears certaln centrol flip-flops in the
Sequence Break System thus nullifying the effect of any
interrupt requests just granted oy about to be granted
(1.e. just prior to the transfer of the C(AC) to lozation
Zero ).
b. TIS:
1) The standard one channel sequence break system
descrived above can be used in time-sharing
also. The sequence break instructions do not trap
to the executive routine. The features are the
seme as above except for the following notes
below. The reader, punch, typewriter, light pen,
érum, and external equipment level are attached to
the one channel sequence break system in TS and
geven status bits are defined (see check status
instruction, cks). The table below lists the events
which will interrupt a user's program through the
sequence break system. All Interrupts to a user's
program will be delayed until his program is graanted
a quantum, placed In operation, and the machine is
in sequence break mode. VWhen a user's guantum ends
the contents of the break waiting, break started, and
secuence break mode flip flops are preserved together
with the status of the AC, 10, PC, and program flags,
and are restored hefore the program 1s placed in ~
oheracion Tor 1to noxt quaniudm. ou




~44 -

Device Lvent Causing Interrupt
Light Fen Wone
Paper Tape Reader Information becomes avallable in the

reader buffer and the reader is assigned.

Paper Tape Punch The punch is assigned and space in the
executive routine punch buffer becomes
available for anotheyr character, or a
ppa oxr ppb trap occurs and the buffer
does not Jjust become full.

Console The console is not in print status and
a typed-in character enters the previously
empty executive routine console buffer,
or a tyl trap occurs and the buffer does
not just become empty.

The console 1s in print status and space
in the executive routine console buffer
becomes available for another character,
or a tyo trap occurs and the buffer does
not just become full.

Drum A drum break return occurs.
External Equipment An interrupt signal is received from

the external equipment for which the
assigmment level is on.

Cne additional instruction for Time-Sharing Operation of the
one channel sequence brealt system exists. The instructions
explained in the NON-TS szection ave the same.
4, 1Initlate Sequence Break
isb Address
This instruction turns on the break waiting flip flop to
indicate that the program would like an interrupt to service
a device.
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Alco a pseudo sixteen channel sequence break
gystem 1s avallable in time sharing. Thils gysten
has sixteen automatic interrupt channels arranged
in a priority chain, the louwest channel having
the highest priority. A break to a particulér
sequence can be initiated by the completlon of an
in-out device, the program, or any external signsl.
Breaks cannot occur within breaks; they are stored
and serviced after the present one is dismissed.
If more than one brealk occurs at the same time,
the break with the lowest channel member will be
gserviced first. When a break occurs, the C(AC)
are auntomatically stored in memory location U,
the C(PC) in location 1, the C{I0) in location 2,
and the number of the channel that caused the break
is placed in the AC. The C(PC) as stored in
location 1 includes the state of the overrflow
flip~-flop in bit 0. The Program Counter 1s then
reset to the address 0002 and the program begins
operating in the new sequence. For a break to A
occur, the computer must be in sequence break mode,
the new mode must be on, and the status blt and the
corresponding enable channel assoclated with this
device must be on. The program veginning at location
0003 usually contalns a dispatch table since the
¢(AC) indicates which in-out device caused the
interrupt. A Jump to the appropriate in-out
subroutine can then be executed. Each such subroutine
is terminated by the following instructions:

lac 0000 /to restore the AC

lic 0002 /to restore the IO

jmp 1 0001 /to resume the main program
The last of these three instructions restores the
overflow and the PC flip-flops and frees the
sequence break system thus allowing another interrupt
to be processed. Vhen a service request is compléted,
the corresponding status bit should be OFF.
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The reader, punch, typewriter, light pen, drum and g sev
of switches and knobs are ezch assigned a unique chanrnel
in the pseudo 16 channel sequence break system. Provision
has also been made for the connection of 2 user's special
external equipment to be two higher and the two lower
priority channels. The channels and thelr corresponding
I0 devices in the order of thelr priority are:

Chiannel Device

OT} High priority for user's
i : external equipment

4 buttons

5 light pen

6 type-in

T type-out
10 punch
ii drum
iz readeryr
16 low priority for user's
it external equipment

The three instructions associzted with the one channel
sequence break system of the non-time sharing system are
supplemented by six additional Instructions for using
the new sequence break system.
i. Hew Mode One
nmn  Address 5377
This sets the Sequence Break System to new i6 channel mode.
2. New Mode OfF
rmf  Address 5477
Thls sets the Sequence Break System to ¢ld 1 - channel mode.
Deactivate Sequence Channel N
dsc N x 100 Address 0050 + (N x 100)
This turns off channel N in the new mode Sequence Break
System, thus not making 1t possible for an interrupt to
occur on this channel.

(W]
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4, Activate Sequence Break Channel N
ase Nx100 Address 50+(Nxi00)
Thls instruction turns on chaanel N in the new mede
sequence break system, thus making it possivle for an
interrupt to occur on thils channel.

5. Clear All Channels
cac Address 53
This Instruction turns off 211 sixteen channels in
the new mode sequence break system, thus not making
it posslble for any further interrupts to cccur until
a channel is activated.

0. Skip On Break Request
sbr AGdress 2577
If a break has been requested and is waiting to be
serviced, the Program Counter is advanced one extra
position and the next instruction in the sceguence is
skipped.

NOTE: Sequence Break operations with extended memory use Memory
Module zero, locations 00 through 03 to store the C(AC), c(PC),

ané C(IO) and to Jump to the new sequence. The C(PC) as stored in
location 01 includes the state of the overflow flip-flop in bit zero,
the state of the Indirect address mode (extend=1, normal=0) in bit 1,
and the contents of the extended Program Counter in bits 2 through 17.
At the beginning of zerviecing a sequence break, the overflow and
Indirect address mode flip-flops are automatically set to zero. The
indirect jump that terminates a sequence break requires that the
Seguence Brealt System te on, temporarily places the computer in the
extend mode so that a 15-bit exit address may be obtained then
restores the overflow, 1lndirect address mode, and PC flip-flops to
their previous stages (i.e., just prior to the beginning of the
sequence break).
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%. bemoryv MHedule and lemory Extensaion Control

The standard PDP-1 has a 4096, 18-bit word Memory Module.
sdditional such modules are connected to the PDP-1 for expanding
memory capacity. A Memory Extension Control is needed to
expand memory in increments of 4096-word modules beyond the
standard 4005 words. This control provides a single-level,
indirect address mode czlled "extend", 1n addition to the
normal multiple-level, indirect address mode of the standard
PDP-1. A toggle switch labelled "extend", which is on the
main control console, provides for initial selection of the
extend or normal mode in conjunction with the use cof the
STAET OR READ-IN push buttons. During the operation of a
program or of time-sharing, the extend or normal mode can be
selected as required through the use of two lnstructions:

1'

Enter Extend Mode (5}4860)

cem Address 4074

NON T8 and TS: This instruction places the computer

in the single-level, indirect address mode called Yextend".
In this mode, all memory reference instructions that are
indirectly addressed refer to the locatlion of a word

which 1s taken as a 16-bit effective address. This address
is contained in bits 2 through 17 of the specifled word.

The Program Counter (PC) and the Memory Address Reglster (MA)
both become 16-bit registers. As in multiple-level, indirect
address mode, the instructions Jsp, jda, cal, and lap

(with address 300) supply the AC with the state of the
overflow flip-flop in bit zero, the state of the indirect
address mode (extend=1, normal=0) in bit 1, and the contents
of the extended Program Counter in bits 2 through 17.
Tnstructions not indirectly addressed are executed as in the
standard PDP-i, but refer to the 4096 words in the memory
module designated by the program counter extension, PC bits
2 through 5. Only bits 6 through 17 of the extended Program
Counter act as a counter. Therefore, unless a transfer of
control 1sA1ndicated, an instruction in location 7777 is
followed by the instruction in location 0000 of the same
memory module, as specified by PC bits 2 through 5. 1In the
extend mode, the cal instructlon uses memory location 0100
and 0101 in memory module designated by the extended Program
Counter, PC bits 2 through 5.
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2. Leave Extend Mode (5usec)
lam  Address (074
NON TS and TS: Tais instruction places the computer in the
maltiple~level, indivect address mode calied "normal®. In
this mode, the PDP-i operates as usual and all addressing
refers to the 4096 words in the memory module designated
by the program counter extension, PC bits 2 through 5.
As in the extend mode, the instructions Jsp, Jjda, cal, and
lap (with sddress 300) supply the AC with the contents of
the overflow, indirect address mode, and PC flip-flops. In
the normal mode, the cal instruction uses memory locations
0100 and 0101 in the memory module designated by the program
counter extension, PC bits 2 through 5.

WOTE: Sequence Break operstions with extended memory use Memory
Module zero, locations 00 through 03 to store the C(aAC), C(PC), and
c(I0) and to jump to the new sequence. The C(PC) as stored in

location 01 includes the state of the overflow flip-flop in blt zero,
the state of the indirect address mode (extend=1, normal=0) in bit 1,
and the contents of the extended Program Counter in bits 2 through 17.
At the beginning of servicing a sequence break, the overflow and
sndirect address mode flip~flops are automatically set to zero. The
indirect jump that termlnates & sequence break requires that the
Sequence Break System be on, temporarily places the computer in the
extend mode so that a 16-bit exit address may be obtained then restores
the overflow, indirect address mode, and PC flip-flops to thelr previous
stages (i.e., Just prior to the beglinning of the sequence break).



Check Status

cks Address 0033

Tais instructicn checks the status of varicus in-out devices and
sets IO Bits 0 through 6 for subsequent program interrogatlion as

follows:

a. NON-TS:

I0 Bitv

Positicon

Y

e

Status Register Definitions

Set to 1 when light-pulse from
a dpy instruction strikes pen.
Set to 0 at the start orf each

dpy instruction.

Set to 1 when Paper Tape Reader
Buffer has information ready

to be transferred to I0C Reglstver.
Set to 0 by the reader return
pulse or by the rrb instruction.

Set to 1 when typewriter is free
to receive a tyo instruction.
Set to 0 at the start of each
tyo instruction.

Set to 1 when typewriter key ls
struck.

Set to 0 by the completion of
tyi instructvion.

Set to 1 when paper tape punch
is free to receive a ppa or ppb
instruction.

Set to 0 at the start of each
ppa or ppb instruction.

Set to 1 when drum address equals
address specified by dba
instruction.

Set to 0 by the dece Instruction.

Set to 1 on entering the
Sequence EBEreak Mode.

Set to 0 on leaving the Sequence
Break Mode.
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Stghup Register Definitions

Set to 1 when the iight-pulse
from a dpy instructlon strikes
the pen,

Set to 0 at the start of each
dpy: instructlién, . - i

5 I i Tt
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set éb 1 %y‘id% rrupt which
occurs when information becowes

available in the reader buffer.
Set to 0 by ¥pa or rpb command.

Set to 1 when executive routine
can accept a character via a

tyo trap.
Set to 0 at the start of each
tve instruction.

Set to 1 when executive routine
can supply a character via a
tyl trap.

Set to 0 by the completion of
tyl instruction.

Set to 1 when executive routine
can accept a character via a
ppa or_ppb trap.

Set to U at the start of each
ppa or ppbk instruction.

Set to 1 when drum break return
oceurs.
Set to 0 by the decc instructilon.

Set to 1 on entering the Sequence
Break Mode.

Set to 0 on leaving the Sequence
Break Mode.



-4~

M. Mizsecellaneous
The follculng in-cutv transfer instruction 1s an extended instrucilon;
it is defined to wailt for any completion pulse.

i. In-Out Halt

ich 730000

&, NON-TS: This instructicn performs wnothing but an in-out
walt. The computer will enter the speclal walting
state until a device which previously gave an in-out
transfer with no in-out wait (bit 5 zero and bit 6 one)
returns the in-out restart pulse. If the device has
already returned the completion pulse before the ioh
instruction, the computer will proceed immediately.

k. TS: The ioh inatruction waits for the display completion
after a dpy~-400 has been executed; otherwise, it 1s
equivalent to a nop in the time-sharing system since
elther the hardware or the executive routine maintains
efficlent timing of in-out devices.
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THOTRUCUIONS FOR COVIIUNICATION BETWEEN USER AND

THE TIiMBE-SHABING SYSTWEM

The followlng instructions were added to the time-sharing PDP-1
system so that the user could communicate to the system itself.

These zre available cnly in time-~sharing mode and are transparent

to the accumulator and the in-out register. All these instructicns
trap to the executive routine vwhere they are interpreted and serviced.
Contrcl 1s returned to the user’'s program upon completion of the
instruction.

1.
a

Administrative Request

arq  Address 2277

This instruction is used in the time sharing system to
asslgn and deassign in-out equipment and additional drum
flelds to users. (If the device is not assigned to the user,
the instructions corresponding to that device are treated
as 1llegal.) ‘The particular assigmment or desssignment
requested by this instruction is indicated by mnemonic
codes. Conclse codes for these mnemonics are placed in the
AC and any additional information necessary for the request
is placed 1ln the I0 before the arq instruction is executed.
On the next two pages is the table of possible requests.

If the assigmment or deassignment of fields is successful,
the instruction followlng the arg will be skipped. For
other assignments and deassignments, the instruction
following the arq will be skipped only on successful
assignment. An assignment will be successful if the
field(s) or device requested 1s not already assigned or if
the assignment is already in effect.



VINEMONIC WHOSE
CONCISE CODE IS
CONTENTS_OF AC

-3

r

sX

k

gl
g2
a3
qgé
a5
ab

q7
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CONTENTS
OF
10

e T

i

M

REQUEST

dismiss reader

assign reader

éismiss punch

assign punch

dismiss external register

assign external register
absolutely.

assign external register
in shared mode.

assign or deassign analog-
to-dlgital consoles. M

is a 4-bit mask for
consoles to be assigned
(or left assigned, in the
case of deassigmment) to
the user.

assign or deassign button
consoles. M is a 4-bit
mask for the consoles to
be asgigned (or left
assigned, in the case of
deassignment) to the user.

assign external level 1

" u " o
st n 0 3
" " 1 It
n ) u 5
u u n 6
n " 1 7
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MNEMONIC WHOSE CONTENTS REQUEST

CONCISE CODE IS OF
CONTENTS OF AC _I0 REQUEST
-Qq —~——— deassign external level
~-f - dismiss all fields
f Nx10000 get a total of N fields
-1f ——— . dismiss one fileld
it ——— assign one fleld; returneg

with pseudo fleld Just
assigned in high part

af Ax10000+P assign absolute fleld A
(or the first avallable
field if A=0) to pseudo
field P (or the first
available pseudo field
if P=0). Returns with
pseudo field in high

part of AC.
~af Ax10000+P cage 1: P=x, a=0.

deassign pseudo field X
‘and the absolute field
assigned to 1it.

case 2: P=0, A=y.
deassign absolute fleld ¥
and the pseudo field -
assigned to 1it.

case 3@ P=Xx, A=y.
deassign pseudo field X
and the corresponding
absolute fileld y. If

x does not correspond,
no deassignment is done
and the request is
unsuccessful.

case 4: P=0, A=0.

No deassignment 1s done,
but the request 1is
successful.

154 ——— translate pseudo field P
and returns with its
absolute field number in
high part of AC.

0 ——— dismiss to the S
administrative routine,
MYSTIC
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dsm  Address 2377

This instructlon is available only in time-sharing so that
2 user can dismiss his program and can retura control to
ID or the Administrative Routine. ID is brought back into
control and types a carriage return if a ddt field has been
requested previously. Otherwise, the Administrative
Routine is given control and types out "dismissed",
indicating that the program was dismissed because of a

dsm instruction.

Breakpoint

bpt  Address 2477

This instruction is avalleble only in TS. It is provided

80 that ID can insert it Into the user's program where
brezkpolnts are requested for debugging. When the user
transfers control from ID to his program, a bpt instruction
replaces the instruction previously at the breakpoint locatiocn.
When this lnstruction is encountered, the address at which the
trap occurred is typed and is followed by a ")" and a tab.
Then the previous contents of that register are typed out

and the current location pointer is set to that address.

If a bpt is encountered at a location where a breakpoint

was not assigned to the user through ID, then ID interprets
the instruction as illegal.

NOTE: Do not attempt to break at a program-modified
instruction or at an instruction in the middle of a chain

of indirect addressing.

Walt

wat  Address 2477

This instruction is available only in time-sharing and is
provided so that the user may deactivate his program and
walt untll an external device is available. When the
latter is available, the program will automatically be
activated again.
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Alphanumeric Godes By Character

CHARACTER  FIC-DEC COMCISE
LOWER UPPER  CODE CODE

&1 &1 o]
62 62 i
263 63 2
54 64 3
<65 &5 4
266 €6 5
67 67 &
70 70 7
273 71 8
241 431 9
242 42 {
43 43 3
244 44 -
43 45
45 46
247 47 -
250 50 ®
51 51
222 22
23 23 '
224 24 .
25 25
26 26 /
227 27
230 30
33 31
Lower Case
Upper Case
Space
Backspace
Tab
Carriage Return
Tape Feed
Reg®
Black®
Step Code
Delete

CHARACTER
LOWER UPPER

FIC DEC CONCISE

~3  (right arrow)

TP eV AS < U

| +

>y

o~

{doutle guotes)
{single quote}
{not)

(impiies}

(o7}

{and)

(less than)
{greater than)
{up arrow)

(non-spacing
overstrike and
verticai)

{minus and plus)
(non-spacing
middig dot

and underline)

{period and
muttiply)

FIO-DEC CONCISE

CODE COUE
272 72
274 74
200 00

75 75
236 36
277 77

G0 00

— a5

o 34

i3 o—

100 s

*Used on Type-Out oniy, not on keyboard

CODE
20

o1

02
203

205

256
54

40
233

73
221

CODE
20

56
54

40
33

73
23
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