




























































































RePeal Operation:

w

». RPT o [absent] .

Y

L] - [1] =»

The RPY operation initiates a repeat mode of control which causes execution of

the next sequential operation the number of times expressed by y, or until the

j -operand condition of the next operation is satisfied, whichever occurs first,

BT keeps count of the number of times execution is to take place. (137 decreases

" by one after each execution.)

V0 - always absent

skipped

Operand, j

(blank)

ADV

BACK

ADDB

ADVR

V. - gives a Read-class operand that defines y. If y is zero, the next instruction is

V. -  specifies the mode of address modification of the répeated operation

Control
Unmodified repeat of next operation

Advance the operand address of the repeated

operation by one after eachindividual execution

Decrease the operand address of the repeated
operation by one after each execution of the

, repeated operation

Adds cumulatively the B register indicated in
the repeated operation to its operand during

each execution

Increase the operand addresg of the repeated
Replace-class operation by the content of B6

for the storve portion of the replace only

Increase the operand address of the repeated
Replace-class operation by the content of BGfor
the store portion of the replace only; then in-
crement the operand address of the repeated

operation by one after each execution

RPT
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Operand Control

BACKR | Increase the operand address of the repeated
Replace-class operation by the content of B6
for the sfore portion of the replace only; then
decrement the operand address of the repeated

operation by one after each execution

ADDBR Adds cumulatively the B register indicated in
the repeated Replace-class operation to its
operand address during each execution; in ad-
dition to the above, increase the operand ad-
dress of the repeated operation by the content

of 86 only for store portion of the replace

Note: Use j-operands R, ADVR, BACKR, and ADDBR only when a RPL

operation follows the RPT operation.

Examples:

m)p RPT o 390D =m>
mp> RPT o B7 e BACK =p

mp RPT o L(TRADE3) e ADDBR =

Note: All interrupts are locked out once the repeat mode has been initiated.

RPT
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INput Operation (With or Without Monitoring):

w V vV

| 0 n . 2
= IN e [channel] ° [y] . [absent or MONITOR] =

The IN operation establishes the control to transfer data from external equip-
ment to the core memory via a specified channel. The address limits are de-
fined by a numeric value expressed by y, which are transferred to memory ad-
dress 00100+n, where »n is the number of the channel. Subsequent to this opera-
tion, but not as part of it, the individual buffer operations are executed at a rate
determined by the external device. The starting address, initially established
by this operation, is advanced by one following each individual buffer operation.
The next current address is maintained throughout the buffer process in the

lower order 15-bit positions of memory location with storage address 00100+n.

This mode continues until it is superseded by a subsequent initiation of an input

buffer via the same channel, or until the higher order half and the lower order
half of storage address 00100+n contain equal quantities, whichever occurs first,

The first and last address of the memory area is specified in location 00100+n
designates the Channel, CR, through which buffering takes place:
co, —, Q17

gives an operand that defines y. If V1 isa number of five digits or less, or has
an operand code of L,y replaces the lower half of address 00100+n., If V1 isa
number of more than five digits, or has an operand code of W, y replaces the
whole word of address 00100+n., Operand codes of X, U, LX, UX, or A, are

not permitted

specifies whether the buffer operation is to be monitored or not. Monitoring is

_specified by V, being MONITOR . Otherwise V, is absent”™

2
A buffer operation is monitored if the main program is interrupted and control
is transferred to 00040+n when the buffer operationis términated &y the control

addresses in address 00100+n becoming equal,

Examples:
m) [N ¢ C5 ¢ 52367 =»

m) IN o Cl4 o W(LIMIT) ¢ MONITOR =>»

IN
31 of 43 (: 13, 75)



OUTput Operation (With or Without Monitoring):

W V0

; 2
mp OUTe [channel] . [y ] ) [absent or MONITOR] -

The OUT operation establishes the control totransfer datato external equipment
from the core memory via a specified channel. The address limits are defined
by a numeric value expressed by y; these are transferred to memory address
00120+n, where # is the number of the channel. Subsequent to this operation,
but not as part of it, the individual buffer operations are executed at a rate de-
termined by the external device. The starting address, initially established by
this operation, is advanced by one following each individual buffer operation.
The next current address is maintained throughout the buffer process in the
lower order 15-bit positions of memory location at storage address 00120+n.
This mode continues until it is superseded by a subsequent initiation of an input
buffer via the same channel, or until the higher order half and the lower order
half of storage address 00120+n contain equal quantities, whichever occurs first.

The first and last address of the memoryarea are specified in location 00120+n
v - designafes the Channel, Cn, through which buffering takes plabe:
co, —, Q17

V - gives an operand that defines y. If V1 isa number of five digits or less, or has
an operand code of L, ¥ replaces the lower half of address 00120+n. K V1 isa
number of more than five digits, or has an operand code of W, y replaces the
whole word of address 00120+n. Operand codes of X, U, LX, UX, or A are

not permitted

V. - specifies whether the buffer operation is to be monitored or not. Monitoring is

specified by V, being MONITOR, Otherwise V, is absent
2 2

A buffer operation is monitored if the main program is inferrupted and control
is transferred to 00060+n when the buffer operation is terminated by the control

addresses in address 00120+n becoming equal

Examples:
=) OUT ¢ C7 o 41456 =>
mp OUT e Ci2 o L(LOC) © MONITOR =>

ouT
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EXternal-COMmand Operation:

w v, vy v,

m)p EX-COM o [channél] ° [external function code] [ [sub-function code] =>
The EX-COM operation initiates a one word external function buffer

V., - Specifies the channel on which the external function code is transferred. Chan-
nels C0-C7, C10 - C17 are permitted. V0
by a MEANS operation or a CHAN-SET tape

may specify a name which is identified

| V, - Function code, this may be a ten digit number or less, or the whole contents of
a memory location (i.e., operand code of w). Other operand codes are not

permitted. B-Box modification is not allowed if V1 is a constant
V, - Specifies the sub-function code
(absent) - The external function command is sent without force or monitor

FORCE - Used when the communication is with external equipment which has
not been designed to send an "external function request" to the
computer. MONITOR may be used in conjunction with an EX-COM

with a V2 operand of FORCE

MONITOR - Provides a transfer of control to location 00500+j when the buffer

of the external function word is completed
MONFORCE - Provides the combined capabilities of MONITOR and FORCE

Examples:

=) EX-COM o CO e 4300000016 ® FORCE =)

mp EX-COM o C17 ¢ W(EFUN) =>

=) EX-COM o TTY e CHAN ¢ W(EFT) ¢ MONITOR =>

mp EX-COM o SPILL ¢ W(EFF) ¢ MONFORCE =>

EX-CTHRA



EXternal-COMmand-Multi Word Operation

w o Vo Vi Va
= EX-COM-MW o [channel] o [y] o [s'ub-function code] =

The EX-COM-MW operation sets up the appropriate external function buffer
control word (at 00140+j) and initiates output buffering of the specified external

function commands

V., - Specifies the channel on which the external function codes are sent. Channels
C0-C7, C10-C17 are permitted. £
by a MEANS operation or a CHAN-SET tape

may specify a name which is identified

V, - Gives the buffer limits of the function codes to be transmitted. This may be the

1
contents of a whole memory location only (i.e., operand code of w). Other
operand codes are not permitted. B register modification is not allowed if V1
is a constant
V2 - Specifies whether the buffering of the external function command words is to be

monitored. When monitored, the completion of the buffer will cause transfer
of control to external functionbuffer monitor interrupt entrance address 00500+J
Examples:

=) EX-COM-MW e C3 ¢ W(FCCW) ¢ MONITOR =>

=) EX-COM-MW o TAPECHAN ¢ W(SFCC) =>

EX-COM-MAW
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TERMinate Buffer Operation

w Vo Vl
m» TERM o [channel number or ALL} ° [buffer mode] =

The TERM function terminates input, output, external function command, or all

buffers as specified by the V. and V1 operands.

0

V. - Specifies the channel on which buffering is to be terminated. Channels CO-C7,
C10 -C17 are permitted. VO
operation or a CHAN-SET tape

may specifyaname which is identified by a MEANS

ALL - Causes all buffering including that of external function commands, input
data, and output data to be halted. No V1 operand is allowed when the
V0 operand is ALL
v, - Specifies the mode of buffering to be terminated

(absent) - The V1 operand must be omitted if the V_ operand was ALL

0
COM - Terminates the buffering of external function commands on specified

channel
INPUT - Terminates the buffering of input data on specified channel

OUTPUT -Terminates the buffering of output data on specified channel

Examples:

mp TERM ¢ C6 ¢ COM =>
mp TERM o ALL =>

m) TERM e C17 ¢ OUTPUT =>
Example: (illegal) |

= TERM ¢ ALL ¢ INPUT =>

TERM
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Set Interrupt Lockout Operation

w Vo
=) SiL e ALL =p

The operator SIL locks out both internal and external interrupts on all channels.

V, - TheonlyV

0 operand allowed is ALL

0
Examples:

mp SiL e AlLL =p

Example: (illegal)
=) SiL e C6 =

SIL
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Set Interr\ipt Lockout - EXternal Operation

w )
= SIL-EX o [chamnel] =>

The operator SIL-EX *sets external interrupt lockout for the specified channel.

V., - Specifies the channel on which external interrupts are to be locked out. Channels
© C0-CT, C10-C17 are permitted. V0
by a MEANS operator or a CHAN-SET tape

may specify a name which is identified

ALL - Locks out external interrupts on all channels

Examples:
=) SIL-EX ¢ ClO =)
a) SIL-EX ¢ ALL =>

=) SIL-EX ® FLEXCHAN =

* The interrupts locked out by SIL-EX, can be released only by the RIL-EX operation

SIL-EX
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Remove Interrupt Lockout Operation

W . Vo
m> RIL e [absent or Au] =)

The operator RIL removes interrupt lockouts on all internal channels, and all

external channels not previously locked out by SIL-EX operations.

Vo -  The effect on the computer is the same whether VO is ALL or absent

(absent) - If V0 is absent an instruction of the type 600XX XXXXX will be

generated

ALL - I VO is ALL an instruction of the type 66X10 XXXXX will be

generated

Examples:

=) RIL =p
wp RIL ¢ ALL =

RIL
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Remove Interrupt Lockout - EXternal Operation

w Vo
wp RIL-EX o [channel] =>

The operator RIL-EX* releases the interrupt lockout for external interrupts.

V., - Specifies the channel on which the external interrupt lockout is to be released.
Channels C0-C7, C10-C17 are permitted. V0
identified by a MEANS operator or a CHAN-SET tape

may specify a name which is

ALL - Removes the external interrupt lockout on all channels
Examples:

md RIL-EX o C10 =)

mp RIL-EX ¢ ALL =>

®p RIL-EX e TTYCHAN =)

* This instruction must be used to remove interrupt lockouts on channels previously
locked out by SIL-EX operations. RIL operations only release lockouts for external
interrupts not locked out by SIL-EX , and of course internal interrupts

RIL-EX
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Remove Interrupt Lockout and JumP Operation

W Vo
= RILP ° [y] =

The RILJP operation removes the interrupt lockout, thus allowing a subsequent
interrupt, and jumps to address y unconditionally. The operation generates a

601nn nnnnn instruction.

V0 - gives a Read-class operand which defines address y

RILJP
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NORMalize Operation:

A\ Vo
= NORM o [ r |

The NORM operation shifts AQ leit circularly until the upper two bits of A are
unequal or until AQ has been shifted 72gtimes.

V0 - designates AQ

NORMM
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Enable Continuous Data M ode Operation;

w Vo ‘ Vi
mp ECDM o [channel] ° fsub-function code]

The ECDM operation will automatically reinitiate a buffer when termination
occurs. Upon termination, a new pair of control words are transferred to the
buffer control address for this channel and the buffer re-activated. If a monitor

interrupt has been selected, it will occur at this time.

Vo - Specifies the CDM channel. Channels C@-C7, C1§-C17 are permitted if they
have the necessary hardware modification., Vgy may specify a name which is

identified by a MEANS operation or a CHAN-SET tape
Vi =~ Establishes direction of data transfer

INPUT Data transferred into the computer. Buffer Control Word
is located at address (00200 + CP)

OUTPUT Data transferred to external equipment. Buffer Control Word
is located at address (00220 + Ch)
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Disable € ontinuous Data Mode Operation:

W Vo
mp DCDM o [channel] 'y [sub-function code]

The DCDM operation disables the CDM for a given channel

Vo - Specifies the CDM channel. Channels C#-C7, C1¢-C17 are permitted. Vg may
specify a name which is identified by a MEANS operation or a CHAN=-SET tape

V1 - INPUT Disables input CDM control

OouTPUT Disables output CDM control
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Operation

ENTRY

EXIT

CLEAR

PUT

MOVE
INCREMENT
Upper-TAG
PRINT

TYPEC

YYPET
PUNCHC
PUNCHT
TYPE-DECimai
PUNCH-DECimal

POLY-OPERATIONS
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POLY-OPERATIONS

Quite frequently, a sequence of instructions appears iteratively in a program. This sequence
performs a specific job or function. It is possible in cases such as this to generate the se-
quence of instructions with a single CS-1 operation. This is the familiar one-to-many rela-
tionship between instructions which shall be herein termed poly-coding, with the parent
instruction being called a poly-operation. A poly-operation is capable of generating within
the compiler system a unique sequence of computer instructions (in some cases a single

instruction) designed to perform the specific task required.

It is permissible during the coding of a routine to intermix mono- and poly-operations in any
order desired. However, the programer must not attempt to skip a poly-operation with the
j-operand of a mono-operation. The poly-operation usually results in the generation of more
than one instruction in the assembled object program; the computer skips the first of these
instead of the intended next mnemonic operation in the source program. The compiler-gen-
erated computer instructions appear in the object program in the order specified by the
 CS-1 coding.

Poly-operations are capable of producing compiler-generated, unique labels and tags for
internal use during compiling. The Appendix gives a complete discussion of compiler-gen-
erated tags. ‘

The computer fre(iuently employs registers A, Q, and B'7 in object program instructions re-
sulting from poly-operations. In so doing, it destroys any previous information contained in
these registers. The programer should therefore exercise caution in tire use of these regis-
ters in statements preceding poly-operations. In cases where their use is necessary and the
content of any of these registers is required later, the programer must save their content

by transfer to a temporary storage location for later reference.
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ENYRY Operation:

L w Yo

: [ subroutine name ] -) ENTRY o [étop condition] =

The ENTRY operation establishes a standard means of starting all subroutines.
It produces either a normal entry with no jump conditions or a jump capability
with Key Stop options. This operationisthe first one in each subroutine; because
of this it must havé a label which gives the subroutine name. Although each
ENTRY operation generates only one instrubtion, the variations which the in-

struction can assume make it a poly-operation.

names the key which must be set on the computer console if the programmer
wishes the computer to stop on exiting from the subroutine. If operand Vo is
absent (no key stop specified), the compiler generates a word of 0's for the first
subroutine word in the object program. If Vo is present, the compiler generates
a 6100 00000, where j isdetermined by the V0 operand. The allowable entries

for VO are:
STOP5 ; J =5
STOP6 ; j =6
STOP7 ; Jj =1
Example a:
L w Vo
TYPEC wp ENTRY o STOPS mp
Generated: Mnemonic Equivalent
|61 600 00000 | JP e 0 e STOPS
Example b:
L w
TYPET = ENTRY
Generated: Mnemonic Equivalent
00000 00000 | None
2 of 28

ENTRY



EXIT Operation:

L w VO

[optional label :l = E*l‘l‘ ° [ jump condition] =

The EXIT operation provides a means of exiting normally from a subroutine,
i.e,, it generates a jump back to the ENTRY operation of the subroutine and
thence to the main routine. The EXIT operation is used at every place in the
subroutine where an exit from it is desired; hence, any number of exits is per-
mitted. The label is optional.

Although the compiler generates only one instruction per EXIT operation, the
generated instruction can assume a variety of formats. The format depehds on
1) whether the V, operand of the foregoing ENTRY of the subroutine is present

0

or absent, and 2) the EXIT V. operand itself. Because of these variations this

operation is classed as a pooly-operation. If the V0 operand of the preceding
ENTRY operation is absent, the compiler generates a 61510 nnnnn or a 60; 10
nnnnn, I the V0 operand of the preceding ENTRY operation is present, the
compiler generates either 61;j00 nnnnn or 6000 nnnnn. The address assigned
to the preceding ENTRY position is nnnnn. The compiler looks for this address,

then inserts it in the tag position, nnnnn, of the EXIT operation.

V, - determines j in the instruction generated by the EXIT operations as follows:

I the EXIT VO is: ‘ The generated instruction is:
| J k b y
Absent ' 61 0 (lor0* 0  nnnnn
QPOS 60 2
QNEG 60 3 -
AZERO 60 4
ANOT 60 5
APOS 60 6
ANEG 60 7 v v v

*If VO of previous ENTRY is absent, 2 =1
If VO of previous ENTRY is present, 2=0
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If the EXIT V0 is: The generated instruction is:

J k b y

KEY1 61 1 (lor0)* O nannn

KEY2 61 2

KEY3 ' 61 3

sTOP ' 61 4

STOPS : 61 5

STOPS 61 6

STOP7 | 61 1 v Voo
‘ *If V0 of previous ENTRY is absent, £=1
Examples: If Vo of previous ENTRY is present, 2=0

a. Previous ENTRY Vo absent
L W Y

1) MAP2 =P EXIT o KEY3 =

Generated: | ' Mnemonic Equivalent

[61310 nnnnn] ' “JP o L(nnnnn) e KEY3
2) =) :xrr‘ =

Generated: Mnemonic Equivalent

[61010 nnnnnl JP e L(nnnnn)

b. Previous ENTRY V_ present

0
| w ()
1) ; =p EXIT e ANOT =>
Generated: Mnemonic Equivalent
[60500 nnnnnF JP e nnnnn e ANOTY
L W . V0

2) MAP3 =) EXIT o QNEG x>

Generated: : Mnemonic Equivalent

|60300 nnnnn] P o nnnnne QNEG
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CLEAR Operation:
W VO V1
=) CLEAR® [number of words:lo [Starting address ] =

The CLEAR operation clears (fills with 0's) a number of words of an area of
core memory.,

V., - specifies the number of words to be cleared. This is a Read-class operand;
however, the operand code A is not permitted. If a value of 0 is used, the op-
eration is a "do nothing" instruction which causes a delay of the computer. If al

1 is specified, the end result is the same as that of a mono-code CL operation

V. - gives the starting address of the area to be cleared. This may be a constant of
maximum five digits, a tag, a tag with an increment, or a tag with an increment
and a B-register designation
Example:

mp CLEAR ¢ 6 o CAT+B6-2 =P

Generated: ‘ Mnemonic Equivalent
70100 00006 RPT © 6 ¢ ADYV
16036 nnnnn* STR o BO o W(CAT+86-2)

*nnnnn = constant specified by CAT -2
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PUT Operation:

w Vo V1

= PUT o [the wo;-d] o [destination address] =

The PUT operation places a single word or half word in a designated storage

address.

VO - expresses a Read-class operand; it maybe a tag, a constant, or the content of an

address. This represents the source information

V, - specifies the address in memory at which the word or half word is to be stored.
This is a Store-class operand; it gives a constant, a B register, a tag, a tag with
increment, or a tag with increment and B-register designation preceded by an

appropriate operand code. A and Q are not permitted

Since register Q is used for the movement of the word, its original content is
destroyed by this operation. The programer must provide for preservation of

the initial contents if desired
Example a:

=) PUT o L(:Atﬂd) e U(DOG+B3-2) =>

Generated: ' Mnemonic Equivalent

10016 nnnnn* ENT ¢ Q o L(CAT+BS)
14023 nnnnn |- : STR ¢ Q * U(DOG+B3-2)
Example b:

= PUT o -0 ¢ W(B6) =>

Generated: ' Mnemonic Equivalent
10040 77771 ENT ¢ Q ¢ -0
14036 00000 STR ¢ Q o W(BS)

*nnnnn is an allocated address corresponding to a tag

6 of 28 PUT



Example c:

=) PUT e 77342106 ¢ W(DOG) m>

Generated:

10030 nnnnn* - ENT ¢ Q e W(Alllllnnnn)*

14030 nnnnn STR e Q e W(DOG)

*A |||l nnnn is a compiler-generated tag (see Appendix); nnnnn is an allocated address cor-

respondiné toa tag
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MOVE Operation:

w V0 ; 4 1 V2

=) MOVE o [ number of words] .[from ac_idress] . [to address ] =

The MOVE operation moves masses of data from one area to another. The
computer moves the words of information sequentially through the Q register
and may use B'7 for indexing. It does not reinstate the original content to either
the B'7 or the Q register; the programer must save and restore such informa-

tion if he wishes to retain it.

V., - specifies the number of words to be moved; the programer inserts a Read-
class operand to indicate the number of words to be transferred; however, the .

operand codes X, LX, UX, or A are not permitted

V. - indicates the initial address of the area fromwhich data will be moved; it can be
an absolute address,a B register, a tag, or a tag with an increment and/or a

B register designation

V, =~ states the initial address of the area to which data will be transferred; it can be
an absolute address, a B register, a tag, or a tag with an increment and/or a

B register designation

The compiler generates instructions in numbers varying from 2 to 10,depending
upon 1) the number of worés tobe moved, 2) whether the V0 operand is mnemonic
or not, and 3) whether B" designations appear in V1 and/or V2. If only one word
is moyed, the minimum number of‘instructions generated is two; if Vo is mne-~
monic, the minimum is five instructions. Since the use of B-register designa-
tions in operands V1 and V2 changes the number of instructions generated by the
compiler, two examples are given below. The first shows an operation with no

B" in either operand V or Vz, the second contains a B" in both operands.,

Example a:

m> MOVE ¢ 4 o CAT e DOG mp

Generated: Mnemonic Equivalent

12700 00003 ENT o B7 o 3

10037 nnnnn ENT ¢ Q o W(CAT+B7)

14037 nnnnn | STR ¢ Q e W(DOG+B7)
[ ]72700[ -2] G BJP o B7 e a-2
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Example b:

‘" mP» MOVE e B5 ¢ CAT+B4 e DOG+B7-3 =>

Generated: Mnemonic Equivalent
10004 nnnnn ENTe Q ¢ CAT+B4
14010 [ a -2] STR® Q o L(a-2)
10007 nnnnn _ ENTe Q » DOG+B7-3
14010 [ a -1] STR ¢ Q e L(a-1)
12705 00000 " ENT eB7 o B5
72700 La-2 BJPeB7 eg-2
61000 | a +1] JP ¢ a+1
10037 | oooooo] ENTe Q ¢ W(0O+B7)
14037 [oooooo] STRe Q © W(0+B7)
,[a]'zzvoo [a-z] , a BJPeB7 eg -2
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INCREMENT Operation:
w Vo V1
mp> INCREMENT o [B register] ) [inci‘ement] =)

The INCREMENT operation provides a means to either increase the number
contained in a B register (Bn) by a fixed increment or decrease the number in

B" by a fixed decrement.
V., - specifies the B register to be incremented

V, - states the value of the increment by which the content of the B register is to be

altered. The increment is defined by a Read-class operand

Example a:

=) |INCREMENT o Bl e -1 =)

Generated: Mnemonic Equivalent

[a] 72 200 [a +1] @ BIPeB2e g+l
[a +1] Next Instruction a+1l Next Instruction
Example b:

mp INCREMENT e BS5 ¢ 32D =)

Generated: Mnemonic Equivalent
12 505 00040 ENT o B5 © B5+32D
Example c:

ap INCREMENT ¢ Bl e -12 =p

Generated : Mnemonic Egquivalent

11 003 00000 ENT e A e B3

20 040 77765 ADD e A ¢ X(77765)
ENTe B3 o A
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Example d:

=) INCREMENT o B4 ¢ L(CAT+6+B2) =

Generated : Mnemonic Equivalent
11 004 00000 ENT e A o B4

20 052 nnnnn* ADD ¢ A o LX({CAT+6+B2)
12 470 00000 ENT e B4 o A

This poly-operation generates a variable number of object language instructions
depending on the nature of the V1 operand. A positive constant in V1 causes a
single instruction to be generated, a negative constant causes two instructions,

and a symbolic name results in three instructions.

A speciai case occurs when the V1 ‘'value is: -1. A B register can be decre-
mented by one to reach zero, but not through zero; i.e., a B register containing

zero, if decremented by one, remains zero,

~

The programer should note that the A register is used in some cases and is
not restored. If he wishes to preserve the previous content of register A for

later use, he must provide for its storage in another location.

*nnnnn: The value allocated to the tag CAT+6 by the compiler
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Upper- TAG Operation:

v N v,

= U-TAG o [upper tag name]o [1ower tag name, constant, or zero] =

The U-TAG operation p}rovides the programer with a means of expressing
the upper half of a storage address by means of a symbolic tag. This is the only
method by which this may be done. The programer has the option of specify =
ing a tag in the lower half of the word also, This operation is useful for such
purposes as the preparation of jump tables and the specification of upper and

lower buffering limits.
V., - gives the name of the upper tag. A constant is not permitted

V. - gives the name of a lower tag if desired. If no tag is desired, this must be O

(see example b, below)
Example a: |

DOGI6 =P U-TAG ® CAT4 o MOUSE7 =>

Tags CAT4 and MOUSE7 represent the upper and lower 15 bits respectively of
the storage location represented by the label DOG16. Assume that the following

allocation values are given on an allocation tape:
MOUSE7 => 563
CAT4 =p» 53210
DOGI6  =p. 3000

The computer word produced as a result of the U-TAG poly-operation is:
03000 53210 00563.

Example b:

RAT 13 = U-TAGe DCONe 0 m=>

The tag DCON represents the upper 15 bits of the storage location represented
by the label RATI3. The V1 operand of 0 causes the lower half of the word pro-
duced to be filled with 00000,
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PRINT Operation:
w Vo V 1
~wp  PRINT o [base address of print buffer ([3)] . [ jump condition] =

The PRINT operation provides the programer with a method of activating the
print out of information on the High-Speed Printer. The operation initiates a
subroutine, PRINTB, which causes the content of a 24D-word core buffer area
(in printer code) with a base address, B, to be transferred to the High-Speed
Printer as a 120D-character line of print. The PRINTB subroutine is capable '
of transferring the content of the buffer area either directly to the High-Speed
Printer (on-line), or to a tape unit for subsequent off-line printing. The pro-

gramer niust, however, enable the printer once in his routine before using
the PRINT operation.

B: Printer
B+1: Code

24D-word buffer in core memory

‘ B+2: // g B = base address of buffer area

7

—

B+23:

Figure 1. Buffer Area Format

VO - specifies the base address of the core memory buffer area. It permits a Read-

class operand without an operand code or with operand codes L or U

V1 - refers to the j-operands; these have the SpeciaLl j-ope_rand meanings of the RJP
operation. The use of this operand is optional

i

Examplla a:

GOGO => PRINT ¢ B6 ¢ ANOT =>
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Generated: Mnemonic Equivalent

12 706 00000 ENT o B7 o BS
64 500 nnnnn RIP ¢ PRINTB ¢ ANOT

nnnnn: The address allocated to the PRINT B subroutine entry

Example b:

=) PRINT ¢ HAW2 =p

Generated: Mnemonic Equivalent
12 700 [a] ENT o B7 o HAW2
65 000 nnnnn RJP o PRINTB

a : the address expressed by HAW2
nnnnn: the address allocated to the PRINTB subroutine entry

Example c:

mp PRINT o L(NUT+B4-6) ¢ KEY2 m=>

Generated: Mnemonic Equivalent
12 714 [a] | ENT o B7 o L(NUT+B4-6)
65 200 nnnnn RJP o PRINTB ® KEY2

a : the address expressed by NUT-6¢

nnnnn: The address allocated to the PRINT B subroutine entry
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TYPEC Operation:

w -VO-

=y TYPEC L ['mfoi‘mation to be typed] =

The TYPEC operation causes the content (in octal) of A, Q, any B register, or
any storage location to be typed by the on-line -t ypewriter. In addition to speci-
fying that the numerical information in any of the above registers be typed, the
programer may issue special commands to the typewriter. These commands,
used as operands in the special format described below, may cause the type-

writer to do the following three things:

Operand : Performance

° ICRl ° Causes the typewriter to do a carriage return
* |sp| e Causes the typewriter to skip a space

° ITABI ° Causes the typewriter to move to the next

tabulation stop

By properly inserting these commands as operands betweenthe operands denot-
ing the information to be typed, the programer can control theformat (spacing
and lines) of the information typed. The vertical bars are the special control
symbols for indicating that the operand is an order directing the typewriter,
Each of these three special operands mus? begin with and end with a vertical

bar, and must each be separated by point separators from other operands,

specifies the operands in the operand position in the order in which they are to
be read and/or executed. These operandsare of four types: p1, p2, p3, and p4.
They may appear in any order, depending on the programer’s desires or needs.

Point separators must separate each operand.

-

p1 - gives the locator of a value to be typed; it consists of an operand code
of L, U, or W together withanormal Read operand in parentheses. The
parentheses may contain a tag, B-register designation, or increment, or

any combination of these

p2 - gives a tag or label allocation value, without operand code, which the

typewriter will type

p3 - specifies a constant, of five digits or less, to be typed

15 of 28 TYPEC



Exception: The value, zero, will notbe typed if expressed as an operand. Zeros

may be obtained by using the TYPET operation.

p4 - states a special typewriter command symbol. Valid symbols are
|cr|, |sP|, and |TAB|; these command symbols cause the typewriter
to perform a carriage return, to skip a space, and to move to a tabu-

lator stop respectively

Example:
L W "%
FIRST mp TYPEC o U(BETA + B3-6)0 2576 ®|CR|® A ¢ [SP| ¢ Q ¢ BETA =)
2 p3 pd pl pd Pl p2

LAST mp STR * Q@ ¢ W (GAMMA) =p

The FIRST operation above causes the following equivalent instructions and

codes to be generated (except for the LAST operation):
FIRST mp RJIP ¢ TYPEC ,

00023 e BETA - 6 ’
00000 ¢ 02576 ﬁ
77450 < 00000 B
00070 « 00000 }
77040 < 00000 }

00000 ¢ 00000 )
00000 ¢ BETA ﬁ

STR © Q ¢ W(GAMMA) =>

20 2 2K 2K 2 2 AN

LASY
The TYPEC subroutine checks the first two characters of each of the opera-
tions following the Return Jump to TYPEC subroutine. If these are 00, it re-
places them with 10or 20; if they are 77, it interprets the characters following as

commands to the typewriter (type p 4 operands).

The operation labeled LAST is not a part of the TYPEC performance. It
illustrates that the programer must follow the TYPEC operation with an
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opebration which will not cause the generation of a word of 0's in the object pro-
gram. In other words, the next instruction in the object program must have a

legitimate computer instruction code,

The compiled object program uses the TYPEC subroutine to produce the type-
out. In general this poly-operation generates a Return Jump to the TYPEC
subroutine, followed by an operation statement for each operand, directing the
computer either to type the information as specified or to perform the com-
mand given. The TYPEC subroutine stores the contents of the registers it

uses and restores them upon completion of the typeout.

NOTE: Because a 77 in the function code position has special meaning to the
TYPEC routine, do not follow a TYPEC statement with a function code
of 77. |

17 of 28



TYPET Operation:
w ; - Vo'
=) TYPET . [text and typewriter commands] =

The TYPET operation generates a section of object language program which,
when run on the computer, causes the typewriter to type the message given by
the -Vo- operand of the TYPET operation. No point separators appear between
the parts of the V0 operand. The commands to the typewriter, viz., carriage
return, space, and tab, intersperse with the text according to the needs and
desires of the programer. These typewriter commands separate from the

text by means of a vertical bar, | , before and after each command:
o text |SP| text |CR| text |TAB| text wd

Exception: Where a space is desired between characters of the typed text, a
space code symbol, A, may substitute for the command, ISPI." The above ex~

ample would then be:
o text A text |CR| text |TAB| text mwd

The programer can use either symbol for a space. Where a tab follows a

carriage return, the format should be |CR||TAB| :
o text A text |CR| |TAB| text =

- V., - specifies the text to be typed, interspersed with the typewriter commands
needed to produce the text format desired by the programer. The typewriter

commands and their symbols are:

Carriage Return: |cRr|
Tab: | TAB|
Space: | sP| or A

*Only four consecutive space codes permitted ( AAAA)
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Example:

FIRST mp TYPET e ABC | CR| DE| TAB| =

wp TYPET o FGH|CR |[TAB| 1A J =p
produces the object language program:

FIRST =p RJP e TYPET
65000 TYPET

tA B C2
47302 31645

DE - STOP
22205 17700

RJP o TYPET
65000 TYPET

tF G H)
47261 30545

-1 o4 JSTOP
51140 43277

-During the running of the object program, the TYPET subroutine then uses the

above object language program to produce the typewriter printout.

Any number of space commands can precede or follow the| CR| and| TAB |
commands without affecting the text. Putting more than one space command
between parts of the text has the effect of spreading these parts of the text far-

‘-

ther apart on the typewritten page.
There is no provision for controlling the case of the characters in the output
message. Alphabetical information is typed in upper case, numerical informa-
tion in lower case., The TYPET subroutine, which unpacks the codes taken

‘from the object language program, recognizes the end of the message by de-
tecting the code, 77.
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W - V-

= PUNCHC o [parameters for information and/or typewriter commands] =

The PUNCHC operation causes the content (in octal) of A, Q, any B register,
or any storage location to be punched by the High-Speed Punch. In addition to
directing that the numeric information in any of the above registers be punched,
the programer may Write three special command symbols. These three sym-
bols are typewriter commands which, when t.he punched paper tape ison a
typewriter, will direct the typewriter to perform certain carriage operations.

These operations control the format of the typewriter typeout; they include:

Operand Performance

L |CR| ° Causes the typewriter to do a carriage return
°|SP| o Causes the typewriter to skip a space

* |TAB|® Causes the typewriter to move to the next

tabulation stop

By properly inserting these commands as operands between the operands denot-
ing the information be typed, the programer can control the format (spacing
and lines) of the information typed. The vertical bars are the special control
symbols for indicating that the operand is an order directing the typewriter.
Each of thesé three special operands musi¢begin with and end with a vertical bar,

and each must be separated by point separators from other operands.

specifies the operands in the operand position in the order in which they are to
be read and/or executed. These operandsare of four types: pl, p 2, p3, and p4.
They may appear in any order, depending on the programer’s desires or needs.

Point separators must separate each operand.

p1 - gi\;es the locator address of a value tobe typed; it consists of a normal

Read-class operand

p2‘ - gives a tag or label allocation value, without operand code, which the

typewriter will type
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p3 - specifies a constant, of five digits or less, to be typed

Exception: The value, zero, will not be typed if expressed as an operand.

- Zeros may be obtained by using the PUNCHT operation.

p4 -~ states a special typewriter command symbol. Valid symbols are

|cr| , |sP|, and |TAB|; these command symbols cause the type-
writer to perform a carriage return, to skip a spacé, and to move to a
tabulator stop respectively

Example:

L w - Vo-

FIRST mp PUNCHC*Q o |CR/*L (ALPHA + B3) o |TAB|® 50 o |sP| ¢ INST4 w>
Y p1 b3 pa b2

NEXT mp ENT ¢ A ¢ U (GAMMA) mp

The FIRST operation above causes the following equivalent (in some cases, incomplete)

operations to be generated:
FIRST = RJP o PUNCHC}
=» 00000 e 00000 B
mp 77450 e 00000 B
=» 00013 e ALPHA 3
=» 77510 e 00000 B
=» 00000 e 00050 B
=) 77040 e 00000 ;
=>» 00000 e INST4 3
The PUNCHC subroutine checks the first two characters of each of the operations following

the Return Jump to PUNCHC subroutine. If these are 00, it replaces them with 10; if they are
77, it interprets the characters following as commandsto the typewriter (type P4 operands).

The operation labeled NEXT is not a part of the PUNCHC performance. It illustrates that
the programer must follow the PUNCHC operation with an operation which will not cause
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the generation of a word of 0's in the object program. In other words, the next instruction in

the object program must have a legitimate computer instruction code.

The compiler object program uses the PUNCHC subroutine to produce the typeout. In general
this poly-operation generates a Return Jump to the PUNCHC subroutine, followed by an
operation statement for each operand, directing the computer either to type the information

as specified or to perform the command given,

NOTE: Because a 77 in the function code position has special meaning to the PUNCHC

routine, do not follow a PUNCHC statement with a function code of 77.
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PUNCHT Operation:

-V.= =

w -V

mp PUNCHT o [text and/or typewriter commands] =>

The PUNCHT operation causes the High-Speed Punch to punch the text(s) which
the programer has written inthe -Vo- operand position of the PUNCHT opera-
tion. It also punches the codes for SP, CR, and TAB, which con-
trol the typewriter carriage movements during a listing of the punched tape.
The programer controls the format of the typewriter listing by interspersing
the carriage control symbols between his texts as he desires. No point sepa-
rators appear between the parts of the -VO- operand. Each carriage control

symbol must have a vertical bar, |, before and after it.

Exception: Where a space is desired between characters of the typed text, a

space code symbol, A, may substitute for the command, |SP[*

a. mp PUNCHT o text |SP| text |CR| text |TAB| text md

b. mp PUNCHT e text A text [CR| text |TAB| text mwd
Where 2 carriage control symbols appear consecutively, each one must have
vertical bars before and after it.
Example:

m) PUNCHT o text |CR| |[TAB| text m=»

specifies the text to be typed, interspersed with the typewriter commands

needed to produce the format desired by the programer.

If the text isl too long to put into one Lo PUNCHT operation, ,Eucééssive opera-

tions can be written. Labels on these operations are optional.

Example:
FIRST md> PUNCHT o PAY A TAX |CR| ON |TAB| m>
m> PUNCHT e OCT |[SP| 15 [CR| m>

*Only four consecutive space codes permitted (AAAA)
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The operations and codes generated in the running program by the above poly-operations
are:

FIRST =p» RJP e PUNCHT
65000 PUNCHT

*+P A YA
47153 02504

TAX 20
01302 74503

N - STOP
06517 70000

RIJP e PUNCHT
65000 PUNCHT

OCT A\
03160 10457

15 2 STOP
52524 57700

When the running program is subsequently performed, the PUNCHT subroutine then causes

the High-Speed Punch to punch out octal codes above.

Any number of space commands can appear consecutively anywhere in the text. The effect is

to vary the spacing between parts of the texts on the hard copy.

There is no provision for controlling the case of the characters in the output message. Alpha-
betic ifformation appears in upper case, numeric in lower case. The PUNCHT subroutine,
which translates sequentially the codes taken from the object language program, recog-

nizes the end of the message by detecting the code 717.
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TYPE-DECimal Operation:

W - Vg -
=) TYPE-DEC o [information to be typed] =

The TYPE-DEC operation causes the content (indecimal)of A, Q, any B register,
or any storage location to be typed by the on-line typewriter. In addition to
specifying that the numerical information in any of the above registers be typed,
the programer may issue special commands to the typewriter. These com-
mands, used as operands in the special format described below, may cause the

typewriter to do the following three things:

Operand Performance

. | CR I K Causes the typewriter to do a carriage return
° l SP | ° Causes the typewriter to skip a space

° lTAB| (] Causes the typewriter to move to the next tab-

ulation stop

By properly inserting these commands as operands between the operands de-
noting the information to be typed, the programer can control the format
(spacing and lines) of the information typed. The vertical bars are the special
control symbols for indicating that the operand is an order directing the type-
writer. Each of these three special operands must begin with and end with a

vertical bar, and must eachbe separated by point separators from other operands.

specifies the operands in the operand position in the order in which fhey are to
be read and/or executed. Thése operands are of four types: pl, p2, p3, and p4.
They may appear in any order, depénding on the programer’sdesires or needs.

Point separators must separate each operand

pl - gives the locator of a value to be typed; it consists of an operand code to-
gether with a normal Read operand in parentheses. The parentheses may
contain a tag, B-register designation, or increment, or any combination

of these

p2 - gives a tag or label allocation value, without operand code, which the

typewriter will type

p3 - specifies a constant of five digits or less to be typed
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‘Exception: The value, zero, will not be typed if expressed as an operand.

Zeros may be obtained by using the TYPET operation.

p4 -states a special typewriter command symbol. Valid symbols are|CR],
Isp|, and |TAB|; these command symbols ¢ause the typewriter to perform
a carriage return, to skip a space, and to move to a tabulator stop respec-

tively
Exampie:
L w "% -
FIRST wp TYPE-DEC © U(BETA+B3-6)® 2576 o[cn|0 A®|SP|® Q o BETA mp
pl p3 p4 pl1 pé p1 p2

NOTE: Because a 77 in the function code position has special meaning to the
TYPE-DEC routine, do not follow a TYPE-DEC statement with a func-
tion code of 77.
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PUNCH-DEC imal Operation:

w -VO-

m)p PUNCH-DEC o [parameters for information and/or typewriter commands] =

The PUNCH-DEC operation causes the content (in decimal) of A, Q, any B reg-
ister, or any storage location tobe punched by the High-Speed Punch. In addition
to directing that the numeric information inany of the above registers be punched,
the programer may write three special command symbols. These three symbols
are typewriter commands which, when the punched paper tape is on a type-
writer, will direct the typewriter to perform certain carriage operations.

These operations control the format of the typewriter typeout; They include:

Operand

o| cr l L Causes the typewriter to do a carriage return
o| sp l ° - Causes the typewriter to skip a space
elTAB|e _ Causes the typewriter to move to the next tab-

ulation stop

By properly inserting these commands as operands between the operands de-
noting the information be typed, the programer can control the format (spacing
and lines) of the information typed. The vertical bars are the special control
symbols for indicating that the operand is an order directing the typewriter.
Each of these three special operands must begin with and end with a vertical

bar, and each must be separated by point separators from other operands,

. specifies the operands in the operand position in the order in which they are to

to be read and/or executed. These operands are of four types: pl, p2, p3, and
p4. They méy appear in any order, depending on the programer’s ' desires or

needs, Point separators must separate each operand.

pl - gives the locator address of a value to be typed; it consists of a normal

Read-class operand

p2 - gives a tag or label allocation value, without operand code, which the

typewriter will type
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p3 - specifies a constant, of five digits or less, to be typed

Exception: The value, zero, will not be typed if expressed as in operand.

Zeros may be obtained by using the PUNCHT operation.

p4 - states a special typewriter command symbol. Valid symbols are |Ccr|,
|SP|, and | TAB| ; these command symbols cause the typewriter to per-
form a carriage return, to skip a space, and to move to a tabulator stop

respectively
Example
- V.-
L w 0
FIRST mp PUNCH-DEC ® Q © |CR| ® L(ALPHA+B3) ® [TAB|® 50 o|SP|e INST 4 m>
pl pé p1 pé p3  p4é p2

NOTE: Because a 77 in the function code position has special meaning to the
PUNCH-DEC routine, do not follow a PUNCH-DEC statement with a
function code of 77,
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DECLARATIVE OPERATIONS

The programer frequently wishes to supply to the compiler certain information for use in
the compiling process which does not generate an instruction. The information may be in-
volved in subsequent operations in constructing a machine-code instruction; or it may be
substituted for already existing data or information, thereby extending the scope and power of
the operation. This is especially true where, by changing one operand in an operation, the

operation may perform a variety of similar tasks.

Declarative operations, therefore, are operations which do not result in the generation of
instructions in the object program; they rather 1) give information about relationships, such
as equality between data and/or symbolic names, 2) make assertions, and 3) define a pro-
cedure. Declarative operations state facts and provide information which the compiler either

utilizes, or stores and later incorporates into the object program instructions it generates.

In all cases, the programer must stéte the declarative operation at some plaice ahead of the
action operation which is to use it. These operations can intermingle with action operations
anywhere in the program, provided they comply withthe above priority restriction. It is often
worthwhile for the programer to placethedeclarative statements on a separate PROGRAM

tape or punched cards, to be read into the compiler before the main program.
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EQUALS Operation:

L -
/L

{
L w R

[unknown tag] mp EQUALS ¢ [known value: lab/tag + i, ora constant]-}

The EQUALS operation establishes an equivalence between one expression, L,
whose allocatiori value is unknown and another expression, VO' for which the
allocation value is Anown. This provides the programer with a versatile al-
location aid whereby he can transfer an allocation value from one label or tag to
another tag. Since this operator is concerned solely with allocation, a compiler

function, it generates no instructions in the internal program.

This operation permits addition, +; subtraction, -; multiplication, () ( ); or
division, /, with known values. A term in the arithmetic process may be a
constant or a tag (+ increment is permitted); a factor is an expression made up
of terms connected by + or - signs; it corresponds to an address. Computations
progress sequentially upon, factors, with the terms in each factor accumulated
separately before multiplication and/or division. Thus the computétions are

essentially multiplications and/or divisions of addresses

gives the name of the unknown tag to which a numeric value is to be assigned

gives: a) the constant which the programer wishes to assign, or b) the label
or tag whose value is known, with or without an increment, or c) a combination
of labels, tags, and/or constants i an arithmetic relationship. Each value may
consist of one or more of the following: 1) a number; 2) a label or tag; 3) a
numeric increment; 4) a numeric decrement; 5) atag with increment; or 6) a tag
with decrement. Two or more of these may be joined together by either succes-
sive multiplications or by successive divisions, but not a combination of the two
processes. The expression may also be an accumulation of two or more addi-
tions and/or subtractions of known values. In expressions combining additionor
subtraction with either multiplication or division, the addends or subtrahends are

treated as increments or decrements to the factor with which they are immedi-

ately associated
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Example
NUB-4/CHOP-5 + COB

(NUB-4) serves as the dividend, and ' CHOP-5 + COB are combined into a
single divisor value. Regardless of how - Vb - is expressed, a single absolute
allocation value for the entire expression must be known by the compiler. The
compiler stores this value for later use when the unknown tag, L, is referenced.

B-register designations are not permitted in the - V0 - operand position,

Example a:
CAT wmp EQUALS o DOG + 2 - HORSE wp
(e.g., if DOG = 300 and HORSE = 100; CAT = 202.)

Example b:

"SR3 wp EQUALS ¢ SR4 - 33D + 44 + RATS wp

-Example c:

<L

TMAX mp EQUALS o 45600 =p

" Example d:

PECE =P EQUALS ® (DOVE + 2) (MANY) =>

Example e:

CRUMP mp EQUALS ¢ RACER-4/BOOL /5 =p

In this example, the computer subtracts 4fromthe value represented by RACER,
divides this result by the value allocated to BOOL, then divides this result by
- 9; it then assigns this value to CRUMP. The EQUALS operation thus has the

power to perform arithmetic computations within the compiler.

Note: In cases of multiplication, if the product exceeds five characters, an

.error printout occurs.

In cases of division, if the quotient is not an integer, an error printout

occurs.
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MEANS Operation:

L w Vo

arbitrary name mnemonically expressed
[to be replaced ] ">  MEANS o [input/ output information

The MEANS operation replaces an arbitrary name in the label, L, position with
input/output information expressed in mnemonics. It permits programs to be
written with complete flexibility concerning the assignment of channels to
external equipment. By holding the assignment of external equipment open until
needed, the programer can at that time determine which of the specific
channels are available for use. He then replaces the general assignment
with the one he desires by entering a MEANS statement in the Lo program
prior to the operation performing the input/output function. The computer
then takes what is in -Vo- and replaces in the subsequent I/O operation the
value assigned to L in the MEANS operation. Thus the programer can assign
an external equipment to any Input/Output or Function channel. LO operations

which may contain replaceable general operands include: STR, JP, TERM, IN, OUT,
EX-COM, EX-COM-MW, SIL-EX,RIL-EX, ECDM, AND DCDM.

This operation does not generate any internal compiler instruction,; it makes
the indicated substitution, then drops out. The Input/Output operation(s) sub-
sequently involved in the transfer then function as usual, using the substituted

operand.

The MEANS operation is applicable only to the assignment of input/output
parameters. It cannot be used interchangeably with EQUALS, nor can EQUALS
be used to perform the task assigned to MEANS.

gives an arhitrary name to be replaced. This has normal label format; i.e.,

there are no special restrictions regarding the symbols entered in L

states the specific input/output assignment to be substituted for L. Entries in
this operand position are presently restricted to information regarding Input/
Output specifications. They may consist, therefore, of any uhique external

equipment assignment, e.g., CI2ACTIVEIN; C5; or a function constant
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Example MEANS operations:

a) LOB mp MEANS « C12 ,
b) PITCH = MEANS » CISACTIVEOUT
c) CUT mp MEANS * CO

Examples of Input/Output operations with which the foregoing examples may be
used:

a) =) EX-FCT o LOB + 426

b) ®=p JP ° POST ¢ PITCH

c) w=mp OUT ¢ CUT ¢« W(SNAP) » MONITOR
d) = TERM °* LOB °* INPUT

Note: MEANS operations appear either within an Lo program Or as separate
input under a PROGRAM header. In both cases the MEANS operations

become a part of‘the compiler's L1 table storage.
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RESERVE Operation:

W Vo
) RESERVE ® [number of words] >

The RESERVE operation sets aside a block of memory locations in the running
(object) program. It does so by adding the number expressed by the V0 operand
to the current allocation address and storing the next generated instruction at
the incremented address. Thus the reservation of Space begins at the location
following that of the previously generated instruction and includes the V0 num-
ber of continuous locations. The compiler does not clear these locations; it
merely by-passes them during allocation. Some of the special reasons for

reserving such an area include:

1. Setting aside a specific area for the storage of parameters

2. Leaving an area open for working storage

3. Reserving space, e.g., at the end of the program, for expansion pur-
poses

4. Subsequent insertion of other program instructions

specifies the number of words to be reserved. The programer may enter only

a constant in this operand location

Example:
CAT m=mp  RESERVE . 4 wd

Result:

t

[_ a ] -p [previously generated instruction] =

[a+5] = [next generated instruction] =

The use of a label to identify the first word of the reserved area permits the
referencing of the entire area or of any word location in it. The programer
may gain access to any word of information in the area by referencing the label,
or the label plus the increment required to designate the desired word. The‘ -
operation ;. ENTe A @ W(CAT+3); for example, reads inthe A register the content of

the fourth word inthe reserved area in the example above.
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COMMENT Operation:

> COMMENT o [message]’

The COMMENT operation permits the programer to place a message(s)within
the input program to provide added information for edited records of the prob-
lem definition. This operation is declarative; it has no dynamic meaning to

thé input language.*

Example:

mp COMMENT o THIS A SUB-PROCEDURE A CONTAINS A

TYPE-X A LISTING A TECHNIQUES Y

* COMMENT is not a true poly-operation since it does not generate machine

instructions
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CS-1 INPUT

Input to the CS-1 Compiler (programs, allocations or corrections) is in two media; paper tape

and 80-column cards. The user selects the input medium available.

Paper tape input is in standard paper tape codes. (FD, ASCII, FLEX, etc.). Card input '
is on standard 80-column cards. An Off-Line Card-to-Tape process transfers the data from
cards to magnetic tape; therefore, the actual input to the computer is via magnetic tape. In
addition to the input media types heretofore mentioned, certain data may be manually entered
via console registers during compilation runs. This consists only of minor entries of data
such as selecting outputs,

The programer uses a uniform set of symbols as separators in all coding. See Table 1
Separator interpretation differs between card and paper tape input media as described in their

respective subsections,

TABLE 1, CS-1 CODING SEPARATORS

Symbol Coding Significance

mp Delimits the statement. Must always precede the statement operator. Must

précede notes; omit if notes not given.

1 Signifies end of operation., Must precede header operations.
° Separates statement components
() 1) Indicates contents of a storage location

2) Specifies data unit subname or subscript

’ Separates item from word or field in a data name.
() ) Specifies multiplication

/ Specifies division

+ Spgciﬁes addition

- Specifies subtraction

A Specifies space

| Special control character

Input to CSs-1 (program, allocation, or correction) requires an initial header operation for
identification purposes. A header consists of the program name in the L coding position, a
header-type operator in the W position and two identifying operands, V0 and Vl’ in which the
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programer specifies his name and the date. The examples below illustrate four typical
headers:
L w 1% v

‘ 0 1

COUNTONES =) PROGRAM e SMITHe IOOCT63}

COUNTONES m» ALLOCATION o SMITH ¢ 100CT63 2

) COUNTONES =) CORRECT-I.]OSMITHOIO0CT63£

2 COUNTONES mp svsrm.smmoloocms}

CS-1 requires a limited amount of input arrangement. Information to the compiler always
precedes the routine being compiled. The programer usually places information to the
compiler under a C-CONTROL header. Subordinate to the C-CONTROL header are minor
headers followed by their respective operations. Independent control operations also follow.
The C-CONTROL header merely categorizes control information to the compiler under a
single header; its use is optional since the minor headers and independent control operations
can be given independently. (See COMPILER CONTROL OPERATIONS.)

The extent of compiler control as CS-1 input is optional. The programer may control all
compiling activity by paper tape or cards, or he may instruct the compiler operator to control

much of the compiling at the console.

The routine or routines, :being compiled require one of four headers, PROGRAM, SYSTEM,
S$YS-DD, or SYS-PROC. The PROGRAM header identifies a standard Computer-Oriented
routine for compiling. The SYSTEM header identifies a Problem-Ovriented routinefor com-
piling. CS-1 requires the SYSTEM header whenever it is to select data designs and/or pro-
cedures from a User Library. It then compiles these with the L0 program. S-1 permits
Problem-Oriented input routines with initial headers of SYS-DD or SYS-PROC only when

no User Library data is required.

The correcting process requires a separate correction run. The correction tape or cards
used contains pairs of input operations for the purpose of making corrections to the LO input
routine(s). The header operation for this tape, COR&RECT-L1 , requires a label and two
operands (programer’s n?me and current date). The programer can receive a corrected

Lo on either paper tape or' magnetic tape. The corrected L tape is then used as input in sub-

0
sequent compiling runs. See CS-1 OUTPUT.
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A LIBRARY headér informs CS-1 of an oncoming library manipulation or library listing re-
quests. Nothing must precede this header. Data following this header inserts, replaces, or
deletes library information. In addition, the data may also call for listings of data designs,
procedures, or the library directory. (See CS-1 LIBR'ARIAN.)

The following skeleton program samples illustrate typical CS-1 read-in arrangement.

Sample 1. (Compile a simple routine)

Read-in-order [label] => ALLOCATION e [programer’s name] L4 [date]

=»  (Ref. ALLOCATION)
=)

[label] => PROGRAM ¢ [ programer’s name] o [date]

=
= Mono-oberations and Poly-operations
2. = (Ref. COMPUTER-ORIENTED OPERATIONS)
=

=» END-DATA (for card input only)

Instructions to compiler operator
1) Read-in LO

2) Output types desired
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Sample 2. (Correct a simple routine)

Read-in ovder [laf)el] =P CORRECT-L] ® [ programer’s name :l . [current date]
1 =  (Ref. PROGRAM CORRECTIONS)
=)
[label] => PROGRAM ¢ [progfamer’s name] . [date]
-
2. =P > Mono-operations and Poly-operations
(Ref. COMPUTER-ORIENTED OPERATIONS)
=
=)
=) END-DATA (for card input only)

Instructions to compiler operator
1) Read-in LO

2) Outputs desired
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Sample 3. (Compile single routine under compiler control)

Read-in ovder

[label] m) C-CONTROL o [programer’s name] . [date]

= outPuUTS * [n]e [nn] o [nnn]

"ALLOCATION

bl

(Ref. ALLOCATION)

2R 2 /

[lgbel]

PROGRAM o [ programer’s name] ) [date]

Mono-operations and Poly-operations
(Ref. COMPUTER-ORIENTED
OPERATIONS)

L

EXEER

END-DATA (for card input only)

5of 17




Sample 4. (Compile a System Procedure)

Read-inovder | [1:he1] wp c-cONTROL o[ programers name | o [date]
= outputs o [n]e[n]
N -> (Ref. COMPILER CONTROL OPERATIONS)

=> ALLOCATION

BASE =» 30500

[label 7] => SYS-PROC
=> LOC-DD
=3
=) END-LOC-DD
.. => PROCEDURE o [a]
=> (Ref. DATA DESIGN OPERATIONS and
| CS-1 LIBRARIAN)
m> END-PROC ¢ [a]
=p PROCEDURE o [7]
=)
=> END-PROC o [y]
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Sample 5. (Compile a System Routine)

Read-in ovder

[1abe1 |

BASE
ENTRANCE

=

PE VY

C-CONTROL e [programer’s name] . [date]

OUTPUTS o [n:] ® [nn] ° [nnn]
ALLOCATION (Ref. COMPILER CONTROL
2000 OPERATIONS)

(2]

[label] m» SYSTEM o [ programer’s name ] o [date]
= S0 o [lavel]
- (Ref. CS-1 LIBRARIAN)
=p» SEL-SYS o [key] [non-unique labels only]
=) SEL-PROC o [label, key] . [non-unique labels only]
[1abe1] wp sYs-DD
= (Ref. PROBLEM-ORIENTED OPERATIONS and
# CS-1 LIBRARIAN)
=> .
=) END-SYS-DD
[1abe1 8:] =» SYS-PROC
=> LOC-DP
=
=»> END-LOC-DD
=) PROCEDURE o [a]
=> (Ref. DATA DESIGN OPERATIONS and
=p END-PROC © [a] CS-1 LIBRARIAN)
=> PROCEDURE ¢ [8]
>
=) END-PROC o [8]
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Sample 6. (Replace a data design and insert a procedure in a User Library)

Read-in ovde?) 1,11 wp uBRARY o [ programer’sname | o [date]
(Ref. CS-1 LIBRARIAN)
1.
=) RPL-DD o [a] J [programer’s name] o [date]
mp INS-PROC ¢ [S.key] . [ programer’s name ] L] [date]
[a ] =) SYS-DD
= (Ref. PROBLEM-ORIENTED OPERATIONS and
2. - CS-1 LIBRARIAN)
=) END-SYS-DD
[8] =) SYS-PROC
=» LOC-DD
=
5 => END-LOC-DD (Ref. DATA DESIGN OPERATIONS and
=> PROCIDURE o [5]  CS-1 LIBRARIAN)
=
=
=) END-PROC o [8]

Note: No C-CONTROL operations are required since librarian operations direct compiler
action, .
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PAPER TAPE INPUT

Paper tape is a medium of input for program, allocation, or correction data to the CS-1

compiler. Standard code characters provide format controi.

Input requirements permit

either upper- or lower-case characters for all input with the exception of separators. Upper-

case characters, however, are recommended for all input except those that specifically

require lower-case characters (refer to TABLE II,)

TABLE II. EQUIVALENT INPUT FORMAT CODING SYMBOLS-PAPER TAPE INPUT

Software Software | Flexowriter | Field Data Symbol Field Data | ASCII
name Symbol Codes Substitution Codes Codes

Carriage Return ﬁ 45 04 03 15 12
Shift Up | 41 01 -
Shift Down ¥ 57 02 -
Tab = 51 Special [ 76 137
Point Separator ) 44 Apostrophe 1 72 52
Double Period oo 57 42 42 75 75 | 56 56
Space A 04 05 40 |
Comma ’ 57 46 47 56 54
Vertical Bar | 57 50 47 Exclamation | 55 41
Plus + 57 54 47 42 53
Minus 4 - 56 41 55
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A double lower case period in the L coding position indicates the end of tape read-in. This is
a special control symbol used only with paper tape to terminate input. Therefore, each paper
tape begins with a header and ends with a double-period end symbol.

The following examples illustrate the basic format for program operations and the common

usage of separators therein,

L w V0 V1 V2 N

CAT4 =) ENT ¢ Q o W(RAT3-2+B6) ¢ QNEG m=p RATCHECK&

w) RPT o 36 ¢ ncx‘&

Notice that it is essential to use a straight arrow before each operator even when a label is
not given. The second straight arrow is used only when notes are given. The point symbol
separates the components of the statement. Parenthesis symbols indicate contents of a stor-
age location modified by an operand code. Also within the parenthesis symbols are data unit
subnames and subscripts or multiplicationfactors. Spacesare permitted throughout the opera-

tion. The curved arrow indicates the end of the operation, or of the notes if present.

Coding forms are used to prepare CS-1 L0 programs for paper tape input, Figure 1l is

a typical coded program for paper tape input preparation.
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L1 30 11

TITLE _COUNT ONES

UNIVAC CS-I

PROGRAMER _ WALEEN SMITH

PLT_ I EXT 786 ms_ 120

PAGE o CODING FORM ' DATE )5 oCr 63
LABEL | OPERATOR OPERANDS AND _ NOTES
lcou,vr ONES ¥ PROGRAM SMITH « 10 OCT 63
CTONES & - cL B2 - SET WORD INDEX #
CTONES 1 -+ ENT 81 « 35 ~  SET SHIFT IWDEX S
* L 4 - - SET SuM g T0 ZERO S
- ENT @ * W(WORD g+82)/

" CTONES 2 -+ LSH Q « 1 e« QPOS ~— TEST EACH BIT FOR O OR 1/
-»> ADD 4 e 7 -~  INCREASE SUM IF 1 FOUND J/
> B/ BI * CTONES 2 )/
> STR A o WSUM P +B2) - SUM STORAGE J/

-+ B85k 82 « NWORDS

-+ P CTONES ] o STOP 5 ~  CONTINUE COMPUTING, SUMS /
CTONES 3 + P CTONES 3 o STOP ~  END
(X -

-

S

2>

.’

<>

-

<>

>

-’

<>

>

<

-

Figure 1. Typical Coded Program for Paper Tape Input Preparation




CARD INPUT

Punched cards are a medium of input to the CS-1 Compiling System. Data are first key-
punched on standard 80-column cards. Computer input is via magnetic tape (card-to-tape

conversion) or direct card read-in.

Basically the coding format is similar for either card or paper tape input. A four-digit card
number is sequentially assigned to each operation and insert corrections are given t:NO addi-
tional digit assignments. The card coding form provides space for the card and insert
numbers; it also provides space for a four-character deck identifier on each coding sheet.

This alphanumeric deck identifier is unique for each program.
Interpretation of coding separator symbols for card input is given in TABLE III,

TABLE III. CODING SYMBOLS - CARD INPUT

Symbol _ Key ' Rows Punched
= (start statement) , k (none)
=» (end statemgnt) @ 4, 8
l ' (none)

| 11, 3, 8

. 11, 4, 8
( ‘ @ 0, 4,38

b @ 12,3, 8

, | @ 0, % 8
) _ @ 12, 4, 8
/ | 0, 1

+ 12

- | 11
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The straight coding arrow is interpreted according to its format position; it represents a
SKIP Key at the beginning of a statement and three dashes at the end of a statement. The

point coding separator is represented by the "*" key in all card input. (See Figure 2).

CARD CONTROL: The END-DATA operation indicates the end of a data-read-in segment.
This stops the read-in process and allows the computer operator to initiate compiling action
on the segment of input. (See Figure 3).

a PROGRAM ¢ KRAK ® 2FEB63 B PROGRAM e KRAK o JFEB63

END-DATA
PROGRAM ¢ LARRY e 2JANG63

END-DATA
PROGRAM e LKRAK ® 4JULY63

22 A2 AR EEEREE R/

END-DATA

EZEEE A X EE R ERE R RN’

END-DATA

Figuré 2. Single Program Input Figure 3. Multiple Program Input
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CODING FORMA T: The following examples illustrate the basic coding format for card input

with typical operations:

DECK ID.
CH31 0016 CAT4 m)p ENT ¢ Q o W(RAT3-2+B6) ¢ QNEG =) RATCHECK )
1C H31 0017 ’ »aprosooncxﬁ

The programer should notice that identical deck identifiers are punched with each operation
of a given program, as indicated in the above rectangles. This identifier is therefore speci-'
fied only once per coding sheet. It is essential to use a straight arrow before each operator
even when a label is not used.” The second straight arrow is used only when notes are given.
The point separates components of the statement. Parenthesis symbols indicate contents of a
storage location modified by an operand code. Also within parenthesis symbols are data unit
subnames and subscript§ or multiplication factors. Spaces are permitted throughout the

operation. The curved arrow indicates the end of the operation, or of notes if present.

Figure 4 is a typical coded program for card input preparation.
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PROGRAMER CLYDE. £ éllfly
PLY._. I__EXT 776 _ mMs. 729

LT 30 61

UNIVAC CS-I
CODING FORM

of

SEARCHER

CARD [iNS LABEL | OPERATOR | OPERANDS AND NOTES
oja{/ i SEARCHER - »5522;,,3;" O (LYDE ALLEN o+ 24 FEB 63
ojojo|a|? REST 0 > ENT . 85 + 0= RESTRE BS54
w|olojo}? SPSR 0 - JP ® VO~ ENTRANCE }
<{oi0j0i4 : - STR . 87 « L(SPSR3) —~» STORE BASE ADDRESS S )
ioloolols] i -»> ENT . A o X B7-2 —= DECREASE BASE ADDRESS 8Y 2 J
goo 06 - ENT ® 87 « U(BT) > REPEAT COUNT TO B7 4
wioo o!7y - STR . 85 o L(REST O) }
010{08 - ENT . 85. 3
00{019 | | $PSR 1 - ENT . Q@ o W(BE)-> [DENTIFIER TO @ 4
ollolo] /1o - STR ® A o« L(SPSR2)—~ SET ADDRESS FOR REPEAT INSTRUCTION }
wlio/ 1 . - RPT . 87 - A0DBJ
<l|lolo/ 2 | . sPSR 2 - ENT . r-Q - W(BS) . AZERO J
ool 3] ¢ - v, o RESTO —— MiSS _EXiT 7
xlopl 4 | | sese 3 - EnT e " @ « U(0)——wT COUNT TO QJ
alol/ 151 1 - sus ®  Q « B7--COUNT MNINUS REPEAT COUNT }
olol/le, - MUL . 34
ojo|/ ]EI ; L -»> A0D . Q o (PSR 3) 4 ]
NEEanE - STR Q- [(S5PSR 5)~—~—STORE NEW BASE ADORESS )
(Sllololoff - SU8 . 9 . 1y -
<llojoiz 0] . - STR * Qs L(SPSRA4) = SET NEW SEARCH J
Gloo] - ENT © Q. W(B6+I)—— NEW ID TO @4
Xloio22] . | sese 4 - ENT e y-Q.wlo) . AZERO
A XE N - JP o SPSRS - MISS ON SEARCH J
092 4 ; - ENT . 87 o ((SPSR 4) ~—4tiT ADDRESS TO 87 J
ooizs] | - ENT . 85 « L(REST 0)J
Tolo2is] T - JP o 1(87+1)] J"
00'27) " | sPse s - [ . 4 i
0,028 > « sesRiy )
1002 9| - - : . i
: N - . )
; ) -»> L]
N - . ‘ 1
1B - . B

Figure 4. Typical Coded Program for Card Input Preparation



CARD FORMAT: The card format utilizes the punch columns as follows: 1-4, deck identifier;
5-8, card number; 9-10, insert card no.; 11-20, label; 21-79, statement and notes; and 80,
overflow card character (0V). The statement and notes start at column 11 for the overflow

cards (see Figure 5).

le—>4 S5e—>8 9-10 1l »20 21 »79 80
Dl‘fick Cﬁgd INS LABEL STATEMENT - - - NOTES | OV

Figure 5. Card Format

The DECK ID. and CARD NO. each require four alphanumeric characters. The keypunch
operator duplicates a unique DECK ID on each card. CARD NO.’s are sequential throughout
the deck with the exception of insert and overflow cards; numbering starts with 0001. The
INS (insert) number provides for insertions to the deck. An insertion card has the same CARD
NO. as its preceding card and contains a non-zero two-digit insert number, In all other
cases the INS number is blank. A triple dash (- - -) always follows the statement, with or

without notes (see Figure 6).

Example:
DECK ID. CARD NO. INS
CH34 0092 ... e
CH34 0093 e e
CH34 0093 . 01 . (first insert card), , , , .
CH34 0093 02 . (second insert card), . , .,
CH34 0094 ... e e

Operations containing more than 59 characters in their combined Statement and Notes area
require the use of an overflow card(s); two overflow cards are permitted. A "1" in column 80
indicates an overflow condition; a blank eightieth column indicates no overflow. An overflow
card contains the same card number as its preceding card and a 2 or 3 placed in the eightieth
column, The keypunch operator handles overflow conditions. The prograrixer need not de-

termine whether or not his statement will fit on one card.

Example:
DECK ID CARD NO., . ov
CH44 0119 e (blank)
CH44 0120 . . .(data overflows this card) . . . . 1
CH44 0120 . . .(first card receiving overflow). . 2
CH44 0120 . . .(second card receiving overflow. 3
CH44 0121 e e e e (blank)
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The column-skip feature on the keypunch provides a convenient means to bypass unused col-
umns reserved for the Label. The keypunch operator begins a label with column 11 and skips
any unused columns between the end of the label and column 21. If no label is present, the

operator hits the SKIP key and the card is automatically positioned at column 21,

The statement begins at column 21 on the first card only and at column 11 on all overflow
cards. A triple ddsh separates the Statement from the Notes. The REL (release) key ends

each operation.

03330006 OTONES2  LSH*Q¥1%QPOS---TEST EACK BIT FOR O OR 4
1 1 1 ] I mni

i 1 1 nn - nm n
000CHUNOOULUROOOQOCOCCNRO0030000GO 00N O O00CO000 OO0GOOFO00CC0O0000000000A000000000
V23S 6 TSNS WA 2B 2 90T 5 35T M M QMG RIS AR SRR NN NRE RN
[N R R R R AR R R R IR AR R AR AR AR R AR R RREE AR R AR REE R RRRRRRR B
222222222222 22200222202222222220222220222222202222222222222222222222222222222222
BUBN3332320033333323003233333332333233933333339323333553333333333333333333333333
4004404000440 084844004a4aaacacIBo4008a034444388484844444448444444344444443441348¢
5555555555555 0555556555555555555950 555 5555555555555555555555555555555555555855

666666606666 B6666666666666666606666666C6666666666B6666H6656666666666666666566666

REMINGTON RAND P-23838

111171070100 01200 0011000170 111111 111111310111111111110 1110111111111 117
pseos8eo6s0868d668836BNMNcHNcocHNNcec0s8c8ajo0588888883885883388686883888308888883
899999999599999999993999999999999999595999399999f939999999999999999953999989999¢
11 Ss 1ty 1 AN [ g 0

34 NHIZG IS8T 13192021 22232425262/ 20 28 30 20 32 53 34 55 06 3 W Uas4537 43438051 5253 5455535758 396061 62 EIBABIRE IR NI NN NISBTI NN

Printea 1n U. S. A,

Figure 6. Typical CS-1 Operation on 80 Column Card
The following illustrates a High-Speed Printer listing of a typical CS-1 card deck:

C3330001 COUNTONES PROGRAM*SMITH*100CT63
C3330002 CTONESO CL*B2 SET WORD INDEX
C3330003 CTONES1 ENT*B1*35 SET SHIFT INDEX

C3330004 CL*A SET SUM TO ZERO

C3330005 ENT*Q*W%WORDO& B2: _ '
C3330006 CTONES2 LSH*Q* 1*QPOS TEST EACH BIT FOR 0 OR 1
C3330007 ADD*A*1 INCREASE SUM IF 1 FOUND
C3330008 BJP*B1*CTONES2

C3330009 STR*A*W%SUMO0& B2: SUM STORAGE

C3330010 BSK*B2*NWORDS '

C3330011 JP*CTONES1*STOPS CONTINUE COMPUTING SUMS
C3330012 CTONES3 JP*CTONES3*STOP END

C3330013 END-PROG

C3330014 END-DATA
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