




















































































































X-6 Symbolic Coding

a up m
LDL wooi2
CLOCK ADM 03000 00000 It is assumed that the sentinel
MUL KOOO1 has been positioned in the mul-
tiplier contained in KOOO1 and
that thirty word times, plus
the 2 word times between the a
and m addresses, has been de-
termined as the length of time
needed for the multiplication
to be completed.

-~ ~ o T

n
C nDelldl' ss

Thus, the clock would be incremented by 000 before as-
signment of the address for KOOO1. The ¢ address follow-
ing would be generated and assigned with an incrementa-
tion of 30 word times instead of the usual 103.

3. An object program may contain a constant that is a vari-
able instruction. This could be, AAAAA SHR AOOO0 AAA7N
with the amount of shift ranging from 0000 to 0009.

When assembling a shift instruction line, the X-6 Assem-
bly System increments by the amount of shift specified
by the m address plus three word times to obtain the ¢
address. If the above line were assembled with the
minimum shift value, the ¢ address would be assigned
three word times from the a address. As the instruc-
tion was executed during the object program, any incre-
mentation of the shift value would result in the loss

of a drum revolution. This can be corrected by the use
of a clock modification instruction during assembly:

X-6 Symbolic Coding
a Op =m c lemarks
LDA 6N Load rA with constant.
CLOCK ADC 00000 00009 Adjust c¢ address of constant
for maximum shift value.
SHR 00000 7N Constant.
6N BUF W 3 RA Buff in amount of shift (al-
ready generated and stored in
W-Storage 3) and go to rA for
next instruction.

It is assumed that the constant line in this case is
only referenced in this operatien and only at this
point in the operation. Thus, it 1s net necessary to
assign a K-Constant tag to 1it.

4. The principle used in example 3, above, can apply to any
variable instruction line of a program to be assembled.
For another example of this, an instruction line is to
be modified by an index register before execution:
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X-6 Symbolic Coding
a Op m c IR Remarks

LOoN STA A1000 ASINN 2 For this example, assume the
range for m to be 1000 through
1150 due to index register mo-
dification before execution.

Thus, the address to be assigned to ASINN should be re-
lative to 1150 rather than 1000 which is the first exe-
cutable value. To do this, the line could be preceded
by:

CLOCK ADM 00000 00150 The address generated for the
LON STA A1000 ASINN 2 m portion will be incremented
by 150 (the upper limit of
its range) before assignment.
The c¢ address will be derived
normally from the resultant
clock setting.

When an object program contains a subroutine which con-
sists of operations of various word time lengthsbut with
the same exit, it is usual practice to assemble the
longest of these operations first. If this is not done,
the first operation to be assembled should have 1ts exit
line preceded by a clock modification instruction which
will increment the common exit address by the word time
differential between the length of the operation being
assembled and the length of the longest operation in
the subroutine. For example, a subroutine contains the
following three operations:
a. Enter with tag 1N, process data (approximately 50
word times), and exit to tag ASINF.

b. Enter with tag 2N, process data (approximately 100
word times), and exit to tag ASINF.

c. Enter with tag 3N, process data (approximately 200
word times), and exit to tag ASINF.

If operation a. is assembled first the exit line to tag
ASINF would be preceded by:

X-6 Symbolic Coding
a Op m c

CLOCK ADC 00000 00150 The address generated for tag
STA W 19 ASINF ASINF would be incremenied by
150 word times, the difference
between the length of the op-
eration assembled and the length
of the longest operation of the
subroutine.
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The same principle as in example 5 would be applied if
the length of an operation 1s variable. For example,
if the entrance to an operation were to be made from
instructions entered in a table, the overall operation
length set during assembly should allow for the
longest possible length of the operation:

Given a table of five entries stored at intervals of
twenty word times between each entry, the word time
difference betweeen the first and the fifth entry
would be 80.

Assigned X-6 Coded
X-6 Coding Location Contents
S1000 2300 LDA WOOO1 ASINF
S1001 2320 LDA WOO02 ASINF
51002 2340 LDA WOOO3 ASINF
$1003 2360 LDA WOOO4 ASINF
S1004 2380 LDA WOO0O5 ASINF

If the first assembled line is to be S1000 LDA WOOO1
ASINF, and this is the first assembly reference to
ASINF, a clock modification instruction should be used
to set the address assigned to ASINF so that when the
last table entry line is assembled, minimal latency
between addresses will result:

CLOCK ADC 00000 00080
S1000 LDA WOOO1 ASINF

In this way, the address generated for ASINF would be
incremented by 80 word times before assignment. When,
later in the assembly, S1004 LDA WOOO5 ASINF is as-

. D7,
sembled, the addresses would be in minimsl latency.

The amount of incrementation would depend on which
table entry line is first assembled.

When a connector is to be set in an object program, it
may be desirable to use a clock modification to relate
the m address of the instruction to be placed in the
connector with the address assigned to the connector.
For example, the instruction lines that load the con-
nector are:

X-6 Symbolic Coding

Remarks
3 Op m c
LDA 5N Load rA with connector set-
ting.
LDA 7N 9N The connector setting.
5N STA ABC2N Store setting in connector.
1774 .1
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The clock modification used could be:

X-6 Symbolic Coding
a Op m c

LDA 5N
CLOCK SEM 00200 ABC2N
LDA 7N ON

5N STA ABC2N

Remarks

The address assigned to 7N will
be equal to the band relative
address assigned to ABCZ2N plus
an increment of 2 word times.

It is assumed, in this example that ABC2N has already
been assigned an address during a previous portion of
the assembly. If 1t has not and the ABC2N address is
assigned during the assembly of the above lines, it may
be necessary to use a clock modification during the as-
sembly of the operation in which ABC2N 1s executed. This
would insure minimal latency of the address generated
for that operation in relation to the ABC2N address.
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X-6 LIBRARY ROUTINES

Certain functions recur frequently as elements of an installa-
tion's programs. Such function are typically isolated and coded
in the best possible manner for inclusion in an X-6 Library.

When an object program is to be assembled by the X-6 Assembly
System, any X-6 library subroutine decks necessary are included
with the main program deck. This allows the assembly system to
generate the absolute addresses occupied by the subroutines,

When a subroutine is coded for inclusion in an X-6 library, in-
put and output locations are characteristically assigned to re-
gisters in order to simplify access to the subroutine by the
user. Provision is made, wherever possible, for the insertion
of parameters which can tailor the subroutine to the needs of
any object program. References to constants, working storages,
interlaces, and tables which are used by such a subroutine but
not contained within it are generalized by placing special tags
to indicate parameters in the a, m, or c¢ address portions where
these references occur.

Twenty tags to indicate parameters are allowed in each operation
within an X-6 library subroutine. The coding of this tag is in
the form:

Digit 12345

Symbolic Address XAAnn

X (Digit 1) must be X.
(Digits 2-3) may be AA or 00.
nn (Digits 4-5) must be a numeric in the range Al (or
01) through 20.

(Note: Should it ever happen that more than 20 parameters are
necessary within a subroutine, all parameters beyond the XAA20
upper limit would be coded as permanent tags.)

When the X-6 library subroutine is assembled as part of an ob-
ject program by the X-6 Assembly System, the parameters addressed
within each operation of the subroutine are assigned specific
locations related to the object program, by the insertion of
Specifications Cards, Card Type 6 (see Input Card Format, below),
before the operation to which they apply. The format of the
entries on the Specification Card is:

Digits 12345678910
Symbolic Coding X AAnneeecee

XAAnn (Digits 1-5)is the parameter to be redefined in re-
lation to the program being assembled.
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eecee (Digits 6-10) is a legitimate X-6 address to be
placed in the parameter designated
by digits 1-5. This may be an ab-
solute address or an X-6 Symbolic
Address (that is, a permanent tag,
an interlace or table reference, a
K or W-Storage address, a register
address, etc.).

The redefinitions contalined on the Specifications cards are
filed in a table and erased at the end of the assembly of the
operation which they precede. This allows the table to be
used again by any succeeding operation in which XAAnn para-
meters must be redefined.

The most advantageous method of building a library of X-6 sub-
routines is to file each subroutine under an operation name
unique to itself with the cards in correct sequence. In some
cases a library subroutine may contain a number of operations
each of which has its own unique name. For library convenience,
an overall operation name should be given to the subroutine. To
avoid renumbering of the subroutine cards, before assembly, a
library subroutine should be assembled as a separate object pro-
gram operation, not as a part of an operation within the object
program.
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ASSEMBLY INPUT CARDS
After an object program has been coded according to the X-6
coding conventions, the symbolic deck used as input for an
X-6 program assembly must be prepared. Besides those cards
that will contain the coded lines, other cards must be
prepared to set the limits within which the assembly is to
take place and to signal the beginning or ending of certain
assembly processing. That is, the beginning and the end of
an object program must be signalled as must the beginning and
end of operations within the program. Certain portions of
computer memory must be restricted from assembly assignment:
those locations that are used as absolute addresses in the
coding and the locations that will be used by tables and in-
terlaces, for example.

I. Symbolic Deck Organization

These are ten possible card types that may be keypunched for
an X-6 program. Of these ten, there are five card types
that must be used in any program to be assembled by the X-6
Assembly System:

Card Type Title
1 Label Card
7 Operation Header Card
8 Symbolic Detail Card
9 Operation Sentinel Card
10 End of Run Sentinel Card

Every program must have only one Type 1 (Label Card) and
only one Type 10 (End of Run Sentinel).

Each operation must have only one Type 7 and only one Type
9. The number of Type 8 cards must correspond to the num-
ber of lines of coding in the operation and the number of
constants unique to that operation.

The other card types that may be used, depending on the
needs of the program are:

Card Type Title
2 Restrict Card
3 Tag Equals Card
L Interlace Card
5 Tables Card
6 Specifications Card

U 1774.1
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Card Types 2 through 5 cause particular memory locations to
be restricted from use by the X-6 Assembly System. Card
Type 6 modifies coding within a library routine before it
is assembled, thus allowing a redefinition of the library
routine variables just before each operation 1s processed.

The Card Type number (in the form A1, A2, through 10) is
keypunched in card columns 1-2.

When organizing the symbolic deck for a program, Card Type

1 must be the first card for input. All Types 2, 3, 4 and

5 cards must follow in numerical sequence. That is, all
Type 2 cards must precede all Type 3 cards, etc. the group-
ing within the card type is unimpar tant. After Types 1
through 5, Card Types 6 through 9 are arranged by operation.
That is, for each operation, the cards of that operation are
grouped in sequential order: all type 6 cards for an opera-
tion will precede the Type 7 card. The type 7 card will be
followed by all the Type 8 cards arranged in ascending se-
quence. The last card of each operation will be a Type 9.
Usually, operations are grouped according to their relative
importance in the program since the first assembled opera-
tion will receive the best possible X-6 latency minimization.
The last card of the assembled deck must be the type 10
card.

IT. Input Card Format
A. Label Card, Card Type 1
Function: To provide run identification for the edited
listing. The information contalned in this
card will be printed as a header for each
page of the listing.

80 Card 90 Card

Columns Columns Format Name of Field
1-2 1-2 M Card Type
3-10 3-10 ANANAANA Spaces
11-15 11-15 ppppp Program Identification
16-20 16-20 JAVAVAVAYAN Spaces
21-26 21-26 ddddd Date
27-30 27-30 JAVAVAVAVAY Spaces
31-45 AAAA . AAAA  Spaces
31-80 L6-85 2%%Z%Z...2222 Descriptive Comments
86-90 ANADA Spaces
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Technical Notes:

1. Bach run being assembled must have a Label Card as
the first card of the symbollic deck. If the label
card is missing, the computer will stop and display
67 0003 cccc.

2. Column 2 must contain a 1 punch.

3. Columns 3-10 are not examined by the system and
can be used, if desired, to record additional des-
criptive information. This information is not
printed in the output listing.

4, The program identification field is not altered
by an X-6 assembly and can contain any combination
of characters. However, the identification should
be meaningful to the installation (for example,
RUNO1).

5. Columns 16-20 are never punched.

6. An X-6 assembly does not alter the date fieldj; there-
fore, it may appear in any format desired.

7. Since the comments are not altered by an X-6 assembly,
r LY

the comments field may contain any descriptive infor-
mation.

B. Restrict Card, Card Type 2

Function: Specifies the absolute locations that will be
used for some specific purpose and removes
them from the Table of Availability before
the Detail Cards, Card Type 8, are processed.

80 Card 90 Card

Columns Columns Format Name of Field
1-2 1-2 A2 Card Type
3-10 3-10 JAVAVAVAVAVAVAVAY Spaces

11-20 11-20 iirrrraaaa Entry 1
21-30 21-30 iirrrraaaa Entry 2
31-4o 31-40 iirrrraaaa Entry 3
L1-L45 JAVAVAVAYAY Spaces
41-50 46-55 iirrrraaaa Entry b4
51-60 56-65 iirrrraaaa Entry 5
61-70 66-75 iirrrraaasa Entry 6
71-80 76~85 iirrrraaaa Entry 7
86-90 JAVAYAVAVAY Spaces
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Technical Notes:

1. Column 2 must contain a 2 punch.
2. Columns 3-10 are not punched.

3. Entry contains ten digits in the following
format:
iirrrraaaa

ii is the increment between elements.
rrrr is the total number of locations to be
restricted.
aaaa is the beginning absolute address.

L, There is no limit to the number of Restrict Cards
that may be used.

5. There is no limit upon the total number of ad-
dresses to be restricted by a single entry.

6. A particular restrict card may contain from one
to seven entries. If there are less than seven
entries the first invalid entry field must con-
tain a sentinel word of nines (99 9999 9999).

7. The sentinel word stops the procassing of a partic-
ular card, it does not signal the end of Type 2
Cards. That is, if the last Type 2 Card contailns
all seven entries, 1t is not necessary to prepare
another card containing only the sentinel word.

The end of Type 2 Cards will be detected by the
punch in Column 2 of the next card.

8. During the actnal assembly of the symbolic deck the
interval of time during which the restrict card
information is processed may be great enough to
give the impression that the system has entered a
closed loop. Actually, the length of time required
is a function of the total number of locations to
be restricted. In some cases, this might require
up to seven or eight minutes.

9. All absolute addresses used in the X-6 coding of an
object program that will not be specified on:
a. A Tag Equals Card, Card Type 3
b. An Interlace Card, Card Type 4
c. A Tables Card, Card Type 5
must be restricted from X-6 assembly assignment by
an entry on a Restrict Card.

10. Usually the memory area required by a PTA routine
(0000-0199) is restricted.
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C. Tag Equals Card, Card Type 3

Function: Assigns a specific memory location to a per-
manent tag, K-Constant, or W-Storage.

80 Card 90 Card

Columns Columns Format Name of Field
1-2 1-2 A3 Card Type
3-10 3-10 ANANAAAN Spaces

11-20 11-20 tttttAaaaa Entry 1
21-30 21-30 tttttAaaaa Entry 2
31-40 31-40 tttttAaaaa Entry 3
4i-L45 AAAAN Spaces
41-50 46-55 tttttAaaaa Entry 4
51-60 56-65 tttttAaaaa Entry 5
61-70 66-75 tttttAaaaa Entry 6
71-80 76-85 ttttthAagaa Entry 7
86-90 JAVAVAVAVaY Spaces

Technical Notes:
1. Column 2 must contain a 3 punch.

2. Each entry must contain ten digits coded in the
following format:

tttttAazas

ttttt is the name of the permanent tag, K-Constant,
or W-Storage.

agaa is the absolute location to which ttttt is as-
signed.

3. There is no limit to the number of Tag Equals Cards
that may be used.

4. TBach Tag Equals Card may contain up to seven entries.
Any Tag Equals Card containing less than seven
entries must have a sentinel word (99 9999 9999) in
the first invalid field to stop processing of the
card.

[}
—
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Interlace Card, Card Type 4

Function:

80 Card 90 Card
Columns Columns

1-2

3-10
11-20
21-30
31-Lo

41-50
51-60
61-70
71-80

Provides automatic restriction of the input
and output interlace positions. A single
entry on this card restricts all interlace
positions in the specified band for the unit
Information on the Interlace Card
also permits the addressing of elements sym-
bolically rather than in absolute notation.

desired.

1-2

3-10
11-20
21-30
31-40
L1-45
46-55

Technical Notes:

Format

AL
JAVAVAVAVAVAVAVAY
inAAAxXaa00
inAAAxaa00
inAAAXaa00
JAVAVAVAVAY
inAAAxaa00
inAAAxaa00
inAAAXaa00
inAAMxaa00
ANANA

Name of Field

Card Type
Spaces
Entry 1
Entry 2
Entry 3
Spaces
Entry L4
Entry 5
Entry 6
Entry 7
Spaces

1. Column 2 must contain a 4 punch.

2. Columns 3-10 are not punched.

3. Fach entry must contain ten digits coded in the
following format:

inAAAXaa0

i 1s the type of interlace and must be:

H for
R for
0 for

P for

the HSR
the RPU read station
the RPU punch station

the HSP

T or Z for tape

n is the interlace number (0-9).
X is the kind of interlace to be restricted:

O for
1 for
2 for
O for

produce a two

ga is the absolute

untranslated interlace
translated interlace

both

For HSR and RPU
interlaces

HSP and Tape interlaces. Will always

an even number.

00 is always coded as 00.

part interlace.

address of the band and must be
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There is no limit to the number of Interlace Cards
that may be used.

Each Interlace Card may contain up to seven en-
tries. Any card containing less than seven en-
tries must have a sentinel word (99 9999 9999) in
the first invalid field to stop card processing.

The X-6 Assembly System does not distinguish between
tape notations T and Z. The functions of these two
symbols is to allow the use of up to twenty Tape in-
terlaces by the use of T and Z plus digit n which
ranges from O through 9.
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Tables Card, Card Type 5

Function: Specifies the absolute locations to be used
by a table or tables.

80 Card 90 Card

Columns Columns Form t Name of Field
1-2 1-2 A5  Card Type
3-10 3-10 AAAANAANAL - Spaces
11-20 11-20 tnAAAAaaaa  Word 1, Entry 1
21-30 21-30 iiiAMAeeee  Word 2, Entry 1
31-40 31-40 tnAMAaaaa  Word 1, Entry 2
Li-45 AAAMAA  Spaces
41-50 L6-55 iiiAANeecee  Word 2, Entry 2
51-60 56-65 tnAAAaaaa  Word 1, Entry 3
61-70 66-75 iiiAAAeeee  Word 2, Entry 3
71-80 76-90 AAANee o ADAA  Spaces

Technical Notes:

. Column 2 must contain a 5 punch.

nn -

Each entry must contain twenty digits coded in the
following format:

wWord 1 Word 2
tnAAAAaaaa iiiAANAeeee

t is the table identification (S, U, or V).
n is the table number (0-9).

aaaa 1s the absolute locatlion of the first table
element.

iii is the interval (or increment) between elements.
eeee is the total number of elements in the table.

3. There is no limit to the total number of Table Cards.

4, A particular Table Card may contain from one to three
two-word entries. If it contains less than three
entries, word 1 of the next invalid entry must corain

a sentinel word (99 9999 9999).
5. Columns 71-80, on the 80 column card, and 76-90, on

the 90 column card, are ignored by the X-6 Assembly
System.
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F. Specifications Card, Card Type 6

Function: 1Indicates that the next operation to be as-

sembled contains parameters that will lie
in the range X 01 through X 20 and speci-
fies the X-6 symbolic address or the absolute
address to be substituted for each parameter.

80 Card 90 Card

Columns Columns Format Name of Field
1-2 1-2 A6 Card Type
3-5 3-5 www Operation No. (or Name)
6-8 6-8 yyy  Card Number
9-10 9-10 A\ Spaces
11-20 11-20 xAAnnsssss  Entry 1
21-30 21-30 xAAnnsssss  Entry 2
31-40 31-40 xAM\nnsssss  Entry 3
41-45 ANMAA  Spaces
41-50 L6-55 xAAnnsssss  Entry 4
51-60 56-65 xAAnnsssss  Entry 5
61-70 66-75 xAAnnsssss  Entry 6
71-80 76-85 xAAnnsssss  Entry 7
86-90 AMANN  Spaces

Technical Notes:

1.

2.

7
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Column 2 must contain s 6 punch.

Each entry must contain ten digits coded in the
following format:

xAMnnsssss
xAMnn is the generalized parameter.

sssss is the address (symbolic or absolute) to
be substituted.

Necessarily, sssss must be some kind of tag line or
absolute memory address.

The total number of parameters allowed in the sub-
routine is twenty. However, there is no restriction
upon how many Specifications Cards are used. For
example, twenty cards with one entry each might be
used or four cards with five entries each.

Each card may contain from one to seven entries.
Any card containing less than seven, however, must
contain a sentinel (99 9999 9999) in the first in-
valld entry field.

A new specifications card may be introduced only at
the beginning of a new operation and must precede the
Header Card.

Information provided on the Specifications Card is
retained until the next operation begins.
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G.

Operation Header Card, Card Type 7

'Function: Specifies the number or name of the operation

to be assembled. Serves to set counter for
processing of Type 8 Cards which will follow:

80 Card 90 Card

Columns Columns Format Name of Field
1-2 1-2 A7 Card Type
3-5 3-5 www Operation No. (or Name)
6-8 6-8 yyy Card Number
3-30 9-45 AMAA .« .ADAA  Spaces

31-80 46-85 72%%...%2222 Descriptive Comments

86-90 AAAAA  Spaces

Technical Notes:

1.

2.

Column 2 must contain a 7 punch.

The card number is stored and becomes the base for the
counter used when processing Type 8 Cards. Thus, the
card number may be any three digit numbers however,
for the most flexibility as a counter base, it is
usually 000 or 001.

The Descriptive Comments are printed without altera-
tion.

An output card will not be produced by the Operation
Header Card.

An Operation Header Card must precede each operation
to be assembled.
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H.

Detail Card, Card Type 8

Function: Contains the object program coding that will
be assembled by the X-6 Assembly System Pro-

gram.
80 Card 90 Card
Columns Columns Format Name of Fiela
1-2 1-2 M8  Card Type
5 3-5 WWW Operation Number (or Name)
8 6-8 yyy  Card Number within Operation
10 9-10 AA Spaces
11-15 11-15 aaaaa Symbolic a Address
16 16 x Control Code
17-19 17-19 000 Symbolic Operation Code
20 20 A Space
21-25 21-25 mmmmm Symbolic m Address
26-30 26-30 cececee Symbolic a Address
31-45  AAAA...AAMMA  Spaces
31-80 L4L6-85 zzzz...zz22 Descriptive Comments

86-90 AMAANA - Spaces

Technical Notes:

1.

2.

U 1774.1

Column 2 must contain an 8 punch.

The Detail Cards must be numbered in sequence beginning
one number higher than the card number appearing on the
Header Card for the operation.

Only Columns 6-8 are extracted for the card number.
Therefore, columns 9 and 10 should not be used as part
of the card number, even though no other use is made of
them.

The Control Code, column 16, signals that conditions are
assoclated with the instruction. These conditlions are

of three categories: Index Registers, negative constants,
and alphabetic constants.

The code used may be one of the following:

a. A if the instruction requires no specific control
information.

b. 2 for a negative constant.

c. 1,2, or 3 if an Index Register is to be specified.

d. U for the Unprimed portion of a two part alphabetic
90 column Card.

P for the Primed portion of a two part alphabetic
for 90 Column Card.

e. U for the Unprimed portion of three part alphabetic
for 80 Column Card.
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P for the Primed portion of a three part alphabetic
for 80 Column Card.

D for the Duoprimed portion of a three part alpha-
betic for 80 Column Card.

f. N for the Numeric portion of a two part alpha-
betic for 80 or 90 Column Card (machine code).

Z for the Zone portion of a two part alphabetic
for 80 or 90 Column Card (machine code).

An alphabetic constant, to be properly entered, should
be on two or three cards, depending on whether it is to
be two or three part image. These cards would contain
identical information, but the part of the image that
was loaded would depend upon the control code in column
16. Each card would be numbered in ascending sequence.

Column 20 is not used.

Refer to the section on Coding for a discussion of the
a, m, and ¢ address possibilities.

The Descriptive Comments are printed without alteration.
Since the function of the X-6 Assembly System is to

process Detail Cards, these cards must occur in any sym-
bolic deck to be assembled.
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I. Operation Sentinel Card, Card Type 9

Function: To advance the paper to the beginning of the

80 Card
Columns

next page so that the record of each opera-
tion is distinctly separated on the output
listing, and to clear the storage tables con-
taining temporary tags and specifications in-
formation.

umns Format Name of Field

2 A9 Card Type

5 www  Operation Number (or Name).

-8 yyy Card Number within Operation
45  AAAA...AMA  Spaces

46-85 2zzzz...2222 Descriptive Comments

86-90 AAAAAN - Spaces

Technical Notes:

U 17741

Column 2 must contain a 9 punch.

The Operation Number or name must be the same as
that given to the Type 8 cards of the operation.

The card number must be one more than the card
number of the last Type 8 Card.

The Descriptive Comments are printed without altera-
tion.

An Operation Sentinel Card must succeed the last
Type 8 Card of each operation to be assembled.
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J. End of Run Sentinel Card, Card Type 10

Function: Signals that all of an object program has

80 Card
Columns

1-2
3-15
16
17-19
20
21-25
26-30

31-80

been processed. The computer will be
brought to an orderly halt.®

90 Card
Columns Format Name of Field
1-2 10 Card Type
3-15 AMAA. « DAAA Spaces
16 x Control Code
17-19 000 Symbolic Operation Code
20 A  Space
21-25 mmmmm  Symbolic m Address
26-30 ccecece Symbolic ¢ Address
31-45 DMAAA. o JAMANA - Spaces
46-85 Z2%2%Z...2222 Descriptive Comments
86-90 AAANA  Spaces

Technical Notes:

1.

2

Columns 1 and 2 must contain a 1 and O punch res-

pectively.

All entries on the card from column 16 through the
last column follow the same rules as the Detail Card,
Card Type 8.

The symbolic instruction contained on the End of Run
Sentinel Card will be translated and punched on an

output sentinel card (it is assumed that the program
deck produced by an X-6 assembly will be loaded by 2

oduced by an ssembly will be loaded by
PTA routine. These routines require the sentinel
card to contain the first instruction of the object
program).

The Descriptive Comments are printed without altera-
tion.,

Every object program assembled must contain an End
of Run Sentinel Card.

5The final stop is 67 8888 cccec (ccee being the first a address
of the X-6 Assembly System Program).
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OUTPUT CARD FORMAT
The cards produced by the X=6 Assembly System are the machine
code equivalent of the X-6 Symbolic input cards. This output
format is acceptable to the loading routine. The differences
between the X-6 produced card format and the exact PTAO1 format
are:

Card X-6 Produced Output Load Routine Input
Columns Card Contents Card Contents
1-5 Five digit program identi- Program Name.

fication from columns 11-15
of the X-6 Label Card, Type
1.

11-16 Operation and card number Page number, line number
from columns 3-8 of the X-6 and suffix.
input card.

47-50 Card number in X-6 produced The PTA routines require

deck. a card count on the last
card of the input deck
only.
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PROGRAMMING PROCEDURES
I. Flow-Charting

The only modifications to standard flow-charting procedures
are:

A. Operations should be kept short and well defined.

B. Designations for an operation are shown as:

ASINF ASJNF

Permanent tags should be assigned to

. these triangles representing opera-
 Operation tion (or subroutine) entrances and
exits.

C. Communications links within operations are shown as:

ASINF e l
For example, '
O in connec- | LDA ADDKAO12
tors:

Temporary tags should be assigned to these. @

D. Execution of one operation within another operation is
shown by:

ASINF

For

example: ' LDA ‘ STA

E. X-6 symbology should be used in the flow chart. Table and
interlace symbols and working storage addresses should be
assigned during flow-charting.
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II. Coding

When coding, it must be kept in mind that buffer tests are
not inserted by the X-6 Assembly System but must be in-
serted where required during the coding or after the object
program is assembled. Accurate estimates for buffer test
insertions can be made by consulting the Latency Minimiza-
tion Section, above. Aside from this, the general rules
for X-6 coding are:

A. Start each operation with a "Header" line (see Card
Type 7 in Input Card Section, above) on a new sheet
of coding paper.

B. Code the main chain of the object program first and
then the lesser used branch paths. Since each address
is assigned in order of reference during assembly, this
technique will produce better minimization.

C. The comments columns should be used liberally since
the X-6 produced edited listing will be more valuable
for desk checking if full comments are appended.
Comments should be limited to numeric and alphabetic
characters.

D. A cross reference to the card number on which the in-
struction line is to be punched should be maintained
in the box on the flow chart.

E. Each operation should end with an Operation Sentinel
Card (see Input Card Format, above).

F. Initial conditions of all working storages should be
coded.

The memory is usually filled with stop orders using PTAO1.
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PREPARATION FOR THE X-6 ASSEMBLY

60

Have all operations keypunched and verified.

Obtain any needed X-6 library routines and prepare specifi-
catlion cards.

Prepare card types 1, 2, 3, 4, 5, and 10 if this has not al-
ready been done. Be sure to restrict the area used by the
standard loading routine.

Arrange the input deck in the desired order. If the‘'program
is very large, place the most important operations first;
they will get better minimization.

Sight check the separate operations to make certain that
card types 7, 8, and 9 within each operation are identical-
ly punched in columns 3-5 (operation number).

Either manually or by machine, check that card numbers are
ascending within operations with no omissions.
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OPERATING INSTRUCTIONS FOR THE X-6 ASSEMBLY

I. Loading and Assembling

1.

Load X-6 Program Deck.! If the deck is in the three in-
struction per card format use a PLD routine. If it is
in the one instructlon per card format use a PTA routine.

After X-6 is loaded, or earlier:
a. Feed blank cards through to all stations of the RPU.

b. Advance paper in HSP so six free holes show above
the paper holding clamps.

c. Put X-6 input program deck in the HSR.
To assemble a program:

a. Set on continuous, depress general clear, and de-
press Run button.

b. Successful stop is 67 8888 cccec.

c. Error stops are listed on the following pages along
with error indications which do not stop the com-
puter.

After assembly, the output program deck is complete in
Stacker zero of the Read-Punch Unit. Any cards in
Stacker one should be destroyed.

Check the edited listing carefully, all detected input
data errors are coded and tabulated in print word 01 on
the listing. These errors must be corrected before
desk checking can begin.

Print the contents of the memory to preserve the informa-
tion accumulated during the assembly which will be useful
for desk checking.

The X-6 Memory Layout, see below, can be used to inter-
pret the contents of the memory.

The following routines might also be used, after one
X-6 assembly, and prior to the next.

a. An X6LNU routine produces a list of all storage lo-
cations not used by the assembled program. This
routine should be used after printing the contents
of the memory.

13ee X6TLD for instructions to load X-6 instruction tape.

U 1774 .1 61



b. An X6LUR routine produces a listing of all storage
locations with operation and card number of the

program's contents.

II. Error Codes (These appear on listing)

Code

62

A

Originates In

Permanent Tag Search
Routine.

Temporary Tag Search
Routine.

K/W Search Routine.

Memory Availabillity
Routine.

Memory Availability
Routine.

Specifications Table
Search Routine.

Address Analysis Rou-
tine.

Process Action Code
Routine.

Instruction Code
Analysis Routine.

Interlace Availability
Routine

Means

More than 300 permanent tags.
Address 9999 has been assigned.

More than 50 temporary tags.
Address 9999 has been assigned.

Address higher than K 299 or W
299 has been requested, 9999 has
been assigned.

No more storage.

9999.

Have assigned

No two consecutive addresses
free. Have assigned 9999.

Nothing in specifications table
matches this "X" symbolic address.
Absolute 9999 has been assigned.

An incorrect "a" address. Pre-
vious instruction had blanks in
m or ¢ part. This a should have
been blank. This a has heen
processed properly - the previous
line must be fixed.

Spaces in m and c. Spaces in
will be assumed to be in error.

Invalid instrucetion code. The ¢
address will be incremented by 3,
a 67 instruction will be punched
in the Op portion of the output
card.

Reference has been made to a word

part in an interlace which was

not properly restricted in summary
card type 4. Address of 9999 has
been assigned.
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III. Stop Codes (in m part of STP order)

Code Originates In

0001 Get Next Card Routine.

0002 Get Next Card Routine.

0003 Main Chain Routine.

0004  Process Specifications
Entry.

0005 Print Routine.

0006 Punch Routine

0007 Main Chain Routine

0008 Process Detail Card
Routine.

0009 Process Detail Card
Routine.

8888 Main Chain Routine.

U 17741

Means

The card being diverted to HSR
Stacker 2 has falled to pass
read check. Reposition cards
and depress Run button to try
again.

Malfunction in HSR has caused

overflow. Fix trouble. Depress
Run button to try again.
No label card (Type 1). Prepare

label card. Reposition input
deck. Depress Run button to be-
gin again.

Too many specifications for cur-
rent library routine. Depress
Run button to proceed. Error
code F will appear later.

Malfunction in printer has
caused overflow. Fix trouble.
Depress Run button to print cur-
rent line. (It was PRN order
that caused it).

Malfunction in RPU. Fix trouble.
Depress Run button to execute
punch order.

Card type sequence error. Check
last card read. If it is a type
7 card, depress Run button to

get to next stop order. Go to c
to process card. If it is type 8,
go to m of next stop order.

Operation number on detail card

is incorrect. Depress Run button
and machine will stop on 67 order.
Go to m to process card. Go to ¢
to get next card.

Card number on detzil card incor-
rect. Same action as 0008 Stop.

Final successful stop. Reload
last 100 cards of X-6 deck and
follow normal operating instruc-
tion before depressing Run
button if new assembly is wanted.
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III. Stop Codes (in m part of STP order cont.)

Code

0010 Main Chain Routine.

Originates In

IV. X-6 Storage Layout

Means

Previous card was type 9, card
now belng processed is not a
type 7 or 10 card. Depress Run
button., If card last read is
to be processed as type 10
card go to the ¢ address of
this order. If it i1s to be
processed as a type 7 or 8
card, go to the m address.
This will transfer control to
another stop order. Now 1f the
card to be processed is a type
75 g0 to the c¢ address of this
stop order. If it is to be
processed as a type 8 card, to
m address.

A listing of the memory at the end of a successful assembly
is desirable for desk checking and patching of object pro-

gram.
Location

0800

0816

—

2110-2117

2118-2130

2100-2109

2200 Band

3250-3299

6l

Name

Table S8

Table S9

Table V3

Table V4

Table S5

02 Interlace

Table S3

Use

Valid mnemonic codes stored 20
words apart.

Information words for each
mnemonic code stored 20 words
apart.

Two or three part interlace word
position for 0.

Two part interlace word position
for P.

Interlace origins (from card type

)'l')c

Repunching of output cards which
fail read check.

Temporary tags with absolute ad-
dresses., Cleared after every op-
eration. No value after complete
assembly.
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Location

2450-2465
2470-2479
2480-2509
2520-2539

2540-2559

2800-3099

3100-3249

3300-3599

3800 Band
L4000 Band
4200 Band

U 1774 .1

Name

Table

Table

Table

Table

Table

Table

Table

Table

PO Interlace
HO Interlace
01 Interlace

Ve

S6

S7

A

VO

sk

S2

St

wn
o

Use

Two and three part interlace word
positions for H and R.

}nterlace origins (from card type
4.

Table origins and Iincrements
(from card type 5).

X-6 equivalents for last set of
specifications.

Specifications. Cleared after
every operation. No value after
complete assembly.

K and W addresses and absolute
addresses are stored as follows:

2800 KO and WO as OKKKKOWWWW
2801 K1 and W1 as OKKKKOWWWW

Address of permanent tags in
same order as Table S1, stored
as: Oaaaalaaaa. Left half-words
used for first 150 tag-addresses,
then right half-words are filled.

Permanent tags. The 5 character
alpha-numeric tag 1s stored as
zzzzznnnnn. One tag per word.

17 Tarnh wnnA

Tahilit

e P UJ’ L] g oLl LIRS IV
of table represents a band rela-
tive address, 0-199. The 20 bits
in the left half-word are zero
for unused or 1 for used repre-
senting the 20 standard access
bands. The 20 bits in the right
half of words 3600-3649 repre-
sent high-speed access storage.
Addresses 4000, 4050, 4100 and
4150 are included in first digit
of right half-word. Right half
of words 3650-3799 are unused.

Q+r\-nage ayvyai

UL AV 4L

T
6]
S

Header for X-6 listing.
High-Speed Reader read-in area.

Output punching area.
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Location
4200 Band
4400 Band
0000-0199

66

Name
RO Interlace
P1 Interlace

Restricted

Use
Read-Punch Unit read in area.
Detail lines for X-6 listing.
Used to load X-6 and later

filled with memory print rou-
tine.
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APPENDIX I

Operations and Subroutines within the X-6 Assembly System
Program.

AAR

ACO

AC
AC2
AC3
ACkH
ACH

CAR

CEP

CON

CPI

EDS

EMP

EDX

FIE

GNC
GNE

Address Analysis Routine -~ Analyzes the five character ad-
dress in the a, m, or c¢ portion of an instruction to deter-
mine which lower level subroutine should be used for pro-
cessing.

Action Code Routine - After the PDC path has been completed,
ACO continues the processing of instructlions containing op-
eration codes belonging to the Action Code O group.

Action Code 1 Routine
Action Code 2 Routine Same as ACO except that proces-
Action Code 3 Routine sing is done for a different Ac-
Action Code 4 Routine tion Code group in each case.
Action Code 5 Routine

Clock Adjustment Routine - Updates the clock to the new re-
lative band level after an address assignment.

Edit ¢ for Print Routine - Edits the ¢ address for print-
ing.

Process Constants Routine - Converts the mnemonic control
indicators into computer code keys.

Clear Print Interlace Routine - Clears print interlace 1.
Edit a, my or ¢ routine - Edits the a, m, or c address
prior to processing. EDS includes the subroutines:

EDA, EDM, EDC.

Edit m for Print Routine - Edits the m address for print-
ing.

Edit X routine - Establishes the Tentative Next Best Band
Relative Address for clock option.

Further Input Edit Routine - Provides additional input
editing for card types 2 through 6.

Get Next Card Routlne - Obtalns next card image from HSR.

Get Next Entry Routine - Provides next entry from card
types 2 through 6.
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IAl

IA2 Interlace Routines - Used by Input/Output interlace
IA3 routines to determine interlace locations.

IAL

IAS

IAH - RPU Interlace Routine - Converts a symbolic reference to
an HSR interlace address to its real address equivalent.

IAQO - RPU Output Interlace Routine - Converts a symbolic refer-
ence to an RPU punch interlace address to its real ad-
dress equivalent.

IAP - Printer Interlace Routine - Converts a symbolic reference
to a printer interlace address to its real address equi-
valent. :

IAR - Reader Interlace Routine - Converts a symbolic reference
to an HSP interlace address to its real address equivalent.

IAT - Converts a symbolic reference to a tape word address to
its interlace position equivalent.

ICA - Instruction Code Analysis Routine - Examines symbolic in-
struction codes for validity and obtains the correspond-
ing computer code information word for processing.

IFT - Initial Fill Tables Routine - Initially fills the internal
X-6 Assembly tables with proper bit configurations.

KWS -~ K~Constant Working Storage Routine - Assigns initial loca-
tion to symbolic Working Storage or K-Constants and ob-
tains this address at time of later symbolic reference.

MAR - Memory Availability Routine - Keeps a record of assigned
locations through use of a single bit position-one location
table scheme. Also differentiates between Fast and Normal
access areas and ensures consecutive location assignments
for c+1 conditions.

MC - Main Chain Routines - Provides the main line of logic flow
for the X-6 Assembly System. Consists of subroutines: MC1,
Mc2, Mc3, MCk, MC5, MC6, MC7Z, MC8, MC9, MCX, and MCK.

MLC - Modify Latency Counter Routine - Modifies the Latency
Counter when a clock option is detected.

PAP - Print and Punch Routine - Provides additional editing prior
to printing and/or punching.
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PDC

PIE

PRE

PRN

PSE

PTE

PTR

PTS

PUN

RES

STS

200

TAB

-3
wn

Process Detall Card Routine - Provides the processing of
the X-6 symbolic instructions contained on the Detail Card,
Card Type 8.

Process Interlace Entry - Sets up restricted input/output
interlaces as defined on the Interlace Card, Card Type k4.

Prepare Restrict Entry Routine - Edits restrict entry prior
to processing as specified on the Restrict Card, Card Type
2.

Print Routine - Controls the printer listing of the ini-
tial specifications and the parallel listing of symbolic
input and computer code instruction output.

Process Specifications Entry Routine - Processes the speci-
fication entries on the Specifications Card, Card Type 6.

Process Tag Equals Routine - Processes the tag equals en-
tries as defined on the Tag Equals Card, Card Type 3.

Process Table Restrict Routine - Coordinates the restric-
tion of locations defined in restrict and Table specifica-
tion entries.

Permanent Tag Search - Assigns an address when initial
reference 1s made to a permanent tag and locates this ad-
dress at time of later references. Includes subroutine
PTT for filing permanent tag entry in table.

Punch Routine - Controls punching of X-6 machine coded
output instructions.

- Restrict Routine - Restricts memory table as entries on

Card Types 2 through 5 are processed and as locations are
assigned during assembly.

Specifications Table Search Routine - Searches specifica-
tions table for an identity when symbolic reference is
made to an X-entry.

Band Relative Address Routine - Creates a band relative
address from a four digit absolute address.

Prepare Table Entry Routine - Processes table entry as de-
fined on Table Card, Card Type 5.

Table Address Routine - Calculates a specific table address
when a symbolic table reference is encountered.
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TTS

Uo2

UDC

UIE

70

Temporary Tag Search - Assigns an address when initial
reference is made to a temporary tag and locates this ad-
dress at time of later reference. Includes subroutine
TTT for filing temporary tag entry in table.

Undigit Two Routine - Eliminates space bit configuration
when necessary.

Update Clock Routine - Updates latency clock according
to information contained in clock option.

Universal Input Edit Routine - Edits input card and trans-
fers fields to working storage.
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APPENDIX

X-6 Assembly System Flow charts

Routine
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II

AAR
ACO
ACT

AC2
AC3
ACk
ACSH
CAR
CEP
CON
CPI
EDA
EDC
EDM
EMP
EDS
EDX
FIE
GNC
GNE
Al

IA2
IA3
TAL
IAS
TAH
IAQ
TAP
IAR

Index To Routines

Flow-Chart
Page

Routine

IAT
ICA
IFT
KWS
MAR
MC

MLC
PAP
PDC
PIE
PRE
PRN
PSE
PTE
PTR
PTS
PTT
PUN
RES
STS
200
TAB
TAS
TTS
TTT
8102
UDC

UIE

Flow-Chart
Page

86
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GET NEXT CARD ROUTINE
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/ .S,
// WS, 29
7 Ié 4
o
i GNE
\ ENTRY 25a
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MEMORY AVAILABILITY ROUTINE - PART ONE
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33N w.s. 11 Current table SO word W.s, 67 0 ~ Initial setting
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MAR w.Ss. 4 ! owsias [ ] MABA4N S0 199
N — ] — X
TABLE SO




28

[ T

MEMORY AVAILABILITY ROUTINE-PART ONE (CONT'D)
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Qi $3i : W.S [E RN P+ T
9999 = ERROR
LAST ASSG. frmemd CODE
ADDRESS B
TAG HAS BEEN
ASSIGNED
BUILD ORDER ADDRESS FROM
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THIS IS A
NEW TAG
N,F TAGS

STORE ADDRESS
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AN TO STORE W.S. 10WITH fed STORE IN TTT
NEW TAG ADDRESS IN W.5. 4
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TAG ADDRESS
51000 Jz N s s sz [o Ta ][] o | - 2] S ARANNP RS EE
ABSOLUTE ABSOLUTE
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PREPARE RESTRICT ENTRY ROUTINE / ws 25 . A s, 24 A
/ ° A — X — > A W.s. 0
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PRINTER INTERLACE ROUTINE TAPE INTERLACE ROUTINE

SPECIAL EXIT.

NO
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RPU OUTPUT INTERLACE ROUTINE
@_ Z A X - T%Dv? A °
S A .S, 4
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INTERLACE ROUTINE 4
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— X
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