


























































































































Finally, remember that a label is unique; that is, it can be
the designator for only ene memory location. Example:

QR DATA
LDA QR
STA QR
QR PZE

is illegal, since the assembler does not know which QR is
really being referred to in the LDA and STA instructions.
Therefore, a label must be defined only once in any pro-
gram.

Reference should be made to the sample program shown as-
sembled at the end of this section. The first two columns

on the sample show the assembled, machine language equiv-
alent of the symbolic code written by the programmer. The
third through sixth columns show this symbolic code. The
programmer has punched this information one line to a card.

Note that all machine code is in octal form. Since the ma-
chine code contains references to other memory locations,
they must be octal as well. Thus, sequential locations in
memory are numbered octally. One implication of this is
that certain conventions must be observed in setting up data
words: the assembler must be told whether they are octal or
decimal or BCD values.

A zero in front of a number indicates that it is an octal num-
ber; absence of a zero indicates that it is decimal and will
be converted to octal by the assembler; single quotes (and
other conventions) signal that the word is BCD and is not to
be converted but coded.

The first directive, AORG 0200, says that the program is to
origin or begin at the 200th (octal) word in memory.

Labels start in column 1 on the cards. If an asterisk appears
in card column 1, the card is a comment card and is ignored
by the assembler except for being printed on the program
listing. Also ignored by the assembler are the comments
shown in the sixth column of the listing (unless this informa-
tion, beginning in card column 36, happens to be a continu-
ation of an operand field.)

Column 1 of the listing shows the memory location of the
word in column 2. This word is generated from the informa-
tion in columns 3, 4, and 5; it is the octal number that will
actually reside in the computer's memory when the program
is executed.

The program is executed sequentially unless told to change
direction by a branch instruction. The only instructions used
in the example are LDA (16), STA (76), HLT (00) and BRU
(01). Their functions are described later.

In memory locations 200-215 is the actual program to be ex-
ecuted. Memory locations 216 through 226 contain reserved
areas or data. They are never "executed" since the BRU in-
struction causes a branch out of the sequential order before
they are reached.

The END directive tells the assembler that everything re-
quired for the assembly has been transmitted to it.

In memory locations 227-231 are words generated by literals,
that is, items in the fifth column preceded by an =sign.
These are explained in a later paragraph.

Note in column 5 an asterisk preceding a symbolic address.
This specifies indirect addressing, which also is explained
later.

Usually, an instruction like LDA (which means load the A
register of the computer) loads A with the contents of the
memory location specified.

In the same way an instruction like STA (which means store
the A register) stores A in the location specified.

When LDA CONS is executed, the contents of CONS are
placed in the A register. The next instruction is then exe-
cuted. The STA LOCT causes the contents of the A register
to be stored in LOC1. Thus, in the example, 00001000 was
put into location 217. It is important to remember that noth-
ing has changed in location 200, 201, or 216. The contents
of memory are affected only by a storing operation.

Placing an asterisk in front of an address notifies the assem-
bler that it must set a signal to be recognized at execution
time. The asterisk causes the "indirect address" bit to be
set in the word. At execution time, this alerts the computer
to use indirect addressing. If STA *LOC] is used instead of
STA LOCI, the computer is instructed to go to LOC1 to find
the address into which to store A. Since LOC1 contains
00001000, the A register will be stored in location 1000 in-
stead of in 217. Indirect addressing can be continued at as
many levels as desired (see computer reference manual), but
this example indicates how it works.

The instructions are executed one after another and the pro-
gram continues until it reaches the HLT instruction. At this
point, the computer halts. When the operator resets it to
"RUN", the next instruction in sequence is executed. In the
example, the next instruction is a branch back to the begin-
ning of the program. The program will go to START, that is,
it will re-execute.

Literals are a coding convenience. They save the program-
mer from setting up DATA words. The equal sign in the ad-
dress portion of the instruction tells the assembler to handle
the data following the equal sign as though it had been de-
fined with a DATA directive.

The assembler finds the first location available at the end of
the program and generates the data word. The reference to
the word generated is then set up. In the instruction LDA=1,
a word containing 00000001 is put into the first available
memory location at the end of the program, that is, into 227,
and the instruction generated is "load A from 227." When
the instruction is executed, the contents of 227, that is
00000001, is placed in A.

In LDA =LOCI, the programmer wishes to put the address
of LOCI in the A register. The assembier generates the
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address in the next available location, 230, as though it
had been defined as DATA LOCTI. Thus, the instruction
generated is "load A with the contents of 230." that is,
00000217.

In LDA ='ENDS', the word is generated as though it had
been defined as DATA 'ENDS'.

The first part of this manual presents more information on

the use of literals and the generation of constants with DATA,

BCD, and TEXT. The few examples given here show some
of their uses.

Note that blanks are coded as 060's or 012's, depending on
the directive given. Punched cards, magnetic tape, and
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the printer use the 060 code for blanks, but the typewriter
uses the 012 code.

One final note on the preceding discussion should be given.
In an attempt to acquaint the reader quickly with the basic
ideas of symbolic programs, many unequivocal statements
have been made. There are exceptions to these rules. Fa-
miliarity’ with the assembler and the experience of trying
variations will broaden the programmer's repertoire of "ex-
ceptions" allowed by the assembler. Part of the challenge
of using an assembler such as META-SYMBOL is its excep-
tional flexibility, which allows the programmer to investi-
gate increasingly sophisticated uses.



200
201
202
203
204
205
206
207
210
211
212
213
214
215

216
217
221

222
223
224
225
226

227
230
231

01600216
07600217
01600227
07602000
01600230
47600216
07600220
01600231
07600012
07600060
01600221
07600216
00000000
00100200

00001000

60622462

62246260
00622462
60622462
62246212
12622462

00000001
00000217
25452462

*THIS PROGRAM ILLUSTRATES THE ASSEMBLING
*OF A SYMBOLIC PROGRAM.

*

AORG 0200
START LDA CONS MOVE ONE DATA WORD
STA  LOCI
LDA =i
STA  LOC2
LDA =LOC1
STA *CONS
STA LOCI+
LDA  ='ENDS'
STA 10
STA 060
LDA  FIN
STA  $+3
HLT
BRU  START

CONS DATA 01000
LOC1 RES 2
FIN  TEXT 4, SDS
LOC2 EQU 02000 USED ONLY BY ASSEMBLER
TEXT 4, SDS
DATA 'SDS'
DATA ' SDS'
BCD 4, SDS
BCD 4, SDS
END

When this program is executed, the following words in core memory will be changed by the store instructions:

Location Contains

217 00001000
2000 00000001
1000 00000217

220 00000217

12 25452462
60 25452462
216 60622462

This program was assembled on the XDS 9300 Computer. Some machine language octal formats are different for

XDS 900 Series Computers.
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ASSEMBLY LISTING FORMAT

XDS 9300

The elements of the octal listing output are as follows, ex-
cept as given within the particular description:

I

Indirect address

X = Indexing

0] 4 = Operation code
ADD = Address

DDDD = Eight octal digits

An all-zero octal digit pattern is shown under each element,
to indicate its form. The number of binary digits equivalent
to the octal representation is given on the third line.

Standard Instructions

I X o°p ADD
0 o0 00 00000
1 2 6 15

Shift Instructions
I X (0] SHIFT NO
0O 0 0000 000
1 2 12 9

Flag Set/Test

0 OP SELECT BITS
0 000 0000
3 9 12

COPY Instructions

1. 0 OP N BYTES REG
0 00 O 000 00
3 6 i 8 6
2, X OP BYTES REG
0 o0 O 0000
3 6 3 12

DATA Instruction

DDDD
00000000
24

DED Instruction
DDDDDDDD

0000000000000000
48
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XDS 900 Series

The elements of the octal listing are defined the same way
as for the XDS 9300.

Standard Instructions

X OP 1 ADD
0 00 O 00000
3 6 1 14

Shift Instructions

1. X OP 1 ADD
0 00 O 00000
3 6 i 14
2. X OP ADD
0 0000 000
3 12 9

Register Change Instructions

X OP ADD
0 00 00000
3 6 15

COPY Instruction

X OP BYTES REG
0 00 00 0000
3 6 5 10

DATA Instruction
DDDD
00000000
24

DED Instruction
DDDDDDDD
0000000000000000
48

PZE Instruction

1. X 00 I ADD
0 00 O 00000
3 6 1 14
2. X 00 ADD
0 00 00000
3 6 15



CALLING SEQUENCE GENERATION FOR BUSINESS INSTRUCTIONS

Business Instruction Word
MOVEWD (MVW) 1

2

3

4

Calling Sequence Description
BRM B\S1 Link to subroutine "B\S1"

Address of source array
Address of destination array

Word count of number of words moved

Comments: The above calling sequence is generated only when either

a. A source or destination address is indirectly addressed and the word count is greater than one.

or b. A source or destination address is indexed and the word count is greater than three.

or c. A source or destination address is indexed and the word count is greater than two, with the operand in-
dicating that the index register should be saved.

or d. The word count is a "run-time" variable.

Note: In this case, an LDA/STA is generated preceding the calling sequence.

In all other cases, an LDX/LDA/STA/BRX loop is generated (with conditional saving and restoring of the in-

dex register ... STX ... LDX) or a sequence of from one to three successive LDA/STAs is generated.
BRACEQ (BRACNE) 1 BRM B\S8 Linkage to offset routine
2 Base location for referencing character argument
3 Character offset, or location of same (with forced
indirect bit) relative to word 2
Note: The above three words are conditionally generated, as described below.
4(1) BRM B\S2 Linkage to BRACEQ/BRACNE
routine
5(2) Computed location of character argument (assembly
time), or zero
6(3) Shift necessary to left justify character argument or
zero
7(4) Count of packed words containing character list
8(5) Packed word 1 First four characters in list
8(n) Packed word N
BRU(BRM) to branch address of BRACNE (Only generated if BRACNE)
n+l or
BRU $+2 if BRACEQ (Only generated if BRACEQ)
n+2 BRU(BRM) to branch address for BRACEQ (Only generated if BRACEQ)

Continuation of source program

Comments: The linkage to "B\S8" (words 1-3 above) is only generated when

a. The character offset is a "run-time" variable.

or b. The base location is indexed or indirectly addressed.

In such a case, words 5 and 6 will be zero prior to object program execution.

UNPACK (UNPACKL) 1
2
3

BRM B\S3 Subroutine linkage
Number of characters to be unpacked

Address of packed array
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Business Instruction Word Calling Sequence Description

UNPACK (UNPACKL) 4 Address of unpacked character word
(cont.) . .

Address of last unpacked character word

Comments: There is one exception to the above calling sequence generation; namely, when only one unpacked charac-
ter word address is specified. In this case, four in-line instructions are generated: LDA/ETR/MRG/STA.

PACK (PACKL) 1 BRM B\S4 Subroutine linkage
2 Number of characters to be packed
3 Address of packed array
4 Address of first unpacked character word

Address of last unpacked character word

UNPACKR 1 BRM B\S9 Subroutine linkage
2 Right-justified "fill character" (060 if not specified)
3 Address of packed array
4 Address of unpacked array
5 Number of characters to be unpacked
PACKR 1 BRM B\S10 - Subroutine linkage
2 Address of packed array
3 Address of unpacked array
4 Number of characters to be packed
COMPARW (CPW) 1 BRM B\Sé Subroutine linkage
2 Number of words to be compared
3 Address of first array to be compared
4 Address of second array to be compared
Comments: If the number of words to be compared is a "run-time" variable, the above calling sequence is preceded by
an LDA/STA.
COLLATE
Note: With 'XDS' as the operand, an LDA/STA is generated. With 'BDP' as an operand, a MIN (MPO) is generated.
BREQ (BE)
Note: This generates an LDA/SKA/BRU followed by a BRU (BRM if the operand is in parentheses).
BRNE (BU)
Note: This generates an LDA/SKA followed by a BRU (BRM if the operand is in parentheses).
BRHI (BH)
Note: This generates an LDA/SKG followed by a BRU (BRM if the operand is in parentheses).
BRLO (BL)
Note: This generates an SKN/BRU followed by a BRU (BRM if the operand is in parentheses).
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Business Instruction Word Calling Sequence Description

BAOV
Note: This generates an SKN followed by a BRU (BRM if the operand is in parentheses).
MOVE 1 BRM B\S18 Linkage to character setup
routine
2 Word offset - 1 of sending (8 bits), word offset - 1
of receiving (8 bits), character - 1 (8 bits)
3 Opcode = relative byte position (0-3),
address = address of sending
4 Opcode = relative byte position (0-3)
address = address of receiving
5 BRM B\S12 Linkage to character move
routine

Comments: The above is the normal form of the calling sequence generated; but, if the nature of the operand is such that
it is word-oriented, a MOVEWD will be generated (see MOVEWD generation).

MOVEIZ 1 BRM B\S18 Linkage to character setup
routine
2 Word offset - 1 of sending (8 bits), word offset - 1
of receiving (8 bits), character - 1 (8 bits)
3 Opcode = relative byte position (0-3),
address = address of sending
4 Opcode = relative byte position (0-3),
address = address of receiving
5 BRM B\S13 Linkage to MOVEIZ routine
MOVEED (MCE, EDIT) 1 BRM B\S18 Linkage to character setup
routine
2 Word offset - 1 of sending (8 bits), word offset - 1
of receiving (8 bits), character - 1 (8 bits)
3 Opcode = relative byte position (0-3),
Address = address of sending
4 Opcode = relative byte position (0-3),
address = address of receiving
5 BRM B\S14 Linkage to MOVEED routine
6 Optional punctuation parameters (see below)

Comments: The representation of the punctuation in word 6 is as follows: a one at bit 5 indicates trailing minus sign; a
one at bit 6 indicates trailing "CR"; a one at bit 7 indicates comma insertion; a one at bit 8 indicates float-
ing dollar sign; the decimal scaling factor is in bits 16-23.

COMPARE 1 BRM B\S18 Linkage to character setup
routine
2 Word offset - 1 of first operand (8 bits), word offset - 1
of second operand (8 bits), character count = 1 (8 bits)
3 Opcode = relative byte position (0-3),
address = first operand address
4 Opcode = relative byte position (0-3),
address = second operand address
5 BRM B\ST1 Linkage to COMPARE routine

Comments: If the routine of the operand is a word-oriented operation, @ COMPARW will be generated (see COMPARW).

s
Character count - 1 in the right-most 8 bits of woid 2 is the shorter, if fwo counts are specified.
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Business Instruction Word Calling Sequence Description

CLEARCH 1 BRM B\S18 Linkage to character setup
routine
2 Zero (8 bits), word offset - 1 of operand (8 bits),
character count - 1 (8 bits)
PZE $
4 Opcode = relative byte position (0-3) of operand,
address = address of operand
5 LDB
6 BRM
7 SKR
8 BRU
9 LDX
Comments: If the operand is a word-oriented operation, a FILL will be generated (see FILL generation).
FILLCH
Note: Generation here is the same as that of CLEARCH, except that the address of the LDB is representative of a
literal reference to the fill character specified.
Comments: If the operand is a word-oriented operation, a FILL will be generated (see FILL generation).
BLANKCH
Note: Generation here is the same as that of CLEARCH, with the exception that the address of the LDB is to a dif-
ferent literal.
Comments: If the operand is a word-oriented operation, a FILL will be generated (see FILL generation).
FILL, CLEAR, BLANK
Note: These generate various combinations of in-line code, ranging from 2 to 11 words in length. The gener-

ated code represents either an STA loop (the A register containing zero, 060's, or the FILL character) or suc-
cessive STAs. Additional code generation is brought about by the conditional specification of the index regis-
ter being saved, the word count being a "run-time" variable, and/or the operand being indexed or indirectly
addressed.

SORT (SORTDS, SORTBIN,

SORTBDS)
Note:
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Any of the various SORT calls causes the generation of various combinationsof in-line code prior to a six-word
calling sequence to the SORT routine. For descending sorts, an MIN (MPO for the XDS 9300) is the first word
generated; for ascending sorts an LDA/STA. Following this, for binary sorts, an LDA/STA is generated. Con-
tinuing, if relocation of the sorted table is specified, conditional code is generated as follows: if the item
length and number of items are assembly-time variables, a load/store loop is generated ... STX/LDX/LDA/
STA/BRX/LDX. If either item length of the number of items is a "run-time" variable, code generation is
LDA/MUL/RSH/STB followed by BRM B\S1/address of unsorted table/address of relocated sorted table/
computed total number of words in table (i.e., the four-word calling sequence to the MOVEWD routine is gen-
erated). Notice that the unsorted table is relocated prior to the actual sorting, leaving the unsorted table un-
disturbed. Finally, the SORT calling sequence is generated and appears as:

1 BRM B\SORT Linkage to SORT routine
2 Address of the table to be sorted
3 Number of items (or address of same, with forced
indirect bit)
4 Item length (or address of same)
5 Relative key position (or address of same, with forced

indirect bit)

6 Key length (or address of same)



Business Instruction Word Calling Sequence Description

READTP 1 BRM B\I10 Linkage to subroutine

2 BCD indicator, logical unit, address of tape image
(see below)

3 Word count
Comments: Entries in word 2 consist of
A zero at bit 5, indicating the BCD mode.
Bits 6-8 indicate the logical unit.

c. Address, index, and indirect bits (per XDS 900 Series or XDS 9300) representing the address of the first
word of the tape image.

Note: The calling sequence is preceded by an LDA/STA if a "run-time" count is specified.
RTPBIN
Note: Code generation is identical to READTP, except that a one at bit 5 in word 2 indicates the binary mode.
WRITETP, WTPBIN 1 BRM B\I11 Linkage to subroutine
2 BCD indicator, logical unit, address of tape image
(see READTP generation)
3 Word count
Comment:  As in READTP and RTPBIN, the calling sequence can be preceded by an LDA/STA if a "run~time" count is
specified.
BACKSPACE, SKIPTAPE 1 BRM B\I17 Linkage to subroutine
2 (see below for bit representation)
Note: The contents of word 2 are represented as:

a. Bit 3 =1 indicates that files are to be backspaced or skipped.
=0 indicates that records are to be backspaced or skipped.
b. Bit 4 = 1 indicates backspacing.
=0 indicates skipping (forward).

c. Bits 6-8 indicate the logical unit.
d. Bits 9-23 indicate the number of records or files to be backspaced or skipped.
PRINT, PRT120 1 BRM B\I1 Linkage to subroutine
2 (See below for bit representation)
Note: The contents of word 2 are represented as:

a. Bit 3 =1 indicates that a 120-character line image is to be printed (PRT120).

=0 indicates that a 132-character line image is to be printed (PRINT).
b. Bits 4-6 indicate the number of lines to be spaced or the format channel specified.
c. Bit 8 =1 indicates vertical spacing by a specified number of lines.

=0 indicates skipping to the format channel specified.

d. Address, index, and indirect bits indicate the location of the line image.

UPSPACE, SKPCHN, 1 BRM B\I2 Linkage to subroutine
RESTORE 2 (See below for bit representation)
Note: The contents of word 2 are represented as

a. Bit 8 = 1 indicates upspacing by the specified number of lines.
= 0 indicates skipping to the format channel specified.
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Business Instruction Word Calling Sequence Description

UPSPACE, SKPCHN,
RESTORE (cont.)

b. Bits 4-6 indicate the number of lines to be upspaced or the format channel to which a skip is to be made.

READCD 1 BRM B\I3 Linkage to subroutine
2 Address of card image to be read

PUNCH 1 BRM B\14 Linkage to subroutine
2 Address of card image to be punched

TYPEIN i BRM B\I5 Linkage to subroutine
2 Address of image to be typed in

TYPE 1 BRM B\16 Linkage to subroutine
2 Address of image to be typed out

REWIND 1 BRM B\I9 Linkage to subroutine
2 Bits 6-8 indicate logical unit

WTMARK, WTM 1 BRM B\I8 Linkage to subroutine
2 Bits 6-8 indicate logical unit

BPRF, BPOV, BLCD, BTMK,

BBTP, BETP, BFPT, BCER

Note: All of these generate an SKR followed by a BRU or BRM to the conditional branch address.



Business Instruction

DADD or DSUB

DADD or DSUB

DADD or DSUB

DMUL or DDIV

DMUL or DDIV

BCDBIN

BINBCD

CALLING SEQUENCE GENERATION FOR DECIMAL ARITHMETIC

E1,LO1,CCl

E1,LO1,CCl, E2,LO2,CC2

E1,LO1,CC1, E2,LO2, CC2,E3,
LO3,CC3

E1,LO1,CC1, E2,LO2,CC2

E1,LO1,CCl,E2,LO2,CC2, E3,
LO3,CC3

E1,HC1,CC1, E2

E1,HCI,CC1, E2

Word Calling Sequence

1 CLR (for DADD) or LDA = -1 (for DSUB)

2 BRM B\S523

3 PZE E1

4 Sign = 1, bits 1-11 = CC1, bits 12-23 = LOI
1 CLR (for DADD) or LDA = -1 (for DSUB)

2 BRM B\S23

3 PZE E1

4 Sign =0, bits 1-11 = CC1, bits 12-23 = LO1
5 PZE E2

6 Sign =1, bits 1-11 = CC2, bits 12-23 = LO2
1 CLR (for DADD) or LDA = -1 (for DSUB)

2 BRM B\S23

3 PZE E1

4 Sign = 0, bits 1-11 = CC1, bits 12-23 = LO1
5 PZE E2

6 Sign = 0, bits 1-11 = CC2, bits 12-23 = LO2
7 PZE E3

8 Sign = 0, bits 1-11 = CC3, bits 12-23 = LO3
1 BRM B\S21 (for DMUL) or BRM B\S522 (for DDIV)
2 PZE E1

3 Sign =0, bits 1-11 = CC1, bits 12-23 = LOI
4 PZE E2

5 Sign = 1, bits 1-11 = CC2, bits 12-23 = LO2
1 BRM B\S21 (for DMUL) or BRM B\S22 (for DDIV)
2 PZE E1

3 Sign =0, bits 1-11 = CC1, bits 12-23 = LO1
4 PZE E2

5 Sign = 0, bits 1-11 = CC2, bits 12-23 = LO2
6 PZE E3

7 Sign = 0, bits 1-11 =CC3, bits 12-23 = LO3
1 BRM B\S32

2 PZE E1

3 Bits 0-11 = CC1, bits 12-23 = HC1

4 PZE E2

1 BRM B\S31

2 PZE E1

3 Bits 0-11 = CC1, Bits 12-23 = HC1 + CC1 - 1
4 PZE E2
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BUSINESS LANGUAGE ASSEMBLIES

The input deck for Business Language assemblies may be
divided into three portions: (1) control cards preceding the
program to be assembled, (2) the program to be assembled,
and (3) control cards following the program.

The XDS MONARCH Reference Manual or the XDS MONI-
TOR Reference Manual contains a detailed description of
card functions. The following material outlines some work-
ing possibilities:

CONTROL CARDS PRECEDING THE PROGRAM

A, AJOB — must be on XDS 9300; may be on XDS 900 Series,

B. AASSIGN —may be one or a series of cards to assign ali
necessary I/O devices. See applicable computer refer-
ence manual for a list of possible 1/O devices.

XDS 900 Series

Must ASSIGN X1=MTIW, S=MTOW
ASSIGN necessary options

Possible assignments to check — these are also some of the
parameters for the META card (see METAB for the respec-
tive computers, below):

SI Symbolic Input
E1 Encoded Input
EO Encoded Output
BO Binary Output
LO Listing Output

A standard ASSIGN card might be:

AASSIGN S=MTOW, X1=MTI1W, X2=MT2W, SI=CR1W,
EI=CR1W, EO=CP1W, BO=CP1W, LO=LPIW.,

XDS 9300

These standard assignments are already contained within
MONITOR:

El, SI, EQ, BO on cards, X1 to MT1A, X2 to MT2A, GO
to MT2A, LO to LPTA

Only deviations from these need be assigned.

C. AMETAB910 for object output to execute on XDS 210
AMETAB920 for object output to execute on XDS 920
AMETAB93H for object output to execute on XDS 9300

Parameters on these cards will be:

SI If symbolic deck or symbolic correction to en-
coded deck

El Encoded Input

EOC Encoded Output

BO Binary Output
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GO (XDS 9300 only — for assemble, load, and exe-
cute — GO is MT2A unless otherwise assigned)

LO Listing Output
CONC Concordance listing

SET Must be included as a parameter on any
METABxxx card

EXAMPLES
XDS 900 Series
AMETAB920 SI, El, EO, LO, BO, CONC, SET

Accepts SI and El, produces EQ, BO (for XDS 920), and LO
with CONC listing.

XDS 9300
AMETAB93H EI, BO, LO, GO, CONC, SET

Accepts EI, produces BO, LO with CONC, and creates a
GO tape that may be loaded and executed.

PROGRAM DECK'S

Symbolic deck or symbolic corrections to encoded deck.
Must be terminated by AEOF card or EOF condition on SI
medium.

Encoded deck — the END card of this deck terminates. (Do
not use AEOF here. )

Note: An EXTEND card must be present as the first card to
be assembled.

CONTROL CARDS FOLLOWING THE PRO GRAM

XDS 900 Series

AENDJOB resets processor error switch set by assembly errors.
Processor error switch must be reset for loading to take place.
The following is optional for assemble, load, and execute:

AASSIGN Bl = (as determined by user)
AREWIND MTNW (if BI=MTNW)

GO

TGO

STOP

TSTP

ALOAD Address,

Even if program is absolute (AORG), a load address must be
given to permit loading of any necessary relocatable POPs
or subroutines from the library.

GO, TGO, STOP, TSTP all result in: (1) loading of programs
from BI until an END with transfer address is encountered,
(2) a search of the library for needed subroutines or POPs,



and (3) a branch to indicated transfer address (not to load
address).

GO process is continuous, no halts; map of unsatis-
fied references.

TGO GO and MAP of external definitions and un-
satisfied references.

STOP  stops at each END record (for loading of sev-
eral paper tapes, etc.)

TSTP STOP with MAP. Set BPT1 for MAP on LP.

If BI=MTNW, then ALOAD Address, TGO, results in con-
tinuous loading and MAP,

A typical input deck for the XDS 900 Series would consist
of these cards (see Figure 3):

AJOB (optional)
AASSIGN
AMETABxxx

. SI corrections Symbolic source
optional AEOF of  AEOF
encoded
AENDJOB
AREWIND (if BI on MT)

GO
STOP
TGO
TSTP

ALOAD Address,

XDS 9300

X
ALOAD [XM , MAP,
XR

MAP gives full map of memory allocation

X execute if no errors

XM execute if minor errors

XR execute regardless of severity of errors

Results in rewind of and load from GO tape, search of library
for necessary routines, and execution. If input is not to be from
GO tape, see XDS MONITOR Reference Manual for details.

A variety of debug features (SNAPS, PATCHES, DUMPS)
are available; see XDS MONITOR Reference Manual.

A typical input deck for the XDS 9300 would consist of the
following (see Figure 4):

AJOB
AASSIGN (only if parameters not on standard assignments)
AMETABxxx (GO if load and execute desired)

SI corrections Symbolic source

optional AEOF or A
encoded
X

ALOAD {XR , map from GO and executes.
XM Prints map

ADUMP, etc. , for debug (optional)
AFIN end of run

or
AJOB for next job in batch processing

ALOAD (optional if execution
desired)

/ AREWIND (if BI on MT)

AENDJOB

PROGRAM DECK'

/ AMETABXXX

/ AASSIGN

AJOB (optional)

t . ) .
Three possible configurations are:

ENCODED

ENCODED DECK

or

Svl CORRECTIONS

SYMBOLIC SOURCE
DECK

or

Figure 3.

Sample Input Deck for XDS 900 Series
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~/ AJOB OR AFIN
ALOAD (optional)

PROGRAM DECK'

/ AMETABXXX

JZASSIGN (optional)

AJOB

t . . .
Three possible configurations are:

ENCODED DECK

or

ENCODED

or

SI CORRECTIONS

SYMBOLIC SOURCE
DECK
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Figure 4.

Sample Input Deck for XDS 9300 Computer




MAKING SYMBOLIC CHANGES TO ENCODED PROGRAMS

Symbolic changes are made by a series of insertions and de-
letions represented by specially formatted records, usually
symbolic cards. The encoded program is interpreted as a
series of logical lines, as indicated by the line numbers giv-
en on the program assembly listing. Note that, via the
continuation feature, two ormore cards may be considered as
one logical line.

SYNTAX OF INSERT, REPLACE, AND DELETE

Insert S1, ..., SN following line a.

ta
S1
S2

SN
Delete lines o through B inclusively.
+ao,B
Note that, if @ = B, one line is deleted.
Replace lines a through B inclusively with S1, 52, ..., SN.

*o,f
S1
S2

SN

Notes:

ooR W

The + must be in Column 1.

a and B are decimal integers.

The first space terminates the scan of the + card.

SK (K=1, N) is a symbolic card for assembly.
To insert before the first line, use:

+0
S1
S2

SN

DECK STRUCTURE FOR SYMBOLIC CHANGES

TO ENCODED DECK

AMETAXXXX S, El, etc.

+...

symbolic correction cards (the first card following

] the AMETA must be a +... card).

AEGF

encoded deck

Note: It is impossible to "merge" or "juxtapose" encoded

decks.
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ASSEMBLY - TIME OPERATIONS

AMETABXXX

The assembler to be used for a particular machine is select -
ed via the "AMETABXXX" card (statement). The XXX re-
fers to the selected machine: XDS 910, 920, 930, 925, or

93H for the XDS 9300.

The parameters used on this card are the usual ones, with
the addition of "SET". SET must be one of the parameters
on every Business Language assembly. With the pertinent
card equipment assignments, a typical "AMETAXXX" assem-
bly request for the XDS 920 Computer might be:

AMETAB920 I, SI, LO, BO, SET.

which directs the MONARCH Monitor to select the XDS 920
Business Language Assembler and perform an assembly from
an encoded program deck (EI), with updating via source in-
struction information (SI); output is to be a program listing
on the printer (LO), and encoded deck (EO), and a binary
deck (BO).

EXTEND
Though not a control message in the MONITOR/MONARCH

sense, this statement (written in the operation code field)
must always appear at the beginning of all Business Language

assemblies. It initiates the extension of META-SYMBOL
into the Business Language, as it pertains to global literals.

Assembly Sample

AASSIGN  S=MTO, X1=MT1, X2=MT2, SI=CR, EO=CP,
BO=CP, LO=LP.
AMETA920  SI, EO, BO, LO, SET.

EXTEND

Source Program Cards

END

INHS

INHS, Inhibit Suppress, is an optional directive to META -
SYMBOL. It inhibits the suppression (normal condition) of
generated code produced by Business Language instructions
(PROCedures) in an assembly listing. Normally, the only
octal code listing is the first word generated (adjacent to
the Business Language instruction call). However, if the

octal expansion of Business Language PROCedures is needed,
the programmer may call the INHS directive.

EXECUTION-TIME OPERATIONS

XDS 900 SERIES; OPERATING UNDER MONARCH

The XDS MONARCH Monitor System operates input/output
devices through use of a unit assignment table. That, is be-
fore any program can be assembled/compiled/loaded for ex-
ecution under MONARCH, the user must tell the system which
peripherals are available and what the communicating labels
for these peripherals are. The AASSIGN card (statement)

is used to set up the table.

In particular, when loading a program for execution that
uses the Business Language, special peripheral assignments
must be made. Only those items from the following list that
will be used during the execution need be assigned:

LLP  Line printer
LCR Card reader
LCP Card punch
LT Magnetic tape unit 1
L2 Magnetic tape unit 2

L7  Magnetic tape unit 7
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Any other peripheral that is used, such as the paper tape
reader, need not be assigned; the standard assignments for
loading MONARCH take care of the rest. When multiple
units, such as three card readers, are available, consult the
XDS MONARCH Reference Manual on the ASSIGN statement.

Assuming the use of a card reader, line printer, and magnetic
tapes 1 and 2, the ASSIGN card (statement) looks like:
AASSIGN LCR=CR, LLP=LP, L1=MT1, L2=MT2.

Typically, the cards for loading a program in binary form on
cards, with the above peripherals being used, are as follows:

AASSIGN LCR=CR, LLP=LP, L1=MT1, L2=MT2
ALOAD 0200, GO.

MONARCH assigns the peripherals and then transfers con-
trol to the program, as looded in location 200 (octal).

XDS 92300; OPERATING UNDER MONITOR 9300

The same assignments and load cards are used with the XDS
9300 Computer.



ASSEMBLY ERROR FLAGS AND ERROR MESSAGE CODES

ERROR FLAGS
D Duplicate definition of level-1 symbol

E 1. Expression error
2. Directive syntax error
Examples (not exhaustive)

a. TEXT (if first symbol is value and second sym-
bol not comma)

b. END (external reference in end line)
3. Procedure syntax error

Examples (not exhaustive)

a. LDX,BRX,STX (no index field given)

b. shifts (use of indirect addressing)

c. COPY (various syntax errors)
F  Illegal forward reference in directive
G Generative code in function
I Unknown opcode
L 1Illegal label (special characters)

M Improper use of SBRK or DISP (see the XDS META-
SYMBOL Reference Manual)

N  Missing END line

P Exceeding maximum parenthesis nesting level
R Primitive relocation el;ror

S Business Language syntax error

T 1. Truncation (attempt to use form reference line to
insert a value exceeding the capacity of the speci-
fied field)

2. Request COPY not available in hardware
U  Undefined symbol used in manner that does not allow
possibility of external reference

Notes:

1. Error and "MARK" (S) flags generated within PROCs
(PROCedures) may appear in three possible places.
All Business Language instructions are PROCs.

a. On the call line, if generated during pass 1
of a two-pass PROC.

b. On the next generated line.

¢.  On ablank line following the PROC if no

generative line follows the error.

2. Labels appearing on PROC reference lines are not
defined until the end of the PROC. This is neces-
sary to mechanize the lone $ feature. Therefore,
if such a label is doubly defined, the D flag will
come out on a blank line following the PROC.

Machine instructions (LDA, etc.) are procedures
within the assembler itself.

ASSEMBLER ERROR MESSAGE CODES

The standard abort message is "META-SYMBOL ERROR XX",
where XX has the following meanings:

XX Interpretation

01 Insufficient space to complete encoding of input

02  Corrections to encoded deck but encoded input file is
empty

03  End-of-file detected while reading encoded input
04  Insufficient space to complete preassembly operations
05 Insufficient space to complete the assembly

06  Data error; META-SYMBOL does not recognize the

data as anything meaningful
07  Requested output on a device that is not available
08  Corrections out of sequence

09  End-of-file detected by ENCODER when trying to
read intermediate output tape X1

10 METAXXXX error; the XXXX name not recognized in
the system

11 Byte larger than dictionary (bad encoded deck)
12 Not ENCODED deck

13 Checksum error reading system tape

14 Preassembler overflow (ETAB)

15  Not used

16  Data error causing META-SYMBOL to attempt to pro-
cess procedure sample beyond end of table

24 Shrink overflow

Errors 05, 06, and 16 are accompanied by a printout that
shows the value of certain internal parameters at the time of
the abort:

LINE NUMBER BREAK

BREAKI SMPWRD

LOCATION COUNTER  LTBE

UPPER LTBL} SECOND PASS ONLY
LOWER

The last six messages are useful in determining the nature of
assembler overflow.

For unfamiliar terms not explained in this manual, see the
XDS META-SYMBOL Reference Manual.
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1/0 ERROR MESSAGES AND HALTS

When an 1/O error is detected, a simple message is typed
and the computerhalts. The message consists of a two-letter
indication of the type of error and a two-digit indication
of the 1/0O device. The letter indicators are defined below;
the two-digit number is the unit address number used in
EOM selects (see applicable computer reference manual). The
action taken if the halt iscleared depends on the type of error
and the device involved. There are three types of error.

XDS 900 SERIES COMPUTERS

Buffer Error (BE)

Examples:
BE11 buffer error while reading magnetic tape 1.
BE42 buffer error while writing magnetic tape 2.
Action upon clearing the halt:

Magnetic tape input — since ten attempts are made to

read the record before the halt occurs, continuing
causes META-SYMBOL to accept the bad record.

Paper tape or card input — try again.
Magnetic tape output — try again.

Output other than magnetic tape — continues.

Checksum Error (CS)

Examples:

CS06 checksum error card reader.
CS11 checksum error reading magnetic tape 1.
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Action upon clearing the halt:

Accepts bad record.

Write Error (FP) (XDS 900 Series Only)
Example:

FP42 magnetic tape 2 file-protected.

Action upon clearing the halt:

Checks again.

XDS 9300 COMPUTER

When an 1/O error is detected on the XDS 9300, a message
is typed, and conftrol is returned to MONITOR. The mes-
sage will be

I META ERROR @ ¢

where o is a letter E (Encoder), P (Preassembler), or A
(Assembler) indicating which overlay segment of the assem-
bler was last loaded; and, ¢ identifies the type of error:

< Interpretation
IOC  Checksum error (irrecoverable)

I0E Buffer error
IOA  Abnormal return



EXTERNAL DEFINITIONS AND REFERENCES '

A most useful META-SYMBOL Assembler feature allows sep-
arate assembly of independent programs.  This feature not
only permits reference by name to standard library programs,
such as subroutines, but also allows large programs not using
Business Language to be segmented without, in either case,
shifting the burden of memory allocation to the programmer.
Therefore, economies result both in reduced assemblies and
debugging.

Symbolic interprogram communication is by means of exter-
nal labels. Most labels are internal (or local) labels, de-
fined internally to a program. Accordingly, the assembler
recognizes a symbolic reference in the operand field of a
line only when the symbol is defined elsewhere in the pro-
gram by its appearance in the line's label field. When a
symbolic reference cannot be satisfied within a program,
all references to the symbol are called external references;
that is, the symbol is assumed to be defined within some
context external to the program in which the reference
occurs.

The counterpart of the external reference is the external
definition; a symbolic definition is made external by pre-
ceding it with a dollar sign ($). The programmer may es-
tablish an external definition either on the line that defines
the symbol or on a subsequent line. In the latter case, the
entire line is an external definition line; more than one
symbol can be defined as external by listing them following

the first symbol. Although additional dollar signs are not re-
quired, commas must separate one symbol from another. Ex-
ternal references may appear only in the address field of a
mnemonic instruction or FORM reference line. External def-
initions and references are restricted to eight characters.
Relative external references (e.g., Symbol£n) are not per-
mitted.

The three programs shown in Example 11 are assembled sep-
arately and use external references for intercommunication.
The program, MAIN, via two subroutines, DOUBLE and
STORE, loads the number in NUMBER, doubles it, adds a
constant to it, and stores it in location BIGGER. The con-
stant, CONST, is defined as 05000g.

If a user has not yet determined which labels to make exter-
nal, he can write one or more external definition lines at
the end of the program, and then reassemble. As stated
previously, more than one such label can be written on one
external definition line. However, the external definition
line must be written someplace in the program after the sym-
bol has been used in the label field (i.e., has been defined).
See Example 12.

As indicated previously, program segmentation may be useful
for maintenance or debugging. Segmenting can also be used
to facilitate assembly of programs containing many symbols.
For especially large programs, the numbers of symbols used

Example 11:

LABEL COPERATION OPERAND COMMENTS
“ o 10 = 20 mE icigl 5 a0 48 50 [S1] a0
GIN_ _LDA o . BEGINNING OF MAIL AAREAN
55 _BRM wﬂ“%%ﬁﬁf@ IRRRRRNE ENTER DOUBIL NG'SUBR?UT NE,
ADD CONST ‘ _
':::"ggyl "I}jﬁhkji"‘:,:rj‘ :’Te sfeRE sueRpu‘TINE§ ‘Yi“‘
HLT AERARARE , HALT PRGGRAM EERREN
§BIGGER RES_ I ; . - BEAREERARRRARRAR
CONST DATA 05000 L F

L S A L A R { Y AR A AL S T

Eno . BEGIN.

$NUMBER_DATA

,Yl!!‘i!’ ¥ ¥ Y

—END_GF PROGRAM

LS B St SN e S Tt Tt | Yy T

$DEUBLE | DATA

‘ENTRY FOR DOUBLE

ADD____NUMBER e (AL *NUMBER INTO A
T ¥ L. 1BYRYRX LR DOUBLE ki A LI A | ¥ T RETURN T ¥ L TN I LA T ; L4 ¥ \ LA 4 2
¥ i E N D v ‘{ L4 1 4 ! v T L4 ¥ { ¥ LA 2 1 7 L] T ! LA L ¥ hH 4 A
SSTORE ATA ST ENTRY PR STeRE T
o ASTA»{WH BIGGER L | . L
e ; : .

[

'See also "External Label References and Definitions” in the Appendix and "The Loading Process, External Label References and

Definitions"

in Section 3 of the XDS MONARCH Reference Manual (90 05 66).
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Example 12:

may overflow the capacity of the assembler's symbol table.
In this event, segmentation can be accomplished manually,
as follows:

Divide the program into as many physical segments as
desired. Assemble each of these segments separately.

Prepare a set of external definition lines from the ex-
ternal reference lists output at the end of each assem-
bly listing. Relative external references are eliminated.

Duplicate the set of external definition lines for each
program segment and include it before each END card.

Reassemble the program segments. The loader can now

fulfill all external references.

To communicate external definition and reference informa-
tion to the loader, the assembler outputs the former prior to
the binary output (called "text") and the latter following

the text. The external definition table consists of the alpha-
numeric symbols accompanied by their (relocatable or not)
binary values. Each entry in the external reference table
consists of the alphanumeric symbol accompanied by the
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START _LDA__ X o
— _BRM__ SIN GO TO’ SIN ROUTI NJ:Z, e
| _STA WS?‘IYNX B o [ ' S

;HerTv ¥ ¥ ig r i 4 et
SINX DATA O ) n ‘RESERVE A LOGCATIGON o

T RES g o RESERVE A LoCAfleN FGR xj 1

END START ' ' - : .
T A LA k3 T T 13 T T ¥ ki ¥ ¥ H F H * H ¥ T T H
SIN  DATA o 77 ENTRY To SIN Rdurlng‘ o
B S LA . S A S —— AR, LS
ey f A f § 3.1 ¥ Y 1 T ] Y £ ¥ LA SN S Nt St S i e 1 ¥ 'f - Y Y ¥ ; ¥ i . I ¥ ¥ ¥ H k4
k ' k] \'B!R*Rg ES!I 'N f % H ' | 1 i ¥ )
cos DAT% 0 ; ; ENTRY TO C6S ROUTINE ‘
L 4 L L R T F 3 ' ; ¥ L4 A b4 E T L 4 Y ¥ 4 § ¥

LA . ¥ ¥ i AN S M ¥ T S LA S S ERAE I S LIRS R S S
L4 LA N A £ ¥ LA S ¢ t ¥ ¥ E I S H T 7Ty ey —g—"p
s BRR ,Twiéos ANNSS 5'??jfﬁfwfffwwrﬂ ,iv!,ii;i“?;;;ij
$siN,cOs | ’ f DEFINE As EXTERNAL L
O L N'Dg T H] f H 1 K k4 , L4 ¥ L2 H 3 ' ¥ 4 i k] ¥ ‘g g ¥ ’ ¥ ¥

¥ ¥ ¥ A, 3 T H ¥ ¥ H ‘g ¥ ¥ ks A ! H ¥ L4 ;4 H ¥ k’\ ¥ ¢ £l T ¥ T 3 7 1 ¥ ¥ 4 ¥

(relocatable or not) binary address of the last location in
which the external reference occurred. The address portion
of that location points (contains the address of), in turn, to
the last previous location where an external reference was
made to the same symbol. The chain terminates when the
address portion of an instruction contains 0. See Example 13.

Example 13:

Location  Contents Label Operation  Operand
00100 ORG 0100
00100 07600000 START LDA X
00101 07500000 LDB Y
00102 03500101 STA Y
00103 03600100 STB X
00104 07600103 LDA X
00105 06400104 MUL X
00106 03500107 STA XsQ
00107 00000000 XSQ DATA 0
END START
00105 X
00102 Y



BUSINESS LANGUAGE PROGRAMMING EXAMPLES

The following examples illustrate the use of XDS Business Language instructions.

Example A
LABEL OPERATION OPERAND COMMENTS
1 5 10 18 20 25 GO 35 40 45 50 55 &0
Y Y T i 9 T - < L] { 7 H H i‘ b ¥ H ( T T ¥ il [ v ¥ ¥ ‘ R LA ¥ f ¥ ¥ v v ‘ i 4 ;4 v T ‘ T .l
WRITETP TAPE2,80UTPUT, 200
L SN 4 T r kS 4 ": Y Y} ¥ 1 T 1 T L T v ! b3 A B 1 s ¥ ¥ LA 3 !‘ T ¥ t ‘ 1§ ¥ v ¥ ! Al T Y
T LA SR S S A A S T 5 4 Y LA A I R T | A A H LI S | LA DR S A { YTy , rmr T | A B A A A { L2

A block of information 200 characters long is written on tape unit 2 from the memory area "OUTPUT".

Example B
LABEL OPERATION 3 COMMENMTS
1 & 10 15 20 25 30 35 a0 45 50 55 80
Lot L SR SR SR A AL T LN S S S L ¢ T AL S B S SRR S [ SN N A S A S S S S A SN S A
READTP TAPE ! ,INPUT
L L ¥ L3 L4 x I k- § L i T 1 ¥ I T i ¥ T * ¥ ; H L ¥ ‘ ¥ i ¥ LA 4 ¥ ' ¥ ¥ ¥ T ‘ T ¥ ¥ * ' ¥ ¥ L4
L2 k1 * ) v H LA - Al 4 ¥ i ¥ Ed ¥ ! v A ¥ Y T 14 7 ¥ z L4 ¥ i ¥ ¥ F ¥ “ Yy 7 &1 ! T

A block of information (interrecord gap to interrecord gap) is read from tape unit 1 into the memory area "INPUT".

Example C
LABEL OPERATION OPERAND COMMENTS
i oy iC 1o @i 25 30 35 a0 45 50 85 80
Ty -y Y ™y — S A S B S S S S S - Y

“REKBTR | [TAPESCHANGE, 80

LN I SR LABALIN A S A A S A M A S A N S AN SO B SN M A A S BN AN S S R

L/ S A A SR S R S St R AR B S SN AN A RN A S S SR A A SR A ANRLA Yy

P

LA R A B M ! LR B A ' L A 7 L 2NN SRR N § “ LA A
A block of information is read from tape unit 3 into the memory area "CHANGE". Blocks longer than 80 characters are trun-
cated to 80.

Example D

LABEL OPERATION OPERAND COMMENTS

1 5 10 15 20 25 30 35 40 45 50 55 60

z'a's“i'"i’{lﬁ‘iTg!"“"“iYYIYYY!g!)“‘Tr‘r"’!rgvr:|1{v‘tt't'l"'l111‘(11v]’7ﬁ‘*'
SORT TABLEUN, 18,4, 1
!gTY"’I‘!"? L

LIS SN S St St S e S LA

7"I'¥71§T, AL A G S S S A S S SN A S A S N B A AN A e A

LA AL A L A S L B B AL S S S S H S S S BT M A B NS S R SN R S S U St N S M B AN M S AN SRALAND S S SN A N SR

The 18-word table of four word items whose address is "TABLEUN" is sorted and the sorted table is placed in memory in the
same locations. The key is two words long and its first word is the first word in an item.

Example E
LABEL OPERATION OPERAND COMMENTS
1 ) 10 15 20 25 30 25 40 48 50 55 50
L 2 S 4 ror v v Y Yy ¥ Y “ } A L v Y { ¥ A S r! 1] l! Y‘I ;'- f‘ " N ‘l; ~'¥ 1 T Y ¥ ¥ 1 LA S ‘ L *
BRACNE ERROR,INPUT, I8, E , N , 6 , 'L , Z
* AR S ‘ LA RS I I T ¥ v , Y v LA T T ¥ H f T LA B } LA AN | 1 T ¥ Y ] LA S B 1 ‘ LA D A 1 ¥ LI ‘ T 7 Al
LN A S S S 755 SN S S * LN shee T Y H v M S Y T | LA S A A S S A LA S S SN N S SR A A

Where the operation "BRACNE" denotes "Branch on Any Character Not Equal”, this PROCedure causes a transfer to "ERROR",
if the 18th character in the "INPUT" area is not equal to E, N, G, L, or Z. Otherwise, control is transferred to the next
statement in sequence.

Example F
LABE 71 OPERAND ‘ COMMENTS
1 & ke 15 20 153 cle’ 35 40 45 =0 Be [Sle
L2 ki ¥ 1‘7 7 ¥ ¥ : Y r H k2 L4 LA T H T H T 4 ¥ i T H * ¥ { Lo ‘ v i L4 f x L] L3 s ? ¥ H i ¥ ¥
MOVE INPUT ,8,0UTPUT, 14,9
¥ ¥ ¥ L o ¥ ? L T }' L ; L3 k4 T 14 L k4 H H k4 * T T ! ¥ ¥ ¥ ¥ ! Al 1 T : L1 € i T ?’ k1 L2 k] k) -I T T T 1 3 ‘! 1 L ¥
LI S 2o SNEANEE N S i ¥ T T 4 gy T LA S e S S S A 1 T A S N M G S A B S

The nine characters, starting at the eighth character position of the memory area "INPUT", are moved to positions 14 through
22 of the area "OUTPUT".
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Example G

~PE i CORMMENTS

! AR

i 530 5

% H s L o A o G

f vy s vy y vy ¥y ¥ e T Y

RATE ~ FIELD  WORK,9,4 .

[N S S A e LA T ; { ; ¥ e e

H

;& — —— veyy g gy gy ey ’ ‘ i B A S e e ¢ - oy

The four characters, beginning in the ninth character position of "WORK", are defined as a field. The name or label "RATE"
is assigned to that field.

Example H
PAREL PERATION OPet COMMENTS
4 10 15 20 25 SO 35 15 50 55
oy v Y . ey ¥ e T oy T T
_MOVE INPUT,20,RATE R ‘
T T ¥ ¥ HE LI LA . 1 Y L. € gy T oy Y YT - S A A

A four-character field, starting at the 20th character of the memory area "INPUT", is moved to the field named "RATE",
which begins at the ninth character position of the area "WORK" and is four characters long.

Example 1
LABEL
1 5 20 4G 3% e b =
CGMPARE VALUE, vQLusz f *,'j ,i;:;¥ ‘r . !*‘:V’ .
BRHT HIGHVAL ’ ~Z*f~:i jT’ r §> R
¥ " 2 4 7 LA ¢ L B Y H oy Y ; H ¥ P ¥ Al v 2 ) S A T .

These two PROCedures compare two fields identified as "VALUE]" and "VALUE2" and branchtoa |ocof|on labeled "HIGHVAL"
if "WALUE2" is higher than "VALUE1".

Example J

Problem: An existing data file contains logical records of three characters each, blocked by a factor of twenty. The record,
in memory at INPUT AREA, must be internally sorted before processing.

Method: Realign logical record internally to four characters each (one per word).

1 15 20 an
SORTAREA, zo,v . N
i =4 . '5¥THROUGH
LOOPCOUNTER _WILL MOVE 20 FIELDS ‘
‘ _=INPUTAREA INITIAL1ZE_ MGVEBA§E A
MOVEBASE ’ _ ! '
kDX =0 ‘ f lNlTIAleE !NDE .
LOOP __MOVE *MOVEBASE L(SORTAREA) , 1,3 "~ ' "~ .
MOVE #MOVEBASE 4 (stTAREA+|), .3 ' ' ’
) __MOVE #MOVEBASE, 7 (SORTAREA+2) , r BARARSERRAERAN
' “ MOVE ! *MOVEBASE , (SORTAR EA+3V 3’ o
_EAX BTEP INDEX T o
,,,.,,,th,,.yr13,,,,,,,,l,,,,g.,, STEE MGVEBASE S —
DM "MOVEBASE '~~~ 'BY THREE WoRDS ' "'
e SKR 'LOOPCGUNTER o TEST LOOP PASSES o
BRU____LoOP - AAAAAARAREARARARASERARRERN
e SORT__ SORTAREA,20, |,t,3
e s g e s s e e e g ;
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Example K

Note that the previous example has a logical requirement for two index registers, one to modify INPUTAREA, the other to
modify SORTAREA. But only one hardware index register is available in the XDS 900 Series Computers. Indirect addressing
is easily used to gain the effect of the other index register. For example, the same loop could be written:

LABEL OPERAND COMMENTS
1 = He T prie =l il 35 7% ) 1 B S0
¥ v T A3 i T g v ¥ L3 I L S 4 ¥ T I L 4 h g I A g ¥ E 3 Y ‘g Al L4 T 1 L] T L . x’ T
BLANK SGRTAREA zo
¥ T L4 T ¥ x 1 4 ¥ ¥ L ¥ ! L4 T L 4 Y { ¥ Y 1 ¥ ; L3 v L ‘ v b4 Y ‘ 1 ¥ YT ¥ Y k1 L4 £
LDA -4
T A g f k4 T v v f h ghuie & L4 H v i k4 T ‘{ T ¥ H H I k] ki { k4 A 1 ‘i £ +
STA LOOPCOUNTER
¥ ¥ ¥ Y Y y L] i g k4 T { ¥ T T L E }' L ¥ ; ¥ I 2. L4 LA Ed 5 F ! ¥
LDA -soafAREA
Ty LA S e 3 ¥ TYTYY b i T LA S SN AL A S S A A A S S AR S A 1 v T k1
TA SORTBASE
G I St S 4 LA S | g T LA AR S e ﬁfilg LA f YTTTY T «g!"TTY LA S S B
L DX =0

1 LA T ¢ ¥ ¥ H ¥ L L B ! ¥ 1 T ¥ !§ * T L 4 ! L LA "}' ki T 3' Al Ad
LOOP MOVE fINPUTAREA), ,*SO’RTBASE, 0 N

3
MOVE INPUTAREA) .4, *SORTBASE, 5, 3
MOVE ’(1NPUTARE£).7 ¥SORTBASE , 9 T ' ! '
i o

INPUTAREA' '*SGRTBASE ,'| DRSS

(4

—

LA St S A S A SR S 4 LA § ST T Ty 1 T LN S S A A A LA A S S S I A

AL S S
LDA
L LA LS 1 !r;lxr']!‘{vlil‘l rgif?lg’t 11‘?‘!!“!1!‘1“7](!!“ LS 4
ADM SORTBASE
LA SRS S A, S S A S v T T 7 YT Y T T SN
LOOPCOUNTER
v TTYTTTTYTTTYY T Y TrTYTTTTTYTY | SN AR N S L R AN SELAN S S A S LA R U B RN SR SRS S A A
LOGP
LA S SNl S SN s ot S SHRG SR NN N S B T TTTTYYTTYTTYTYY LANLENA SR AN AL A S L S SR AN N AN A AL S
SGRT saRTAhEA 20 0 153
L AN S N S e MR SN SN SN SN RN e xtivrr 7T T YT T LANLANL SN S R AR S SN NN B B S B A S
LA S S L SN A LA S SN LA 5 S B S R A S S A S R S AL S I S A S SR B A S S AL AN LA AL LA AL AN
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These examples assume that the labels MOVEBASE (SORTBASE), INPUTAREA, SORTAREA, and LOOPCOUNTER have been de-
fined elsewhere in the program.

Example L

When processing data whose format is a variable at run-time, one cannot specify the high-order character position required for
such operations as MOVE. Such data is best scanned and processed after being unpacked to one character per word by the
UNPACKR operation.

Assume a data card has been read into CARDAREA containing personnel names and account numbers in the following format:
first name first, at least one space (blank), last name, comma, account number. For example:

SAMUEL GREENFIELD, 90060-01

The names and account numbers are to be built up in a table for subsequent processing. Assume a maximum of twenty charac-
ters each for the first name and the last name, and twelve characters for the account number. Thus, the internal logical record is
fifty-two characters (thirteen words) long.

The code that might be used for this example is given on the following page.
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L ARE]

__READCD 'CARDAREA gttt
UNPACKR CARDAREAMQQAﬂAgﬁAwggwymﬁAgg 80 _COLUMNS, -
. . LDA T TSCANAREA | __INITIALIZE ) .
‘{,erYSTA . COLUMNCOUNT POSITION ,,,,,Yr;,,,, .
¥ SCAN_TO END OF FIRST NAME | ‘ '
* CURRENﬁ PLACE IN DATA TABLE IS ALREADY ssf w.
‘HQQPJ_TﬁﬁAFFQ‘YNEXT ¥ COLUMNCOUNT), 4, oeo MRS AR
_MIN coLuMNcoUNT ‘ ' ‘ ' ' ’

T TTTBRU. . Leepl ‘ ; ‘ T r '
T T R COMRE SR T S — ——
e T TS CANARER T T e
- ARaa FIRSTNAMECOUNT SRS AR RRAL AR
o PACKR  ¥DATATABLE,SCANAREA, (FIRSTNAMECOUNT) "
oo LDA =5 e STEP _DATA_TABLE RN

___ADM_ IDATAfABLEs * POSITION zo CHARACT€d§'
LoGP2 BRACNE NEXTZ2, :coLUMNCdUNT 4,060 SKIP EXTRA BERRERARE
":jzyhﬁh’::,,ceLuMNceUNT T TSPACES PRECEDING _

_____BRU  Leop2 . _LAST NAME AR .
NEXT2 _MOVEWD _COLUMNCOUNT,STARTOFLASTNAME " "' " """ "~
LOOP3 BRACEQ NEXT3, *CGLUMNCdUNT 4 073 _'SCAN_TO chMA L
o MIN ”%GLUMNCGUMT BARRAE AR REEARRRS
f;if{r!Bqus‘r‘l TLeeP3 ¥ H \"; H sY‘T T 1171.4 i
EXT3 LDA _____ COLUMNCOUNT _ o AR

T sUB __ STARTOFLASTNAME """ T -
_STA  LASTNAMECOUNT
o _PACKR _ #DATATABLE, ¥STARTEFLASTNAME, (LASTNAMEcegNT)
DA =5 , e STEP DATA TABLE -
ADM DATATABLE BY TWENTY | CHARACTERS .
_MIN ~~ COLUMNCOUNT =
__PACKR *DATATABLE *COLUMNCOUNT, 3 MOVE. AccduuT’iyé' ﬁ
_Sunsushiiiien T e T
B ‘LDA SR T T T T 'STEP. DATA__TABLE ! L
i ,Apy “;‘DATATABLE ; ”f;,k‘ BY TWELVE CHARACTERS s
,,,,, B e e
N S —

Note that the above code assumes the actual data table has been blanked prior to the loop so that all names will be appropri-
ately filled out to the assumed length of twenty characters. The labels CARDAREA, DATATABLE, SCANAREA, COLUMNCOUNT,
FIRSTNAMECOUNT, STARTOFLASTNAME, and LASTNAMECOUNT must be defined elsewhere in the program.

BPOV for the XDS 9300 Computer

BPOV was not implemented for the XDS 9300 because it can not be done in a completely generalized way. In the first place,
MONITOR prints its own heading line at the top of each page and, secondly, any output on the printer by any file name will
reduce the line count remaining. If one knows that only one file is going to the line printer, the following PROCedure defini-
tions may be useful even if they are not completely general. See Example M on the following page.
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Example M

One uses SETLINES at the beginning of the executable program.
cluding his own heading line and the number of lines (N) upspaced after the heading in the NEXTPAGE PROCedure. LINE-

COUNT is a counter cell defined by the user.

The number of lines (P(1)) is the user's

LABREL COMMENTS
1 = EE prsel p 20O aE 40 a5 =50 55 =0
hi Al L2 T ‘E’ k] k4 kil ¥ }‘ ¥ El A4 ’{ Y k4 4 L 4 L] B ¥ 5 : 2 ! ¥ T v ¥ ; T ¥ Y i\! v
P PROC . ‘
£ 00 it 4 L ¥ Y 1 A ] ¥ ! YT ! Ty H k4 ¥ f YTy g T % T ‘{ 4 A }' hd v
BPOV NAME
4 T r P H " T A1 Y ki
SKR LINECGUNT REDUCE LINES REMAINING
k4 3 4 H 7 ¥ Ea ] v { L L4
BRU P(I) , . THERE IS STILL ReeM
) 4 LA B B S S ) YTy T Y 5NN Stuh dab s 3 A4 x4
LAST LINE 'HAS BEEN PRINTED
T ¥ kAl L] L4 ; ¥ £ L1 L i s T L1 L4 ¥ T Y }' v T ¥ L4 l’ £ 2 I L 3 L3 ¥ 1 k3 ¥
H 14 ¥ 5 ¥ Ll L { H g H ¥ L H v H ¥ z i1 W H I & ¥ H ¥ ¥ ] " A L s L4 T Li L3 ¥ i R 2 ‘ L4 ¥
3 ¥ L 3 T T k] ki ki ¥ T ¥ T 3 T L ks L H EH ¥ LS Y T ! b e ¥ v v A4 Y ! Y ¥ Y L3 g k4 L4 T ; yror v H ey
P PROC
‘ k4 Y }‘ T L4 '% ] ¥ T 4 T A £ 2 g L4 L AERE N 2 t ¥ 1] ¥ x ‘ A L3 Y ¥ ! ki A3 R v , ¥ v L4
NEXTPAGE NAME !
L k4 T r L4 ¥ T i 2N T !’ T ¥ ; ¥ T { k4 v ¥ T ¥ ¥ ¥ Ls ¥ T ¥ Y v L A L I v T T L i T A ¥ Y } h T A4
'RES TORE : ! '
Y L3 ¥ l 1] L4 T L3 X Al T k4 ¥ ;T 1 Y S £ l T ¥ Y A 4 * LA L 4 ‘ k] 1 L ¢ k] ‘ T k4 1 4 ‘ T T k1
RINT _HEADING i
T ¥ 14 L 4 i ¥ i 3 v k3 l L T L1 ¥ ¥ % A ¥ ka ] ¥ ¥ L1 ‘ v ¥ I T A LS Y “ T A3 ¥ ¥ { v ¥ L4 L4 I T T * v ! T 1 1
UPSPACE ‘
L T L x L LA L2 T ‘!’ 14 ¥ L * T ¥ ¥ L] * k] ¥ T T ‘ L4 ¥ ¥ ¥ g ¥ T ¥ { k] 3 ; Y r o ! ¥ g 2 3 Y T A s " L L3 ¥ t ¥ k4 k4
LDA ‘=L|N€s-|
¥ ¥ ¥ L] ¥ 1T ¥ 13 L s 3 ] L1 T ¥ 1] ‘§ ¥ Y ¥ ¥ [ i L] L4 L3 L3 T ¥ 1 L4 L 4 A4 T ! A LA L i ¥ ! A ¥ ¥ L ! T L4 ¥
STA LINECGUNT ! !
H L4 ¥ T ¥ T v I T ¥ [ T T v T ¥ ¥ ¥ T ‘ T T F ¥ l L Y k4 T ! A 4 Y ¥ " L3 Y ¥ ¥ ! L3 Y 1 4 ! L] L4 ¥ Y i ¥ L 4 ¥ ¥ T 1
END
i ¥ ¥ LN SN A SR § ¥ g’ 14 ¥ ) " k4 T v T 3‘ v k4 L 4 1 L 3 T k4 ! ¥ 1] ¥ T ‘ T T ¥ ¥ ’f k1 13 k4 T I A % ¥ A ¥ LA R 3 k. i k3 ¥ A 4 T I A 4
Ty v L 4 LN R S ¥ '{ ooy r LA LA LA 4 ‘E L o L] } LA 2 H A 3 Y Y LA § T ™Y Y ! A A4 Y i Y v v i ) 4 L A 1 ¥ ‘f ¥ ¥ T
P PR@% ‘
k4 T k4 Y ‘ T Y L T L 4 L 4 T ; k4 1 k4 A i T ¥ v YT k4 L 4 ¥ x I v k A4 2 T L 4 f ¥ k3 ¥ §' T ¥ L3
SETLINES NAME I '
Y T ¥ ¥ YM 2 v k3 kg A ¥ L ] L T k3 L1 ¥ k4 ¥ ¥ T ‘ ¥ L4 L 4 ; ¥ v L 4 ¥ v Y ¥ ¥ H T L3 R 3 LA ¥ ¥ L3 LS ¥ E k4 ¥
IB R § M\MAR G f L YT I T T T L } YT ¥ ; T TR ‘( ¥ L ! TTTTYTY
-y ¥ Y | H ¥ + ToYrTYTTY
PZE P(l)+l
2 4 T v £ 2 ki T ¥ T T T ¥ ki : ) T ! LS E ¥ H T ¥ ; ¥ ¥ “ v 1’ ¥ kd ¥ 7 ‘ v ¥ L4 L I v € ¥ ¥ i 13 ¥ T A s ‘ A f Y ;3
STZ LINECOUNT
L} k4 T T ]‘-‘i ¥ % H ¥ ! ¥ ki T T ‘{ ¥ R T T }’ ¥ v § H EH ¥ ¥ L 2 A A 4 } A4 T La v T L2 T f k] LA 4 3 l T T ¥ ‘! L 2 4 R
END
AN SR A B 4 T £ 1 LA ¥ } L 208 e & 7 Y LI B H R4 4 A g YT g h A 3'7, LA . 4 g Y T I 4 Y
¥ ¥ ¥ ¥ T W ¥ ¥ T—y ¥ ¥ ¥ ¥ g ¥ T ¥ ¥ ! ¥ L 4 A I L4 T ¥ I T A i T ; i ¥ k4 '; T L ¥ L 3 ; x v T i 4 ' ki ks T ¥ [ L] Ll ¥ T ! T L 4 L 3

number of lines in-

NEXTPAGE restores the page, printing the MONITOR's title line, the user's

title (33 words beginning at HEADING, where HEADING is defined by the user), upspaces the margin desired before the reg-
ular information, and sets up the counter used by the BPOV PROCedure. LINES is the number of actual information lines per

page, excluding headings.
each page.

MONITOR title and user title, additional subheadings, etc.

See Example N below.

This discussion points out an important feature of XDS Business Language.

By using BPOV prior to each PRINT, the programmer is sure that his title will appear at the top of
Note that additional features could be added to the NEXTPAGE PROCedure, including an UPSPACE between the
The extra lines must be reflected in the SETLINES PROCedure.

The programmer can use the full META-SYMBOL

PROCedure power to define his special combinations of Business Language Procedures, creating a still higher-level language

(NEXTPAGE does more than RESTORE).

BPOV that will satisfy his requirements,

Because of this inherent power, the XDS 9300 user can often implement for himself a

Example N
g COMMENTS
1k “9 e 15 e 25 30 35 43 45 =0 55 [Sin
L S ¥ St T & LS e | T LN e SN A S A SIS S A S SN AL SN S B S B A S g T
SETLINES 35

T i S ¢ Y 7 LA gy LA S A A | YT Y =y
’ T + L4 ¥ ¥ LA ¥ ¥ ¥ v L1 L4 Y v hd ¥ g
f’° Ty gy L g T £ Y gy T T Lo ¥

{ i H

; dev NEXT
gy " ST — ooy g et . .
: NEXTPAGE
E S S S S S Ee g I g 'i"‘T"}” ¥ ¥ Y FTTTTTYTYTTYTYTTY T ¥ ki LA S S S
NEXT PRINT INF@RMATI NLINE

. ey e e S S

T L ¥ ¥ ¥ ¥ T - ¥ ey ¥ ¥ i I Y l L Y k4 Al T Y Y L4 3 k2 I (] kil Al b
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XDS 920,/930 INSTRUCTION LIST

Instruction

Mnemonic Code Name
LOAD/STORE
LDA 76 LOAD A
STA 35 STORE A
LDB 75 LOAD B
STB 36 STORE B
LDX : 71 LOAD INDEX
STX 37 STORE INDEX
EAX 77 COPY EFFECTIVE ADDRESS INTO INDEX
XMA 62 EXCHANGE M AND A
ARITHMETIC
ADD 55 ADDMTO A
ADC 57 ADD WITH CARRY
ADM 63 ADDATO M
MIN 61 MEMORY INCREMENT
SUB 54 SUBTRACT M FROM A
suC 56 SUBTRACT WITH CARRY
MUL 64 MULTIPLY
DIV 65 DIVIDE
LOGICAL
ETR 14 EXTRACT
MRG 16 MERGE
EOR 17 EXCLUSIVE OR
REGISTER CHANGE
RCH, COPY 46 REGISTER CHANGE
CLA 0 46 00001 CLEAR A
CLB 0 46 00002 CLEAR B
CLR 0 46 00003 CLEAR AB
CAB 0 46 00004 COPY AINTO B
CBA 0 46 00010 COPY BINTO A
XAB 0 46 00014 EXCHANGE A AND B
BAC 0 46 00012 COPY B INTO A, CLEAR B
ABC 0 46 00005 COPY AINTO B, CLEAR A
CXA 0 46 00200 COPY INDEX INTO A
CAX 0 46 00400 COPY A INTO INDEX
XXA 0 46 00600 EXCHANGE INDEX AND A
CBX 0 46 00020 COPY B INTO INDEX
CXB 0 46 00040 COPY INDEX INTO B
XXB 0 46 00060 EXCHANGE INDEX AND B
STE 0 46 00122 STORE EXPONENT
LDE 0 46 00140 LOAD EXPONENT
XEE 0 46 00160 EXCHANGE EXPONENTS
CNA 0 46 01000 COPY NEGATIVE INTO A
BRANCH
BRU 01 BRANCH UNCONDITIONALLY
BRX 4] INCREMENT INDEX AND BRANCH
BRM 43 MARK PLACE AND BRANCH

BRR 51 RETURN BRANCH



Mnemonic

TEST/SKIP

SKS
SKE
SKG
SKR
SKM
SKN
SKA
SKB
SKD

SHIFT

RSH
RCY
LSH
LCY
NOD

CONTROL

HLT, PZE
NOP
EXU

Instruction

Code

40
50
73
60
70
53
72
52
74

0 66 000XX
0 66 200XX
0 67 000XX
0 67 200XX
0 67 100XX

00
20
23

Name

SKIP IF SIGNAL NOT SET

SKIP IF A EQUALS M

SKIP IF A GREATER THAN M

REDUCE M, SKIP IF NEGATIVE

SKIP IF A =M ON B MASK

SKIP IF M NEGATIVE

SKIP IF M AND A DO NOT COMPARE ONES
SKIP IF M AND B DO NOT COMPARE ONES
DIFFERENCE EXPONENTS AND SKIP

RIGHT SHIFT AB

RIGHT CYCLE AB

LEFT SHIFT AB

LEFT CYCLE AB

NORMALIZE AND DECREMENT X

HALT
NO OPERATION
EXECUTE

BREAKPOINT TESTS (Breakpoints specified as expression list in operand field)

BPT

0 40 20XX0

OVERFLOW (No operand)

OovT
ROV
REO

0 40 20001
0 02 20001
0 02 20010

INTERRUPT (No operand)

EIR
DIR
IET
IDT
AIR

0 02 20002
0 02 20004
0 40 20004
0 40 20002
0 02 20020

BREAKPOINT TEST

OVERFLOW INDICATOR TEST AND RESET
RESET OVERFLOW
RECORD EXPONENT OVERFLOW (930 only)

ENABLE INTERRUPT SYSTEM
DISABLE INTERRUPT SYSTEM
INTERRUPT ENABLED TEST
INTERRUPT DISABLED TEST
ARM INTERRUPTS

CHANNEL CONTROL (Channel designated by expression in operand field)

ALC
DSC
ASC
TOP

X 0X 50X00
X 0X 00X00
X O0X 12X00
X 0X 14X00

ALERT CHANNEL (930 only)

DISCONNECT CHANNEL

ALERT TO STORE ADDRESS IN CHANNEL (930 only)
TERMINATE OUTPUT ON CHANNEL
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64

Mnemonic

Instruction

Code

Name

CHANNEL TESTS (930 only - Channel designated by expression in operand field)

CAT
CET
czt
CIT

INPUT/OUTPUT

MIW
WIM

MIY

YIM

BRTW, BRTY
BETW, BETY
POT

PIN

EOM

EOD

X 40 X4X00
X 40 X1X00
X 40 X2X00
X 40 X0X00

12

32

10

30
0 40 2X000
0 40 200X0

13

33

02

06

CHANNEL ACTIVE TEST
CHANNEL ERROR TEST
CHANNEL ZERO COUNT TEST
CHANNEL INTER-RECORD TEST

M INTO W BUFFER WHEN READY

W BUFFER INTO M WHEN READY

M INTO Y BUFFER WHEN READY

Y BUFFER INTO M WHEN READY

BUFFER READY TEST

BUFFER ERROR TEST

PARALLEL OUTPUT

PARALLEL INPUT

ENERGIZE OUTPUT M

ENERGIZE OUTPUT TO DIRECT ACCESS CHANNEL (930 only)



Nonstandard instruction configurations are indicated in parentheses beside the instruction class affected; for examples, see

BREAKPOINT TESTS, OVERFLOW.

Mnemonic
LOAD/STORE

LDA
STA
LDB
STB

LDX
STX
EAX

ARITHMETIC

ADD
MIN
SuB
MDE
MUS
DIS

LOGICAL
ETR

MRG
EOR

REGISTER CHANGE

RCH, COPY
XAB
BAC
ABC
CLR

BRANCH

BRU
BRX
BRM
BRR

TEST/SKIP

SKS

SKG
SKN
SKA
SKM

Instruction

Code

76
35
75

71
37
77

55
61
54
60
64
65

14
16
17

46
0 46 00000
0 46 10000
0 46 20000
0 46 30000

01
4]
43
51

40
73
53
72
70

XDS 910/925 INSTRUCTION LIST

Name

LOAD A

STORE A

LOAD B

STORE B

LOAD INDEX

STORE INDEX

COPY EFFECTIVE ADDRESS INTO INDEX

ADD M TO A
MEMORY INCREMENT
SUBTRACT M FROM A
MEMORY DECREMENT
MULTIPLY STEP
DIVIDE STEP

EXTRACT
MERGE
EXCLUSIVE OR

REGISTER CHANGE
EXCHANGE A AND B
COPY B INTO A, CLEAR B
COPY A INTO B, CLEAR A
CLEAR A, B

BRANCH UNCONDITIONALLY
INCREMENT INDEX AND BRANCH
MARK PLACE AND BRANCH
RETURN BRANCH

SKIP IF SIGNAL NOT SET

SKIP IF A GREATER THAN M

SKIP IF M NEGATIVE

SKIP IF M AND A DO NOT COMPARE ONES
SKIPIF A =M ON B MASK
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66

Mnemonic

SHIFT
RSH
RCY
LSH
LCY
NOD

CONTROL

HLT, PZE
NOP
EXU

Instruction
Code

0 66 000XX
0 66 200XX
0 67 000XX
0 67 200XX
0 67 100XX

00
20
23

Name

RIGHT SHIFT AB

RIGHT CYCLE AB

LEFT SHIFT AB

LEFT CYCLE AB

NORMALIZE AND DECREMENT X

HALT
NO OPERATION
EXECUTE

BREAKPOINT TESTS (Breakpoints specified as expression list in operand field)

BPT

0 40 20XX0

OVERFLOW (No operand)

OVT
ROV

EIR
DIR
IET
IDT
AIR

0 40 20001
0 02 20001

INTERRUPT (No operand)

0 02 20002
0 02 20004
0 40 20004
0 40 20002
0 02 20020

BREAKPOINT TEST

OVERFLOW INDICATOR TEST AND RESET
RESET OVERFLOW

ENABLE INTERRUPT SYSTEM
DISABLE INTERRUPT SYSTEM
INTERRUPT ENABLED TEST
INTERRUPT DISABLED TEST
ARM INTERRUPT

CHANNEL CONTROL (Channel designated by expression in operand field)

ALC
DsC
ASC
TOP

X 0X 50X00
X 0X 00X00
X 0X 12X00
X 0X 14X00

ALERT CHANNEL (925 only)
DISCONNECT CHANNEL

ALERT TO STORE ADDRESS IN CHANNEL (925 only)

TERMINATE OUTPUT ON CHANNEL

CHANNEL TESTS (925 only - Channe! designated by expression in operand field)

CAT
CET
CcZT
CIT

INPUT/OUTPUT

MIW
WIM

MIY

YIM

BRTW, BRTY
BETW, BETY
POT

PIN

BPO

BPI

EOM

EOD

X 40 X4X00
X 40 X1X00
X 40 X2X00
X 40 X0X00

12

32

10

30
0 40 2X000
0 40 200X0

13

33

11

31

02

06

CHANNEL ACTIVE TEST
CHANNEL ERROR TEST
CHANNEL ZERO COUNT TEST
CHANNEL INTER-RECORD TEST

M INTO W BUFFER WHEN READY
W BUFFER INTO M WHEN READY
M INTO Y BUFFER WHEN READY
Y BUFFER INTO M WHEN READY
BUFFER READY TEST

BUFFER ERROR TEST

PARALLEL OUTPUT

PARALLEL INPUT

BLOCK PARALLEL OQUTPUT (925 only)
BLOCK PARALLEL INPUT (925 only)
ENERGIZE OUTPUT M

ENERGIZE QUTPUT TO DIRECT ACCESS CHANNEL (925 only)



Instruction

XDS 9300 INSTRUCTION LIST

Name

FLOATING-POINT

FLA 65

FLS 64

FLM 67

FLD 66
LOGICAL

ETR 1

MRG 13

EOR 12
REGISTER CHANGE
Mode 1

RCH, COPY 0 40 XXXXX

Mode 11

RCH, COPY X 40 XXXXX

Mode II1

AXB 4X 40 XXXXX

Mnemonic Code

LOAD/STORE
LDA 16
STA 76
LDB 14
STB 74
LDX X =17
STX X =77
S1Z 0-77
LDP, LDF 26
STD, STF 75
XMA 36
XMB 34
XMX X -37
LDS 06
STS 70
EAX 15

ARITHMETIC
ADD 05
DPA 25
SUB 04
DPS 24
MPO 71
MPT 72
MUL 63
DIV 62
ADM 35
TMU 61
DPN 27

LOAD A

STORE A

LOAD B

STORE B

LOAD INDEX

STORE INDEX

STORE ZERO

LOAD DOUBLE PRECISION (FLOATING)
STORE DOUBLE PRECISION (FLOATING)
EXCHANGE M AND A

EXCHANGE M AND B

EXCHANGE MEMORY AND INDEX
LOAD SELECTIVE

STORE SELECTIVE

COPY EFFECTIVE ADDRESS INTO INDEX REGISTER 1

ADDMTO A

DOUBLE PRECISION ADD
SUBTRACT

DOUBLE PRECISION SUBTRACT
MEMORY PLUS ONE
MEMORY PLUS TWO
MULTIPLY

DIVIDE

ADD ATO M

TWIN MULTIPLY

DOUBLE PRECISION NEGATE

FLOATING ADD
FLOATING SUBTRACT
FLOATING MULTIPLY
FLOATING DIVIDE

EXTRACT
MERGE
EXCLUSIVE OR

ADDRESS TO INDEX BASE
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68

Mnemonic

BRANCH

BRU
BRX
BRC
BRM
BMA
BRR

TEST/SKIP

SKE
SKU
SKG
SKL
SKR
SKM
SKN
SKA
SKB
SKP
SKS
SKF
SKQ

SHIFT
SHIFT
ARSA
ARSB
ARSD
ARST

LRSA
LRSB
LRSD
LRST

CRSA
CRSB
CRSD
CRST

ALSA
ALSB
ALSD
ALST

LLSA
LLSB
LLSD
LLST

CLSA
CLSB
CLSD
CLST

NORA
NORD

Instruction

Code

01
X - 57
0-57
03
43
41

45
47

73
55
53
54
52
51
20
50
56

60
60-20
60-10
60-00
60-30

60-21
60-11
60-01
60-31

60-22
60-12
60-02
60-32

60-24
60-14
60-04
60-34

60-25
60-15
60-05
60-35

60-26
60-16
60-06
60-36

60-60
60-40

Name

BRANCH UNCONDITIONALLY

INCREMENT INDEX AND BRANCH

BRANCH AND CLEAR INTERRUPT

MARK PLACE AND BRANCH

BRANCH AND MARK PLACE OF ARGUMENT ADDRESS
RETURN ADDRESS

SKIP IF A EQUALS M

SKIP IF A UNEQUAL TO M

SKIP IF A GREATER THAN M

SKIP IF A LESS THAN OR EQUAL TO M
REDUCE M, SKIP IF NEGATIVE

SKIP IF A =M ON B MASK

SKIP IF M NEGATIVE

SKIP IF M AND A DO NOT COMPARE ONES
SKIP IF M AND B DO COMPARE ONES

SKIP IF BIT SUM EVEN

SKIP IF SIGNAL NOT SET

SKIP IF FLOATING EXPONENT INB>M
SKIP IF MASKED QUANTITY IN A GREATER THAN M

“«

SHIFT (Used in conjunction with indirect addressing)
ARITHMETIC RIGHT SHIFT A

ARITHMETIC RIGHT SHIFT B

ARITHMETIC RIGHT SHIFT DOUBLE

ARITHMETIC RIGHT SHIFT TWIN (A AND B)

LOGICAL RIGHT SHIFT A

LOGICAL RIGHT SHIFT B

LOGICAL RIGHT SHIFT DOUBLE
LOGICAL RIGHT SHIFT TWIN (A AND B)

CIRCULAR RIGHT SHIFT A

CIRCULAR RIGHT SHIFT B

CIRCULAR RIGHT SHIFT DOUBLE
CIRCULAR RIGHT SHIFT TWIN (A AND B)

ARITHMETIC LEFT SHIFT A

ARITHMETIC LEFT SHIFT B

ARITHMETIC LEFT SHIFT DOUBLE
ARITHMETIC LEFT SHIFT TWIN (A AND B)

LOGICAL LEFT SHIFT A

LOGICAL LEFT SHIFT B

LOGICAL LEFT SHIFT DOUBLE
LOGICAL LEFT SHIFT TWIN (A AND B)

CIRCULAR LEFT SHIFT A

CIRCULAR LEFT SHIFT B

CIRCULAR LEFT SHIFT DOUBLE
CIRCULAR LEFT SHIFT TWIN (A AND B)

NORMALIZE A
NORMALIZE DOUBLE



Mnemonic

Instruction

Code

Name

FLAG REGISTER (Single operand expression)

FLAG
FIRS
FSTR
FRTS
FRST
SWT

CONTROL

HLT, PZE
NOP
EXU
INT

REP

22
22-0
22-1
22-2
22-3
22-4

00
10
21
07
23

INTERRUPTS (No operand)

EIR
DIR
AIR
IET
IDT

0 02 20002
0 02 20004
0 02 20020
0 20 20004
0 20 20002

FLAG

FLAG INDICATOR RESET/SET
FLAG INDICATOR SET TEST/RESET
FLAG INDICATOR RESET TEST/SET
FLAG INDICATOR RESET/SET TEST
SENSE SWITCH TEST

HALT

NO OPERATION

EXECUTE

LOAD OP CODE INTO INDEX 2, SKIP ON BIT 1
REPEAT INSTRUCTION IN M

ENABLE INTERRUPT SYSTEM
DISABLE INTERRUPT SYSTEM
ARM INTERRUPTS
INTERRUPT ENABLED TEST
INTERRUPT DISABLED TEST

CHANNEL CONTROL (Channel designated by expression in operand field)

DsC
ALC
ASC
TOP

X X2 00X00
X X2 50X00
X X2 12X00
X X2 14X00

DISCONNECT CHANNEL

ALERT CHANNEL

ALERT TO STORE ADDRESS IN CHANNEL
TERMINATE OUTPUT ON CHANNEL

CHANNEL TEST (Channel designated by expression in operand field)

CAT
CET
CIt

czt

INPUT/QUTPUT

EOM
EOD
PIN
POT
MIA
AIM

X 20 X4X00
X 20 X1X00
X 20 X0X00
X 20 X2X00

02
42
33
31
30
32

CHANNEL ACTIVE TEST
CHANNEL ERROR TEST
CHANNEL INTER-RECORD TEST
CHANNEL ZERO COUNT TEST

ENERGIZE OUTPUT M

ENERGIZE OUTPUT TO DIRECT ACCESS CHANNEL
PARALLEL INPUT

PARALLEL OUTPUT

MEMORY INTO CHANNEL A BUFFER

CHANNEL A BUFFER INTO MEMORY
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SPECIAL INSTRUCTIONS - XDS 900 SERIES/XDS 9300 COMPUTER

XDS 9300 REGISTER CHANGE INSTRUCTION (040)

This instruction has three main functions:

Interchange and /or modify information between selected
bytes of A and B.

Interchange and/or modify information among selected
bytes of A, B, and the index registers.

Load the address portion of a selected index register
from the address portion of the instruction.

In modes 1and 2, the address portion of the instruction serves
to extend the operand code; each address bit has a particu-
lar significance during instruction decoding and execution.
In mode 3, however, the interpretation of the address por-
tion is conventional; the 15-bit value defines an operand.
Therefore, in mode 3, the instruction is programmed follow-
ing the mnemonic, AXB, by an expression in the operand
field. The assembler inserts the value of the expression in
the instruction's 15-bit address portion.

When programmed in mode 1or2, the instruction may be given
one of two mnemonics: RCH or COPY. The assembler pro -
cesses the operand field of RCH in the conventional manner,
inserting the evaluated operand field expression into the in-
struction's 15-bit address portion. In general, the expres-
sion is an octal number representing the bit pattern that
specifies the function to be performed. This implies the pro-
grammer's detailed knowledge of the instruction.

The operand field of COPY is interpreted differently. The
field consists of a byte selection "mask" followed by one
or more grouped expression lists that describe the desired

Example 14.

The programmer need not be concerned with
See Example 14.

operations (s).
operand specification via bit patterns.

Unless a merge is specified, the assembler automaticallysets
the "clear" bit. Thus, the second line causes the genera-

tion of 0 40 37703.

Label Operation Operand

LABEL |COPY E, (EN1, ..., EIN), (E21,... E2N), ...,
(EM, ..., EMN)

Since parenthetical notation is used in the operand field,
parentheses are not used to denote "optional." As usual, the
label is optional and may or may not be external. The first
operand and all successive operand lists are also optional.

Rules:

1. The byte selection mask, if present, is the first expres -
sion to appear in the operand field. It is not enclosed
within parentheses. In the absence of this expression,
the assembler assumes the mask 077777777 to be implic-
itly specified. Actually, the assembler cannot insert
the mask directly into the byte-selection position of the
instruction, since the 24-bit value must be mapped into
three or eight bits. However, it is convenient to think
of the mask in this manner. Since the mask may be an
expression, it need not always be written as an octal
number. See Example 15,

Unless the programmer indicates that the specified index
register be cleared (in a mode 2 register change), the as-
sembler automatically sets one of the bits, 12, 13, or 14,
to prevent the register from being cleared.

§ oA ne
LADBUL

&c« AL <48

CLEAR A AND B

A R S A b e

. _COPY CGPY A _INTO BVW, )
COPY EXCHANGE A AND B .

erTTWTQgPY _MERGE THE LOW ORDER 31x o
* S ; N BITS OF A AND B IN B | {
Example 15,
1 ) :j () o =l et N LB o
EXP____EQU o177 o A ’ T

¥ L4 ¥y f I . T ! A3 H ‘¥ Y 1 1 ¥ T ‘i T b4 ki y H v
ngwrwr;ggwww o7ooooooo: - R .
e COPY EXP,(B,1),(0,8B) ADDRESS FRGM B INTG Xl
X e R ’ _ CLEAR B ADDRESS ‘ '
. cePY V;HLQMQA%&Lﬂ, TAG_FIELD FROM_A INTO B
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2. Following the mask, one or more parenthetical expres-
sion lists appear, separated by commas. Within a list,
two or more expressions (or expression groups) appear.
The first of these specifies the source of information
flow, and the last specifies the destination. In the case

of three or more successive expressions, an OR is implied.

Thus, COPY operations are specified by ordered group-
ings of values. The following definitions relate the val-
ue of an expression to the 24-bit source value/register
or destination register. Where octal registers are not
involved (0 and -1), it is convenient to imagine the ex-
istence of two fictitious registers always containing all
zeros and all ones, respectively.

Value Meaning
-5 -(A) The 2's complement of (A)t
-4 1-(A) The 1's complement of (A)
-3 1 - (B) The 1's complement of (B)
-1 -1

0 0

! (x1)

2 {X2)

3 (X3)

4 (B)

5 (A)

Therefore, to refer to the registers mnemonically, the
programmer must precede his program by equality direc-
tives such as:

A EQU 5
B EQU 4
X2 EQU 2
IA EQU -4
IB EQU -3
ONES EQU -1
Examples:
Mnemonic Notation Absolute Interpretation
COPY (A, B), (B, A) COPY (5,4), Exchange A and
(4,5) B
COPY (IA, B), (0, A) COPY (-4,4), Copy inverse of
COPY (1-A, B), (0, A) (0, 5) A into B and
clear A
COPY 070, (ONES,B) COPY070, Form mask in
COPY 070, (-1, B) (-1,4) 818-20

Thus, the programmer can specify any legitimate regis-
ter change without having to write the necessary bit
pattern explicitly and without being restricted to a pre=
selected set of mnemonic opcodes. Also, the assembler
diagnoses the variable field for legitimacy.

t
() denotes contents of.

XDS 920/930 REGISTER CHANGE INSTRUCTION (046)

The XDS 920/930 Register Change Instruction has some, but
not all, of the capabilities of its XDS 9300 Computer count-
erpart. The differences are:

The XDS 920/930 RCH does not provide for byte selec~
tion except for selecting the low-order nine bits,

The XDS 920/930 Computers include only one index
register,

There is no capability for copying (or merging) the 1's
complement of one register into another.

Format:

Label Operation Operand

LABEL COPY or COPYE | (EI1,...,EIN), (E2I,...E2N), ...
(EM1, ..., EMN)

’

As before, the label is optional and may or may not be ex-
ternal. All expression lists are optional. The mnemonic
COPY implies that operands are whole-word registers; the
mnemonic COPYE causes the exponent portion (the low-
order nine bits) only to be affected.

COPY(E) operations are specified by ordering groupings of
values. The following definitions relate the value of an ex-
pression to the 24-bit source value/register or destination
register.

Value Meaning
-5 -(A) The 2's complement of A
0 0 A register containing all 0's
2 2 The index register
4 (B) The contents of B
5 (A) The contents of A
Examples:
Mnemonic Notation  Absolute Interpretation

COPY (A, B), (B,A)  COPY (5,4), Exchange A and B

(4, 5)

COPYE (B, X), (0,8) COPYE(4,2), Extend exponent to
(0,4) X, Clear B

COPY (A, B, X) COPY Merge A and B to X

(5,4,2)
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Name

Area Definitions
Define Data Field

Define and Reserve Area of Memory

Data Transmission

Move Word String

Move Character String

Move Character String with Zero Fill
Move and Edit Character String

Decimal Arithmetic

Decimal Add

Decimal Subtract

Decimal Multiply

Decimal Divide

Decimal Conversion

Binary to BCD
BCD to Binary

Data Testing

Compare Word String
Compare Character String

Program Branch Control

Branch on Equal

Branch on Not Equal

Branch on High

Branch on Low

Branch on any Character Not Equal
Branch on any Character Equal
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Operation

FIELD

DEFAREA (DA)
DEFAREA

MOVEWD (MVW)
MOVEWD

MOVE

MOVE

MOVE

MOVE

MOVE

MOVE

MOVEIZ

MOVEED (EDIT, MCE)

DADD
DADD
DADD
DSUB
DSUB
DSuUB
DMUL
DMUL
DDIV
DDIV

BINBCD
BCDBIN

COMPARW (CPW)
COMPARE
COMPARE
COMPARE
COMPARE
COMPARE
COMPARE

BREQ (BE)
BRNE (BU)
BRHI (BH)
BRLO (BL)
BRACNE
BRACEQ

Operand

E1, HC1, CC

N
N, 'CH

E1,E2, N

E1,E2, N, X
E1,HC1,E2, HC2,CC
E1, HC1, F2
E1,HC1,CC, F2
F1,E2, HC2
F1,E2,HC2,CC
F1,F2

'Same as MOVE'

'Same as MOVE', (*$','C', P,'~' or 'CR")

E1,LOI1, CCH

E1,LO1,CCl, E2, LO2, CC2
E1, LO1, CC1, E2, LO2, CC2, E3, LO3, CC3

E1, LO1, CCH

E1,LO1,CC1, E2, LO2, CC2
E1,LO1,CC1, E2, LO2, CC2, E3, LO3, CC3
E1,LO1,CC1,E2, LO2, CC2
E1,LO1,CCY, E2, LO2, CC2, E3, LO3, CC3
E1,LO1, CCY, E2, LO2, CC2
E1, LO1,CC1, E2, LO2, CC2, E3, LO3, CC3

E1,E2, N
E1, HC1, E2, HC2, CC
E1, HCY, F2

E1, HC1,CC, F2

F1, E2, HC2

F1,E2, HC2,CC
F1, F2

El
El
El
El

E1,E2,E3, 'Ql,'Q2, . ..
E1,E2,E3,'QYV,'Q2,. ..

Page

13

13

14
14

16

16

16

16

16
16

18
18

19
19
19
19
20
20



Name

Character Manipulation

Pack Left-justified Character String
Unpack Left-justified Character String
Pack Right-justified Character String
Unpack Right-justified Character String

Data Field Initializing

Clear Word String to Zeros
Clear Character String to Zeros
Set Word String to Blanks

Set Character String to Blanks
Fill Word String with Character

Fill Character String with Character

Internal Sorting
Ascending BCD Sort
Descending BCD Sort
Ascending Binary Sort

Descending Binary Sort

Register Shifting

Logical Left Shift AB Register
Logical Right Shift AB Register

Special Operations

Set Collating Sequence
Compute Memory Size

Specify Extended Assembly Mode
Overflow Test

Branch on Arithmetic Overflow
Magnetic Tape

Write Magnetic Tape Record (BCD Mode)
Write Magnetic Tape Record (Binary Mode)
Read Magnetic Tape Record (BCD Mode)
Read Magnetic Tape Record (Binary Mode)
Rewind Magnetic Tape

Write End of Tape Mark

Backspace Magnetic Tape

Skip Magnetic Tape Records Forward

Operation

PACK (PACKL)

UNPACK (UNPACKL)

PACKR
UNPACKR
UNPACKR

CLEAR
CLEAR
CLEARCH
CLEARCH
BLANK
BLANK
BLANKCH
BLANKCH
FILL

FILL
FILLCH
FILLCH

SORT
SORT
SORTDS
SORTDS
SORTBIN
SORTBIN
SORTBDS
SORTBDS

LSHIFT
RSHIFT

COLLATE
MEMORY
MEMORY
EXTEND

BAOV

WRITETP
WTPBIN

READTP

RTPBIN

REWIND
WTMARK (WTM)
BACKSPACE

SKIPTAPE

Operand

E1,E2,...
EV,E2,...
E1,E2, N
E1,E2, N

E1, E2, N, 'CH'

E1, N
E1, N, X

E1, HC1,CC

F1

El, N

E1, N, X

E1, HC1, CC

F1

E1, N, 'CH'

E1, N, 'CH', X

E1, HC1,CC, 'CH'
F1,'CH'

ET,E2,E3, E4,E5

E1,E2,E3,E4,E5 E6

E1,E2,E3, E4,ES

E1,E2, E3,E4, E5, E6

E1,E2,E3,E4,ES

E1,E2,E3,E4,E5 E6

EV,E2,E3,E4,E5

E1,E2,E3,E4,E5,E6

zZ

'SDS! or 'BDP!

E1

El

LU, E1,CC
LU, E1,CC
LU,E1, CC
LU, E1,CC
LU

LU

LU, N

LU, N

Page

17
17
17
18

20
21
21
21

21

22

22
22
22

22

23
23

23
23

23

24
24
25
25
25
26
26

26
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Name

Punched Card

Read BCD Card
Punch BCD Card

Typewriter

Input from Typewriter
Output on Typewriter

Line Printer

Print 132-Character Line
Print 120-Character Line

Upspace Line Printer
Skip to Channel N
Skip to Channel 1

Input/Qutput Branch Tests

Branch on Channel Error

Branch on Page Overflow (XDS 900 Series only)

Branch on Printer Fault
Branch on Tape Mark

Branch on Beginning of Tape

Branch on End of Tape

Branch on File-protected Tape

Branch on Last Card

74

Operation

READCD
PUNCH

TYPEIN
TYPE

PRINT
PRINT
PRINT
PRT120
PRT120
PRT120
UPSPACE
SKPCHN
RESTORE

BCER
BPOV
BPRF
BTMK
BBTP
BETP
BFPT
BLCD

Operand

El
El

El
El

El
El,N
E‘I’IQI
El
E1, N
E], Q

El
El
E1
El
E1
El
El
El

Page

27
27

27
27, 28

28

28

29
29
29

29
29
30
30
30
30
30
30
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