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1. Introduction

1.1. GENERAL

The purposeé of this manual are to afford the information necessary for programming the SPERRY UNIVAC
9200/9300 Series Tape/Disc Assembler and a reference handbook for the programmer. The use of the assembler
coding form and the operational characteristics of the assembler are described in succeeding sections. These ’
characteristics are summarized briefly as follows:

- Mnemonic Operation Code

A fixed name, suggestive of the nature of the instruction and consisting of 2, 3, or 4 letters, is assigned to each
instruction. This applies to each variant of the branch instructions as a further aid in writing the program.

L] Symbolic Addressing and Automatic Storage Assignment

Symbolic labels can be assigned to instructions or groups of data. An instruction then references the labeled
data by the label rather than the storage address. In many cases, other data required by the instruction (such as
operand length) can be supplied automatically by the assembler. The assembler also keeps track of all storage
locations used for a particular program and assigns all incoming instructions and data to specific locations. The
assembler performs base register and displacement calculations.

= Flexible Data Representation

Data may be represented in the assembler in binary, hexadecimal, decimal, or character notation, allowing the
programmer to choose the most suitable form for each constant.

= Relocatable Programs and Program Linking

Programs are prepared by the assembler in absolute or relocatable form. In absolute form, the program storage
locations are specified within the program. In relocatable form, the actual storage locations to be eccupied by
a program need not be specified, but if specified, they may be altered easily before loading. Provisions are
made for linking together, loading, and running as one program the results of separate assemblies. The machine
time needed to make changes to one part of a program is reduced by use of this provision. The input of one
assembly can be divided into separate sections, each of which consists of a group of instructions or data, or
both, occupying contiguous locations. The relative positions of the various sections can be declared at the time
the program is linked. The output of the assembler is not in loadable form; it must be linked before loading.

" Macro Instruction Facility 2

The assembler includes a macro instruction facility that reduces the effort required to write patterns of coding
repeated in one program or common to several programs. One command to the assembler results in the
inclusion in the object program of many instructions and/or constants, or merely results in establishing one or
more values for use elsewhere within the program. The flexibility of the facility allows a macro to be written
s0 that the generated pattern of coding can vary widely depending upon the parameters supplied with the call.
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= Program Listing

A printed listing of source and object codes is one output of the assembler. This listing includes error message
flags marking any errors detected by the assembler. Source-code errors do not cause the assembly process to
halt; the assembler continues to process the remainder of the source code, performing its usual error checks,
minimizing the number of assemblies required to produce error-free code.

A computer with a tape or disc subsystem can handle data faster than a comparable card-oriented system. The
SPERRY UNIVAC 9200/9300 Series Tape/Disc Assembler relies heavily on the larger storage and file-handling
capabilities of the tape or disc subsystem to perform many processing operations normally difficult to perform with
cards only. A built-in macro instruction facility is one of the features of the assembler. Another feature is the linker
program that provides.a method of combining several separately assembled modules into one executable program.

1.2. DATA FORMATS

The basic unit of data in the SPERRY UNIVAC 9000 Series is an 8-bit byte to which a parity bit is added when the
byte is stored in main storage. A byte may represent a character or a number. Main storage locations are numbered
consecutively. Each address specifies on byte of information. The address of a group of bytes is the address of the
leftmost byte of the group. The bits in a byte also are numbered from left to right, starting with zero. Each of the
formats is illustrated in Table 1—1.

Table 1—1. Data Formats

BEEREEEE

07

Half-word data formats consist of two consecutive bytes.

Half Word l%Jblblb]bIblb]k;'Zlb]b]b blbb f;

Full-word data formats consist of four consecutive bytes.

Full Word @1blblb{blb :E[b]blb[blb[blblblblblblblblblblblblblblblblb‘b

1516 2324 31

Variable data formats consist of a variable number of consecutive bytes.

Variable
Data b|b|bi{b|b|b|b|b b(bib|blbi{bib|b .
Format
00— 7 0 7
First byte Last byte

It is possible to store any one of 2566 different bit combinations in the byte. Data can be represented in various
forms to the programmer; however, certain restrictions are imposed if the data is to be printed or processed
arithmetically. The contents of a byte can be considered a binary number, a decimal number, an alphabetic or
symbolic character, or logical information. A field used to represent a binary number uses all of the bit positions
{except the sign bit) to contain the value; however, each byte in a field representing a decimal number,
alphabetic character, or symbol is considered to be divided into zone and digit portions. The zone portion is the
most significant four bits; the digit portion is the least significant four bits.

ZONE DIGIT

P, SN LN

bib|bib]b|b{bib
0 314 7
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1.2.1. Binary Number Representation

The binary arithmetic operand is a 16-bit binary number. The bits of the operand are stored in adjacent locations.
These two consecutive bytes constitute a half word when the address of the more significant byte is an integral
multiple of two. Such an address is a half-word boundary.

Positive binary numbers are represented in conventional binary notation with a 0 bit in the most significant bit
position; this is the sign bit for a binary number.

sign 2 hytes
/-\_,/\_,_\
1 718 15

Negative numbers are represented as the twos complement of the number with a 1 bit in the sign position. For
instance, the representation of the negative number —19,761 would be determined as follows:

The binary equivalent of 19,761 is: 0100110100110001
The ones complement is: 1011001011001 110
The twos complement formed by adding 1 is: 1011001011001 111

With the sign bit set to 1 for a negative number, the two bytes appear as:

The largest possible values that may be represented in the binary format are +32,767 and —32,768.

1.2.2. Hexadecimal Representation

Hexadecimal digits are base 16 numbers with values O through F(15). A hexadecimal digit is used to denote a
particular bit pattern in the zone or digit portion of a byte representing a decimal number, or alphabetic or symbolic
character. (Hexadecimal digits also are used for constant definition as described in Section 2.) The hexadecimal
digits and their binary values are:

Hexadecimal Binary Hexadecimal Binary

Digit Value Digit Value
0 0000 8 1000
1 0001 9 1001
2 0010 A 1010
3 0011 B 1011
4 0100 Cc 1100
5 0101 D 1101
6 0110 E 1110
7 0111 F 1111
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1.2.3. Decimal Number Representation
Decimal numbers are represented in unpacked form (one digit per byte) or packed form {two digits per byte).
In unpacked form, the byte is divided into zone and digit portions. The zone portion usually contains a hexadecimal

F bit configuration (1111), which is ignored except in the least significant byte; the zone portion of the least
significant byte is interpreted as the sign of the number.

ZONE DIGIT ZONE DIGIT ZONE DIGIT SIGN DIGIT

In packed form, digits are contained in both halves of a byte except the least significant half byte of the field, which
is interpreted as the sign of the number.

H v : i
DIGIT DIGIT DIGIT | DIGIT | DIGIT DIGIT ! DIGIT i SIGN
] 1 1 [}
The interpretation of the contents of the sign position is:
Hexadecimal Binary Sign
Character Value Value

0-8 0000—1000 Positive

9 1001 Negative

A 1010 Positive®

8 1011 Negative®

C 1100 Positive (EBCDIC mode)™*

D 1101 Negative (EBCDIC mode)™**

E 1110 Positive (EBCDIC mode)

F 1M1 Positive (EBCDIC mode)*™*

* Generated when processor is in the ASCI| mode.
** Automatically generated in the central processor for decimal operations.
*** Automatically generated in the central processor for a zone fill during unpack instruction.

1.2.4. Character Representation

An alphabetic or other symbolic character representation is contained in the full eight bits of a byte. A character
field is considered as not containing a sign. This type of field is represented: *

T T i
ZONE : DIGIT ZONE | DIGIT | ZONE DIGIT ZONE ! DIGIT
1 ] 1
\_/‘\/v \/\’V W
CHARACTER CHARACTER CHARACTER CHARACTER
CHARACTER REPRESENTATION BINARY VALUE (EBCDIC CODE)
c'D’ 11000100
-C’'GROSS’ 1100011111011001110101101110001011100010

c’'y’ 11111001
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1.2.5. Logical Information

Logical information consists of alphabetic or numeric character codes. This information is used in operations such as
compare, translate, edit, bit setting, and bit testing. Logical information is processed as fixed- or variable-length data
and from left to right, one byte at a time. Variable-length logical information consists of up to 256 bytes.

1.3. STATEMENT CONVENTIONS
The conventions used to illustrate statements in the manual are:

n Capital letters and punctuation marks (except braces, brackets, and ellipses) are information that must be
coded exactly as shown.

L] Lowercase letters and terms represent information that must be supplied by the programmer.

= Information contained within braces represents necessary entries, one of which must be chosen.

L Information contained within brackets represents optional entries that (depending on program requirements)
are inclgded or omitted. Braces within brackets signify that one of the entries must be chosen if that operand
is included.

= An ellipsis indicates the presence of a variable number of entries.

L] Commas are required after each parameter except after the last parameter specified. When a positional
parameter is omitted from a series of parameters, the comma must be retained to indicate the omission.
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2. Assembler Language

2.1. CHARACTER SET

The character set used in writing statements in the SPERRY UNIVAC 9200/9300 Series Tape/Disc Assembler
language consists of:

Letters A,B,C,... .2
Digits 0,1,2,...9
Special symbols /=& . +—, () 'blank

The correspondence between graphics and internal code assumed by the assembler is shown in Appendix B.

2.2. STATEMENT FORMAT

Statements in the assembler language are written on a standard coding form, shown in Figure 2—1. Information for
the assembler and comments are written in columns 1 through 71. Columns 73 through 80 may contain program
identification and sequencing information. The information in columns 1 through 72 consists of the following fields.

2.2.1. Label Field

The label field begins in column 1 and is terminated by a blank column. There may be no embedded bianks. It may
be a blank field or contain a symbol of undefined value. More detailed information about symbols is contained in
2.34.

2.2.2. Operation Field .

The operation field begins with the first nonblank following the label field and is terminated by a blank. It contains
the name of an assembler directive, the mnemonic operation code for a machine instruction, or the name of a macro
instruction.

2.2.3. Operand Field

The operand field begins with the first nonblank following the operation field and is terminated by a blank not
contained in a character representation. This field contains information that defines the operands of a machine
instruction or supplies the specifications required with an assembler directive.
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Figure 2—1. Assembler Coding Form z
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2.2.4. Comments Field and Comments Line

The comments field begins with the column foliowing the blank terminating the operand field and ends at column
71. It may contain any combination of characters including blanks. {t is not processed by the assembler other than
including it on the assembly listing. It may contain remarks to clarify the purpose or operation of the associated
coding. A line may consist entirely of comments from columns 2 through 80 if column 1 contains an asterisk. If it is
desired to write comments on a line containing a bfank operand field, a comma, followed by a space should be
placed in the operand field to denote its termination. If this is not done, the first portion of the comments field will
be treated as part of the operand field.

Although the assembler language is free form, it is recommended that source code statements be written with the
first character of the operation code in column 10 and the first character of the operand field in column 16.
Tabulating the statements in this fashion creates a program listing neater in appearance and easier to read. The
standard coding form is ruled to conform to this convention. Thus, although the statements on lines 3 and 4 of
Figure 2—2 are equivalent to the assembler, the form of line 4 is preferred to that of line 3.

LABEL A OPERATION A OPERAND A
10 16
My THits, pisl A COMMENT] LINE] ) v Ly v v by v by g by
21T, AG, | | BjAL, | 1,5, TAI62, | | | v 0 o b e s
3 JLH 4115, 4 TIAIGI3 § ,THE |OPERA|TI,ON (CODE 1,5 L H , , ,, |,
4] ooy LiH | L5 TAIGS3 b v b L b

Figure 2—2. Example of Source Code Statements

2.2.5. Continuation Line

If necessary, a statement may occupy more than one line of the coding form. In this case, a nonblank character is
placed in column 72 of the first line of the statement, and the statement is continued, beginning with column 16 of 5
the succeeding line of the form. Columns 1 through 15 of the second line must be blank. The statement can be
continued on a third line by placing a nonblank character in column 72 of the second line and continuing the
statement in column 16 of the following line. Column 72 must be blank in the last (or only) line of each statement.

If the operand field of a line is terminated, prior to column 71, by a comma followed by a space, and a nonblank
character appears in column 72 of the line, the operand field is continued in column 16 of the succeeding line.
Comments are written after the space terminating the portion of the operand field on the first line.

2.3. EXPRESSIONS, TERMS, AND OPERATORS

The operand field of a statement in the assembler language ordinarily consists of one or more expressions.
Expressions are separated by a comma or parenthesis. Examples of the basic operand formats for instructions are
shown in Table 3—8. In this table, each letter represents an expression. An expression may be a single term or a
number of terms connected by operators. The permissible operators are a plus sign (+) representing addition, a minus
sign (—) representing subtraction, an asterisk (*) representing multiplication, and a slash (/) representing division, A
leading minus sign also is alowed to produce the negative of the first term. A term may be:
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L] a decimal, hexadecimal, or character representation of an actual value;

L] a location counter reference;

L asymbol;

- a reference to the length attribute of a symbol or of an EXTRN label (with a length attribute of 1); or

a a literal.

2.3.1. Representations of Actual Value

A value may be:

. a value represented directly by a string of up to five digits, forming a binary number from 0 through 65,535,
which is converted to a binary value occupying one or two bytes depending on the type of field for which it is

intended;

L] a value represented by a string of hexadecimal digits identified by a preceding X' and a following '
{apostrophe), each digit occupying half a byte; or

L a value represented by a string of characters identified by a preceding C’ and a following ' {(apostrophe).

For additional information concerning value representations, see 1.2.

2.3.2. Location Counter

An indication of the next storage location available for assignment is maintained as a counter, called the location
counter. After the assembler processes an instruction or constant, it adds the length of the processed instruction or
constant to the location counter.

The address of each instruction or address constant must be a multiple of two. Such an address is said to fall on a
half-word boundary. If the value of the location counter is not a multiple of two when assembling such a constant or
an instruction, a 1 is added to the location counter before assigning an address to the current line. Storage locations
reserved by this process receive binary 0’s when the program is loaded.

The current value of the location counter is available for reference in the assembler language and is represented by
the single special character * (asterisk). If written in a constant representation or in an instruction operand
expression, this symbol is replaced by the storage address of the leftmost byte allocated to that instruction or

constant. Thus the following instruction represents a one-instruction loop. .
LABEL A OPERATION A OPERAND A
10 16

oo g BIC, | | U5, " v v v v o by s v b e b e by oy




7508 Rev. 3 UNIVAC 9200/9200 11/9300/9300 Il SYSTEMS

UP-NUMBER PAGE REVISION I PAGE

2-5

2.3.3. Relative Addressing

An instruction may address data in its immediate vicinity in the storage in terms of its own storage address. This is a
form of addressing achieved by an expression of the form *+n or *—n where n is the difference in storage addresses
of the referring instruction and the instruction or constant being accessed. Relative addressing always is in terms of
bytes, not words or instructions. For example, in the coding

LABEL A OPERATION A OPERAND A
1 10 16
L EREENERE B CiH, 1.5, LHINET o Ly vy o o oo by Ly gl
20, 0 BIC, | LAWRSE: 0 I TE ST I SRR A N N ST SN VU U ST A A R |
3 ) I l 1l AIHI 1 i llsllllelol J I i I ) S | 1 1 | S T | l § I S | I 11 J | I
ol BN B BIC, | LSy e fv2y oy Ly v b vy by e by g
S I MVIC, | A,B by s b e b g b b e 1l

the address *+12 in line 2 is the address of the instruction in line 5 and the address *—12 in line 4 is the address of
the instruction in line 1 because each of the first four instructions is four bytes long.

Storage addressing is described in 2.5.

2.3.4. Symbols

A symbol is a group of as many as eight alphanumeric characters. The first, or leftmost, must be alphabetic. Special
characters or blanks may not be contained within a symbol. The following are examples of valid symbols:

A LOSS
A72Z PROFIT
CAT GRSVALUE

The following are not valid symbols for the reasons stated:
GROSSVALUE more than eight characters
N PA embedded blank
SRIN special character

A symbol may be assigned any value from 0 through 65,535. It is assigned a value, or defined, when it appears in the
label field of any source-code statement other than a comment. A symbol appearing in the label field of an EQU or
ORG directive is assigned the value of the expression in the operand field. In all other cases, the value assigned is the
current value of the location counter after any necessary adjustment to a half-word boundary. The value is assigned
to the current label before the location counter is incremented for the next instruction, constant, or storage
definition. Thus, if a symbol appears in the label field of a statement defining an instruction, constant, or storage
area, the symbol is assigned a value equal to the storage area address of the first byte of that instruction, constant, or
storage area.
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2.3.5. Relocatable and Absolute Expressions

A single term may be absolute or relocatable. Decimal, character, and hexadecimal representations are absolute
terms. In general, a term is absolute unless the expression consists of:

L a location counter reference within a section of relocatable coding;

L] a symbol defined by its appearance in the labe! field of a section of relocatable coding;

= an absolute expression plus a relocatable term; or

L an expression that can be rendered or reduced to an absolute expression plus a relocatable term.

In addition to these relocatable expressions, a negatively relocatable expression is possible. Such an expression
consists of an absolute expression minus a relocatable expression, or an expression that may be reordered to that
form.

2.3.6. Length Attribute

A length attribute is associated with the operation of most instructions in the repertoire of machine instructions.
This length determines the number of bytes to be compared, moved, translated, displayed, or manipulated logically
or arithmetically. In the cases of RX and S| format instructions (3.2.1), the operation is performed on fixed-length
data and no length specification is needed. For SS1 and SS2 formats, some length specification must be made in the
operands to control the amount of data affected by the instruction. If a length is not specified in the operands of

S§S1 and SS2 format instructions, the assembler supplies a length in accordance with the following principles.

A symbol defined in the label field of a source-code line representing an instruction, constant, or storage allocation is
assigned the length associated with the instruction, constant, or storage area involved.

LABEL A OPERATION A OPERAND A
10 16
AVR |4 4 Mv.C TAGL, YOR v b v v v by v b e by
VOR; | | DIC; | FOWIR ) v v b v v b e b by a1
TAG) 4 | DIS; | Cv4y by v by b by s e

In the preceding example, AVR is six bytes long because an MVC is a 6-byte instruction, VOR is four bytes because
the constant occupies four bytes, and TAG is 14 bytes because the storage area is defined as such. The instruction
labeled AVR moves 14 bytes of data because the implied length of TAG is 14.

[N

The length attribute of an expression is a function of the leading term. If the first term is an absolute value, a length
attribute of one byte is assigned. If the first term is a symbol, the length of the symbol is assigned to the expression.

ReTF Ly MV.C v + TAG, YVOR| v v v v b v s b b

llillll Mlvlcl | RJTIFI+11L611Ivl01RIll| ll I N | ILLIL! liil‘ll
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In the preceding example, the expression 16+TAG is assigned a length of one byte because the leading term is an
absolute value, and the expression RTF+16 is assigned a length of six bytes, which is the length of the term RTF.

When a location counter reference appears as the first term of an expression, the expression is assigned a length
attribute equal to the length of the instruction or, if the reference to the location counter appears in an EQU
statement, the length attribute is one byte.

LABEL A OPERATION A OPERAND A
1 10 16
IR R B Miv,C L2 JABC) b s v b v b Ly
DIFG, , |, EiQU, , U T ST S (NN S S T Y Y A A SN TN N S WO S T VN MO NN N0 A A ~

In the preceding example, the expression *+12 is assigned a length of six bytes because MVC is a 6-byte instruction,
and DFG is assigned a length of one byte because the location counter reference appears in a EQU statement.

The length attribute of an expression may be referenced in assembler coding by the label with the symbol L’
preceding it:

L' DFG

is a reference to the length of the expression DFG.

SIOME; | | DIC, :+ cuLvolt o JFOIUR G P by
llNlTIRl I 1 i Mlvlcl 1 SITIOIRIEI( ILI'LSIOIMIEI‘)J’ISJ ElTlsl i l 1 J J L1 J l 1
| W T . | I 1 i Ulelel DIEICI( lLl' ll lNlTlRl)ll lPlKIDl( 161)L L I 1 | LJ [ | I 1

In the foregoing example, the move character instruction affects 10 bytes because the length attribute reference was
to SOME, which was defined as 10 bytes long. The unpack instruction affects six bytes because the length attribute
reference was to INTR, which appeared in the label field of an MVC instruction, a 6-byte instruction.

If no length is specified in an operand that uses the base register and displacement notation, the length attribute
assigned to the operand by the assembler is one byte.

AR A CiP) 6,(;1,6,,190,,,7,8{CGV6, V4 ;v Loy gy L
R AT CiP | 6,1 90,78ty b by e Ly L

-

In the first line of the example, the length attributed to each operand is 16 bytes, as specified. In the second line, the
assembler assigns a length of one byte to each operand.
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2.3.7. Evaluation of Expressions and Hierarchy of Operators

The standard mathematical rules of precedence are applied in evaluating expressions; that is, multiplications and
divisions are performed before additions and subtractions. Operations of the same precedence are performed from
left to right. Parentheses may be used to group terms, overriding the natural precedence of the operators.

The following rules must be observed in writing expressions:

L] Two operators may not appear in succession. Write

A*(-B)
but not
A*-B

L] A relocatable expression, an expression involving an external reference (4.5.2), or a negative value, may not
enter a division. Such a term may be a factor in a multiplication only if the other factor has a value of O or 1.

2.4. DATA STORAGE AND CONSTANT FORMATS

The formats for data storage and constant definitions consist of a label field and operation field plus four subfields
in the operand field: duplication factor, type length factor, and constant.

Any symbol, as previously defined (2.3.4), may be used in the label field; this use of a symbol is optional.

The operation code is DC for defining constants and DS for defining storage. In either case, the area is assigned the
address of the leftmost byte, and the length associated with the data is available to the assembler each time the area
is referenced.

2.4.1. Define Constant Statements

The DC statement specifies data that is to be used as stored constants. These constants are produced in object code
along with the program instructions. The format of the DC statement is:

LABEL I AOPERATIONA I OPERAND
[ symbol] | DC | {d] t [Ln] ‘¢’
where:

d (Y
Is the optional duplication factor subfield.

t
Is the type subfield.

Ln
Is the optional length factor subfield.

lc'

Is the constant subfield. :
e
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2.4.2. Define Storage Statements

The DS statement specifies a storage area to be reserved by the assembler. The format of the DS statement is:

LABEL I A OPERATION A { OPERAND
[ symbol ] l DS t (d] t [Ln] [‘c’]
where:
d
Is the optional duplication factor subfield.
t
Is the type subfield.
Ln
Is the optional length factor subfield.
lc'

Is the optional constant subfield.
The subfields are explained in 2.4.4; however, the following modifications for a DS statement should be noted:
L] A constant may be specified in the appropriate subfield of a DS statement, but the constant is not assembled.
In H, Y, and S types, the constant is ignored, and in the other types it serves only as a determination of the
size of the area defined.

L] Storage areas defined by DS statements are not cleared of their contents upon loading.

L] Grouping of all DS statements in a program is a good programming practice.

2.4.3. Literals

A constant may be defined explicitly by writing a define constant (DC) assembler directive, or more directly by
writing a literal. A literal is written by entering an equal sign (=) in the appropriate portion of the operand field,
followed immediately by the description of the constant exactly as it would have appeared in the operand field of a
DC directive. The appearance of a literal in a source statement causes the assembler to:

= include the constant in the program the assembler is producing;

n assign an address to the constant; and

= insert the address of the constant in the appropriate portion of the instruction being assembled.

Constants derived from literals are collected into a pool by the assembler. In the absence of other directions to the
assembler (4.3.4), this pool is assigned addresses starting at the end of the first control section. Duplicate constants

are eliminated from the literal pool on the basis of value, not of form. This is not true for type Y or H constants.
Type Y or H constants, which appear to duplicate others, are eliminated only if the forms are identical.
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An example of the use of a literal is:

LABEL A OPERATION A OPERAND A
1 10 16
e
R I A NIC | A= XLIZBEFR S 3y b o s b e b e e b

The following rules must be observed in the use of literals:
- A literal may appear only as the single term defining a storage address operand of an instruction.

" A literal may not appear in an address field defining the receiving address of an instruction that modifies
storage.

- A source-code line can incorporate no more than one literal.
a Reference to the location counter may not be made in a literal.
] Literals may not be used for type S constants.

L] A duplication factor of zero is not permitted.

2.4.4. Operand Subfields

The operand field of the DC and DS statements is divided into duplication factor, type, length factor, and constant
subfields, which describe or identify the data or storage area to be generated.

The subfields must be specified in the stated order with the duplication factor first and the constant last. Some
subfields may be omitted; however, the type subfield always must be present.

The following is a valid example of a typical DC statement with the subfields identified:

TED o, |4 DIC, | | 3 L3 IKEP L v e b e by b |

T+ L

R A (R ' YRS NN VINON VNN R N T T AN T (OO0 U S N WO S S A S O A B

duplication factor = —

type .

length factor

constant
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2.4.4.1. Duplication Factor Subfield

The duplication factor indicates to the assembler the number of identical constants to be generated. If no
duplication factor is specified, the assembler assumes a factor of one. A duplication factor of zero does not generate
a constant or storage area, but advances the location counter for proper boundary adjustment if no length is
specified and assigns the location counter value to the symbol in the label field.

2.4.4.2. Type Subfield

The type subfield indicates to the assembler the type of constant or storage area to be generated. The types of

constants and their characteristics are listed in Table 2—1, For further descriptions of the types, see 2.4.6.

Table 2—1. Constant Characteristics

Constant Explicit implicit Truncation Value Alignment Constant
Type Length Length or Padding Padded Form
(o} Variable Maximum On right Blanks None Character
1-—- 256 256 side (EBCDIC)
X Variable Maximum On left Hexadecimal None Hexadecimal
1— 256 256 side 0 digits
P Variable Maximum On left Hexadecimal None Packed
1-16 16 side 0 decimal
z Variable Maximum On left EBCDIC None Unpacked
1-16 16 side 0 decimal
H Variable 2 On left Hexadecimal Half word* Binary
1-2 side 0
Y Variable 2 On left Hexadecimal Half word* Binary
1-2 side 0 address
S 2 2 None None Half word* Base and
displacement

*Half-word alignment takes place only if implicit lengths are used.

2.4.4.3. Length Factor Subfield

The length factor subfield designates the number of bytes to be used in generating the data or storage area. The .
length factor must follow the character ‘L’ and may be any unsigned decimal within the length limitations of the =
statement type. The maximum length of any DC statement is 256 bytes, but each type is limited (Table 2—1). The
maximum does not apply to DS statements of the C or X type, where the size of main storage associated with the
prbcessor is the critical factor.

If no length factor is specified, the size of the generated area is a function of the constant subfield in C, X, P, and Z
type statements, and is two bytes for H, Y, and S types (Table 2—1). If the supplied length is less than or more than
that needed to express the constant specified in its subfield, truncation or padding occurs as specified in Table 2—1.
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Boundary adjustments are performed only on constants with no supplied length factor.

LABEL A OPERATION A OPERAND A
1 10 16
EX1: 1 1, DIC, | $,(,3201GV2) D)) v v L b by e 1y
EX2 | pic, et 2 AT e b e b v e b g
EiXi31 ¢+ |4 g DIC, ; | XLy 2 FIC K400, )y vy v v Loy bve gy o by
Ey X4y + | 5 DIC, | CLi2' A B Sy vy b e b by gy

Each of the foregoing lines of coding produces the foliowing in binary notation:
1100 0001 0100 0000

Each line produces the same constant because of the modification performed by the length specification on the
constant originally specified in the coding. In EX1, the address constant is assigned a length of two bytes and
translated into binary notation; the base register number occupies the first four bits. In EX2, a character
representation two bytes long is specified. To fill the required length, a blank is padded on the right of the constant.
The hexadecimal constant, EX3, is too long to fit into the specified length of two bytes. The first four bits are
truncated. EX4 specifies a character constant too long for the length specified; three bytes are truncated on the
right.

2.4.4.4. Constant Subfield

The constant subfield specifies the value, subject to modification by the length subfield, of the constant to be
generated. The values for the constants are represented in different ways. (See 2.4.6 for the description of the
values.) A data value representation is specified by enclosing it in apostrophes, and an address value representation is

specified by enclosing it in parentheses.

Data constant Address constant

‘constant’ (constant)

24.5. Alignment

All machine instructions must be aligned on half-word boundaries such that the address of the first byte of the
instruction must be divisible by 2. Constants, however, can be aligned on a half-word, or no boundary at all. The
kind of alignment, when necessary, for data or storage definition statements if no length factor is stated is shown in
Table 2—1. When a length factor is specified by the programmer, no alignment is provided. A duplication factor of
zero in DC and DS statements does not generate a constant or storage area, but, for some types of constants, it
forces a boundary alignment if no length factor is coded. This method affords a convenient means of obtaining a
boundary alignment before generating a constant not automatically aligned by the assembler. Any bytes skipped to
align constants are zero filled; however, bytes skipped to align storage areas are not zero filled.
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2.4.6. Data Constant Types

Data constants are absolute values generated by the assembler and require no modification upon loading. Of the five
types of data constants, four do not require boundary alignment; that is, the first byte of these constants can be
assembled at any storage address. These constants are discussed in 2.4.6.1 through 2.4.6.4; the one data-constant
type requiring boundary adjustment is discussed in 2.4.6.5.

Each type of constant is described and examples of its use are shown in typical DC statements.

2.4.6.1. Character Constants

A character constant is specified by the character C in the type subfield and up to 256 characters enclosed by
apostrophes in the constant subfield. Any of the 256 valid card punch combinations can be used. Only 63 characters
of the 256 valid characters are printable. Each character is stored in one byte using the 8-bit character code. If no
length factor is specified, the length in bytes of the constant equals the number of characters specified. If the length
factor is present, the character specification is truncated, or filled with blanks, to the right of the last character and
to the length specified.

Two consecutive apostrophes or two consecutive ampersands are necessary to generate the character code for one
apostrophe or one ampersand within the constant. A single apostrophe in the character representation terminates the

constant.
Examples:
LABEL A OPERATION A OPERAND A
1 10 16

|} I B DIC, | CL2 AV b b b e by oy
2l ool DIC; , (TR, R BN R B SR T N BN S BTSN ST AN U N SN RN R
<] INER R A SR pIC) | CA v v b v by s v by s b e g
4l oy g D¢, | L1 o0’ EMPLL DUY 1 v b v b
L] I plc: | | cuv 2l vy oy b v b e b e by 4y
6l o1 DIC, €C50613° vl b b b b
y4 SRR RS R DIC, 1 CHEADING" | ; | y ¢l vy b v b a4
8 i T I 11 chl 1 1 3JCIL14[’11l2J3|4|5|'l 1 1 1 I 11 I 1 [ | I S .} 1 1 1 | l 1
9 1t 1 | I J chl i 1 3JC1LL6 f' 111213l41510| |- 1 J | O | l 1 1t 1 J ) I | 1 l 1
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1.  Two-byte constant containing:

A

2.  One-byte constant containing:

3. Two-byte constant containing:

A

4.  Ten-byte constant containing:

E{M|P|L DI |V

5.  Twelve-byte constant containing blanks:

HEENEEEREEEN

6.  Four-byte constant containing:

s Jofe]s ]

7. Seven-byte constant containing:
[FIEA[D[T[N]S)

8. Twelve-byte constant containing:

112]13[4}11(2]3]41112]3 14

9. Eighteen-byte constant containing:

[tl2fs]a]s[ [1]2]s]4]s] [s]o]s]e]s] |

2.4.6.2. Hexadecimal Constants

A hexadecimal constant is specified by the character X in the type subfield and up to 266 hexadecimal digits
enclosed by apostrophes in the constant subfield. Two hexadecimal digits are assembled into one byte. If an odd
number of digits is specified, the first, or leftmost, byte of the constant contains a hexadecimal O in the four
leftmost bits and the first digit in the four rightmost bits. If no length factor is specified, the length, in bytes, of the
constant is half the sum of the number of digits or 0's specified. If a length factor is present, the decimal
specification is truncated, or filled with hexadecimal O's if necessary, on the leftmost end to the length specified.
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("r\ Examples:
—
LABEL A OPERATION A OPERAND A
1 10 16
W g by DIC | X L3020y v v v by ovov v b s v b by g
] ENTE R A B DiC | X 42345, by o by ey b e v e g
K] I B U U B DIC | | X' ABCIL23D0" ) 0y v v by vy b g e e b
al oo 1y DIC: 1 | Xbd " FIFF L g o by e b e oy |
S| v oo b DIC, | X' FFEFI000"°, |\ e
| TN A AR I DIC, : Xebyd " 3A "y o by v by v b by
/ISR A I B B DIC, , & XLi2)' 12,345 " 0 v 0 0l g b o b g oa
1. Three-byte constant containing:
00000000 | 00000000 | 00000001
2.  Three-byte constant containing:
00000001 100100011 01000101
A 3.  Four-byte constant containing:
N~

00001010 |10111100| 00010010 | 00111101

4. Four-byte constant containing:

00000000 | 00000000 00001111 11111111

5. Three-byte constant containing:

11111111 11110000 00000000]

6.  Four-byte constant containing:

00000000 | 00000000 { 00000000 | 00001010

7.  Two-byte constant containing:

00100011 | 01000101
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2.4.6.3. Packed Decimal Constants -
‘ e
A packed decimal constant is specified by the character P in the type subfield and decimal digits enclosed by
apostrophes in the constant subfield. A leading sign (+ or —) can be coded within the apostrophes. The digits are
packed two digits per byte; therefore, each decimal digit requires four bits. In the absence of a sign, a positive sign is
assumed. A plus sign is represented by a hexadecimal C and a minus sign is represented by a hexadecimal D. A
decimal point can be included in the constant subfield, but is ignored by the assembler.
If no length factor is specified, the length of the constant is the required number of bytes needed to contain the
constant, a sign, and a possible addition of zero bits. When an even number of packed decimal digits is specified, the
feftmost digit is unpaired because the rightmost digit is paired with the sign. In this case, the most significant four
bits of the leftmost byte contain a hexadecimal 0 and the most significant four bits of the least significant
(rightmost) byte contain the first (rightmost) digit. The least significant four bits of the rightmost byte always
contain the sign of the constant.
If a length factor is present, the decimal specification is truncated, or filled with hexadecimal O’s if necessary, on the
leftmost end to the length specified.
Examples:
LABEL A OPERATION A OPERAND A
1 10 16
1 RN B DIC, 1 | P+ 4618 o Ly v e Ly v by | :
p] IS B DIC; | P -3 078" v Ly v by e b e b R
3L g by DIC ; | PL2,°214..7/6" ) v v v by by by /(
4 4 b DiC | | PL3 1325 )y v by v b e v by
L] ISR S DIC | 3P L2138y oy v by e b e e b
1. Two-byte constant containing:
4ielsic
2. Three-byte constant, containing:
H T
0:3|{117|8 1D
3.  Two-byte constant, with most significant digit truncated, containing:
ai7l6iC
4, Three-byte constant containing:
0! 03 i 215D
5.  Six-byte constant containing:
T T T T . TN
3isl1ic|3isf1ic|3is]1ic
\_./‘ &
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2.4.6.4. Zoned Decimal Constants

A zoned (unpacked) decimal constant is specified by the character Z in the type subfield and decimal digits enclosed
by apostrophes in the constant subfield. A plus or minus sign can be coded within the apostrophes; but if none is |
present, a positive sign is assumed. The digits are assembled, one to a byte, with a hexadecimal F in the most
significant four bits of all but the least significant byte. The most significant four bits of the least significant byte
contain the sign. If no length factor is specified, the length in bytes of the constant is the number of decimal digits in i
the constant subfield. If a length factor is present, the decimal specification is truncated, or filled with zoned
decimal 0's if necessary, on the leftmost end to the length specified. The rightmost byte always contains the sign and
the rightmost digit specified. A plus sign is represented by a hexadecimal C and a minus sign is represented by a
hexadecimal D. A decimal point may be included in the constant subfield, but is ignored by the assembler.

Examples:
LABEL A OPERATION A OPERAND A
1 10 16
|| ST B DIC, | , ZL,5",716,8 2" | o0 v b bl
2o g DICI | 1 2z L3-8 254 1 oy ot e b |
1. Five-byte constant containing:
BYTE | 2 3 4 5
Hexadecimal F|O0]F F|l6|F 2
EBCDIC 0 7 6 8 B (+ sign and digit)
character

2, Six-byte constant containing:

BYTE 1 2 3 4 5 6

Hexadecimal F|2

s

EBCDIC 2 5 M 2 5
character

M (-sign and digit)

2.4.6.5. , Half-word Constants

A half-word constant is specified by the character H in the type subfield and up to five significant decimal digits
enclosed by apostrophes in the constant subfield. A plus or minus sign can be included within the apostrophes. If no
length factor is specified, the constant has an implied length of two bytes and must not contain a value greater than
+32,767 or less than —32,768. If the length factor is present, the decimal value specification is truncated, or filled
with binary 0’s if necessary, on the leftmost end to the length specified. The value specified in the constant subfield
may be an integer, a fraction, or a mixed number; however, the fractional portion of the mixed number is lost and
the decimal value is converted into a binary format for storage.
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Exampiles:
LABEL A OPERATION A OPERAND A
10 16
Woaee by DIC, | W27 ) 0 v b v s b by o b a
2l oo g DIC; WL 1,'4217,° ¢ v boyovov o by g by by g gyl

1.  Two-byte constant half-word aligned containing:

00000000 | 00011011

2. One-byte constant not half-word aligned containing:

00011011

2.4.7. Address Constant Types

Address constants generate either addresses reflecting the storage locations of the program or values based on these
addresses. Address constants often are used to load general registers or reference external addresses. The location
counter is adjusted for each constant and any duplication factor used.

2.4.7.1. Half-word Address Constants

A half-word address constant is written by specifying the character Y in the type subfield and an expression enclosed
by parentheses in the constant subfield. The expression may be either absolute or relocatable.

If no length factor is specified in the operand, the half-word address constant generates a 2-byte constant containing
the value of the expression in the constant subfield. The generated constant is aligned at a half-word boundary. If a
length factor of 2 is specified, the generated constant is the same, but no boundary alignment takes place. If a length
factor of 1 is specified, a 1-byte value is generated without any boundary alignment.

Examples:
1 I A I B DIC, , | Y(BOBDy oo g by b b e by
Loy by DIC | Yo ,2(B1I0BYy Loy oy vy by d 11
k| U W A O T DIC ; 2 YL 016y o b b b by
4 1 Lt I 1| chl 1 1 2'Y lLl]l( lBlolBl)L l 1 [ L [ | L IALJ [ iJ 1 1
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The preceding statements generate the following constants. (In each example, it is assumed that BOB has a
value of 1446. This value may represent an main storage address or may be a binary value used for arithmetic
purposes. The hexadecimal value equal to 1446 is stored as shown.)

1. Two-byte constant, aligned on a half-word boundary, containing:

cls|Aalte

2.  Two-byte constant, unaligned, containing:

0i5(Ai6

3.  Two-byte field containing the 1-byte constant duplicated once as:

016016

4. Two-byte field containing the truncated value of BOB duplicated once, as:

A§6A6

2.4.7.2. Base and Displacement Constants

A base and displacement constant is specified by the character S in the type subfield and one or two expressions
enclosed by parentheses in the constant subfield. The expressions may be absolute or relocatable. A length factor, if
present, can be only 2. If no length factor is specified, the implied length of the constant is two bytes. Negative
relocatable values are not permitted. This type of constant is used to store addresses in the base and displacement
form; the leftmost four bits represent the base and the remaining 12 bits represent the displacement. If one
expression is present, the assembler converts it to a base plus displacement value. |If two expressions are present, the
expression representing the base is enclosed in parentheses with the other expression (representing the displacement)
preceding it and another set of parentheses enclosing the base and displacement specifications. The S-type constants
may not be specified as literals. Adjustment to the half-word boundary is made only if no length specification is

used.
Examples:
LABEL A OPERATION A OPERAND A
1 10 16
L] T A SITART! 14096, | v v v | v v v vy v b v b a |y
TN S B! poov e b e s by v b ey e e b L
TR B e 1 e by v b e b e by b g 1
2l by by U[s, NGl 15000,,49, \ \ v I v v v v Lo v e v v v i b
I SN S [0 1 A TN O YT Y OO TSN [N U WO S IO SN U IO T S M A
Lty leg ¢ 4 cev by e e by b e e b
3 0HN |, | by PN SO T AU S N R NI A N VO Y S N N Y NN S S S N S AU A
R B {4 (4 N N S IS O T U N N S SN SN S AR M WA TN A SRR U BN
R B ler 1 v b e b e v e by e e by e b e g
4|S,YMBOL, | DIC, | S OHING b L e b e b L
5(SY MBOIL, | DiC | S 25019 )y by v b e b e b
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Assume that the constant with the label JOHN (line 3) is assigned an address value of 502510 by the location
counter, and that the USING directive (line 2) gives the value 500010, which is assumed to be in register 9 at
execution time. The operands in the two statements {lines 4 and 5) produce the same stored base and
displacement value. The hexadecimal representation of this stored value is 9019 as follows:

1 BYTE 1 BYTE
e . i, P .
1 ]

1 1
9 1 o 1 7 9
] ]

0 i 7[8 115
N e ettt m——
BASE DISPLACEMENT
REGISTER (12 BITS)

(4 BITS)
NOTE:

Refer to 4.4 for a description of the USING directive.

2.4.8. Data Storage Definition Examples
The programmer can reference a data storage area in many ways. By defining an area in terms of its smallest divisions
or fields, each field can be referenced. The programmer can then use a DS statement with a O-duplication factor to

define a label and give it a length attribute so that more than one field can be referenced simultaneously.

The following example illustrates a typical data storage area and the subdivision of its fields:

N
C D E
e ———— T T ——m——
B
R e N
Iy
where:

A

Is a 40-byte field.
B

Is a 20-byte field.
c LS

Is a 10-byte field.
D

Is a 10-byte field.
E -

Is a 20-byte field.
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]
:
:

The following assembler coding example illustrates the ways DS instructions can be used to assign labels and length

N attributes to the fields of a data storage area:

LABEL A OPERATION A OPERAND A
1 10 16
Ay 4y DIS; , 0CLi40! v b v b b e e by | 1‘
B v vl DS, | | 0C L2200 v v v v b v b b e by g 1
CL v v b DS, | CLYO, | vy v v b v vy b v b by gl |
D\ v 4 4 |4 D[S, | cL v, by b b e e by g ]
Ei + 1 1111 DiS; | CLi20, | v v by v b e by e b o 1

The first statement of the example does not reserve any storage but does define the label A and its length attribute
of 40. Although the label of the second statement has the same value as the label of the first statement, the length
attributes of the first and second statements are different. When using the labels in an SS-type instruction with
implied lengths, one label {A) would reference 40 bytes, but the other label (B) would reference 20 bytes.

2.5. STORAGE ADDRESSING

Both direct addressing and indirect addressing may be used in the SPERRY UNIVAC 9200/9300 Series. Direct
addressing is possible because the operand portion of an instruction is large enough to represent 32,767, the
maximum main storage address available in the system. Indexed, or base and displacement, addressing also is
possible.

Indexed addressing is achieved by using part of the operand for an indexing indication and the remainder for a
displacement value. Either actual index registers or pseudo registers may be used for the indexing indication. Using
pseudo registers results in direct addressing that provides a relocatable code.

2.5.1. Base and Displacement Addressing

Inasmuch as the 9200/9300 series instruction format does not include an index register field, the first four bits of
the operand itself are set aside for the index or register number. The most significant bit of each operand determines
whether indexing is to occur. If that bit is a 1, indexing takes place; otherwise, no indexing is performed.

Because 4 of the 16 bits of the operand are used for indexing, only 12 bits remain for the operand address. This
partial operand is the displacement. Since the largest address that can be expressed in 12 bits is 4095, main storage is
segmented into 4K blocks.

[y

The registers used for indexing are the processor general registers. They are numbered from 8 through 15. Because
each of these numbers begins with a 1 when represented in hexadecimal notation, specifying a register forces
indexing. The true main storage address consists of the contents of the register plus the value of the displacement.

The USING assembler directive is used to notify the assembler that a specified register is available for base register
assignment. The directive is explained in 4.4. The register must be loaded by the program with the value to be used.
From the values supplied in the various USING directives, the assembler builds a base register table which it uses to
compute the 12-bit displacements for operands. The computation of displacements continues to be based on the
base register table until the displacement limit of 4095 is reached or until the assembler finds another register which
was designated in a USING directive with a base address that yields a smaller displacement.
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The SPERRY UNIVAC 9200/9300 Series Operating System locator/loader routine places the transfer address of a

main program in processor register 15 prior to transferring control to the program. The programmer may take s
advantage of this fact by coding a USING directive containing the label of the first instruction to be executed and

specifying register 15 as the base register, as:

LABEL ADPERATIONA " OPERAND A
H

oo b SITART| 16000, : , , . ¢ b v oo s bovvy b e byt B

S S S ! i Ulsll‘NlG! B’EIGENI';1!51 i1 ; } I S S | 3 i S T T { 1 i 4 l A
BEGN, |, LiH 8, LABIL, v v b s vy b e s b by s b

R I S B US IING 1GO,»\8 { . v v s ls s ol 13 | ISR U A ST N S T Y
GO (L MvCe, . oOuT, ., TWO, . , t oty e by b b

TN T B L PR VN WU N S TN WO S HAY SN T UO% N AN T WY TN TR AN T ST WA WOUS RN WO S SN WO A

taa o b Lt o1 PN U NN NS S ST SN WY S A0 S N SN N AN U ST SOV NN N N N A B S M A

N B Lo SR T I B S T ST UNS YT S N A ST ST U SN S S WA A MO i :
OUT | .. DS, .. B oo ol i AR PID SR T N0 YRR TR O T S NN SR U S S U A :
TWO, ;14 DIC, . W' 2 e e s b by [T I U O
LABL |, D€, . YO, 8O Y by bt} [ Lol

R U S S END BEGN, | SIS B B 1 PRRTINS ' B BT N

In this example, since register 15 was the base register in force at the time, the machine code generated at BEGN -

might appear as:

4880FE24

Since the following line declared the availability of register 8 as a base register and since register 8 will now yield a
smaller displacement than register 15 for any operands which address locations following GO, the machine code
generated at GO might appear as:

D2018E1C8E1E

2.5.2. Pseudo Register Base and Displacement Addressing

True base and displacement addressing requires index register modification of each instruction. Direct addressing is
more desirable because it eliminates the extra cycles required to index each instruction, speeding up instruction
execution. Direct addressing can be achieved by assembling the program with absolute addresses by using an ORG
directive. With this method, however, the program cannot be relocated.

Another type of addressing provides direct addressing and relocatable code, but does not require indexing of each
instruction. This form of addressing uses pseudo registers. To designate a pseudo register, the USING directive
format is:

LABEL A OPERATION A OPERAND

USING * n
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where:

Is the pseudo register number, from 0 through 7.

As in true base and displacement addressing, the pseudo register USING directive provides a value for the base
register table. But in this case, the values are not arbitrarily provided as a result of the label processing by the
assembler; they are fixed values determined by the register number given in the USING directive. The register
numbers O through 7 produce the table values:

register 0 — 0

register 1 — 4096

register 2 — 8192

register 3 — 12,288

register 4 — 16,384

register 5 — 20,480

register 6 — 24,576
fegister 7 — 28,672

When using pseudo registers, the operand displacement is determined in the same way as with actual registers. The
displacement for an operand is computed by subtracting the table value that produces the smailest 12-bit
displacement from the label value. For instance, if TAG were at address 4100, this value would be shown as:

BASE DISPLACEMENT
0001 000000000100

Viewed as a base and displacement address, this operand shows a base register of 1 and displacement of 4.
{(Remember that pseudo register 1 is the value of 4096.) The 16-bit address also is the binary representation of 4100:
0001000000000100, the actual address of TAG.

Since the pseudo register numbers range from O through 7, the most significant bit is zero. The operand, then, does
not cause indexing and, when read as a binary number, is a direct address.

True base and displacement addressing is advantageous only when the programmer must be concerned with later
conversion to a processor with a main storage capacity exceeding 32K. Even then the use of pseudo registers may be
preferable because the conversion requires reassembling the program, and the USING directives can be changed
easily at that time.
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3. Instructions

3.1. GENERAL

The SPERRY UNIVAC 9200/9300 Series Tape/Disc Assembler uses a repertoire of 35 machine instructions, which
are described in this section. The instructions are listed in Tables 3—1, 3—2, 3—3, and 3—4,

NOTE:

The 9200 system is not provided with the divide packed decimal, multiply packed decimal, and edit instructions,
except as optional features. If the optional hardware instructions are not installed, they may be simulated by
UNIVAC-supplied fixed, closed subroutines, which duplicate the functions of the instructions. The use of the
optional hardware instructions does not differ from that of the standard 9300 system instructions. The use of the
software subroutines is described in the operational conditions of the instructions (3.3.1.5, 3.3.1.6, and 3.3.4.1).

AN The instructions are grouped by function in this section, as in Table 3—2. The function types are arithmetic, branch,
comparison, data manipulation, data transfer, display, input/output, logical, and supervisor. Each type is analyzed

and explained separately. The timing for the instructions is presented in Table 3—4. The symbols used in illustrations
in this section are listed in Table 3—5.

3.2. INSTRUCTION FORMAT

The machine instruction format consists of an optional label, a mnemonic operation code, and one or two operands.

LABEL I A OPERATIONA | OPERAND

[ symbol 1 l code ’ operand 1, operand 2

The tabel may be any symbol, as previously defined, but its use is not required. The mnemonic operation code for
each instruction is specified in Table 3—1 and in the text explaining each instruction. The operands are of two
forms, expressions, as previously defined, or complete specifications. Any symbol used in an expression must be
defined within the program. A complete specification includes a base register and a displacement value. The
specification is explicit and the assembler uses these numbers to compile the addresses of the operands. Each type of
operand is illustrated in the example format:

LABEL AQPERATION A OPERAND

' [ symbol 1 code D1(L1,B1), D2(L2,B2)

expression, expression
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Table 3—1. Instruction Mnemonics

. Hexadecimal
Mnemonic Function Operation Format
Code
AH Add half word AA RX
Al Add immediate A6 S|
AP Add (packed} decimal FA SS82
BAL Branch and link 45 RX
BC Branch on condition 47 RX
CH Compare half word 49 RX
CcLC Compare logical character D5 SS1
[o{ R ] Compare logical immediate 95 Sl
CcP Compare (packed) decimal F9 SS2
DP Divide (packed) decimal FD $S82
ED Edit DE SS1
HPR Halt and proceed A9 S|
LH Load half word 48 RX
LPSC Load program state control A8 SI
MP Multiply {packed) decimal FC $S§2
MvC Move characters D2 SS1
MVI Move immediate data 92 Si
MVN Move numerics D1 SS1
MVO Move with offset F1 S§S2
NC AND characters D4 SS1
NI AND immediate data 94 Sl
ocC OR characters D6 SS1
[o]] OR immediate data 96 Sl
PACK pack F2 S§S2
SH Subtract half word AB RX
SP Subtract (packed)decimal FB SS2 ~/
SPSC Store program state control AO Sl
SRC Supervisor request call A1l S|
STH Store half word 40 RX
TIO Test 1/O A5 Si
™ Test under mask N Si
TR Translate DC SS1
UNPK Unpack F3 S$S2
XIOF Execute input/output function A4 Si
ZAP Zero add {packed) decimal F8 S§S2
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Table 3—2, Instruction Types

\\-//
Hexadecimal
Type Mnemonic Function Operation Format
Code
Arithmetic AH Add haif word AA RX
Al Add immediate A6 Si
AP Add (packed) decimal FA SS$2
DP Divide (packed) decimal FD §S2
MP Multiply (packed) decimal FC §S2
SH Subtract half word AB RX
sP Subtract (packed) decimal FB $82
ZAP Zero add (packed) decimal F8 §S2
Branch BAL Branch and link 45 RX
BC Branch on condition 47 RX
Comparison CH Compare half word 49 RX
CLC Compare logical character DS S$S1
CcLi Compare logical immediate 95 Si
CP Compare {packed) decimal F9 S§S2
™ Test under mask 91 Sl
Data ED Edit DE SS1
manipulation PACK Pack F2 §S§2
TR Translate DC SS1
UNPK Unpack F3 S§S2
Data LH Load half word 48 RX
‘ transfer MVC Move characters D2 SS1
N MVi Move immediate data 92 st
MVN Move numerics D1 SS1
MVO Move with offset F1 SS2
STH Store half word 40 RX
Display HPR Halt and proceed A9 Sl
/0 TIO Test 1/O A5 Si
XI0F Execute input/output function A4 Si
Logical NC AND characters D4 SS1
Ni AND immediate data 94 St
ocC OR characters D6 SS1
(o]} OR immediate data %6 Si
Supervisor LPSC Load program state control A8 Sl
SPSC Store program state control A0 Sl
SRC Supervisor request call A1l Sl
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Table 3-3. Instruction Formats

Hexadecimal
Format Operation Mnemonic Function
Code
RX 40 STH Store half word
RX 45 BAL Branch and link
RX a7 BC Branch on condition
RX 48 LH Load half word
RX 49 CH Compare half word
RX AA AH Add half word
RX AB SH Subtract half word
Sl 91 ™ Test under mask
Si 92 Mvi Move immediate data
Si 94 NI AND immediate data
Si 95 CLI Compare logical immediate
Sl 96 [0]] OR immediate data
Sl AOQ SPSC Store program state control
S| Al SRC Supervisor request call
Si Ad XIOF Execute input/output function
Si A5 TIO Test 1/0
Si Ab Al Add immediate
sl A8 LPSC Load program state control
Si A9 HPR Halt and proceed
SS1 D1 MVN Move numerics
S$S1 D2 MVC Move characters
SS1 D4 NC AND characters
SS1 D5 CLC Compare logical character
SS1 D6 ocC OR characters
SS1 DC TR Translate
SS1 DE ED Edit
8§82 F1 MVO Move with offset
S$S2 F2 PACK Pack
S§S2 F3 UNPK Unpack
S$S2 F8 ZAP Zero add (packed) decimal
§$52 F9 cP Compare {packed} decimal
SS2 FA AP Add (packed) decimal
$S82 FB SP Subtract (packed) decimal
$S2 FC MP Multiply {packed) decimal
$S52 FD DP Divide (packed) decimal
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Table 3—4. Instruction Execution Times (Part 1 of 2}

Hexadec.imal Times
Operation Mnemonic Function Format (microseco nds)®
Code
40 STH Store half word RX 204
45 BAL Branch and link RX 18.0
47 BC Branch on condition RX 15.6 if no branch
18.0 if no branch
43 LH Load half word RX 204
49 CH Compare half word RX 204
921 ™ Test under mask Sl 16.8 if no match or match on zero
19.2 if partial or full match
92 MVi Move immediate sl 16.8
94 NI AND immediate data By 16.8
95 CLI Compare logical immediate St 16.8
96 [o]] OR immediate data S| 16.8
A0 SPSC Store program state control Sl 24.0
A1l SRC Supervisor request call Si 12.0
A4 XiOF Execute {/O function Sl 18.0 for integrated 1/O units; variable
for multiplexer
Ab TIO Test 1/0 status St 18.0 for integrated 1/0 units; variable
for multiplexer
A6 Al Add immediate Si 19.2
A8 LPSC Load program state control Sl 24.0 to load entire PSC word;
18.0 otherwise
A9 HPR Halt and proceed Sl 14.4
AA AH Add half word RX 20.4
AB SH Subtract half word RX 204
D1 MVN Move numerics SS1 16.8 + 8.4(N)®
D2 MvC Move character SS1 16.8 + 8.4(N)
D4 NC AND characters SS1 16.8 + 8.4(N) @
D5 CLC Compare logical character SS1 25.2+8.4(N_)
D6 oC OR characters SS1 16.8 + 8.4(N
DC TR Translate SS1 16.8 + 14.4(N)
DE ED Edit SS1 See
F1 MVO Move with offset §S2 25.2 + 3.6(N2) +6(N,)
F2 PACK Pack S§S2 25.2 + 3.6(N,,) + 4.8(?\!1)
F3 UNPK Unpack §82 21.6+7.2(N,) +4.8(N,)
F8 ZAP Zero and add $S2 26.4 + 3.6(N.)) + 4.8(N,)
F9 cpP Compare (packed) decimal §52 26.4 + 3.6(N,) + 4.8(N1)
FA AP Add (packed) decimal SS2 26.4+ 3.6(N,) + 4.8(N1)
FB SP Subtract (packed) decimal $52 26.4.+ 3.6(N2) + 4.8(N1)
FC MP Multiply (packed) decimal S§S2 See
FD DP Divide (packed) decimal 882 See
NOTES:

@ Timing for all instructions assumes no indexing. Add 3.6 microseconds for each indexing operation. Timing is given for 9300

systems; for 9200 systems, multiply by two,

@ N, N1, and N2 equal the number of bytes specified in the length of the operand.

@ NE equals the number of most significant bytes that compare ide'ntically between OP1 and OP2 in the compare logical

character instruction.

.
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@ Detailed formutas for the edit, multiply, and divide instructions are:
[ ] Edit (ED)
30+ 682 + 14N + 6(NDs + Nss) +6ly+ 61,
[ Multiply (packed) decimal (MP)
52+ 13 (N, — N,) + (16 + 14N,) ) MMD + (22 + 14N,)
D LMD + 24 (NMMDO) + 61, + 61, + 14

lop2| largest (Ny + Np)
(E [(—-— MMD | integer ¢ — 2z
102N2"1 in 2

This term gives an upper and lower limit (note the t sign) for a specific MP instruction using the actual values of OP1 and
OP2. A series of MP instructions executed with random numbers for operands yielded an average execution time of 28
(N, —N_).

1 2

Table 3—6 consists of a hardware timing chart that can be used to approximate the times required for multiplication
, operations.

®  Divide (Packed) decimal (DP)

56+ 8N,y + 6N, + (30 + 14N,) D (MQD + 1) + (22 + 14N,) ) LOD +6l,, + 61,

where:

NDs = the number of digit select bytes in OP1 of edit instruction.

Nss = the number of significant start bytes in OP1 of edit instruction.

32 = the total number of signs in all the bytes accessed for OP2 of edit instruction.

MMD = the value of a nonzero multiplier (OP1) digit positioned in the most significant
half of a byte.

NMMDO = the number of zero multiplier {OP1) digits positioned in the most significant
half of a byte. The N2 most significant bytes of OP1 are excluded.

LMD = the value of a multiplier digit positioned in the least significant half of a byte.

MQD = the value of a quotient digit positioned in the most significant haif of a byte.

Lab = the tens complement of quotient digits positioned in the least significant half
of a byte. N

‘oP2’ = multipticand digits

I1 = 0 if operand 1 is not indexed; 1 if indexed.

I2 = 0 if operand 2 is not indexed; 1 if indexed.
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Table 3—5. Instruction Symbols

R
Symbol Meaning
Bl The number of the general register that holds the base address of operand 1.
B2 The number of the general register that holds the base address of operand 2.
code The mnemonic operation code of the instruction.
D1 The displacement from the base address of operand 1.
D2 The displacement from the base address of operand 2.
12 The immediate data used as operand 2 in Sl format instructions.
L1 The length of operand 1 as stated in source code.*
L2 The length of operand 2 as stated in source code.*
0oP1 Operand 1.
oP2 Operand 2.
Rl The number of the general register that holds operand 1 in RX format instructions.
symbol The expression or symbolic label used as operand 1.
tag The expression or symbolic label used as operand 2.

* The length is coded as the true length of the operand, not the length less 1 as required by the object code. The assembler makes
the appropriate reduction by 1 when converting source code to object code.

Table 3—6. Hardware Multiply Timing Chart

Multiplicand Digits (OP2)

N 2 3 4 5 6 7 8 9 10 1 12 13 14 15
2 .75 .75} 80| .80| .85 | .85| .90| .90| .95| .95]| 1.00| 1.00| 1.04] 1.04
3 99| .99(1.04]1.04] 1.08] 1.08] 1.14]| 1.14} 1.19| 1.19'} 1.23[ 1.23] 1.27] 1.27
4 | 165| 165]1.70| 1.70} 1.75] 1.75| 1.80| 1.80| 1.85| 1.85| 1.90] 1.90| 1.95] 1.95
51 1.97] 1.97| 2.02} 2.02| 2.07| 2.07| 2.12| 212 2.17(22.17| 2.22| 2.22 2.27| 2.27
6| 2.89] 289 2.94| 2.94] 3.00( 3.00| 3.04{ 3.04| 3.09| 3.09( 3.14| 3.14] 3.19} 3.19
g 7| 3.29| 3.29| 3.34| 3.34| 3.39| 3.39| 3.44| 3.44] 3.49| 3.49| 3.54| 3.54| 3.59| 3.59
:g, 8| 446] 4.46| 451] 451)| 4.56| 4.56| 4.61| 4.61| 4.66| 4.66] 4.72| 4.72] 4.76| 4.76 V
E 9| 496| 4.96| 5.00| 5.00] 5.05] 5.05| 5.10] 5.10] 5.16| 5.15} 5.19| 5.19{ 5.25| 5.256 E
g 10 | 6.37| 6.37| 6.42]| 6.42| 6.47| 6.47| 6.52| 6.52| 6.57| 6.57| 6.62| 6.62| 6.68| 6.68 "
11 | 6.94| 6.94| 6.99| 6.99| 7.04| 7.04{ 7.09]| 7.09| 7.14] 7.14] 7.19| 7.19} 7.25} 7.256
12 | 861| 861| 866 8.66) 8.71] 8.71| 8.76]| 8.76| 8.81} 8.81| 8.86| 8.86| 8.92] 8.92
13| 9.27] 9.271 9.32] 9.32| 9.37| 9.37| 9.42| 9.42]| 9.47| 9.47| 9.51] 9.61] 9.68| 9.58
14 {11.19(11.1911.24 |11.24{11.29]11.29{11.34 |11.34|11.39]11.3911.44 [11.44 ]11.60{11.50
15 [11.93]11.93{11.98(11.98[12.03]12.03|12.08|12.08[12.13|12.13|12.1812.18]|12.24|12.24
\-./' ) TIME IN MILLISECONDS
NOTE:

The times are averages based on a multiplier consisting of fives. To find 9300 system times, use half the figure in the chart.
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3.2.1. Source Code Instruction Format

Four instruction format types, the RX, Sl, SS1, and SS2 are available. The type of data field processed and the type
of processing determine the format of the instruction. The RX format is for instructions that process data in fixed
lengths and usually involves the use of a general register. The S| format is for instructions that process data
immediately specified as one of the operands. SS1 and SS2 formats are for instructions that process data in variable
lengths; SS1 is used when the operands are of equal length, and SS2 is used when they are determined
independently,

The four instruction format types are shown in Table 3—-7.

3.2.1.1. Register and Indexed Storage Operation (RX)

The RX format is used by 4-byte instructions with the form:

LABEL | AOPERATIONA | OPERAND
[symbol] | code I {Rl, D2(,BZ)}
R1, tag

The RX format instructions are used to process fixed-length data fields with a length of two bytes. One operand
usually specifies a general register. Functions such as branching, comparing, adding, storing, and loading are
performed by instructions in this format.

3.2.1.2. Storage and Immediate Operand Operation (S!)

The S| format is used by 4-byte instructions with the form:

LABEL A OPERATION A OPERAND
[symbol] code {Dl(Bl),I2 ]
symbol,I2 f

The Sl format instructions are used to process data one byte in length, using control or additional data contained in
the immediate operand. Logical, arithmetic, manipulative, and testing functions are performed by instructions in this
format.

3.2.1.3. Storage to Storage Operation (SS1) .

The SS1 format is used by 6-byte instructions with the form:

LABEL ‘ AOPERATION A | OPERAND

[symbol] 4 code l { D1(L1,B1),D2(BZ)}
symbol,tag
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The SS1 format instructions process data of variable length, up to a maximum of 256 bytes, if the operands specify
fields of equal length. Functions such as comparing, transferring, and translating are performed by instructions in
this format.

3.2.1.4. Storage to Storage Operation (SS2)

The SS2 format is used by 6-byte instructions with the form:

LABEL A OPERATION A OPERAND
[symboll code D1(L1,B1),D2(L2,B2)
symbol,tag

The SS2 format instructions process data of variable-length operands, to a maximum of 16 bytes, when the operands
are not of equal length, The SS2 format is used with all packed decimal instructions. Functions such as shift
operations, pack, and unpack are performed by instructions in this format.

3.2.2. Object Code Instruction Format

The format of the instruction repertoire in object code differs from source-code format. The hexadecimal
object-code format is used in the printed listing that accompanies an assembly; the main storage dump also uses the
object-code format. This format is illustrated in Table 3—7.

An example of an assembly printout is shown in Figure 3—1.

The object code in the third column of Figure 3—1 for the first instruction in the illustration is ABAOBOQO. The
interpretation of the object code is:

AB subtract half-word operation code
A OP1 register

0 not used

B register holding OP2 base address

000 OP2 displacement

The object code of the second instruction {line number 004) in Figure 3—1 is interpreted as:

96 OR immediate operation code
FB immediate data in QP2 .
9 register holding OP1 base address

o1 OP1 displacement
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Table 3—7. Instruction Object-Code Formats

or1 oP2
P e N T I
RX code* R1 B2 D2
0 718 11 16 1920 31| BITS
oP2 OPl
P e S N N
e B
S| code* 12 B1 D1
0 718 15]16 1920 31} BITS
OP1 oP2
/—\_/\_’—\ L — it
$S1 code* L1 B1 D1 B2 D2
0 718 15]16 1920 31]32 35|36 471 BITS
OP1 oP2
5| |
§S2 code* L1 L2 B1 D1 B2 D2
0 718 11412 15(16 19}20 31132 35]36 471 BITS

*Using abbreviations as listed in Table 3~5.

*Using abbreviations listed in Table 3—5.

OBJECT SOURCE
LINE ADDRESS OPERATION LABEL OPERATION OPERAND COMMENTS
NUMBER CODE CODE
9300 SYSTEM ASSEMBLY OF STST DATE 04/15/73 >AGE 001
0001 2000 STST START 8192
0002 USING *2
0003 2000 ABAOB000O RX SH 10,0(,11)
0004 2004 96FB9011 ] ol 17(9), X'FB’
0005 2008 D120C005D0008 §§81 MVN 5(33,12),11(13)
0006 200E F8DD8047F056 §§2 ZAP 71(14,8),86(14,15)
0007 2014 000000002000 END STST

Figure 3—1. Assembly Listing
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The object code of the third instruction {line number 005) in Figure 3—1 is interpreted as:

D1 move numeric operation code

20 length minus one of the operands
C register holding OP1 base address
005 OP1 displacement

D register holding OP2 base address
008 OP2 displacement

The object code for the fourth instruction (line number 006) in Figure 3—1 is interpreted as:

F8 zero and add operation code

D length minus one of OP1

D length minus one of OP2

8 register holding base address of OP1

047 OP1 displacement E
F register holding base address of OP2 :
056 OP2 displacement

To facilitate understanding of the object-code form of the instructions, each instruction is accompanied by a smal}
box containing information pertinent to the interpretation of the object-code instruction format. Each instruction
type, RX, SI, $81, and SS2 is in its own object code format, as illustrated in Table 3—7.

The relationship between source- and object-code formats is illustrated for the zero and add packed decimal
instruction (3.3.1.9):

INSTRUCTION | MNEMONIC SYMBOLIC SOURCE copg | HEXADECIMAL|  OBJECT
TYPE OPERATION OPERAND FORMAT OPERATION | INSTRUCTION
CODE CODE LENGTH
SS2 ZAP D3(L1,B1),Dy(L2,Bg) F8 6 BYTES
5 BYTES
D2
e 47} BITS
LABEL wERATIONA \ OPW / %
16
L)) IJ ) ZJAJPI 1 7lll(|1l4l'lal)1'Aslél(I]IAI’]llEl)l JA,L#l id l J U T T | LL#J
S losad b b o bov s b o b b e b

The box that accompanies each instruction provides the programmer: the hexadecimal operation code, as F8 for
ZAP; the format type, SS2 in the example; the number of bytes the instruction will occupy in main storage, six
bytes, in the example; and the mnemonic operation code, ZAP.
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3.2.3. Implied Base Register and Length

The complete specification of an operand consists of a displacement and base register to form the address, and a
length to determine the size of the operands. If the address is in implied form. The assembler then provides the
addresses of the operands. Information supplied in the USING and DROP assembler directives enables the assembler
to do this. The length attribute associated with the expression is determined by the assembler according to the rules
explained in 2.3.6. The complete and implied form for each instruction format type is shown in Table 3—8.

Table 3—8. Complete and Implied Specifications for Operands

Instruction Specification Operand

Type Type oP1 oP2

RX Complete R1 ,D2(B2)
Relative address R1 tag

Si Complete D1(B1) 12
Relative address symbol 2

ss1 Complete D1(L1,B1) ,D2(B2)
Relative address symbol{L1) ,tag
Implied length D1(,B1) ,D2(B2)
Relative address and length symbol tag

$52 Complete D1(L1,B1) ,D2(L2,B2)
Relative address symbol({L.1) ,tag(L2)
Implied length D1(,B1) ,D2(,B2)
Relative address and length symbol tag

NOTE:

Symbol and tag can be any symbol,as defined in 2.3.4. Explanation of the notation used in this chart is in Table 3—5.

1f the length is not specified in an implied operand, it is determined by the assembler, as explained in 2.3.6.

3.3. INSTRUCTION REPERTOIRE

The entire range of machine instructions for the tape/disc systems is presented in the following paragraphs. Each
instruction is shown under its own heading consisting of the full instruction name. Under each heading is a block
containing the instruction type, mnemonic operation code, symbolic source-code operand format, hexadecimal
operation code, and object instruction length for the instruction. (Refer to 3.2.1 and Tables 3—1 through 3—4.)

The block is followed by a function abbreviation using OP1 and OP2 to refer to the operands, parentheses to mean
“the contents of,” and an arrow to indicate the storage of the result. The function ’

{oP1) - (OP2) ~ OP1

means ‘‘the contents of the bytes addressed by the first operand are multiplied by the contents of the bytes
addressed by the second operand and the result is stored in the bytes specified by the first operand.”

A description of the operation of the instruction is given next, followed by operational conditions, and, in cases
where it is necessary for clarity of explanation, an example of the working of the instruction.

The section for each instruction closes with examples of the instruction used in a line of source code as it would be
written by a programmer.




7508 Rev. 3 UNIVAC 9200/9200 11/9300/9300 Il SYSTEMS 3-13

" UP-NUMBER | PAGE REVISION | PAGE

3.3.1. Arithmetic Instructions

The arithmetic instructions add, subtract, multiply, or divide values stored in main storage, in registers, or in
immediate operands.

The arithmetic instructions include:

Mnemonic Function Format
AH Add half word RX

Al Add immediate sl

AP Add packed decimal §S52

DP Divide packed decimal SS2

MP Multiply packed decimal SS2

SH Subtract half word RX

SP Subtract packed decimal §S2

ZAP Zero and add packed decimal S§S2

The formats of the arithmetic instructions vary with the function of the instruction and the type of data operated

upon. The result of the execution of the instruction is stored in the first operand of each instruction. The condition
code is changed by most of the arithmetic instructions; the exceptions to this are the divide packed decimal and
muitiply packed decimal. The operands are processed from left to right in most instructions; the exceptions are the
packed decimal instructions. The instructions are explained separately in the text and are accompanied by notes on
their limitations and operations.

3.3.1.1. Overflow

Binary arithmetic instructions set the condition code after execution. A condition code setting of 3 denotes that
overflow occurred during execution of the instruction. Overflow is a condition occurring when the sign of a numeric
field, expressed in binary format, is changed erroneously. The sign change can occur when an attempt is made to
develop a larger number than can be expressed in 15 bits. Because all binary data must fit into two bytes, one bit of
which must be the sign, the maximum expressible numbers are +32,767 and —32,768.

Example:
OP1 0010101101101000 (+11,112)
sign
plus OoP2 0101010010011000 (+ 21,656)
Sign )
Result 1000000000000000 (- 32,768)
Sign

An add half-word instruction using the foregoing operands, by adding OP2 to OP1, results in a number, stored in
OP1, of —32,768 instead of the true answer +32,768. The true answer does not fit in 15 bits and the sign bit is
changed by execution of the instruction.
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3.3.1.2. Add Half Word

INSTRUCTION | MNEMONIC SYMBOLIC SOURCE CODE HEXADECIMAL OBJECT
TYPE OPERATION OPERAND EORMAT OPERATION | INSTRUCTION
CODE CODE LENGTH
RX AH R1,D2(,B2) AA 4 BYTES
Function:

(R1) + (OP2) »> R1

Description:

Execution of the add half-word instruction adds the contents of the half word specified by OP2 to the
contents of the register specified by R1; the result is stored in R1.

Operational conditions:
1. The OP2 address should be defined at a haif-word boundary.
2.  The condition code is set as follows:

Result is zero.

Result is negative.

Result is positive.
Overflow occurred.

WN -0

Examples:

LABEL A OPERATION A OPERAND A COMMENTS
10 16

crroa g AfH, | 8,, 4 (s, 1V4)y 4+ |, |CSOMPLETE, S|PECI FII, CATIION , ,
T B AH, | 8, . ToTA 1y (RELVATIIVE ADDRESIS |\ |, 4

3.3.1.3. Add Immediate

TYPE OPERATION OPERAND FORMAT OPERATION | INSTRUCTION
CODE CODE LENGTH
SI Al D1(B1).I2 A6 4 BYTES
Function:

{OP1) + 12> 0P1
Description:
Execution of the add immediate instruction adds the binary value specified by the immediate operand, 12, to

the contents of the half word specified by OP1; the result is stored in OP1. The immediate operand may be
written in any of several forms. (See examples.)
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Operational conditions:

1.  The most significant bit of the immediate operand is treated as a sign in a binary field. The 12 field is
sign-extended by the hardware before execution of the instruction. Specifying a negative value for 12 7
results in OP1 being decremented by that value. =

2. The OP2 address should be defined at a half-word boundary.

3. The condition code is set as follows:

0 Result is zero.
1 Result is negative.
2 Result is positive.
3 Overflow occurred.
Examples:
LABEL AOPERATIONA ® OPERAND A COMMEN
e b ALl 2,04(,14);,,28 | ; , ., ; COMPLETE SP,ECIFICAT LN
s b o J AL g ,18LA_L_S_._LEL.,LX.,.'_&L?JZf et (RELATH VE, ADDRESIS . ;. § 5 ..
T N U B AN lsiAxleu'_xzx Lol ey (RRELATILVE, ADDRESIS. | ; ;.|
3.3.1.4. Add Packed Decimal
INSTRUCTION | MNEMONIC SYMBOLIC SOURCE copE | HEXADECIMAL|  OBJECT
TYPE OPERATION OPERAND FORMAT OPERATION [ INSTRUCTION
CODE CODE LENGTH
S$S2 AP D1(L1,B1),D2(L2,B2) FA 6 BYTES
Function:
(OP1) + (QP2) > OP1
Description:

Execution of the add packed decimal instruction causes the algebraic addition of the bytes specified by OP1 to
the bytes specified by OP2. The result is stored in OP1. Both OP1 and OP2 should contain packed decimal

fi

elds.

Operational conditions:

1.

2.

assumed to extend OP2,

Operands are processed from right to left.

If OP1 is shorter than OP2, the excess digits of OP2 are ignored; if OP2 is shorter than OP1, zeros are
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3. OP1 and OP2 may occupy the same, or some of the same, bytes in main storage without affecting the
operation of the instruction only if the low-order bytes of the two operands coincide in main storage.

el

4, If overflow occurs, the sign stored in OP1 always reflects the sign of the true answer. The sign of a zero
is positive in all cases other than overflow.

5.  The maximum size of operands is 16 bytes.

6. The condition code is set as follows:

0 Result is zero.

1 Result is negative.

2 Result is positive.

3 Overflow occurred.

Examples:
LABEL A OPERATION A OPERAND A COMMENTS
10 16

IR AP, 4 96(.,6,.19),,,3,(14,.,8) |, ,,  |[COMPLETE SPECIFICATIION 6| |
[N RS APy 9.6, 94, 30,180, 4 4oy (tMWPLWIED LENGTH, |, b
t e by AP, 4 PIREPAC6)  RIATE(4D, ,  IRELATVVE ADDRESS , |+ 4111
T N APy | PREPA,RATE | o 4| 44 (L,MPLICI T, LIENGTH AND |ADDRESS,

3.3.1.5. Divide Packed Decimal

TYPE OPERATION YMBS,,,!:‘;AN,‘,’ FORMAT OPERATION | INSTRUCTION
CODE CODE LENGTH
$82 DP Dy(L1,B1),D2(L2,B2) FD 6 BYTES
Function:
(OP1) + (OP2) - OP1

Description:

Execution of the divide packed decimal instruction divides the contents of the bytes specified by OP1 by the
contents of the bytes specified by OP2 as the divisor. The quotient and remainder are stored in OP1. Both OP1
and OP2 should contain packed decimal fields. =

Operational Conditions:

1.  The following pertains to the 9200 system optional software versions of this instruction; also see card
utility programs programmer reference manual, UP-4120.

L The software divide and multiply functions are provided by one fixed, closed subroutine which is
in relocatable object code and requires approximately 450 bytes of main storage. The
multiply/divide subroutine must be linked to the problem program. To make the linking possible,
the following source code statement is necessary:
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L] The source code necessary to accomplish the instruction is:

LABEL A OPERATION A OPERAND s .
10 16 :

IR S I B E|X:T;R ;N !_M4P101P1 Lovavv bvg g g by v b v b e 0 1
i

L The software version of the instruction differs in that:

I L 141 TS AN N AT U SN U A N S M S AN ST AU O A S A A O G R A N A

SRR N N B BlAL, | TS5, MPIDIP Ty vy v b b v g

Lo 1 DIP; | opiliiolpt2 v v by v o by v b g by i

- OP1 length must be defined in the instruction; the length is not determined by the recog%ition ofa
sign in the field.

Maximum length of OP2 is eight bytes.

A divide check error in the software version causes a display of 29EE.

2.  Operands are processed from right to left.

3. The length provided for OP1 must be large enough to accommodate both the quotient and a remainder.
If the length provided is not sufficient, the answer is unreliable and bytes beyond OP1 may be affected
by the execution of the instruction.

A formula for determining a sufficient length for OP1 is: -
L=d+v

where:

L = length of OP1 in bytes.

d = length of the dividend and sign in bytes (minimum of 2).
v = length of the divisor and sign in bytes.

All fractions rounded to the next higher integer.

This formula yields a length that meets or exceeds the requirements of the instruction.

4. Both dividend and divisor must be right-justified in their respective fields; leading zeros must fill the
fields.

b. At least one leading zero must precede the dividend. The absolute value of the divisor must be larger
than the absolute value of the L2 most significant bytes of OP1. If these requirements are not met, a
decimal-divide exception occurs and the processor halts.

6. OP2and OP1 cannot overlap in main storage.

7.  OP2 cannot exceed 16 bytes.
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8.  After execution, OP1 contains the quotient right-justified in the most significant bytes. Its length equals
L1 minus L2 bytes. The remainder, if any, is right-justified in the least significant bytes of OP1; the
length of the remainder equals L2. Leading zeros pad the quotient and the remainder.
9.  The sign of the quotient is determined by the rules of algebra. The sign of the remainder is the same as
the sign of the dividend.
10. If a quotient digit greater than 9 is formed, a divide-check error occurs and the processor halts.
11. Division by zero produces a decimal-divide exception.
12. Execution of the instruction does not change the condition code setting.
13. An example of the use of the instruction is:
LABEL A OPERATION A OPERAND A
1 10 16
11D VD | DiS, | | CL VO, | v v v b v v b s b e b |
2 DlslolRl l 11 Dlsj 1 i CJL141 i l | O 1 l J S | 1 I | I N l 1 1 11 I N B 't l
3 N Sl v by be vy b by e by oy oy |
4 SRR ZiAP DI VD, INUMT | )y vl v by g by g |
5 AN B ZIAP, DIS,OR, INNUIM2, |y Ly by e b ]
6] ; N A DiP, |, DI, VD, DSOR, |} v v vl v v b e by
7 Lo b MIV;C OUT 16 ®UIVD ¢ty oy g by L
8 TR ER A Mvig OUVTi2,(14), DA IVD+6 1 vy v v by v ey ]

In the sample source code, two storage areas labeled DIVD and DSOR are defined in lines 1 and 2. After
processing of the problem program, data is moved to the storage area in lines 4 and 5. For the example,
DIVD now contains the number:

000000009903 05 07 00 1,
DSOR contains the divisor:

03 00 04 04
Execution of the divide instruction, as coded in line 6, stores the quotient and the remainder in DI1VD:

00 00 03 30 05 74, 02 02 72 1,

The quotient is right-justified in the most significant bytes of DIVD, and the remainder is right-justified
in the least significant bytes. The remainder always occupies the same number of bytes as OP2,

In the rest of the example coding, the result of the division is moved to separate data fields.
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Examples:
LABEL A OPERATION A OPERAND A COMMENTS
1 10 16
[EREE B DiP, | 2,8,(,10{,,1,5),(8¢4,,,1/4), ,, |COMPLETE SPECIFICATHON  , | |
Lo by DiP;, | D,V D (1Y,0,),, DI S RC 4D, , IREL AT VE ADDRES|S, | , | ;v 2| 13
NSRBI A DiP o VoD DS OR by mP LY, T, LIENGTH (AND |ADDRE|SS,

MR S leu!1111l4||111411]1||A|111|lxllLlllilelxlllxlllll

3.3.1.6. Multiply Packed Decimal

INSTRUCTION | MNEMONIC SYMBOLIC SOURCE CODE HEXADECIMAL OBJECT
TYPE OPERATION OPERAND FORMAT OPERATION | INSTRUCTION
CODE CODE LENGTH
$S2 MP Dy(L1,B1),D2(L2,By) FC 6 BYTES

Function:

(OP2) - (OP1) - OP1

Description:
Execution of the multiply packed decimal instruction multiplies the contents of the bytes specified by OP2,
the muitiplicand, by the contents of the bytes specified by OP1, the multiplier. The result is stored in OP1.
Both OP1 and OP2 should contain packed decimal fields.

Operational Conditions:

1.  The following pertains to the 9200 system optional software versions of this instruction; see also card
utitity programs programmer reference manual, UP-4120.

L The software multiply and divide functions are provided by one fixed, closed subroutine in
relocatable object code requiring approximately 450 bytes of main storage. The multiply/divide
subroutine must be linked to the problem program. To make linking possibie, the following source
code statements are necessary:

| 4 MPDP |

|- 1 Loy o b b v e by by v b gy

E{XiT:RN BTN A SO T i BN R S A S R A SR |

The source code necessary to perform the instruction is:

] 131 pea g by by e g by ey e by

BIA(L; L5, MPIDIP 3 Ly o v b e by
MP, op1,.0P2

L
Jll

1]
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10.

1.

12

- The software version of the instruction differs in that:

- OP1 length must be defined in the instruction; the length is not determined by the
recognition of a sign in the field.

—  Maximum length of OP2 is eight bytes.

- The multiplier is OP2, and the multiplicand is OP1 in the software version of the instruction.
The result is still stored in OP1.

Operands are processed from right to left.

The length provided for OP1 must be equal to the number of bytes specified for OP2, plus the number
of bytes needed to express the multiplier. The multiplier cannot be longer than L1 minus L2,

Zeros must fill the leftmost bytes of OP1.

Any excess length of the multiplier in OP1 will be ignored during execution.

The sign positions of both operands must contain values greater than nine.

The sign of the result is determined in accordance with the normal algebraic rules.
The maximum length of OP2 is 16 bytes.

OP1 and OP2 cannot overlap in main storage.

Failure to meet the requirements results in an unreliable product, but does not set an error indication. St
The bytes beyond OP1 can be affected by execution of the instruction unless the requirements are met.

Execution of the instruction does not change the condition code setting.
An example of the use of the multiply packed decimal instruction follows:
To multiply 800 by —80, the multiplier wou]d be
08 0D
OP2, the multiplicand, would be
80 OF

To fulfilt the requirements of the instruction, OP1 contains the multiplier and a number of bytes
equal to OP2. The total four bytes look like

00 00 08 0D
After execution OP1 contains

00 64 00 OD
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Examples:
LABEL A OPERATION A OPERAND A COMMENTS
] 10 16
[ B ban L 40,4, 190 ,,,401,2,,,10¢),  , , (COMPLIETE SPECT FICATION , 5 ;,,
i1 1 lAL L MEJ L] w_L.Elxl( 14 l)J_"LLI EIRI( lzl)l _l.l, S O N 'S ,J,RA,ELEIALTI‘ 1,YL,EL.AALDVLVD17RIE‘,SJSL.1 a4 J,,l o l 1
IR R B MPP, WEX,LIER |y, [WMPLLCYT LENGTH AND |ADDRESS,
(AR NS B | S S S US T (O W TN TN S N S W WU U VAN SOV VO O S ST Y S U AU S B S W A A B R G S S G
3.3.1.7. Subtract Half Word
INSTRUCTION | MNEMONIC SYMBOLIC SOURCE copg | HEXADECIMAL]  OBJECT
TYPE OPERATION OPERAND FORMAT OPERATION | INSTRUCTION
CODE CODE LENGTH
RX SH R1,D2(,B2) AB 4 BYTES
Function:

{R1) — (OP2) »R1
Description:

Execution of the subtract half-word instruction subtracts the contents of OP2 from the contents of R1. The
result is stored in R1.

Operational conditions:

1.  The OP2 address should be defined at a half-word boundary.

2.  The condition code is set as follows:

0 Result is zero.

1 Result is negative.
2 Result is positive.
3 Overflow occurred.

Examples:
-~
S ) l I S“‘h L 1 1141,18101(“(],11)[ ) N W S | lc1°|M1P|LlE'T1Ex JSlP‘Excul LFlli;J_éLILI.LC);_N;.L,J
T B SiH | L4, FEISCA | | o JRELATILYV.E AIDDRESIS, o o | 141
TR R | R B R A S I RS G U NN BT S U W USRS T SO
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3.3.1.8. Subtract Packed Decimal

) MNEMONIC HEXADECIMAL OBJECT
INSTRUCTION SYMBOLIC SOURCE CODE
TYPE OPERATION OPERAND FORMAT OPERATION | INSTRUCTION
CODE CODE LENGTH
82 SP D1(L1,B1),D2(L2,B2) FB 6 BYTES

Function:
(OP1) — (OP2) > OP1

Description:

Execution of the subtract packed decimal instruction subtracts algebraically the bytes specified by OP2 from
the bytes specified by OP1. The result is stored in OP1. Both OP1 and OP2 should contain packed decimal
fields.

Operational conditions:

1.  The operands are processed from right to left.

2.  If OP1 is larger than OP2, zeros are assumed to extend OP2, If OP2 is larger than OP1, the remaining
digits of OP2 are ignored.

3. OP2 and OP1 may occupy some, or all, of the same bytes in main storage without affecting execution of
the instruction only if the low-order bytes of the operands coincide in main storage.

4. If overflow occurs, the sign stored in OP1 will reflect the sign of the true result. The sign of a zero is
always positive, except in overflow conditions.

5.  The maximum size of operands is 16 bytes.
6. The condition code is set as follows:

0 Result is zero.

1 Result is negative.

2 Result is positive.
3 Overflow occurred.

Examples: .
. LABEL A OPERATION A OPERAND A COMMENTS
10 16
PR N SiP, | 7,3,(,6,,11,0),, ,716,(,3,,110,), COMPL ETE ,SPECIFICIATION .~ | |
NS S SiPL 7,3, 100, 7610, 090 M MPLY ED LENGTH |} vl
TSI S SIP, ) MRS W KI(.6), HIRSOUV(3), RE|LATIVIE ADDRESS, |, .} ]
I . | J Ll SlPl 1l HlRlstLKlllHlRlslolul L 4 [ 1 II AMIPILAIJCL|1T1 LLLElNlGlTl“l lAlNXDJ IAIDJDLR! Els sl
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3.3.1.9. Zero and Add Packed Decimal

INSTRUCTION | MNEMONIC SYMBOLIC SOURCE cODE | HEXADECIMAL OBJECT
TYPE OPERATION OPERAND FORMAT OPERATION | INSTRUCTION
CODE CODE LENGTH
SS2 ZAP D1(L1,B1),D2(L3,B2) F8 6 BYTES »
Function:

0- OP1; (OP2) = OP1
Description:

Execution of the zero and add packed decimal instruction clears the bytes specified by OP1 to zero and stores
the contents of the bytes specified by OP2 in OP1. To avoid unpredictable results, OP2 should contain a
packed decimal field; no restriction is placed on OP1 because its contents are overlaid by execution of the :
instruction.

Operational conditions:
1.  Operands are processed from right to left.

2. If OP1 is larger than OP2, the excess positions of OP1 will be zero filled. If OP2 is larger than OP1, the
most significant bytes of OP2 are ignored.

3.  OP1 and OP2 can overlap in main storage only if the rightmost byte of OP1 coincides with, or lies to the
right of, the rightmost byte of OP2.

4. If the same field is designated as both OP1 and OP2, the field remains unchanged.
5. The maximum size of operands is 16 bytes.
6.  The condition code is set as follows:

0 OP2is zero.

1 OP2 is negative.
2 OP2is positive.

Examples:
.
LABEL A OPERATION A OPERAND A COMMENTS
10 16
TG A ZIAP 4,1,(,1,4), 8, 8(6(,1,4,,41,5),  [COMPLIETE SPECIFILCATIION | 6 i
L b ZIAP, 43 ,.89),.,86 ¢ V5, |, , # MPLIIED LENGTH | , o ool 3
FEENE NN S Z|AP_ HEYB(]14), ERGER(|VA4), ,L RELATIVE ADDRES|S , |, .1,
v b tlziar L IHMEY B JERGER] o Lo W MPEICH T, LIENGTH AND |ADDRESS,
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3.3.2. Branch Instructions

Flexibility of program coding is provided with the branch instructions. Used after an instruction that changes the
condition code setting, the branch instructions test the condition code and change the coding path according to the
programmer’s intentions. The branch and link instruction affords the additional device of allowing the program to
return to the starting point of the varying path. The branch instructions are:

Mnemonic Function Format
BAL Branch and link RX
8C Branch on condition RX

The assembler affords extended mnemonic codes as shorthand symbols to facilitate the writing of branch
instructions. The extended mnemonic codes are listed in Table 3—9. All of these codes represent the branch on
condition instruction with different code settings in the R1 field of the instruction format.

The branch on condition instruction tests the condition code setting but does not change it. The branch on
condition and branch and link instructions are explained separately in the text and are accompanied by notes on
their limitations and operations.

3.3.2.1. Branch and Link

MNEMONIC HEXADECIMAL|  OBJECT
INSTRUCTION SYMBOLIC SOURCE CODE
TYPE OPERATION OPERAND FORMAT OPERATION | INSTRUCTION
CODE CODE LENGTH
RX BAL R1,D2(,B2) 45 4 BYTES

Function:

Branch to OP2; store address at R1
Description:

The branch and link instruction affords an unconditional branch to the address specified by OP2
Operational conditions:

1. Because the OP2 address is accessed first during execution of the instruction, no conflict is inherent in
specifying the same register for R1 that is used as a base register in the indexed address of OP2.*

2.  Execution of the instruction does not change the condition code setting.

Examples:
LABEL A OPERATION A OPERAND A COMMENTS
1 10 16
AR B! BlAL, | 8,,,80 (L, v ¥)y |4y ICOMPLIETE S|PECIFICATIION |
SR | BIA L, 8, RT F4 b4y |y, IRELAT|IVE ADDRES|S |, | | | |
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3.3.2.2. Branch on Condition

INSTRUCTION | MNEMONIC SYMBOLIC SOURCE CODE HEXADECIMAL OBJECT
TYPE OPERATION OPERAND FORMAT OPERATION | INSTRUCTION
CODE CODE LENGTH
RX BC R1,D2(,B2) 47 4 BYTES
Function:

If match branch to OP2

Description:

Execution of the branch on condition instruction tests the condition code setting with the mask specified by
the R1 bits, and, if the test is met, a branch to the address specified by OP2 is executed. If the test is not met,
the next instruction in sequence after the branch instruction is executed.

Operational conditions:
1. Each 1 bit in the R1 mask tests one of the four possible condition code settings. More than one bit can

be used in the mask to test more than one condition code; the branch to the OP2 address occurs if one
or more of the conditions is present.

Condition Code B_1_
0 8
1 4
2 2
3 1

2. If R1 is zero, the result is a NO-OP; if R1 is 15, the result is an unconditional branch to the OP2 address.

3. Execution of the instruction does not change the condition code setting.

Examples:
LABEL A OPERATION A OPERAND A COMMENTS
1 10 16
Lo Ly BIC, . 8,,,1,1,0,,,14)} , ,, |COMPLETE SPECIFji CATION 6, 3
| . o1 . ) eic . I8, ,P.ROIBA |, IRELATH VE ADDRES|S | (| (.. V
[N B BiC , LS NEXT ] [UN,CON[DI T1 ONAL BRANCH , , 6
R S BIC, | 0. NOT ) SKP s L b s L 5
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3.3.2.3. Extended Mnemonic Codes

The extended mnemonic codes use the following format:

LABEL I A OPERATION A | OPERAND
[symbol] I code | Dy(,Bp)
where:
code
Is any mnemonic as listed in Table 3—9.
Is an address, either complete specification or relative form.
Table 3—9. Extended Mnemonic Codes
Hexadecimal
Mnemonic Function Operation R1 Format
Code
B Branch 47 F RX
NOP No operation 47 o} RX
Used After Comparison Instructions
BH Branch if high 47 2 RX
BL Branch if low a7 4 RX
BE Branch if equal 47 8 RX
BNH Branch if not high 47 D RX
BNL Branch if not low 47 B RX
BNE Branch if not equal 47 7 RX
Used After Test Under Mask Instructions
B8O Branch if all ones 47 1 RX
BZ Branch if all zeros 47 8 RX
BM Branch if mixed 47 4 RX
BNO Branch if not all ones 47 E RX
BNZ Branch if not all zeros 47 7 RX
BNM Branch if not mixed 47 B RX
Used After Arithmetic Instructions
BO Branch if overflow 47 1 RX
BZ Branch if zero 47 8 RX
BM Branch if minus a7 4 RX
BP Branch if positive 47 2 RX
BNO Branch if no overflow 47 E RX .
BNZ Branch if not zero a7 7 RX
BNM Branch if not minus 47 B RX
BNP Branch if not positive 47 D RX

The format is a variation of the RX instruction format. The assembler uses the extended mnemonic to form both the
operation code and the R1 field of the instruction.

Examples:
LABEL A OPERATION A OPERAND A COMMENTS
10 16
I R B BiH | . 24,00, 1%6) L, ., , |COMPLIETE SPECIFICATION
IR B BINZ , oquUTPUITA , | ., ((RELATIH, VE ADDRESIS | , | |, .
MR B! BINP | PRPB | 0y v 1 o |RELATH, VE . ADDRESI|S, | ., ;] 1 o1
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3.3.3. Comparison Instructions

NS The comparison instructions compare, either logically or algebraically, the contents of a location in storage to the
contents of a register, of another storage location, or of an immediate operand. The comparison instructions include:

Mnemonic Function Format
CH Compare half word RX
CLC Compare logical character SS1
CLI Compare logical immediate Sl

CcP Compare packed decimal §S2
™ Test under mask Si

The formats of the comparison instructions vary with the function of the instruction. The data compared is not
altered in memory. The condition code is set by all the comparison instructions. The operands are processed from
left to right in most cases; in the compare packed decimal instruction the operands are processed from right to left.

The instructions are explained separately in the text and are accompanied by notes on their limitations and
operations.

3.3.3.1. Compare Half Word

INSTRUCTION | MNEMONIC SYMBOLIC SOURCE CODE HEXADECIMAL OBJECT
TYPE OPERATION OPERAND FORMAT OPERATION | INSTRUCTION
CODE CODE LENGTH
~ RX CH R1,D2(,B2) 49 4 BYTES
Function:
(R1) : (OP2)
Description:

The compare half-word instruction compares algebraically the contents of the register specified by R1 to the
contents of the haif word specified by OP2.

Operational Conditions:
1.  The OP2 address should be defined at a half-word boundary.

2.  The condition code is set as follows:

0 (R1) =(0P2)
1(R1) < (OP2)
2 (R1) > (OP2)

Examples:

LABEL A OPERATION A OPERAND A COMMENTS
1 10 16

o by pley o 32606, %400, 1GOMPLIETE, SIPECTHFITCATION
TR I B CH | | L3I RTINRT, oy RELATII VE ADDRESS | | |,
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3.3.3.2. Compare Logical Character

INSTRUCTION | e on | SYMBOLIC souRcE coe | HEZEoRERt | o erion
CODE CODE LENGTH
SI CLI D1(B1).I2 95 4 BYTES
Function:
(OP1) : 12
Description:

The compare logical immediate instruction compares logically the contents of the byte specified by OP1 to the
immediate operand, 12.

Operational Conditions:
1.  The operands are compared without regard to sign.
2.  The condition code is set as:
o(oP1) =12
1(0P1) <12
2 (OP1)>12

Examples:

LABEL A OPERATION A OPERAND A COMMENTS
10

16

Clbily o
Cllity 4

23, 09t x"09" ., | {COMPLIETE,
CHERABLE, X/'009", |[RELAT|I VE

L2120

Ly

[ 4

1111

SIPECIHFILCATIION |
ADDRES|S |, |,

B I S |

3.3.3.3. Compare Logical Immediate

INSTRUCTION | MNEMONIC SYMBOLIC SOURCE CODE HEXADECIMAL OBJECT
TYPE OPERATION OPERAND FORNAT OPERATION | INSTRUCTION
CODE CODE LENGTH
ss1 CLC D1(L,B1),D2(B2) D5 6 BYTES
Function:

(OP1) : {OP2)
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Description:

The compare logical character instruction performs an absolute binary comparison of the contents of the
address specified by OP1 of the contents of the address specified by OP1 to the contents of the address
specified by OP2. The number of bytes to be compared is determined by the length specification in the first
operand; the maximum is 256 bytes.

Operational Conditions:

1. Execution of the instruction is terminated and the condition code is changed after the first inequality is
found.

2. The condition code is set as:
0 (OP1) = (OP2)

1 (OP1) <(OP2)
2 (OP1) > (OP2)

Examples:
. LABEL A OPERATION A OPERAND A COMMENTS
10 16
Loty ClLC 1.(,1,0,11,5),,7|2,(,8), |, OMPLIETE SPECIFICATION , | .,
ISR T B! cuc | Ve WS 72( (8,0, o, |V MPLYVED LENGTH § | by
RS ! ClLG QUADY{1%0),, TIRAP | |[RIELATI,VE AODRES|S | |\ | 3 oyt oo
T S clug | QUAD, |TRAP | [V MPLIICET LIENGTH| ,J.ALN.LEA_JARL_?J_R¢EE1§L.J.
IR A b v Ly ey b by b b g by
3.3.3.4. Compare Packed Decimal
INSTRUCTION | MNEMONIC SYMBOLIC SOURCE cope | HEXADECIMAL}  OBJECT
TYPE OPERATION OPERAND FORMAT OPERATION INSTRUCTION
CODE CODE LENGTH
SS2 CP D1(L1,B1),D2(L2,B2) F9 6 BYTES
Function:

(OP1) : (OP2)

Description:

The compare packed decimal instruction algebraically compares the contents of the bytes specified by OP1 to
the bytes specified by OP2; the maximum number of bytes is 16. Both OP1 and OP2 should contain packed
decimal fields.
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Operational Conditions:
1. The operands are processed from right to left.

2.  If OP1 is larger than OP2, the remaining digits of OP1 are compared to zero. If OP2 is larger than OP1,
the remaining digits of OP2 are ignored.

3. A sign is assumed in the four rightmost bits of the least significant byte of both operands and is
considered in the comparison.

4. The condition code is set as:

0 (OP1) = (OP2)
1 (0P1) < (OP2)
2 (OP1) > (OP2)

Examples:
LABEL A OPERATION A OPERAND A COMMENTS
10 16
oo g by CiP, | 6 ,3,190,.7.81¢,1.3,,.114), , , ICOMPLIETE, SIPECHIFII CATHION ! (3
) S | l 1.1 clp_‘L 11 6_[_!_“ L?l?,l'_i ngJ(_l!_LI_J!LLJ >L_1, 4 .L_L‘L-lJALM.J_EJE.LI.LEVLD.L,J_L'L_E_LN_JVG,IT LH AJ L 14‘.L_>1,_1_1__L_L.LJVJ771"1,
[ S T CIPy 1 PROIVION 11:31) ¢, 15:D:8: (M3 4 1 IRELIATIIVIE AIDDRESIS o s o 1 v v ol ay
I 1 1 1 I 1 ] clPI i_.L Plnlolvlol“slnlsl l R J_L B S A T | I'lMlPlLllIclI |T] lAlolDlRlElslsl JA]N]DI lLlEkNlGlTlHl i
3.3.3.5. Test Under Mask
MNEMONIC HEXADECIMAL OBJECT
INSTRUCTION SYMBOLIC SOURCE CODE
CODE CODE LENGTH
S1 ™ D1(B1).12 91 4 BYTES
Function:

test (OP1) : 12

Description:
The test under mask instruction tests the bits in the byte specified by OP1, using 12 as a mask for the test. Bit
positions not to be tested are indicated by O bits in the mask; 1 bits indicate bit positions to be tested.

Operational Conditions:

1.  The condition code is set as:
No match
Partial match

Not used
Full match

WN -0
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Examples:
LABEL A OPERATION A OPERAND A COMMENTS
10 16
TR T B TIM 8,0, (14D, X FI 0,y JCOMPLIETE, (S|P ECILFILCATIION
Lo b TiM PHEAA X R v 3 1o o IRELATII,VE, AIDDIRESES 1 | 1)

3.3.4. Data Manipulation Instructions

The data manipulation instructions edit, translate, or change formats of data stored in main storage. The instructions

include:
Mnemonic Function Format
ED Edit SS1
PACK Pack §S2
TR Translate SS1
UNPK Unpack §S82

Of the data manipulation instructions, only the edit instruction sets the condition code. Operands are processed
from left to right in the translate and edit instructions and from right to left in the pack and unpack instructions.

The instructions are explained separately in the text and are accompanied by notes on their limitations and
operands.

3.3.4.1. Edit

INSTRUCTION | MNEMONIC SYMBOLIC SOURCE CODE HEXADECIMAL OBJECT
TYPE OPERATION OPERAND FORMAT OPERATION | INSTRUCTION
CODE CODE LENGTH
ss1 ED D1(L,B1),D2(B2) DE 6 BYTES
Function:
{OP2) - OP1
Description: .

Execution of the edit instruction transfers data from the bytes specified by OP2 to the bytes specified by OP1,
changing the data format from packed decimal to unpacked decimal, inserting zone bits and editing symbols,
and suppressing leading zeros. This editing process is controlled by the editing mask in OP1, which is overlaid
by execution of the instruction. OP2 should be a packed decimal field and OP1 should contain the editing
mask.
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Operational Conditions:

1.  The following pertains to the 9200 system optional software version of this instruction; see also card
utility programs programmer reference manual, UP-4120. '

- The software edit function is provided by a fixed, closed subroutine in relocatable object code. It
requires approximately 375 bytes of main storage and must be linked to the problem program. To
make this linking possible, the following source code must be inserted in the program:

LABEL A OPERATION A OPERAND A
10 16
S W R EIXT,RNLVIED\ VT, | 0 v by v by vy by g v e ag |l
AR N A {11 USRS SN S 0 SO0 ST ST S U T S S S NN SN S N O SO S B B A N I S |

L The source code necessary to accomplish the instruction is:

R R A BlA/L, | VS OEDIV T v o b s by v b e b g

AN A S EID; ; oiptlyiefpi2y v v Uy v v by vy by g g g

a Other than the above, the software edit instruction is identical in operation to the hardware
version.

2. The operands are processed from left to right.
3. The contents of OP1, after execution of the instruction, are dependent upon:
Fill character
Digit select byte (DSB)
Significant start byte (SSB)
Field separator byte (FSB)
Editing symbols
Sign of OP2
a. Fill character
The leftmost byte of OP1 contains the fill character, which can be any alphanumeric or special
character. It is used to replace bytes in the OP1 editing mask. The first byte always remains as the
fill character. .
The fill character is substituted for:

= Leading zeros — any zero in OP2 not preceded by a significant nonzero digit.

] Leading editing symbols — any byte containing one of the available characters specified for
editing in the OP1 mask not preceded by a significant digit.

L Field separator byte — a special byte that acts as a separator in multiple field editing.
] Rightmost bytes of OP1 when the sign of OP2 is positive.

The most commonly used fill characters are the asterisk and the blank.
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Digit select byte (DSB)

The digit select byte, a hexadecimal 20, is replaced by digits from OP2 or by the fill character. The
DSB is replaced by a digit from OP2 if that digit is significant or was preceded by a significant
digit. The fill character replaces the DSB in all other situations.

Significant start byte (SSB)

By using a significant start byte, hexadecimal 21, in OP1, the presence of a significant digit in OP2
is simulated. The suppression of leading zeros and fill characters ceases with the byte immediately
following the SSB.

Field separator byte (FSB)

The field separator byte, a hexadecimal 22, is used in the OP1 mask to separate fields in
multiple-field editing. The FSB always is replaced by the fill character, and all leading zeros or
editing symbols foliowing the FSB also are replaced by the fill character. This procedure continues
until a significant digit is processed or an SSB is specified in OP1 just as if this were the beginning
of a new editing instruction.

Editing symbols

Any alphanumeric or special character may be specified as an editing symbol in OP1. These
symbols never are replaced by a digit from OP2, but are replaced by the fill character before a
significant digit has been processed.

Sign of OP2

If any byte of OP2 contains a 4-bit digit with a value greater than eleven (X‘0B’), it is recognized
as a sign. If the sign of OP2 is positive, any editing symbols in the mask at the end of OP1, or
between the last DSB and an FSB, are replaced by the fill character. If the sign of OP2 is negative,
these editing symbols remain in OP1,

4.  Zone bits are inserted in OP1 when digit bits from OP2 overiay the editing mask. The bits inserted are
1111 in the EBCDIC mode, and 0101 in the ASCIl mode.

5.  An example of the use of the edit instruction is:

LABEL 5 OPERATION© OPERAND 5

1 10 16

O,PON, | | ¢ DIC, | XLé6,/ 0", v v vy gy by by i ey
0,PTY |, DIC, , | Xbd 0" v v by v vt g b L
E.DIMK; | | DIC, | | X’',;4,0,210,2,0,6,B]2,0,2,1,210,4,B2,0{2,0,C3 D|19,', |, (|
NS W T PSS S T N ST S S A RV S SN S NS S TAT NS AU G A A B N SR |
ALPA |, MV.C OPON.EOMK, | v v ool vy Lo byl
RN B EiD OPON,OPTY, | v v vl vy by a v gy
T PIUT, |, PRENT,OPON | | | i it L
PRI PRI I EX AR B IO B SRR ARV ST R
SN B BjC , | WS ALIPA v b b L

3-33
PAGE REVISION | PAGE
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Line 1. A work area, OPON, is defined and binary O's are used to fill it. It is the same length as the
editing mask. Ny
Line2. A work area, OPTU, is defined and filled with binary 0’s. The packed number to be edited
is moved here.
Line 3. The editing mask, EDMK, is defined.
Line 4. Processing takes place; the number is generated.
Line 5. The editing mask is moved to preserve it.
Line 6. If OPTU contains a value representing —106071 and the desired output format is xx,xxx.xx
if positive and xx,xxx.xxCR if negative, the operation of the edit instruction is:
oP2 0110607 (1D
// o~
OP1 40 |20 [ 20 | 6B 20} 21| 20)4B| 20 |20 |C3|D9
—
N
a b ¢ d e f g h i j k k
oP1 40 |40 |F1| 68| Fo| Fe} FO| 48] F7]| F1{C3| D9
a.  The fill character remains; this first byte never is replaced.
b.  The corresponding digit in OP2 is a leading zero; the fill character replaces this DSB.
c.  The corresponding digit in OP2 is significant; it replaces the DSB.
d.  This editing symbol, a comma, remains in OP1 because it was preceded by a significant Eligit.
e. This DSB is replaced by the digit from OP2 because it was preceded by a significant digit.
f. This SSB is replaced by the significant digit from OP2, It is placed in the mask to ensure that the
next digits are placed in OP1 even if they are leading zeros,
g. This DSB is replaced because it is preceded by a significant digit and because it is preceded by an
SSB; either is sufficient.
h.  This editing symbol, a period or decimal point, remains in OP1 because it was preceded by a A

significant digit or an SSB.
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i. This DSB is replaced by the significant digit from OP2.

i This DSB is replaced by the significant digit from OP2.
k. These editing symbols, C and R (any number of the available characters could have been
specified), remain in OP1 because the sign of OP2, a hexadecimal D, was negative.
The result of the operation stored in OP1 is 1,060.71CR.
Line 7. The result of the editing process is then moved before printing.
Line 8. More processing occurs and another number is derived for editing.
Line 9. An unconditional branch back to the editing path is specified.
Line 5. The mask is moved again.
Line 6. If OPTU contains a value representing .71, and the output format is the same, the operation
of the instruction is:
oP2 00 00|07 |1F
—

oP1

OP1 40 140 {40 | 40 | 40| 40 [FO |4B |F7{F1] 40|40

a.  The fill character replaces the first six bytes of OP1 because no significant digit was processed in
oP2. .

b. The SSB is replaced by the fill character, but the next byte is replaced by the corresponding digit
from OP2,

c.  This DSB is replaced from the OP2 digits because it was preceded by an SSB.
d.  This editing symbol remains because of the previous SSB.

e, This DSB is replaced by the significant digit from OP2,
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f. This DSB is replaced by the significant digit from OP2,

g. These editing symbols are replaced by the fill character because the sign of OP2, a hexadecimal F,
is positive.

The result of the operation sorted in OP1 is 0.71.
6.  The edit instruction sets the condition code as:
0 The portion of OP2 following the last FSB is zero, or the last byte of OP1 is an FSB.
1 The portion of OP2 following the last FSB is not zero and is placed in OP1.
2 The portion of OP2 following the last FSB is not zero and is replaced by the fill character in OP1.

The condition code settings are useful in multiple-field editing, but do not reflect the contents of any
part of OP2 that precedes the last FSB in the editing mask.

Examples:
LABEL A OPERATION A OPERAND A COMMENTS
1 10 16
TS AN B! EID , | 1,6,(,2,1],,%,4),,18,3(9,)) , ,COMPLETE SPECIFICATION | ,
IS B ElD ¢ 4 1461(0,13140),, 830,90, | VMPILIED [LLENGTH , | | v 1 o4 0
[N N B EID oPON([21), FLD2 , |, RELATI VE ADORESS | , | , 11
R N B Dy 0P ONGIBWD2: |y vy g o JLMPILLCET] L ENGTH, (AND ,ADDRESS,
3.3.4.2. Pack
MNEMONIC HEXADECIMAL OBJECT
INSTRUCTION SYMBOL{IC SOURCE CODE
TYPE OPERATION OPERAND FORMAT OPERATION INSTRUCTION
CODE CODE LENGTH
S$S2 PACK D1(L1,B1),D2(L3,B2) F2 6 BYTES
Function:
(OP2) - OP1
Description: .

4 Execution of the pack instruction transfers thebcontents of the bytes specified by OP2 to the bytes specified
by OP1, altering the data format from unpacked decimal to packed decimal.

Operational conditions:
1 byte
—
|z p|z D[z p|z D[s D]
OP2 {unpacked decimal) ~ X
OP1 (packed decimal) (D DID DID Sl

1.  Operands are processed from right to left, as:
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where:
Z = zone bits
D = digit bits
S = sign bits
Note that the first byte sign and digit positions are reversed by execution of the instruction.
2. If OP1 is larger than OP2, the remaining digits of OP1 are zero filled; if OP2 is larger than OP1, the
excess digits of OP2 are ignored.
3.  The maximum length of operands is 16 bytes.
4.  Execution of the instruction does not change the condition code setting.
Examples:
LABEL A OPERATION A OPERAND A COMMENTS
10 16
L1l l L PlAlclKl 01( 131' 181) 1t 11191( il 151’ 19 l) I ! IclolMIPLLLELTlsl ‘SJEAE;EQA,FJ_"LCLALTLIAO,LANA _.1 Loa s e
AN PlAIC K, 0,1, 181, 19, 19 v 1 HMPLIED JLENGTIH 0 L
AN ! PIAICIK ExMil (3D B0, (L RELIATLVYE] ADDRIESS, ;| o . o i1t .
TS U B PIAICIK, ExMl, B o b b LMPIL LG T LLENGIT.H ,ANID, A DDIRESS;
—
\ 3.3.4.3. Translate
INSTRUCTION | MNEMONIC SYMBOLIC SOURCE cope | HEXADECIMAL OBJECT
TYPE OPERATION OPERAND FORMAT OPERATION | INSTRUCTION
CODE CODE LENGTH
SS1 TR D1(L,B1),D2(B2) DC 6 BYTES
Function:

Translate (OP1) using (OP2) - OP1

Description:
Execution of the translate instruction replaces the bytes of OP1 with the contents of the translation table at
OP2. The binary value of each OP1 byte is used as the relative address of its replacement in the translation
table.

Operational conditions:

1.  Translation of OP1 occurs one byte at a time in a left-to-right sequence.

2.  The capacity of the translate table is 256 characters.

o 3. The length specified in OP1 determines the number of bytes translated.
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4. OP2is not changed by execution of the instruction.

5.  Execution of the instruction does not change the condition code setting.

6. The instruction operates as:
The user has a message in his program that is in his own code, which, for this example, consists of a
simple substitution of a number for a letter, 1 for A, 2 for B, ..., 26 for Z, and zero for blank. If the
message is to be printed, the characters must be in EBCDIC code.
The programmer sets up a table and stores it in main storage; in this case, it is stored at location 6000

and labeled TBLE. The table is 27 bytes long, but could be a maximum of 256 bytes. TBLE contains the
hexadecimal values:

TBLE (location 6000) : 40
TBLE +1 : C1
TBLE +2 : c2
TBLE +26 : E9

In other words, TBLE contains the equivalent of the EBCDIC code for the alphabet.
“The message in the program that must be translated is, in hexadecimal:

0D, 05, 13, 13, 01, 07, 05, 00, 09, 13, 00, 14, 12, 01,

0E, 13, 0C, 01, 14, 05, 04
The message is labeled NOTE and is 21 bytes long.

The instruction used to translate NOTE is:

LABEL A OPERATION A OPERAND A
1 10 16 .
[N T | TiIRi 1 NNOTE( (2,1}, TIBLE, | | v v b v v b g
[T | PR AN SN S WU N O TSN U U AN SNA N W WY S AN O WO WA T A

In the operation, the binary value of each byte is used to address relatively its replacement in the
translation table.

The value of the first byte of NOTE is 13 (because 0D in hexadecimal equals 13 in decimal); it is
replaced by the thirteenth byte of TBLE (location 6000 + 13). TBLE + 13 contains the value 1101
0100, an EBCDIC M. That value replaces the first byte of NOTE.
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The operation is the same for the second byte. Its value is 05, or 5; it is replaced by the value at
AL location 6005, an EBCDIC E. Each byte of NOTE is replaced in that manner for the number of
: bytes specified by the length of the first operand in the instruction.
Examples:
LABEL A OPERATION A 6 OPERAND A COMMENTS
10 1
1 11 ] l 1 1 TlRl 1 3151(A2J0J'_|91) 1t l] 161( llll l)l L lclolMlPLLLELTAEl Is LPIEJEU LFJ'lclAiTl,l_lo_l_N_l__l_l_l_l__L_i_
1 1 1 ) l I TlRJ ] 1 3L5L( LJ?_I)J’ |1161( 1]l1))l L 1 1 JJLMAPILLI lElDl ILH.[GXTL&L J..vl_,,l._l,¢, J O——] l 1 #LL,,l,,,
ERE T S TR | NOTE(}20,),,,TBLE , |, RELIATI VE ADDRIESS , | , |, ¢ |
Lo by TIRy 4 1 NOTE, ITBLE | | 4 | JMPILILCLT LENGTH AND ADDRESS )|
3.3.4.4. Unpack
INSTRUCTION | MNEMONIC SYMBOLIC SOURCE copE | HEXADECIMAL OBJECT
TYPE OPERATION OPERAND FORMAT OPERATION | INSTRUCTION
CODE CODE LENGTH
S$S2 UNPK D1(L1,B1),D2(L2,B2) F3 6 BYTES
Function:
~
o (OP2) -» OP1
Description:
Execution of the unpack instruction transfers the contents of the bytes specified by OP2 to the bytes specified
by OP1, altering the data format from packed decimal to unpacked decimal.
Operational conditions:
1.  Operands are processed from right to left, as: 1 byte
-
OP?2 (packed decimal) D p|p D|D 5|
< 1
OP1 (unpacked decimal) l Z Dlz Dl Z Dlz Dls DJ
where:
Z = zone bits
D = digit bits
S =5sign bits
A sign is assumed to be in the rightmost byte of OP2 and the byte sign and digit positions are reversed
by execution of the instruction.
‘ 2.  The zone bits of OP1 are added to the digit bits from OP2. Either 1111, an EBCDIC zone pattern, or
N 0101, an ASCII zone pattern, is added.



7508 Rev. 3
UP-.NUMBER

UNIVAC 9200/9200 11/9300/9300 |1 SYSTEMS

3--40
PAGE REVISION } PAGE

3. If OP1 is larger than OP2, the remaining bits of OP1 are filled with the unpacked zero character {X'FO’

EBCDIC). if OP2 is larger than OP1, the excess bits of OP2 are ignored. N
4.  Maximum length of operands is 16 bytes.
5. Execution of the instruction does not change the condition code setting.
Examples:
LABEL A OPERATION A OPERAND A COMMENTS
10
1 1 LL] L1 UINIPIKI 3I8l(l‘lo|'lllsh)l' lllzLaL( L6J’L]lsl)l lclolMlPLLlElTlsl i§ EXEIC_J_‘JFlllclAAT1|1°INi iﬁiAL_L,LA_
ool NPk | 13080, S V20800, 0,58y o (WM PLIIED LENGTH ) L
| S l J | UiNlPIKl DAFRLIDX(IlloJ)_.l'_L!Ll!LMJ_F.Ll:LDI_(_LéL)_lAL_L&.ELJ_LALHI,LVAELJAJD,JDJBLEJElgx 1 Jkl,l._liif,l 1 l 1101
[T B UiNP K, OFLD INUMFLID . | (IIMIPILIIICJLL_TAALL_IE_LELG,JL':‘L I,AANJDLAlél..DJ?LRLE.lslsL.l
[N A B [ st b b v ey by e b e e ey by by b by
3.3.5. Data Transfer Instructions
The data transfer instructions move data between storage locations and registers, other storage locations, or
immediate operands. The data transfer instructions include:
Mnemonic Function Format
LH Load half word RX
MvC Move characters SS1 -
MVi Move immediate data Y|
MVN Move numerics SS1
MVO Move with offset SS2
STH Store half word RX

The formats of the data transfer instructions vary with the function of the instruction. The instructions do not
change the condition code setting, and operands are processed from left to right on all instructions except the move
with offset.

The instructions are explained separately in the text and are accompanied by notes on their limitations and
operations.

3.3.5.1. Load Half Word

INSTRUCTION | MNEMONIC SYMBOLIC SOURCE CODE HEXADECIMAL OBJECT
TYPE OPERATION OPERAND FORMAT OPERATION | INSTRUCTION
CODE CODE LENGTH
RX LH R1,D2(,Bp) 48 4 BYTES

Function:

(OP2) - R1
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Description:

The load half-word instruction transfers the contents of the half word specified by OP2 to the register
specified by R1.

Operational conditions:
1.  The OP2 address should be defined at a half-word boundary.

2. Execution of the instruction does not change the condition code setting.

Examples:
LABEL A OPERATION A OPERAND A COMMENTS
1 10 16
U AN S LW, o 18, 69280, WSOy e L JCOMPLIETE, SPECIFILCATIION | |
Lo Ly LiH 8, POSITd, , vl o IRELATH VE, ADDRES|S, , o ool

3.3.5.2. Move Characters

INSTRUCTION | MNEMONIC SYMBOLIC SOURCE CODE HEXADECIMAL OBJECT
TYPE OPERATION OPERAND FORMAT OPERATION | INSTRUCTION
CODE CODE LENGTH
ss1 MVC D1(L,B1),D2(B2) D2 6 BYTES
Function:
(OP2) - OP1
Description:

Execution of the move characters instruction transfers data from the bytes of main storage specified by OP2 to
the address specified by OP1. The number of bytes transferred is determined by the length specification in
OP1. The maximum number of bytes that can be moved is 256.

Operational conditions:

1. Characters are moved unaltered and OP2 is unaltered by the instruction. .

2. Execution of the instruction does not change the condition code setting.

Examples:
MV S MiV,C 2,5,(,801,,9),, Y14 V50, , ; 4 [COMPLIETE lsl,P,LEAGJ.I_LELI_LGJ._A.LIJLJQ;NL.L_.LLJ_L
TR R MmvC TAGL MV s I MPLEIED LENGTH, | by
RN SR B LA/~ F1,5,Y\RI(,80),i€ARD |  ,  , |RELATIVE ADDRESIS, |, | st
[T B LA F1 s YR, CARD, Lo daaa o PMMPLLICHT LIENGTH AND (ADDRESS,
[T B B [ [T NS S A N H S S U WA S ) A WS S S U SRS i TR RS TR S S RS R S ST B!
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3.3.5.3. Move Immediate Data

INSTRUCTION | B on | SYMBoLic source cope | HEEERRE ORE | usTRUCTION
CODE CODE LENGTH
SI MVI D1(B1),Ip 92 4 BYTES
Function:
12> 0P1
Description:

The move immediate data instruction transfers the immediate data, 12, to the byte specified by the OP1 address.
Operational conditions:
Execution of the instruction does not change the condition code setting.

Examples:

| LABEL OPERAND A

A OPERATION A COMMENTS
10 16

LMIVIII i
MiV 1

]|412l(lll21) Le 1x1' ialAl" 1 1 ) R . | JCIOJMIPALXE‘TlEI lslP[Elcl|lFllﬂcLAiTA' IO‘N
S Y, S;,ALIP, X' BIA |

lllJlll

' B ol a0 (RELATI VE ADDRES|S

JE ST | |

[N B Ly ogg oo b g b b iy g v 11

!JLLI[IAI‘LLI

3.3.5.4. Move Numerics

INSTRUCTION | aTion | SYMBOLIC source cope | MCCEs SN | INSTRUCTION
CODE CODE LENGTH
ss1 MVN D;(L,B1),D2(B2) D1 6 BYTES
Function: .
(OP2) - OP1
Description:

The move numeric instruction transfers the numeric bits from the bytes of data specified by OP2 to the
numeric bits of the bytes specified by OP1. The number of bytes affected by the instruction is dependent on

the length specification of OP1; the maximum is 256.
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Operational conditions:

1.  The zone bits of the bytes in OP1 are unaffected by the instruction.
2. Execution of the instruction does not change the condition code setting.

3.  Theinstruction functions as: b
1 byte e

(7 1[F 2[F 3F aJF 7]F 4]

|r 4|c 4|c z:]E?;t]C 4|p 1]

alF 4|F :IF i1]

After execution of the instruction, the zone bits of OP1 are unaltered and the digit bits are overlaid by
the digit bits from OP2.

OP1 (before execution)

0oP2

1
OP1 (after execution) lF 4[F 4]F

Examples:
LABEL A OPERATION A OPERAND A COMMENTS
10 16
SRR A IM1V1N1 L 8009, (3100 ¢, (VL4120 ) 0y ICOMPLIETE SIPECIFI CATIION | | i
[ T Mllel i l(loJ]lo I) l'lllll( “121)1 e b “LMLPLLI'lEIDt LLLEINLGLTlH,L,,l,J_L,;,LJ_.A_J___x. xl Lo
[N R R MVN oc¢v (9P, ZEN ., RELATIVE ADDRESS | . 4,14 sda1..
TR B MIV\N, 0CT, ZIEN, ity PMPLILCHT LENGTH AND |ADDRESS |
[N EE B! [T T VAU T SO WU WO N S0 S S N Y S S SIS B ST R SN A NSV EEPUS S S S L Iy
3.3.5.5. Move With Offset
INSTRUCTION | MNEMONIC SYMBOLIC SOURCE cODE | HEXADECIMAL| ~ OBJECT
TYPE OPERATION OPERAND FORMAT OPERATION INSTRUCTION
CODE CODE LENGTH
$S2 MVO D{(L1,B1),D2(L2,B2) F1 6 BYTES
Function:
(OP2) > OP1
Description:

Execution of the move with offset instruction transfers data from the bytes specified by OP2 to the bytes
specified by OP1, moving the data four bits to the left as it is processed.

Operational conditions:

1.  The operands are processed from right to left.

2.  The first four bits of OP1, the least significant or rightmost bits, always remain unchanged.
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3. If OP1 is larger than OP2, the remaining leftmost positions of OP1 are zero filled. OP1 must be at least
one byte larger than OP2 to avoid truncation of the data on the left. If OP2 is larger than OP1, however,

the excess leftmost positions of OP2 are ignored.

4. The maximum length of operands is 16 bytes.

5. Execution of the instruction does not change the condition code setting.

6. The instruction functions as:
LABEL A OPERATION A OPERAND A
1 10 16
IR A MiV,0, | DATAONE(3NI DATATWOL 3, | | | 44 1 (|
11 ] 1 I I L l 1 I 1.1 1 i I i1 1 1 l 1 | I l WS N S | l 1 L 1 1 I 4 1 1 '
results in:
oP2 D1 D2|D3 D4|D5 D6 |
A4
—unchanged
oP1 (D2 D3|D4 D5|D6 x
AR NN B MIV,0, DAT A3, DIATAFOIUR(,2) |y v L v 1y 0 ]
results in:
oP2 D1 D2/ D3 D4|
inserted // // unchanged
— [inehan
OP1 |0 p1|p2 D3[D4 x|
Ly g MIVIO, DATAFULUVE(2D  DIATIAS XT3y o0 by g0y ]
results in:
oP2 ID1 D2|D3 D4[D5 D6)
lost 1 1 J/ .
——unchanged
oP1 ID4 D5|D6 x|
1 byte
where:

D1,...,D6 = digits occupying four bits of the byte.
x = the original contents of these positions.
0 = zero fill of the MVO instruction.
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Examples:
LABEL A OPERATION A OPERAND A COMMENTS
10 16
NN A 1 Ll Gve ], ), 240,068,380 1, € OMIPLETE) (SPECHFLCATION ¢ |
tr g fg L LV o1V 0, 320000, VW g L gt MP L ED JLENGTIH ]
IS B | MOOG(}1,6) ), SIYNTH | ;| RELIATIVE ADDRESS, | | i1 ..
11t | I i1 1 M'ololG 1s lsJYlNlTlHL i1 1 ) D N L_l,#L‘J‘M]f_L.l:_L_LLACJ.[iIL_LLALEJ,NXG_l TLHJ LAJHJ_DI riAl DADIRAEI slsl

3.3.5.6. Store Half Word

INSTRUCTION | MNEMONIC SYMBOLIC SOURCE CODE HEXADECIMAL OBJECT
TYPE OPERATION OPERAND FORMAT OPERATION | INSTRUCTION
CODE CODE LENGTH
RX STH R1,D2(,Bg) 40 4 BYTES
Function:
(R1) > 0P2
Description:

The store half-word instruction transfers the contents of the register specified by R1 to the haif word in main
storage specified by the OP2 address.

Operational conditions:

1.  The OP2 address should be defined at a half-word boundary.

2.  Execution of the instruction does not change the condition code setting.

Examples:

S[Tl"h 1 1‘LSXI IOI(JI_qu)l { } 4 ic‘olM}PlLLElTlEj ASKPAEICJ|1F1|1CIA]TI|)°lNA

1,5, USIE;FUL, |

[N A SIT\H RELATIVE ,ADDRESS |, |,

3.3.6. Display Instruction

The halt and proceed instruction is a display instruction; its execution stops the processor and displays a selected
series of digits in the halt/display indicators of the console.
Function

Mnemonic Format

HPR Halt and proceed Sl
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3.3.6.1. Halt and Proceed

INSTRUCTION | MNEMONIC SYMBOLIC SOURCE copE | HEXADECIMAL|  OBJECT
TYPE OPERATION OPERAND FORMAT OPERATION | INSTRUCTION
CODE CODE LENGTH
SI HPR D1(B1).I A9 4 BYTES
Function:
display OP1

Description:
Execution of the halt and proceed instruction stops the processor and causes a display in the halt/display
indicator on the console. If the most significant bit of OP1 is 0, the display is the 16 bits of OP1, as specified
in the instruction. If the most significant bit of OP1 is 1, the display consists of the contents of the register
specified by the leftmost 4 bits of OP1, plus the rightmost twelve bits of OP1.

Operational conditions:
1. 12 of the Sl format need not be specified with this instruction.

2. Thenextinstruction in sequence is executed by pressing START.

3.  Execution of the instruction does not change the condition code setting.

Examples:
LABEL A OPERATION A OPERAND A
10 16
Lo b HIP R | X' 3 FFAF'), DV SPLIAYS 3 FFEF 1 v vy ]y
1 | b1 l 1 1 H[PIRI i 2I4l( 181)[ | i1 ] iDLI 1LP|LlA1YLSI IAJDIDIRIEISLSLI 11 I 1

3.3.7. Input/Output Instructions

T he input/output instructions are a pair of instructions that test the status of an input/output device or initiate an
input/output function. The instructions are:

(Y

Mnemonic Function Format
TIO Test input/output status Sl
XIOF Execute input/output function Sl

The instructions are explained separately in the text and are accompanied by notes on their limitations and
operations.




7508 Rev. 3
UP-NUMBER

UNIVAC 9200/9200 11/9300/9300 11 SYSTEMS

l PAGE REVISION l PAGE

3.3.7.1. Test Input/Output Status

INSTRUCTION | MNEMONIC SYMBOLIC SOURCE CODE HEXADECIMAL OBJECT
TYPE OPERATION OPERAND FORMAT OPERATION | INSTRUCTION
CODE CODE LENGTH
SI TIO D1(B1).Iy A5 4 BYTES
Function:
status = OP1
Description:

Execution of the test input/output status instruction tests the status of the device specified by 12 and sets the
condition code; the status of the device tested is stored in the byte specified by the OP1 address.

Operational conditions:

1. The instruction clears the device status for the device tested if the device is not busy. If the device is
busy, the status is not reset.

2.  The interrupt request is part of the device status and is cleared by the instruction.

3. The condition code is set as:

0 Device is available.
1 Valid status. 5
2 Busy. :
3 Rejected.
Examples:
LABEL A OPERATION A OPERAND A COMMEN’
0 16
TR B T{1,0, 2,0, ,1,5),,,%",0/5°, , , [COMPLIETE  S|PEC,I FIICATION,
ISR U S TIL,00 3 EVEN,|X' 05", , , |[RELATII VE ADDRESIS |, , o1 .

3.3.7.2. Execute Input/Output Function

MNEMONIC HEXADECIMAL|  OBJECT
INSTRUCTION SYMBOLIC SOURCE CODE
TYPE OPERATION OPERAND FORMAT OPERATION | INSTRUCTION
CODE CODE LENGTH
S XIOF D1(B1).1p A4 4 BYTES




7508 Rev. 3 UNIVAC 9200/9200 11/9300/9300 11 SYSTEMS

UP-NUMBER | PAGE REVISION | PAGE

Function:
execute OP1
Description:

The execute input/output function instruction initiates the function defined by the specification in OP1 on
the device specified by OP2.

Operational conditions:
1. The XIOF instruction uses information characteristic to each peripheral input/output device. The
necessary information can be found in the central processor unit programmers reference manual,

UP-7546.

2. The buffer control word associated with the specified device must be loaded with the proper control
information for this device before the XIOF instruction is executed.

3. If the instruction is executed with interrupt inhibited, the status or device address is never stored
automatically. The procedure to be followed is the same as if I/O operations are performed in the 1/0O
mode. In particular, the interrupt pending bit is set when the 1/O operation is completed.

4,  The function specification in OP1 defines the type of operation to be initiated.
6.  For the dedicated 1/O devices, bit 27 (the H bit) is reserved to inhibit generation of al! interrupt requests
when the operation ends. In this case, the interrupt pending bit is set at the completion of the /O

operation initiated by the instruction.

6. The condition code is set as:

0 Function accepted.

1 Status pending.

2 Busy.

3 Function rejected, invalid device number.

Example:

LABEL A OPERATION A OPERAND A COMME
10 16

SIS I BT X|1,0,F, X' 6,1, %",0,5{, , , COMPL ETE ,SPECHFI|CATI ON

3.3.8. Logical Instructions

The logical instructions form the logical products or sums of data in storage, using other data in storage or
immediate operands. The instructions include:

Mnemonic Function Format
NC AND characters SSt

NI AND immediate data Si

oC OR characters SS1

0] OR immediate data Sl
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The formats of the logical instructions vary with the function of the instruction. The instructions set the condition
code and the result is stored in the first operand with each logical instruction.

The instructions are explained separately in the text and are accompanied by notes on operations and limitations.

3.3.8.1. AND Characters

INSTRUCTION | MNEMONIC SYMBOLIC SOURCE CODE HEXADECIMAL OBJECT
TYPE OPERATION OPERAND FORMAT OPERATION | INSTRUCTION
CODE CODE LENGTH
ss1 NC D1(L,B1),D2(B2) D4 6 BYTES
Function:

(OP1) MW (OP2)->OP1

Description:

Execution of the AND characters instruction forms the logical product of the bytes specified by OP1 and OP2,
and stores the product in OP1. The number of bytes affected by the instruction is determined by the length
specification in OP1; the maximum is 256.

Operational conditions:

1. Each 1 bit in OP1 matched by a 1 bit in the same relative position in OP2 produces a 1 bit in OP1;in
any other case, a 0 bit results in OP1.

2. The condition code is set as:

0 Result is zero; no 1 bits in the product.
1 Result is not zero; one or more 1 bits in the product.

Examples:
LABEL A OPERATION A OPERAND A COMMENTS

1 10 16
ST B NC 2,5,(,1,914,,,8).,]204(,1,4y), . COMPLETIE SPECIFIGATION , , L
S S B Gt 05000, 0810 0,02,00( i 04 o oy u d MIPLEEDE LENGITH o0 Ly o0 s sl

LY

| ] NG NUEVAI(1,94) 1,5 NS, , (RELATIVIE ADDIRESS, | , o, Lo o

[ B NJC 1 NUEVAL,S 1)NITLS, cou Lo MPLIC) T, LENGTH, AND ,ADIDRESS;
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3.3.8.2. AND Immediate Data

INSTRUCTION | MNEMONIC SYMBOLIC SOURCE copE | HEXADECIMAL)  OBJECT
CODE CODE LENGTH
SI NI D1(B1).I2 94 4 BYTES
Function:
(OP1) HB 12->0P1
Description:

Execution of the AND immediate data instruction forms the logical product of 12 and the byte specified by
OP1. The product is stored in OP1.

Operationa! conditions:

1. Each 1 bit in OP1 matched by a 1 bit in the same relative position in 12 produces a 1 bit in OP1;in any
other case, a 0 bit results in OP1.

2. The condition code is set as:

0 Result is zero; no 1 bits in the product.
1 Result is not zero; one or more 1 bits in the product.

Examples:
LABEL A OPERATION A OPERAND A COMMENTS
10 16
IR St AT LR ,,gLBL(_L_!LS_llL'__LlL:JB_LO,L;, COMPLETE SPECIFICATION = JUNEIN
[T BT NiL) 1 BRTIHLIX 80"  REL,AT!,VIE ADDRES S, : . . ., .. 1....

3.3.8.3. OR Characters

INSTRUCTION | MNEMONIC SYMBOLIC SOURCE CODE HEXADECIMAL OBJECT
TYPE OPERATION OPERAND FORMAT OPERATION | INSTRUCTION
CODE CODE LENGTH
SS1 oc D1(L,B1),D2(B2) D6 6 BYTES
Function:
(OP1) @ (OP2)->0P1
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Description:

Execution of the OR characters instruction forms the logical sum of the bytes specified by OP1 and OP2 and
stores the sum in OP1.

Operational conditions:

All 1 bits of OP2 are superimposed on OP1; 0 bits in OP2 do not affect OP1. The maximum number of bytes
allowed is 256.

The condition code is set as:

0 Resultis zero; no 1 bits in the sum,
1 Result is not zero; all or some 1 bits in the sum. :

Examples:
LABEL A OPERATION A OPERAND A COMMENTS
1 10 16
| o dele g ) narsia12.0,,,8) ] 44,90 COMPLETE SPECHFECATHON |\ o1
IR S | Qlcl Lt 11,5 5 ISJLLILA_L_(19 L,)x 4 xl J,.L! 1M|P,JJ,-J,|1E_LD1 le,E,LNiciTlﬂA [ B 4 J,J U U
T N B O{C) L, SMF(120) , |TEE , | RELIATIVE ADDRESS & | 111
[ R B 0iCi 1 4 LiSMFLITEE o oy b I MPILIEC T LLENGITH AND, JADDRESS,

\_ 3.3.8.4. OR Immediate Data

INSTRUCTION | MNEMONIC SYMBOLIC SOURCE copg | HEXADECIMAL OBJECT
TYPE OPERATION OPERAND FORMAT OPERATION | INSTRUCTION
CODE CODE LENGTH
SI o1 D1(By).]p 96 4 BYTES
Function:
(OP1) W 12—>0P1
Description:

Execution of the OR immediate data instruction forms the logical sum of 12 and the byte speciffed by OP1
and stores the sum in OP1.

Operational conditions:

All 1 bits of 12 are superimposed on OP1; 0 bits in 12 do not affect OP1.

The condition code is set as follows:

0 Result is zero; no 1 bits in the sum.
1 Result is not zero; all or some 1 bits in the sum.
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N—rf
LABEL A OPERATION A OPERAND A COMME
10 16
) S S l 4 1 °1c4 | 1 11 ISA( I] |2|0|: |31) 1' l‘ 1( |91) | 1c1°1M|P1L1ElT|E| ls lPlElCll lFJLL,CJ_AlIJIJ,L_Lo N —l,.LAJ_.L,L 1
[N B olc, v ] sy, 18, 4090 s o)y I MPILIED JLENGTIH |y v ua il
RN N 0iC, , L SMF(120), |TEE | RELATIVE ADDRESS |, Lyl
[ B olC; 1 LUSMFLITEE [ 4,4 4] 0 MPJLICIT] LENGTH AND ADDRESS ;

3.3.9. Supervisor Instructions

The supervisor instructions execution affects the contents of the lower bytes of main storage. The instructions store
or modify one of the program state control words or communicate between operator and problem program. The
supervisor instructions are:

Mnemonic Function Format
LPSC Load program state control Sl
SPSC Store program state control Si
SRC Supervisor request call Si

While there are technically no “‘privileged” instructions on the 9200/9300 series systems, the use of the LPSC/SPSC
instructions is usually reserved by software convention to the operating system.

The instructions are explained separately in the text and are accompanied by notes on their limitations and
operations.

3.3.9.1. Load Program State Control

INSTRUCTION | o ATion |  SYMBOLIC SOURCE cobe | HECERRCIAREL  sTRUCTION
CODE CODE LENGTH
SI LPSC D1(B1).Ip A8 4 BYTES
Function:
(OP1) - PSC -
Description:

Execution of the load program state control instruction may replace or modify the specified program sfate
control word in low-order main storage. The word specified by the OP1 address, under the control of the bits
of the immediate operand 12, is stored at the PSC location.
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Operational conditions:

1. The storage area specified by OP1 must be defined on a half-word boundary.
2.  The functions of the OP2 bits are:
1 byte

oP2 | x|x]x]x[x]x]0]o0]

0 7 Bits

where:

May be either a 1 bit or a 0 bit, depending on the programmer’s requirements.

Bits 0,1 control the loading of the PSC word and the ASCII bit.

0.1

00 PSC word remains unchanged.

01  Load full PSC word stored at the OP1 address.
10 Set ASCH bit in PSC word to zero.

11 Set ASCIH bit in PSC word to one.

Bit 2 specifies which PSC is to be affected by the instruction.

2

0 Load processor PSC.
1 Load input/output PSC.

" Bit3 specifies which PSC word controls the next instruction executed.

3

0 Processor PSC has control.
1 Input/output PSC has control.

Bits 4,5 control the alter function.
4,5
00  Alter state remains unchanged.
01  Restriction to location 4 is removed.

10  Ailter is restricted to location 4.
11 Result is unpredictable.

Bits 6, 7 are always 0.

Examples:
LABEL A OPERATION A OPERAND A COMMENT!
0 16
[ B L|PS, C 2L81_(11141)111XL'14101' .2 COMPLETE SPECILFIICATION | |
R ST LIP;S G CHNG X", 2,8}, RIELATIIVE ADIDRESS| , , |4
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3.3.9.2. Store Program State Control

INSTRUCTION | MNEMONIC SYMBOLIC SOURCE copE | HEXADECIMAL OBJECT
TYPE OPERATION OPERAND FORNAT OPERATION | INSTRUCTION
CODE CODE LENGTH
S SPSC D1(B1).I A0 4 BYTES
Function:
PSC - OP1
Description:

Execution of the store program state control instruction moves the specified program state control word to
the address specified by OP1.

Operational conditions:
1.  The storage area specified by OP1 must be defined on a half-word boundary.

2. 12, the immediate operand, controls the PSC that is stored; the third bit of the byte selects the PSC
word:

1 byte

[o[o[xJo]o]oo]o]

0 7 bits

oP2

where:

0 = bits not used.
x = bit used to select the PSC word:

0 Stores the processor PSC;
1 Stores the input/output PSC.

Examples:

LABEL A OPERATION A OPERAND A COMMEN"
10

16

2121(11l11)lllx"12101.l 1 ICJMPIL]EJTJEI lSJP]EICIIAFiliclAlTIIlolNLL
CLHINIGJ'le’lOLOL.l " lRlElLlAlTllivLEl JAlD_LD‘LRLEISIS‘ O W | Ll i

S|P;5,C
SiP,$. €

L1 1 I

lLJlllL
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3-565

3.3.9.3. Supervisor Request Call

INSTRUCTION | MNEMONIC SYMBOLIC SOURCE CODE HEXADECIMAL OBJECT
TYPE OPERATION OPERAND FORMAT OPERATION | INSTRUCTION
CODE CODE LENGTH
SI SRC D1(B1).I Al 4 BYTES
Function:
12> SRC
Description:

Operational conditions:

Execution of the supervisor request call instruction stores the immediate operand, 12, in the SRC portion of
the 1/0 PSC word and sets the interrupt request.

1.

2.

OP1 is ignored.

Interrupt occurs immediately when the processor is under control of the processor PSC word, but is
stored when input/output PSC is in control.

When the interrupt request is accepted, no device address or status is stored.

An /O operation can be completed when an SRC instruction is executed in the processor mode. The

device address and status are stored, making them available when the interrupt occurs.

Example:

LABEL A OPERATION A OPERAND A
1 10 16
N N N S SIRIC) A X VGFl*y o colMiPLETIE (SIPEIGHFILCIATTION] |
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4. Assembler Directives

4.1. DIRECTIVES

In addition to the representation of machine instructions, constants, and storage, the SPERRY UNIVAC 9200/9300
Series Tape/Disc Assembler language includes several assembler directives. These are instructions to the assembler to
perform certain functions; they afford the user of the assembler language control of the operation of the assembler.

The assembler directives, grouped by function, are:
Symbol definition

EQU

Assembler control

START

END

ORG
LTORG
Base register assignment
USING
DROP
Program linking and sectioning .
CSECT

DSECT

com

ENTRY

EXTRN
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Listing control
PRINT
SPACE
EJECT
TITLE
Input control
ISEQ
Assembler directives EQU, END, ORG, USING, DROP, ENTRY, and EXTRN may use one or more symbols in the
operand field, and,v with the exception of ENTRY, EXTRN, USING, and DROP, the symbols must have appeared in
the label field of a previous statement.
4.2. SYMBOL DEFINITION
EQU — Equate

The value and length attribute of a symbol may be defined explicitly. The statement format is:

LABEL | AOPERATION A | OPERAND

symbol | EQU I  eql,eq]

where:
e, and e, are expressions.

The symbol in the label field is defined as the value of the first expression in the operand field. If the value of the
first expression in the operand field is not between 0 and 65,535, the statement is flagged with an error indication
and the symbol remains undefined.

The symbol is defined to have a length attribute equal to the value of the second expression in the operand. The
second expression in the operand may be omitted, in which case, the symbol is defined to have the length attribute
of the first expression.

If the value of the location counter is 2000 when the following lines are detected, .
LABEL A OPERATION A OPERAND A
10 16
TAG: ¢ |1 DIS;, : | 25, L0, o oy v g by s s by b |
HlDE | ElQY 1,00+TIAG,, 8510, ) v v v v by e b
SEEK | 1 E|lQVY TAGH247 0wy * b v vy b e b by

TAG has an absolute value of 2000 and a length attribute of 10. HIDE has an absolute value of 2100 and a length
attribute of 150. SEEK has an absolute value of 20 and a length attribute of 10.
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4.3. ASSEMBLY CONTROL

Assembler directives are available to control the program name and initial location, to alter the location counter in a
specified manner, to indicate the end of the program and the instruction with which execution of the object
program is to begin, and to control the placement of pooled literals.

4.3.1. Program Start Directive (START)

The START directive defines the program name and tentative starting location. It must precede all other program
statements except comments and macro definitions. The format of the START directive is:

LABEL | A OPERATION A | OPERAND

symbol I START } decimal or hexadecimal representation

The expression in the operand field is evaluated and, if necessary, incremented to make it a multiple of two. The
result becomes the initial setting of the location counter and is the value of the symbol in the label field. This
symbol becomes the name of the first control section and the program name and is available as an entry point
without being separately defined as such. Although the operand of the START directive is an absolute value, it is
treated as if it were relocatable.

Both the value of the location counter and the coding that follows a START directive are relocatable. Any one of
the following statements will cause the program to be assigned to locations starting at 1068, and to have the symbol
SORT defined with the relocatable value 1068.

A START directive preceded by one or more statements, other than comments or macro definitions, is ignored and
flagged as an error. A START directive whose operand field does not have a value from 0 to 65,532 is ignored and
flagged as an error. If there is no valid START directive, the location counter is set to 0.

LABEL A OPERATION A OPERAND A

10 16 #

SIOR T, | 4 SITARTY 14,0670 1 4 4 v v by v o b v v b bavuog |l -
SSORT, | 4 SIVVART| 11,068, | v 4 ¢« 1o v v ol v v o by g by 1|
SORT |, | SITAR T I1X°,42C" Loy v b v v o bvv g by vl

The value stated on the START directive is affected by the e, specification of the ORG directive; see 4.3.3.

4.3.2. Program End Directive (END)

The END directive indicates to the assembler the end of the program being assembled. The format of the END
directive is:

LABEL | A OPERATIONA | OPERAND

[symbol] . END I [expression]
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When the assembler detects an END directive during its last pass, it writes any remaining text data which it has
accumulated, then writes a transfer record. If the operand field of the END directive contains an expression, its value
is entered in the transfer record to signify the address at which the program execution may begin. If the END
directive does not contain an expression in the operand field, the corresponding field of the transfer record is blank.

If a symbol appears in the label field of the END directive, it is assigned the current value of the location counter.
This is normally one greater than the highest address assigned to the program being assembled.

4.3.3. Assign Location Counter Origin Directive (ORG)
The ORG directive is used to set the location counter to a specified value. The format of the ORG directive is:

LABEL l A OPERATION A | ) OPERAND

[symbol] l ORG e1l,ey]

The value to which the location counter is set is determined by the values of the expressions in the operand field. If
e, is not expressed, then the location counter is set to the value of e,. Iif e, is expressed, the location counter is set
to the next value greater than or equal to the value of e, which is a multiple of e,. Some exampiles follow.

Operand | Resulting Location Counter Value

1000 1000
1000,2 1000
1000,16 1008

The value of e, must be a number that is the result of 2 raised to a power.

If e, is used, the value stated on the START directive must be a multiple of the highest e, value expressed in the
assembly. The assembler assumes a start value of zero until the final pass, when base adjustments are computed. The
ORG value of e, will be lost if the adjustment factor is not a proper multiple.

Because the beginning address of each CSECT is based on the ending address of the previous CSECT, and ORG*,e2
statement must precede each CSECT directive when such ORG statements are used in the following section, as

follows:
LABEL A OPERATION A OPERAND A
10 16
ORI B OIR, G, *uxelg(lllllltll||LL||11111111~111
where:

e, is the highest e, value used.
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If a symbol appears in the label field, its value also is the value to which the location counter is set and the symbol is
assigned a length attribute of one. The value to which the location counter is to be set must be either an absolute
value between O and 65,535 or a relocatable value between the initial location counter setting and 65,535. If the
value is not within this range, the ORG directive is ignored and the line is flagged with an error indication. With the
ORG directive, it is possible to set the location counter to a value that is not a haif-word boundary.

The ORG directive to set the location counter to a value 603 less than its current setting would be:

LABEL A OPERATION A OPERAND A

1 10 16
e ————————

Lo b O[R,G, =693 v b v v b v e b e b

The ORG directive may be used to reserve a number of locations that are not expressed as a single decimal integer.
For example, to reserve A minus B bytes of storage, where A and B are previously defined symbols, the statement is
written as:

lLlllJl!!olRlclI!JI*I'*'IAI'IBll_lllllIlllllLLlllJIillLL'

Bytes of storage reserved with a DS or ORG directive are not set to zero when the program is loaded.

If e, is a relocatable expression, the value to which the location counter is set and the coding that follows the ORG
directive are relocatable. If absolute, the value to which the location counter is set and the coding that follows the
ORG directive are absolute.

4.3.4. Assign Literal Pool Origin Directive (LTORG)

Literals are gathered into one or more pools with elimination of duplicates within one pool at the end of the first
control section (4.5.4). An LTORG statement directs the assembler to create a pool from all literals detected since
the last LTORG directive or beginning of the program. It also assigns to the pool the present value of the location
counter, after adjusting the location counter to a half-word boundary.

The form of the LTORG statement is:

LABEL | AOPERATION A | OPERAND

[symbol] | LTORG I unused

The label, if present, is assigned the value of the address of the first byte of the literal pool and a length ‘attribute of
one.

Because literals are gathered into pools before they are generated and the pools are processed as standard
specifications, errors are not flagged when the literal is written. Invalid specifications are not discovered until the
literal pool is dumped.
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4.4. BASE REGISTER ASSIGNMENT

The assembler assumes the responsibility for converting storage addresses to base register and displacement values for
insertion in instructions being assembled. To do this the assembler must be informed of the available registers and
the values assumed to be in those registers. The assembly directives USING and DROP are available for this purpose.
4.4.1. Assign Base Register Directive (USING)

The USING directive informs the assembler that a specified register is available for base register assignment and that
it contains a specified value. The format of the USING directive is:

LABEL I A QPERATION A | OPERAND

{symbol] l USING I 1,ay,...,8,

where:

Is a relocatable or absolute expression and a, red are register numbers.

The second and succeeding expressions in the operand field must be numbers from 8 through 15, denoting general
registers. The first expression represents the value that the assembler assumes is in the first register at object time.
That number, plus 4096, will be assumed in the second register, and so on. Thus, if the label ‘ABC’ has a value of
400, the statement

N
LABEL A OPERATION A OPERAND A
1 10 16
b Ly UisI NG| JABC, 312,99, V3 v Lo b b o

informs the assembler that, at object time, general register 12 contains the value 400, general register 9 contains the
value 4496, and general register 13 contains the value 8592,

The registers must be loaded with the correct values by the user program. For instance, the instructions for the
situation described previously would be:

ST ET U B E R PSR S Y0 O W SRR U N AN ST ST WO N TAOY WY ST N0 VX WO NN AT N O
oo b Uis I,NG] |JABC, 12,9, 113 = | L Lo b e
ABC, (1 1. LH, 12, TAG v v by v a o by v o by !
[T S LH 9. TASR2, v vl s ol i ey 1l
IR B !‘le 1 183 . TAGS3 ol e b b b
[N S A ‘Lo S Lo doe v bovooen b oo b sl
TAGH, 14 b, , 4 YOABC), v v b v b b by vl
TAG2, 1. ichx T Y, (ABC\+409.6) 1l 1.1, Lo ol ! - “
TAGS3, 1., D.Icu ot vi{ABC+819,2)), . !l v bty ¢ |
it b iy SN ETEE N AN SRE NN B SRR T N AN AT A AN AR A \{:
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4.4.2. Unassign Base Register Directive (DROP)

The format of the DROP directive is:

LABEL | AoOPERATIONA | OPERAND
[symbol] l DROP I ay,...,ap
where:
31 P |

n
Are absolute expressions, each with a value from 8 through 15,

Each expression denotes a general register that no longer contains a value available to the assembler for computing
base register and displacement values.

4.4.3. Function of USING and DROP Directives

T he assembler maintains a table of the available registers and the values they contain at object time, the USING
table. A USING directive adds a register and value to the USING table, or revises the value for a register already in
the table. A DROP directive removes a register and its associated value from the table. |f the operands of a USING or
DROP directive are not valid, the directive is ignored and the line is flagged with an error indication.

If an operand address is given as a relative address instead of a base register and displacement specification, the
assembler searches the USING table for a value yielding a valid displacement; that is, a displacement of 4095 or less.
If it finds more than one such value, that value yielding the smallest displacement is chosen. If no value yields a valid
displacement, the operand address is set to zero and the line is flagged with an error indication. If more than one
register contains the value yielding the smallest displacement, the highest numbered register is selected.

An absolute address with no indicated base register is treated as an absolute, direct address unless an appropriate
value is found in the USING table.

The placement of a USING directive determines the generation of operand addresses within instructions, based on
that USING statement. The first operand of the USING statement determines the portion of the program that may
be addressed using the specified register. Thus, if a program contains the coding

LABEL A OPERATION A OPERAND A
10 16
[ UIS INSG 1By (31,04 | 0 v v o b v b e S e by |
Ay vy by LiH 10,08 |y bt g bl
el S I s b b b by by g 4
R B 3 B oo b e by v by e by v by |
AR B 3 I v e b by s b g by gy
By v 1 |1 DIC YOG 1y v v b e by bl
C by DiS, | CLYO b b b b
R B! R e e by v b e b e by
Lo b 1oy e v by b by by
R A Lol 1 o e e e b e by be g by g |
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the B2 and D2 fields of the instruction labeled A contain 10 and 0, respectively. Moreover, if the program contains
no USING directives for register 10, other than those shown, the second line, labeled A, is the only line in the
program for which the assembler would consider 10 as a register available for addressing the line labeled B.

The SPERRY UNIVAC 9200/9300 Series operating system locator/loader routine places the transfer address of a
main program in processor register 15 prior to transferring control to it. All other registers must be loaded by the
program itself in a manner consistent with the information given to the assembler in the USING directives. The
following example shows how this is done.

LABEL A OPERATION A OPERAND A
10 16

RN S Uls NG JA L, YS b e o b e b b v by o
Al | S B} l 11 LIHI ] 1 .IlzlllBl l Lol 1 I l | I | 1 l 1 1 | Y , L1 1 1 l - i 1 l
[T AT UISiIINGL 16,342y |y g g b o b e b v by g

AR B S TR WO W S A O T T N 0 S N TS W A A N T U R SN S A S S A A A

IR B sl IR TN AN BTN B B S SO U I I T B B B A R A A O U A

N B I I A AT WS T S S S W Y

R 1 RN I TN T B AR A N A SN T 1 B S B S T AU SR N A A AN S
Coa v o Loy JIPIS) 1 CLYO, b v v v v b v v e e s b vy by e b

Lo by N AR Cer o v v v b v e b e by g by g gl

llll,ll 'llll lllllllllllll’llllllLlIllllll

NN BT N IR oo b e o b v b e by vy e e o

IR AR EiNID; | . YRR S O S U S AT B S TNS U IO S B A A A B A AR O BN e A

Lines 2 and 3 of the example exemplify the following general rule:

An LH instruction to load a value into a general register must precede the USING directive, which informs the
assembler that the value is available.

Also, it is possible to specify an absolute value for the first expression in the operand of a USING directive. The
entry in the USING table made in response to such a USING directive is not used to break down relative addresses. *
It is used, instead, to break down absolute addresses. For example, given the following coding, . =

0o bogd UfS, IING) 14000, 3Y,5, 4 v b ¢ vy v by e b v e gy g by
Ay 1 |y LH, 1,4,,40(96, , v v v v b v b b g b

the B2 and D2 fields of the instruction labeled A will contain 15 and 96, respectively.
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4.4.4. Direct Addressing

The machine instruction format provides base register and displacement addressing (indexed addressing) or direct
addressing. Instructions using direct addressing have a faster execution time. To facilitate error checking by the
assembler, direct addressing is described to the assembler in terms of the pseudo base registers 0, 1, 2, 3, 4, 5, 6, and
7, which contain the values 0, 4096, 8192, 12,288, 16,384, 20,480, 24,576, and 28,672, respectively. Thus, the
direct address 512 would be treated, by the assembler, as an address consisting of a reference to the pseudo base
register 0 and a displacement of 512. The address 4098 would yield a base of 1 and a displacement of 512. The
address 4098 would yield a base of 1 and a displacement of 2. The additional forms of the USING directive available
for direct addressing are, specifically:

LABEL A OPERATIONA OPERAND
USING * 0
USING *1
USING %7

The first line makes direct addressing available for addresses in the range 0 to 4095. The second makes direct
addressing available for addresses in the range 4096 to 8191, and so on. The DROP directive also may refer to the
pseudo registers 0 through 7 to terminate direct addressing.

A program involving direct addressing still may be relocatable.

When used in the operand of the USING directive the asterisk (*), does not indicate the current value of the location
counter.

Both general registers and pseudo registers may not be specified in one USING directive.

4.5. PROGRAM LINKING AND SECTIONING

The assembler provides, as part of its output, information that allows the results of separate assemblies to be linked,
loaded, and executed as a single program. Proper partitioning reduces the machine time required to make changes to
an existing program. If a change is required, only that part which is changed need be reassembled. The output is then
linked with the remaining parts to produce the altered program. Proper partitioning of a program also reduces the
number of symbols required in each of the separate assemblies.

A symbol defined in the label field of module A and addressed in module B is said to be defined in module A and
referenced in module B. Thus, by using the ENTRY and EXTRN directives, proper linkage is supplied when the
separate modules are assembled. This information is given to the linker program by the external definition records
and the external reference records which are outputs of the assembler and inputs to the linker.
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4.5.1. Identify Entry-Point Directive (ENTRY)

That portion of a program submitted as input to a single assembly is called a module. Each module must declare the
symbols defined within that module to which reference is made by other modules. These symbols are declared by
the ENTRY directive. The directive format is:

LABEL | A OPERATION A I OPERAND

unused l ENTRY I symbol,symbol,...,symbol

Each symbol in the operand field is defined by its use as a label in a line of code within the module and referenced
by one or more separately assembled modules.
4.5.2. ldentify Externally Defined Symbols Directive (EXTRN)

The assembler must be informed of all symbols defined in other modules and referred to in the module being
assembled. These symbols are declared by the EXTRN directive. The directive is:

LABEL | A OPERATION A | OPERAND

unused I EXTRN I symbol,symbol,...,symbol

Each symbol in the operand field is defined in some other module.

4.5.3. Sectioning

The assembler also permits sectioning of input to one assembly. Dividing a program into sections is optional;
therefore, when writing unsectioned programs, the programmer does not need to know the points stressed in the
following discussion and the discussion of CSECT, DSECT, and COM.

in a program without CSECT or DSECT sectioning directives, the entire program is one section that begins with the
START directive and ends with the END directive. If, however, sectioning directives are used, the first section of the
program begins with START and ends with a CSECT or DSECT sectioning directive, which also indicates the
beginning of the next section. Each subsequent sectioning directive informs the assembler of the end of one section

- and the beginning of the next. The last section of the program ends with the END directive. The sectioning directive
of each section is named by a label.

LABEL A OPERATIONA OPERAND A

10 16 —
PIRO:G: | | S|ITART| 11,068, | ; v} o vvn bl vy v b v by a by
A;BLE | , USINGIIPROGG,|1.2,,9 V3 , 1 i ol by
A B A A U 0 S O T T T U U S Y T O OO
FROG | C|S,ECT toon e v b g by v b g Loy b
BAKE | ¢ DIS, 25, Moy oy g by g by gy by e by g g |l
T | g e by e v by by e e v by oy |
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{cont.)
LABEL A OPERATION A OPERAND A
10 16

T:RO,G, ] 4 Ci{$;E,C\T PR T WO VNN N0 N0 TN T WY O A T O WY G (OO SN NN A NS S S 0 WA OO
CHAR |, O|RG | 400,0,.]4 -, L Lo by g v by v by by

b E| L pav v b by e by by by
DIRIOG | | | D|S,E,C/T NN SN AN RN BN AN AN AR I B A S AN BN SR S B A a

T S I v o v b e by e by e by
N, MRE, | | EIND, [ A N (U N T S SN N N O NN TN A WA S N S (Y OO A N S A ST R BT O ¢

ABLE is within a section named PROG; BAKE is within FROG; and so forth. The last section, a dummy control
section, ends with the END directive.

A control section is a group of instructions, constants, and storage areas where positions relative to each other are
fixed, and must be preserved for proper coding performance. An instruction in one section must not depend on its
positional relation to instructions or data in another section for its proper execution. Sections appear in the input to
the assembler in any order along with statements belonging to one or more other sections. The first control section
begins with the first source statement. If the first statement is a START directive, its label becomes the name of the
first control section.

4.5.4. Control Section Identification (CSECT)

The CSECT directive indicates to the assembler that the source statements that follow belong to a control section
different from other preceding source statements. Use of the CSECT directive allows the programmer to code parts
of the logical sections of a program in the order in which he determines the need for them. The format of the
CSECT directive is:

LABEL | AOPERATIONA I OPERAND

[symbol] l CSECT I unused

The label field of the CSECT statement contains the name of the control section. This symbol must not appear in
the labe! field of any other source statement except another CSECT statement. It is the name of the control section
and is defined as an entry point of the program being assembled. The value of the symbol is the address of the first
byte of the control section. If the label of the CSECT statement has appeared as a label of previous CSECT
statement, the succeeding statements are a continuation of the control section of that name. .

A programmer may find the use of CSECT convenient if, in the past, it was necessary to discontinue coding a section
of a program to code another section upon which the original section is dependent. Shuffling of coding sheets is
eliminated by setting up the new section with a CSECT directive and continuing. After the second logical section is
coded or even partly coded, the programmer can revert to the original section by writing a CSECT directive with the
same label given to the original section. The assembler reorganizes parts of each section and assembles it as one
continuous control section. It is important to note, however, that neither the listing nor the sequence of object
coding is reorganized. The reorganization that takes place is with respect to the final structure of the coding within
main storage after loading; the addresses of the coding within main storage are indicated on the listing.
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Example: s

—r
LABEL A OPERATION A OPERAND A
10 16
BlLbi1y S|IT,ART 1065 1, ,* JAVUTOMATICAL LY SIETS, UP ,CSEICT,
| llLl L 1 l L i ll)_ll | WD S S l llLJl ) I I ) N A | l L.l 1 1 IILI llLl
IR A B Loacs i 1€9P, I NG:) PART A OF FIRST , | 4 (1,1
RN AT Lt taa by oy g b  hSECTVON L GVAD L oy L s by
MUK C|SECT SR U S U N TN T S WO DY VS U AN W AT A WY WA A N T N S W S WS DAY S N S W MO OO
S A B | 41 Loy by v by v v by gy b g by o b v by
1o e by Laeyr Lt 1}1 1€,0D,1,N|G,: , P AIR\T, (A |OF S;EICOND AR I
Lo by Laer e e g e by S EICTIONL (G2 AL o by e oy
8.kt |, , C|S,E,CT et v e v e by b g v by e s boe s o Lvogs a1y
A I Lier g v ooy Ve teg o by g by e vy b o by
IS o B L 4o L ngn 1€,0,D,! N|G:, PAIRT, B {OF FIRSIT) 4 | 4 13 1))
SN B Lotea 11 L)l byovos 0 3 SEICTIL N (G UBD Y o b
Ml' lKlll 1 11 cllelclT O S l B O T T | l ) N | i I ) W B | l 1.1 1 1 l J U | l L1 1 1 l 1
AR S E I | T VRS TR RS A SR DY T B N BV R IO BV N R0 AV Y 0 N0 N N N B NS S T 1 B
AR A L1-1 4 11 L}L j€0,D1,NG:, ,PART B |QF ,SEICOND |, , |
[N I N B Laes v b )y G SECTIVLON (G228 oy by Ly
B LL [, CiSECT TN S WS U A U YO U U OO0 WA DO U WK N S T U WO SN T N0 SR U NV SN S G S O S A RN A
PRI W B A a1 I I I AT BT S AN AT TN Y ST I S e
AR e I I L 1e1 L1 L}J |1€,0D0, 1, NG :, PART, C OF FIIRST |, |, | ‘\_/
AN | | R poi g b g 1y G SECTVON GVCNE s b g
IR R EIND, YRS WO W U T U W T ST S T AN S ST N O WO S AU U S ST HAN S U B S AR S
Assembled output:
First section labeled BILL — all of coding 1A, 1B, and 1C;
Second section labeled MIK1 — all of coding 2A and 2B.
Operational conditions:

- Direct addressing between control sections must not be attempted.

] The first CSECT with a unique label also sets up an automatic entry point.

L] An ORG directive with *,é2 in the operand must be placed at the end of any CSECT when such ORG
directives appear in succeeding sections; the e, specification must be the highest e, specification used
(4.3.3).

NOTE:

Modules which contain sections defined by CSECT and COM directives with duplicate names must not be

linked to one another. A blank label field is permitted as a legitimate label of spaces only once. When both

CSECT and COM directives have no labels, the label used for both is spaces; however, only one label of spaces

is permitted,

L] USING directives in different sections that define the same register must be redefined when each section
is reentered.
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4.5.5. Dummy Control Section ldentification (DSECT)

The DSECT directive indicates to the assembler that the statements which follow are used to redefine a data storage
area reserved either in the module being programmed or on another separately assembied module. If the data storage
area is reserved in a separately assembled module, that module is later linked to the module containing the dummy
control section. No storage is reserved for a dummy control section. Data and instructions appearing in a dummy
control section do not become part of the assembled program. The format of the DSECT statement is:

LABEL I AOPERATION A I OPERAND
[symbol] l DSECT | unused

A DSECT statement may not contain a blank label field in a program that either contains no START statement or
contains a START or CSECT statement with a blank label field.

An LTORG directive may not appear in a dummy section. Labels of statements in a dummy section are called
dummy labels.

The following rules must be observed in the use of dummy labels:

L] An unpaired dummy label may appear only in an expression defining a storage address for a machine
instruction or a constant of type S.

L) A base register may not be designated for this address field, but the resulting value must be covered by a
USING statement.

L] The programmer must ensure that the appropriate value is loaded into the register specified in the USING
statement.

The last source code input to an assembly must not be part of a dummy control section.

“More than one dummy control section can be used within a module.
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Example:
PROGRAM MODULE A PROGRAM MODULE B
LABEL A OPERATION A LABEL A OPERATION A

10 16 1 10 16 ~
BELL, |, , | ISITART{ |106,5, | EASE |, CIS,ECT| {2095 | ( (
AR EINTTRY] [AREA, | [ EiX,T,RIN| lAREA, | |, |,
[ B A Lover o L1y | T A [ 1e3 AU B A A
L1 by g ITETE I LAKE |, DIC, 1 YYGAREIA)
AREA || D|S; | GLi26,0] g g b LIH, 9 L AKIE, |
[ BN A I B | RTE L1 | R U RN B P oyes o [N I R
[ SN A E[N,D, 1] [N B! I aes [ B
SAVL L D|S,ECT I AN R
FLDA | | , Dis, , , CL2 1.,
FLDB |, DIS, | | CL4 130
MmEKT CS ECT N e
AR B | 2o o S B B
TR B | ey RS
A S R b ogoe I AN DR
S B ENyD, IS N T B

In module A, the symbol AREA, defined as an ENTRY point, is specified as 260 bytes.

In module B, the base address of AREA is externally defined. Portions of AREA are redefined by DSECT as FLDA,
containing 2 bytes, and FLDB, containing 4 bytes. FLDA and FLLDB are relatively addressed as focation O and
location 2, respectively. Before FLDA and FLDB are addressed, register 9 must contain the base address of LAKE,
which receives its true value at linker time.

4.5.6. Common Storage Definition (COM)

The ENTRY and EXTRN directives provide one mechanism for communication between separately assembled
routines. The COM directive allows the programmer to define a control section that is a storage area common to two
or more separately assembled routines. One assembly can define only one common section. Each COM statement,
after the first, defines a continuation of the common section previously defined. The assembler reorganizes all
common sections in a given assembly into one common section. Like the CSECT directive (4.5.4), neither the listing
nor the sequence of object coding is reorganized. The last source code input to an assembly must not be a part of the
common section. The format of the COM statement is:

LABEL I A OPERATION A I OPERAND

unused l COoM | unused

Statements following the COM directive may be DS and DC directives used to define labels appearing within the
section. Like the dummy control section (4.5.5), no data or instructions are assembled into a common section, nor
may an LTORG directive appear in a common section. Data is entered into a common section only by execution of
a program that refers to it. Unlike a dummy control section, a common storage is directly addressed by a program
that defines it.
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When several routines defining common storage are linked, the resulting module contains only one common section,
corresponding to the longest common section in any of the input modules. The linker places the one common
section above the highest address of any module or above job control’s highest address, whichever is larger (Figure
4—1). In addition to being common to more than one module making up a loadable program, the common section
can be made common to more than one link in a chain of programs by use of the CHAIN command card (Section 8).
When programs are chained, the linker relocates the common section above the highest location in any chained
program.

NOTE:

The linker always relocates the common section to an address higher than the highest located phase and higher than P
Job control. ’ :

'PROBLEM PROGRAM
m

LOCATION 2

PHASE 1 PHASE n E

1000 1000 1000 :

;

MODULE A MODULE X ;

4999 f

JOB CONTROL 5800

MODULE B MODULE Y g

5999 1

6999 i
7000

7999 (UNUSED) o
8000

COMMON SECTION

Figure 4—1. Relocation of the Common Section
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Example:
PROGRAM MODULE A PROGRAM MODULE B
LABEL A OPERATION A LABEL A OPERATION A
10 16 1 10 16

MODA |, SITART [T O B R I | M0DB, | , SITART U W B

Lot by b gy o FEN IR AR AR [N I B boges NS S N W DT T
1o e by ls20 SRR B A AN VIS EN N A CloM, I B
[ NG U A CloM, | R UOY T S BT RECA | ,, DIS, , , YI(IP‘lRlolBl)l
RIECA | | DIC; | Y (PROIB); ; RECSB |, DIC, , C '/ DATIE;',
RECB, |, DIC, | | G ' DATE,', , , AREA | | DiS, , , 1,0,C L,810,0,
AREA | DIS) 4 4 1,0,CL,810,0 , ,  |LNFL | DISs ;¢ CLi80; | 4
! NIELL] l Dls clLlslol l | W A LlllslTi l 11 clle]clT 1 1 1 i l |

P L1
OuFL |, , DS, , 4 CL8O, |\ 1y [N BTSN | 4en IR B
I N A b iea RIS B IO I B! Loy sl
G2 FT, |, CiS,ECT T ! et gy EiND, , T
Ly foag Lasa SN B
] T CloM, , N SN B AN

T I K 1y DICi , L5 ', SIEVEN,"
JOBA || DIS| 4 CL810 | 111
G2 FT |, CSECT Loy ol a

[N | 10 IR IR I AR A
Lot o |l 4e1 1 v by g
Lo g E|N\D, [ TR B N




7508 Rev. 3 UNIVAC 9200/9200 11/9300/9300 1} SYSTEMS

~ UP-NUMBER

4-17
PAGE REVISION | PAGE

In module A, two common storage areas are defined by lines 1 and 2. The COM specified by line 2 is a continuation
of the COM specified by line 1.

In module B, the COM specified by line 3 uses the common storage area initially defined by line 2.
NOTE:
Modules which contain sections defined by CSECT and COM directives with duplicate names must not be linked to

one another. A blank label field is permitted as a legitimate label of spaces only once. When both CSECT and COM
directives contain no labels, the label used for both is spaces; however, only one label of spaces is permitted.

4.6. LISTING CONTROL

One output of the assembler is a source and object code listing. An assembler directive is available to control the
listing content.

4.6.1. Listing Content Control (PRINT)

The PRINT directive provides control over the listing content.

The following are available options:

n No listing

] Listing not including lines generated by macro instruction calls

L Listing including all lines E

The format of the PRINT statement is:

LABEL A OPERATIONA OPERAND

unused PRINT a

where:

Is ON,GEN to print the lines generated by a macro instruction.
ON, NOGEN to print the macro call, but not to print the lines generated by a macro instruction.

OFF to produce no listing, except for lines on which errors were detected.

One PRINT statement controls the listing of source and object statements until the next PRINT statement is
detected among the source statements. The settings before the first PRINT statement are ON and GEN. The settings
for operands omitted in a PRINT statement are not altered by the PRINT statement.
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4.6.2. Listing Format Control (SPACE)
The SPACE directive provides control over the format of the listing.
The format of the SPACE statement is:

LABEL I A OPERATION A | OPERAND
unused |  SPACE

a

where:

Is O or blank, which is equivalent to 1 line space.
1-999, the number of lines to be spaced over; form overflow terminates spacing.
Spacing continues until a form overflow condition occurs, at which point a home-paper command is issued and
spacing is discontinued.
4.6.3. Listing Format Control (EJECT)
The EJECT directive provides control over the format of the listing.
The format of the EJECT statement is:

LABEL I A OPERATION A l OPERAND

unused ' EJECT I unused

The EJECT statement causes a home-paper command to be issued, which results in the next line being a title line on
a new page.

4.6.4. Listing Format Control (TITLE)

The TITLE directive provides control over the format of the listing.

The format of the TITLE statement is:

LABEL l A OPERATION A | _ OPERAND .

unused l TITLE l ‘at
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where:

Is a string of up to 54 characters.

The title line is contained within apostrophes to permit centering of the title in the case of leading
blanks. Two consecutive apostrophes are necessary to express an apostrophe within the body of the title.
If the apostrophes are omitted, the operand field is still used as a title; however, the data is left-justified.

The TITLE statement permits identification of many pages of listing under a common title that appears
at the top of each page. The operand of the TITLE statement is printed on all succeeding pages until a
new TITLE statement is detected. When a TITLE statement is read, the assembler advances the printer
form to the top of the next page.

4.7. INPUT CONTROL

The assembler provides optional sequence checking of source statements.

. 4.7.1. Input Sequence Control (ISEQ)

The ISEQ statement directs the assembler to perform a sequence check of the source statements on columns 76—80.
The format of the ISEQ statement is:

LABEL A OPERATIONA OPERAND

unused ISEQ unused

Sequence checking begins with the source statements following the ISEQ statement. It is terminated by an END :
statement. -

Only one ISEQ directive can be in a source code module, and it must be the first statement in the source code
following any macro definitions. The 1SEQ directive has effect for source code only. In the absence of an ISEQ
directive no sequence check is performed.

4.8. ERROR CONTROL

The assembler provides two indications of errors during an assembly.

4.8.1. User Program Sense Indicator (UPSI) Byte Setting

If an error is detected during assembly, the single bit of the UPSI byte (location X'117’), shown as 1 {00000100), is
set to 1. This permits detection of errors by a subsequent program in the job stream or by a / SKIP job control card,
providing a / JOB card does not intervene. The assembler never resets this bit to zero; therefore, any error in a series
of assemblies may be tested for after the last assembly.

4.8.2. Total Error Count

A total error count is available on the last line of the assembly listing. This line always prints no matter which print
options have been chosen. (See 7.4.1 for the format of this final line.)






7508 Rev. 3 UNIVAC 9200/9200 11/9300/9300 11 SYSTEMS 5-1

"UP-NUMBER . l PAGE REVISION I PAGE

5. Macro Instructions

5.1. MACRO INSTRUCTION FORMAT

Each source statement causes the SPERRY UNIVAC 9200/9300 Series Tape/Disc Assembler to take one specific
action or represents a single constant or machine instruction. The assembler contains a library facility, where one
source statement may result in the inclusion of many lines of code determined by a predefined pattern of code
called a macro definition. The macro definition may be contained either in a library of definitions or included with
the source statements of the program being assembled. The statement requesting the inclusion of the code is called
a macro instruction. If a macro definition is included with the source statements, it must precede any macro
instructions referring to it, precede the START card, and may not appear within the source code proper.

A macro instruction is similar in form to a source code instruction. It contains a label (optional), an operation code,
and an operand consisting of none or one or more expressions separated by commas. The prime difference is that the
macro instruction causes the generation of a series of source code instructions representing a number of assembler
operations; whereas a source code instruction causes the assembler to do one specific operation.

The format for a macro instruction is:

LABEL | A OPERATIONA OPERAND

[symbol] I code Pl,P2,P3,...,Pn,N1.=Pn+1,N2=Pn+2,N3=Pn+3,...,Nm=

Pn+m

The label may be any symbol, but is not necessarily assigned the current value of the location counter. The
operation is the name of the macro definition describing the pattern of code to be included. The operand, P1
through Pn +m* is a sequence of expressions specifying parameters.

P1 through Pn are positional parameters. Pn 1 through Pn +m OT€ keyword parameters. A macro instruction may
have parameters of either or both types, or none at all. .

5.1.1. Parameters

All positional parameters must be specified before any keyword parameters are specified. The order of the
expressions in the operand determines the order of the parameters specified. Parameter specifications are separated
by commas. When a positional parameter specification is omitted, the comma must be retained to indicate the
omission. Thus, if a macro instruction contains positional parameters and the second is not specified, the operand
appears as:

P,.P

13
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If the third parameter is not specified, instead of the second, the operand is written

PP,

No ti'ailing commas need be included.
The specification of a keyword parameter is:
N=P

where N is the name of the parameter (any symbol of seven or fewer characters is a legitimate keyword name) and P
is the parameter specification (a value or a character string). Keyword parameter specifications are separated by
commas; however, the comma need not be retained if the specification is omitted. A comma must be between the
last positional parameter and the first keyword parameter. The order of the keyword parameter specifications is not
significant. For example, if a macro definition contains three keyword parameters, the operand of the macro
instruction might be:

N,=P,.N,=P, N,=P,
or

N,=P,.N, =P, ,N;=P,
and so on.

A macro instruction may contain positional and keyword parameters with commas separating the specifications. For
example, the operand of a macro instruction with three positional and two keyword parameters might be:

P, ,P2,P3,N =P, N, =P5
The number of parameters that may be specified with one macro instruction depends on how much space is required
to store the specifications. One macro instruction may ordinarily specify as many as 50 parameters in its operand.
When the operand overflows the space provided in one record, provision is made to continue the operand in the
following record by putting a nonblank in column 72. The continuation of the operand begins with column 16. The
macro pass of the assembler searches for a continuation record as soon as one of the two following events occurs:

. Information is taken from column 71 of the current record.
. A comma, foilowed by a space, is detected in the current record.
Columns 1 through 15 of a continuation record must be blank. If the information in a record is terminated prior to

column 71 by a comma followed by a space, comments may be written after the space. For example, a macro
instruction with three keyword parameters might be written as:

LABEL A OPERATION A OPERAND
1 10 16 72 80
v by M|A CR, O] INT,=P1{,, ,COMMENT | L I
TR Ly o} N2=P2{,, COMMENT | [ LS P
TR A A | N, 3,=P3| | | COMIMENT | N SRR

The specification of a parameter may not contain an equal sign or a comma, and may have a maximum of 127

characters.

\_/
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5.2. WRITING MACRO DEFINITIONS

The routines for the macro library are written in standard assembler source code and entered in the library by the
librarian. To distinguish one macro from another in the library, three directives are used: PROC, NAME, END.

] PROC directive
The first source code statement of a macro definition is a PROC directive in the format:

LABEL | A OPERATIONA | OPERAND

{symbol] I PROC | {operands]

The label may be any symbol, but is optional and, when used, the label in the macro instruction is substituted
for the PROC label wherever the PROC label appears. For example, if the symbol MOVE were specified for
the label of a2 macro instruction; and the label of the PROC directive of the associated macro definition were
NAME, and an instruction within the macro definition were to contain the following line of source code,

LABEL A OPERATION A OPERAND A
10 16
N AME, | | MVC | DESTL,IORVG, | v v vl v v v bp ey v by o0

then the source code generated by the definition would appear as:

IMIO:VIE; | ! !Mlvlcl ] ! !D|E15|T|.101R1||G1 Lo v by e b v bvy gy

If the PROC directive does not contain a label, but the macro instruction does, that label will remain
undefined.

a NAME directive
The second line of a macro definition must be a NAME directive in the format:

LABEL | A OPERATION A | OPERAND

symbol | NAME | [operand]

Symbol is the name by which the macro definition may be called, and is the name specified in the operation
field of the macro instruction calling it. As many as eight characters may be in a label; the first must be
alphabetic, the others alphanumeric.
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. END directive
The end of a macro definition is indicated by an END directive. It has no operand and requires no label.

If the following macro definition is in the library,

LABEL A OPERATION A OPERAND A
1 10 16
IS A P|ROC, o by ey by v by vy by v b
MOVE |, | NAME, v by v by e s by b v by
N A MV.C DES T, |ORVG, { v v v v L v v by vvn by yoyl
[ S A IElNlol ! eaoe g by b e b e e by v v v by e b

the macro instruction

ILILIJIl!!MlolleL!!llLllllllllllllLllllllllllllll

is equivalent to the source code instruction:

|e111111!!MlVLQL1]1I915151711101R'515111111]1111 Lo by g

Note that none of the directives (PROC, NAME, END) is output of the macro pass.

5.3. INCORPORATING PARAMETERS INTO MACRO DEFINITION CODING

The operand of a PROC directive, when used, is:

p.nN, ,N2,N3,...,Nm
The first expression, p, in the operand is a symbol used to address the parameters within the macro definition. This
expression and its use are explained in this section. The second expression, n, is the number of associated positional
parameters. N1,...,Nm are the names of the keyword parameters. Any symbol of seven or fewer characters is a
legitimate keyword name. Listing the keyword parameters in this way makes them positional parameters to the
macro definition.

For example, if the PROC directive is the following format: .
LABEL I A OPERATION A ' OPERAND
unused ' PROC l p,3,N1,Ny,N3

The macro definition contains three positional parameters, P1 . P2, and P3, and three keyword parameters, N1 . Nz,
and N3. Thus, the keyword parameters become, in effect, positional parameters P ar P5, and Ps'
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: T The value specified for a parameter is substituted in the coding for the expression:
I:’(n)

where p is the first expression in the PROC directive operand and n is the number of the positional parameter. The
first is numbered 1, the second, 2, and so forth. As an example, if the following macro definition is in the library,

LABEL A OPERATION A OPERAND A
1 10 16 -
TR B P{R,0,C, P,O, DEST, LIGTH, ORI G | | v ¢ (| ¢ g ]
MO VE | | N{AME) PR U VU T VAT ST T U A WU ST S WS TN N SR S U SN ST S
T I M]V.C PCAD(PC2) D LG PGB v b v e by 1y
[ B E{ND, , e v v b v v b g by e b e 1y

the macro instruction

t a3 by MO, V,E,; DE,;S$;T;=10UT,, ;LiGT H=,116,, ORI IG=,0 Nj ¢ , ,  , |,

va 0 by fogry AR R A AR N R T EE AN NN NS N I AT A I SN S A B R

MO,V E, oOuT,, 116, . N 1, by b s e by by

Dl B LA |

is equivalent to the source code instruction.

l_J_J_A_A_LJ_J_HMLL_C_A__L_l_I.QJJJJ_LAJJ_Lﬁn)l.ﬂxNIILI111_111J41||l||111

A keyword parameter also is addressed by preceding its name with an ampersand. Thus, the MVC instruction within
the macro definition of the previous example could have been written:

e

| T ! !MIV[C. L ! !&1D|E15le(jéxLLGlTlHl)l. SORG o Ly o Ly ]

If a parameter whose value is not specified in the macro instruction is a complete term in an expression containing

more than one term, it is replaced by the value zero; otherwise, it is replaced by the null character string (the
character string that contains no characters).

5.4. NAME DIRECTIVE

More than one NAME statement may follow the PROC statement of a macro definition. (All the NAME statements
must immediately follow the PROC statement.) Each such NAME statement specifies a different name by which the
same macro may be called.
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The object of giving more than one name is to permit reference to different versions of the procedure embodied in
the macro definition. The versions are distinguished by the operands of the NAME statements.

Only one expression may appear in the operand of a NAME statement and may be assigned a value ranging from
zero through 65,535. This expression is essentially a parameter of the macro and may be addressed within the macro
definition as:

p(0)

where p is the first expression in the PROC statement operand; consequently, it may be used to distinguish between
versions of a macro definition.

For example, if the following macro definition is in the library,

LABEL A OPERATION A OPERAND A
10 16 !

FUUN N B P{R,0,C, P v b e e by v g by v v b by g o
MVi4 [0 NIAME, L U W TR U AU R O NN AV NI B VO S S D SR DO SR I |
MV8 4 |, NIAME, 8, v v by o ey by v v by by
Lo L ) Mivees Esi Ty Pony LRG3 v I v by |

A ! EIND; | PRI W N WU E 0 O T i G Y S A A S S SN N R MR |

the macro instruction

!lllllil!!Mlvl4ll!!111[lllllilllll;llIl’llllJJ_l;llll

would produce the source code

Illlll][!!MlVlcl 1!!D|ElslT1(|4|)1:|°1R“|GL1|ltllilxlllllljxl

and the macro instruction

'LlJlllL!!Mlvlsll!!IIllllllklllllllllllllllllllll

would produce:

|11|| | ! !MJV[CL 1 ! !_QIEISITI(IBJ)O.IOIRHIGI e by e e b Lo




7508 Rev. 3 UNIVAC 9200/9200 11/9300/9300 Il SYSTEMS 57

UP-NUMBER | PAGE REVISION | PAGE

If a NAME statement contains no operand, the parameter p{0) is assigned a value of zero.

If a macro definition contains no parameters and it makes no reference to the operand of any of its NAME
statements, its PROC statement has no operand.

If a macro instruction requests the inclusion of a macro definition of a given name, and, if one with such a name is
included in the source statements of the program being assembled, it is included, even if one of the same name is in
the macro definition library. The user may override a library macro definition with a macro definition of his own.

5.5. BUILT-IN MACRO DEFINITIONS

The following names must not be assigned to macro definitions because they are already assigned to macro
definitions permanently built into the assembly structure:

CLOSE READ LBRET
CNTRL  SETL ESETL
GET TRUNC EOJ
OPEN WRITE MSG
PUT WAITF CANCL

FETCH
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6. Conditional Assembly Instructions

6.1. GENERAL

The SPERRY UNIVAC 9200/9300 Series Tape/Disc Assembler recognizes certain directives that can exclude lines of
coding from the output of the assembly, include a set of lines in the output of the assembly more than once, and can
establish and alter values that may be used to determine whether a set of lines shall be included or excluded.

These directives are for use within a macro definition to control the pattern of generated coding, based on the
parameters supplied by the macro instruction.

6.2. DO AND ENDO DIRECTIVES

A DO directive controls the inclusion or exclusion of the lines following it up to its associated ENDO directive. For
example, in the following sequence of coding,

DO 1

2

DO 3

ENDO 6

8

ENDO 9

the first ENDO directive is associated with the second DO directive and the second ENDO directive with the first DO
directive. In other words, DO and ENDO directives are paired to produce nests. Thus, the first DO directive controls
lines 2 through 8 and the second DO directive controls lines 4 and 5. DOs may be nested to a depth of 10,

The operand field of a DO statement contains a single expression. If the value of this expression is greater than zero,
it represents the number of times the lines controlled by the DO statement are included in the output; otherwise
these lines do not appear. For example, if the following macro definition is in the library,
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LABEL A OPERATION A OPERAND

1 10 16

VI S PIR;0,C, POy AT ¢ b v b i
MO\V,E |y NIAM E, PHSS WU [T O T S N SN S N S WO S O
S ! Do, | PO s b v b o by g
T R B MYC DESTL IORVS, |\ v v v L L
AT A EjN;D,0, TS S0 O S W O S S S T A WA O
A S END, MBI R N TR B RS S U N B A O

the macro instruction

L(nl|41!!Miollex!ILALQTFlHu|llllntll1141[1

would produce the instruction

R |!!M|V4C||!!DLE|51T11101R1|16| | ORI N B S T ST A

in the output of the macro pass; whereas, the macro instruction

1111111!!MlOlleL!.!AICﬂ'n:lOl1L|llltlllllllll

would not produce the instruction.

Note that the macro instruction shown below also would suppress the instruction.

Illlllll!!Mlollel!!_LllljIllllllllllllijl

A DO statement may contain a symbol in the label field, which may be used only in the statements controlled by
the DO. Its value is 1 the first time these statements are generated, 2 the second time they are generated, and so on.
If the DO is under the control of another DO and is reactivated, the count begins at 1 again.

6.3. GOTO AND LABEL DIRECTIVES

The format of the LABEL statement is:

LABEL A OPERATION A OPERAND

symbol LABEL unused
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The symbol in the label field of the LABEL statement is not defined in the usual sense. It may be used only in the
operand field of a GOTO statement.

The GOTO directive directs the assembler to another point in the macro definition in its production of source code.
The format of the GOTO statement is:

LABEL | A OPERATION A l OPERAND

unused I GOTO l symbol

The symbol in the operand field must be the label of a LABEL statement.

If the following macro definition is available,

LABEL A OPERATION A OPERAND A
10 16

Lo by PIR,0,C, PO, FIOUR o\ | vy v b v b by b
MOVE |, NAME, v e b g b g by e e g by g |

1o Ly IOy s PP ey b e b b Ly

RS NI B MV, C DEST(4), ORI G \ | v v vy b vy v by ad

p vy lg s yeomo, [ END Ly by by b e b

Lo g EN,DO, v v v e b vy v b by e b |

R B B MV, C DES, V(I8N ORING | ¢ | 4 ¢ vy by v g b vya .
ENGD 4 |y LIA/BEL coa tvv v d e vy by e b b »
Ll EIN:D; | v b e by e b v by s e g

the macro instruction

!LLJIlll!IIMlOIVIEI!!FIOIUJil:l‘LLIJLIlllllllljlllllillll

would produce the instruction

[lJ P T B !4!Mlvlcl \ ! !DIEISLL(IAI)JIIOIRlllGI SRS T H N U WA S T SRS WY S MU WA B

and the macro instruction

lllllll!!MloJYLEl!!llLl[l1|l‘llJllLlll_[lJ_LllLllli

would produce the instruction.

Ll ll!!MJVICLI!!DIEISITI(Isl)IIIOLRJJlGll | [N RN L1 |
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If the GOTO statement is in a macro definition, the corresponding LABEL statement must appear in the same macro
definition.

if a GOTO is within the range of statements controlled by a DO statement, but the addressed label is not, execution
of the GOTO terminates the DO. Termination takes place whether the count, as expressed in the operand field of
the DO statement, is exhausted or not. :

NOTES:

1. If a backward GOTQO is itself within the range of a DO statement, the GOTO may not pass control to a LABEL
that is outside the range of that same DO statement.

2 A LABEL that is the object of a backward GOTO may not reside within the range of a DO statement, unless
the respective GOTO also resides in that same range.

Both rules must be strictly observed to avoid unpredictable results.

ALLOWED: : NOT ALLOWED
DO DO
X LPEBEL DO
D(;) X L}&BEL
EI\;IDO EIEIDO
GOTO X GéTO X
ENDO EIEIDO

6.4. CHARACTER EXPRESSIONS
A character expression is either a character value or a concatenation of character values.

A character value is a string of up to 127 characters enclosed in single apostrophes. Apostrophes within the character
string must appear as two successive apostrophes. Ampersands within the character string must appear as two
successive ampersands except for an ampersand that is the first character of a parameter or set variable reference.

6.5. SET VARIABLES

A set variable is a symbol to which a value is assigned during the generation of the code of a macro definition. Unlike
an ordinary symbol, the value assigned to a set variable may be altered during the course of an assembly. A set
variable may be either a local or a global variable. A global variable, once declared and given a value by a SET
statement, remains defined throughout the assembly and retains the same value until that value is changed by
another SET statement. A local variable is defined only within the macro definition in which it is declared. The value
of a local variable within one macro definition is not affected by the declaration of a local variable with the same
name in another macro definition.

Before a set variable can be set, it must first be declared by a GBL or an LCL directive. The symbol naming a set
variable must consist of seven or fewer characters.
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6.5.1. GBL Directive
The GBL statement format is:

LABEL I A OPERATION A l OPERAND

unused I GBL I symbol,...,symbol

Each symbol in the operand field of the GBL statement is declared to be the name of a global set variable. Each
symbol must consist of seven or fewer characters.

6.5.2. LCL Directive

The LCL statement format is:

LABEL | A OPERATIONA | OPERAND

unused ’ LCL | symbol,...,symbol

Each symbol in the operand field of the LCL statement is declared to be the name of a local set variable. Each
symbol must consist of seven or fewer characters.

6.5.3. SET Directive

The SET directive assigns a value to a set variable. The format of the SET statement is:

LABEL | A OPERATION A | OPERAND

symbol ‘ SET | expression

The symbol in the label field is the name of the global or local set variable to which a value is being assigned; the
expression in the operand is the value to which the set variable is to be set. The value of the expression may range
from zero through 65,535. Until a GBL or LCL variable is set by a SET directive, it has the following value:

L] If referenced as a complete term in an expression containing more than one term, zero;
s otherwise, the null character string.

Once it has been set to a specific value by a SET directive, the set variable retains that value until it loses its
declaration or is set to another value by another SET directive.

Declaring a set variable does not affect its value.
A set variable is addressed by preceding its name with an ampersand, except that if a local set variable has a name in

the form L%xx, or if a global set variable has a name in the form G%xx, the set variable may be addressed by its
name alone.
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6.5.4. Relational and Logical Operators
Expressions in the operand field of all machine instruction and most assembler directives contain only the arithmetic
operators add, subtract, multiply, and divide. The expression in the operand field of a SET or DO statement may

contain the arithmetic operators, but it may, in addition, contain the following:

Relational Operators

greater than (>)

equal (=)

less than (<)
Logical Operators

logical AND (**)

logical OR (++)

The relational operators compare two (unsigned) binary numbers. The value of a relational expression is 1 if the
relation is satisfied; otherwise, it is zero. Thus, if CHANNEL is the name of a keyword parameter, the expression

&CHANNEL=b5

would have a value of 1 if 5 had been specified as a value of the parameter CHANNEL,; if 5 had not been specified,
&CHANNEL=5 would have a value of zero.

The logical operators treat a value as a bit string of 16 bits and produce a 16-bit value. The logical AND operator
corresponds to the NC instruction and the logical OR operator corresponds to the OC instruction.

The precedence relation of the various operators in decreasing order is:

1. */
2. +-
3. *
4, +
5, >=<

Y

Parentheses may be used to override the precedence relation. Parenthetical expressions may be nested to 14 levels.

6.5.5. Use of Character Expressions

Although set variables may have 2-byte binary values, they also may have character values of up to eight bytes. A set
variable must not be assigned both types of values in one assembly.

A character expression also may appear as an operand of a relational operator. The following rules apply:

. A numeric value is greater than a character value.
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L A character value is greater than any shorter character value.

A series of characters enclosed by separators is considered a character string. The following are separators:
&(*>.)/=A+* <, ++"

A character string that matches a positional parameter designation or set variable name of the form L%xx or G%xx
and is not enclosed in apostrophes will be accepted as the name of that set variable. Such a character string must be
enclosed in apostrophes to be treated as a character value. If the operand field of a SET or DO statement contains an
expression that could not otherwise be evaluated, that expression is treated as a character value even though it is not
enclosed in apostrophes.

The following is an example of the use of a local set variable. If the following macro definition is in the library,

LABEL A OPERATION A OPERAND A
10 16

Lo by P[RO,C, P, O ACT, v v L s e by g
MOVE |, NjAME, v b e e b v b e e b by g

S B Ler, (JBL%00 v b b b v by g ]
h8‘1'*1%10101 L) SIET, PO =" YES | v v v Loy v by v b g |

R B Do, , | & L%00) , v v v 1y b b by 1

R B! MV, G DLEST,ORVG | v v v T vy vy v v v by o

IR B EIN;D O, U S N R T N T W Y N SO0 WY N B VY M E N AN M B OO S BB S

SR B, EIND_, RSN TSR U N U S ST SN SN ST ST U W A WO U U N A S S

the macro instruction

IlllllLlII!Mlollel!!AlclTl=lYlElslllllJillllll{lillllllll

would produce the source-code instruction.

r111|111!!MLV¢C|1!!D|EISLT11101RI|LQ|11|111411l1|||111111

Any other form of the MOVE macro instruction would suppress production of the source-code instructign.
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The following is an example of the use of a global set variable. Assume the following two

macro definitions are in

the library.
LABEL A OPERATION A OPERAND A
1 10 16
p—
AT N PR, OC, PO AMC T e b 1 s 4
6 VE |, NJA ME, P U AR VCST SO0 WY WO AL NS VT UK U T Y WY HNOC WY MG N W BRI |
J W W | i [ L 1 GIBI Ll 1 &IGl%lolol L L 1 1 l 1 i 1 1 l o4 1 i I 1 § l L i l
&JGJ%IOIOI 11 sIEl.I-l i Pl( |]|) I=J' IY|E|SI' I i [ 1 l L1 1 l L1 l 1 1 l
L it DO | 8 G%00{ , vl by v | 1 i1
L b MV C DESTLIOR VG | v v v o v v vy | L
Lraa ey E|N,D, O AR AR AN R A A B SR AR S AN N S N AN A i Ll
[N N EIND, | v o by v by v b b | i
NN B PIROC, (YOO SN T A AN VAN T R0 W NN NN NN R S0 AU W S MO N I o
TAKE [ ) NIAME, ENENSN T A Sl U N EE N A S G EET B N O R R A Le L
AR BT PO, ; &86,%001 , v o 1y v g vy i by {a -
IR A MV\C, ORMVG,IDEST; | ¢ 4 4 o ¢y v b1y [ |
IR It E|N,D,0; SR N BN S S U B A A SN B BN A | 4 1
I S | I - | l | S (I | 1 l S | l ; O SO O | l L) 1 1 l | l i 1 J
bt b EINID( 1 RS RIS BN GRS AR O I A S B Al A SRR O A [ g
If the only macro instructions in the source statements for a particular assembly are the following,
AR B Gl E, ACT=YES) s 1o v o by oy ]y [ 1 I
ISR B TIAKE, v boov e e by e v b g by [ L
in the order shown, the following source code would be produced.
L b 1.1 I [ Mlecl 1 DlElslTLlJOlRll IGL l } E S S | I | O l i1 l 1 1 l I
[ER U T W A MVE olRlllGl'lDlElslTLl v a o Ly L1 11
If the only macro instructions in the source statements for a particular assembly are the following,
AN S GV E ST O TR U A O T N A B AT M Y B A A [ | S
cle e b TIAKE, IR U S S N U0 T A N S0 N WO B N U0 N A R 1y L L
no source code would be produced.
If the only macro instructions in the source statements are the following,
Lo v i TAKE, AR T W W RN RN A A W O A AN S AN ST T M - P
I N l 1l 1 GIIJVIEI AlCllelYlElSJ J I l J T | ] S S e | l i1 I 1 i I 1
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the following source code would be produced.

LABEL A OPERATION A OPERAND A
10 16
R A MvC DES T.JORVG | v vy vl v v b v by b

Thus, the value of a global set variable is determined by the order of the macro instructions in the source statements.

6.6. CONCATENATION

A symbolic parameter or set variable with its leading ampersand may be concatenated with other characters, other
symbolic parameters, and other set variables. If the name of a parameter or set variable is to be followed by another
alphanumeric character, a left parenthesis, or a period, then a period must be inserted between the parameter or set
variable name and the character that is to follow it. The result of this concatenation is the one obtained by replacing
each parameter or set variable name and the period that follows it, if any, by the characters corresponding to that
parameter or set variable. The following is an example of the use of concatenation. Assume the following macro
definition is in the library:

[ B PIR,0C; !Pl'ioxliNzNJ'lM;Mi'ELlLi SO U0 W SN VU WO TR TN S SO0 O ST S N O
Zi,L.CH NIAME, YRS W S SN U W V0 A S AV N U VNV U HOOY TN T W SR R W T WY OO MY T
ot v bogg MVC, | Z&NN G4), , Z8MM, b e b
I T A S Mve . BLL.1G3) . &LL -2 Lot 1 ot b dod
&LL,- N, DS . CL3 vl v b b b b b
&LL,-.2 ! DC, . . _ciliAiBic!’l PR R W N TS S WO OO0 AN NN WAV 0 YO NN SO ST WOOK YO N W A U T

would produce the same code:

TR RN T S ’Mivﬁci i ZX 0802 b e b o d o b
vt b by Ve, | 21(3).,22 ol ; NS W AR N U
Z1, lD;S, L1 CL3 b ol d | Ll

be, ., c .ABCI",
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7. Preparation For Assembly

7.1. GENERAL

For an assembly to be performed by the SPERRY UNIVAC 9200/9300 Series Tape/Disc Assembler, certain cards
are required to appear in the control stream. One card that is always required is an EXEC card in one of the
following formats:

LABEL A OPERATION A OPERAND A
1 10 16
AR NI E|X.E \C| ASMB [ v v b vy v b b e b e
J I | I 1 1 I J | l | I . | l 1 1 1 ] I ] J | ] [l L 1 1 I 1 1 1 1 L | B 1 i l

for the tape assembler;

AR B 11 SR R N BN NS N T N A A N W ST O i A A O M A N O I N B

TR S EiX,E,C, DS MBy | v vy v b v b by e b s b

llllJ]l Ly llllllllllllllllllllLLllIlllll

for the 8410 disc assembler;

IR ! L i6 TN AT AT I A S A S R AR Y AN S AT AT B AR
VAR NN B! EIX:EC) KiSMiBy | v o v by vy v by e by J by d
AR B! Ly 1 PRI NN W N YUY S EOR0 TUN A0 WO U U0 T SN U N (NN SO WY WO A U VO S T O

for the 8411/8414 disc assembler.

This may be followed by any of the following PARAM cards in any order:

AT ATER I I P[ARAM| 10000 ,35, Injputid , , , , {3 0301
/l, gy IPIARAM! 100 40,10, owt putmame | ¢+ |
AR IN I ! 4 PARAM [0050,,20 . Ff1j@a9,8, vt v v o Lo e gyl
IO [PARAM 0070 ,,30. 1 ibeid  ,, TS G W Y N O B N W |
ly b !PiAxRxAiM 0036 .01 .. X ¢ o b by e el
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where:
inputid
Is groupname1/groupname2/ .../modulename if the source program is the module named “module
name’’ located within a specific nest of groups on the input file; /modulename if the source program is
the module named ‘“module name’’ and selectivity based on the group structure is not required.
x
If source input is from tape, this parameter will cause the source input tape to stay open and allow
stacked assemblies without rewinding the input tape; x is any nonblanks.
outputname
Is the name of the output module as it will be entered in the ELT record.
flags
Is a string of letters identifying the flags to be associated with the output module in its ELT record. If an
asterisk (*) is used as the first character in the flags parameter, the option of rewinding logical unit 1
(rather than backspacing while using it as a scratch tape) is used. Stacked assemblies are still possible
because the rewind option does not affect assembler use of the flags parameter in any way.
libeid

Is groupname1/ .../groupnameN identifying the nest of groups in the macro library within which the
library search is to be performed. The macro library is located on logical unit zero for the tape
assembler. For the disc assembler, it is assumed to be located in SYSFILE on logical unit zero, unless a
PARAM 0131 card is used (7.2).

If the source program is in the control stream, PARAM cards must be followed immediately by a DATA card, which

precedes the source program. This DATA control card must contain a T in column 16. In this case, the PARAM card s
defining inputid is omitted. If the PARAM card defining the name of the output module is omitted, the label of the

START directive is taken as the output module name. The PARAM card defining the flags is omitted if no flags are

to be associated with the output module. The PARAM card defining the limits of the library search is omitted if the

entire macro library is searched. The name of the entire library is MACROLIB. If libeid is specified as the number 9,

the assembler assumes that no calls requiring a library search are made in the program to be assembled.

Macro definitions may be submitted with source code and must precede the source code in the input deck. When the
assembler detects a macro instruction, it searches the macro definitions submitted with the source code before it
searches the library. Each macro definition in the library should be preceded immediately by an ELT demarcation
record. Also, the very first line of each macro definition must be the PROC directive.

7.2. GENERAL PROCEDURES FOR DISC ASSEMBLERS

in addition to the preceding PARAM cards, other PARAM cards apply specifically to the disc assembler. General
notes pertaining to these cards are:

] Logical unit numbers may be 1- or 2-digit hexadecimal numbers between 0 and 3F.
L] Filenames must contain a maximum of eight characters.

" The output file and the scratch file must be unique; that is, neither file may contain the same filename and
logical unit as any other file. Neither file may be SYSFILE on logical unit zero.

This PARAM card is optional for 8410 disc units, and it is not used for 8411/8414 disc units. It is used to specify
that all disc writes are to be verified (check read); if this PARAM card is omitted, no verification is made:
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LABEL A OPERATION A OPERAND A
1 10 16
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) U N | l 1t I [ | i 1 | I | lALI ). Jcl L 1 ] 1 l | | S| I 1 1 11 I [ | | i l

where:
N = Do not verify all disc writes.
C = Verify all disc writes.

This PARAM card is required because it defines the final output file:

AN PIA\RAM| 0,101,110, (WY, oyn, If il ,emjame; | | ;4 4 |
AU Bt | R S V1 - ST AN S ST SN Y O N N ST S ST G AR A |
where:
w
Specifies that the file is not to be extended; i.e., the object module is to be written at the beginning of
the file.
E
Specifies that the file contains information to be preserved and extended; i.e., the object module is to be
written immediately after all other modules contained in this file.
nn
Specifies the disc logical unit number in hexadecimal (0 through 3F).
NOTE:
Logical unit numbers may be a 1- or a 2-digit number (n or nn).
filename

Specifies the name {maximum of eight characters) of this file.
This PARAM card is required and is used to define a file that is to be used as a scratch file if the source code is on

cards, or is to be used as the input file if the source code is on disc. If this file is to be used as a scratch file, it may
not be called SYSFILE if it is mounted on logical unit zero.

i L b PIAIRRAM 0;1;21,, 1,0, ,ininl, fFiidelniamier | ¢+ ¢y o | 4y ¢ 1

RN e Ly co v by g v b v by e by oo by oy
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where: P

nn
Specifies the disc logical unit number in hexadecimal (O through 3F).

NOTE:

Logical unit numbers may be a 1- or a 2-digit number (n or nn).

filename
Specifies the name of this file.

This PARAM card is required and defines a scratch file:

LABEL A OPERATION A OPERAND A
1 16
—— ————
AT IPIAIRIAIM 0,1,4%,1,,10,0), % [fiitienlomer o+ b ¢ 40 |44ty

where:
nn
Specifies the disc logical unit number in hexadecimal (0 through 3F).
NOTE: .
Logical unit numbers may be a 1- or a 2-digit number (n or nn). e’
filename

Specifies the name of file.

This PARAM card is optional and is used to define the file in which the macro instruction library is stored:

poae by PIARAM| {01,31,,/10 , nnj, f il ename |  , 4 ;| 1 11

l!l!lfl §l11 llilllllliillli!ll:!l]lll1'll

where:
nn .
Specifies the disc logical unit number in hexadecimal (O through 3F).
NOTE:
Logical unit numbers may be a 1- or a 2-digit number (n or nn).
filename

Specifies the name of the file in which the macro library is stored.

If no PARAM card is specified, there is a default of 00,SYSFILE.
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7.2.1. Disc File Organization

The disc assembler works with five files, represented as:

FILE A

FILEB

FILEC

FILED

FILEE

The system file {(normally on logical unit O and called SYSFILE) is used for locating
macro definitions and fetching assembler overlays.

The final output file; also used as an intermediate scratch {(PARAM 0101).
This is a scratch file (PARAM 0111).

One file used, either as the input source code file, or, if the input is on cards, as a
scratch file (PARAM 0121).

If used, specifies the file in which the macro library resides (PARAM 0131).

It is recommended for efficiency of time that the following setup be used:

-

= For greatest efficiency, five separate discs can be used for the foregoing files.

» If less than five discs are used, the files may be set up as follows:
SYSFILE — FILE A Normally on logical unit 0
Final output — FILE B Set up on a different LU from file C
Scratch — FILEC Set up on a different LU from file B
Input or scratch — FILE D Set up on a different LU from file C
and a different LU from the SYSFILE (FILE A)
MACRO library — FILE E Set up on a different LU from file C

Some examples of disc drive assignments are shown in Figure 7—1.

2 drives FILES

m>»|I©o O

3 drives FILES

m>»jo O
w
(2)
o

4 drives

Figure 7—1. Disc Drive Assignment Examples
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7.2.2. Allocation of File Space for Disc

A disc assembler user allocates space to his assembler files based on his needs and the type of assembly being run at
any particular time. The sizes vary, depending on:

L the amount of space a user can afford at assembly time;
L] the number of disc units available;

. whether the bulk of input is cards or disc; and

. whether macro are being submitted with source code.

The following discussion concerns the use of scratch files by the assembler. The available space in the final output
file also is used as scratch space.

The assembler generates one internal item, and possibly more, for every source item processed. If the source item is a
macro instruction, the item generation and required space will be expanded dynamically during generation of the
instruction. Thus, since each case is different, the user can choose to allocate space based on each assembly or set up
an all-inclusive allocation procedure to handle the largest assembly that he expects to turn out. In view of these
possibilities the following guideline is proposed. It is intended as a guideline only and may or may not satisfy the
requirements of a particular installation.

It is assumed that the reader has a knowledge of the disc types and is aware of the requirements and procedures
necessary for the operation of the VTOC for the 8410 disc subsystem (see the 9200/9300 systems 8410 disc
subsystem utility programs manual, UP-7668) or the DASM for the 8411 or 8414 disc subsystems (see the
9200/9300 systems 8411/8414 disc subsystems utility programs manual, UP-7835),

A typical, large single-phase program is the first pass of the assembler. This module comprises approximately 3000
source items. The disc 1/O handler generates two items per disc record. Inasmuch as each source item causes the
assembler to turn out an internal item, 6000 items are to be processed for this assembly. In addition to the
SYSFILE, the assembler requires three work files to be used in the course of the assembly. Each file must contain
two extents. The first extent consists of the file directory and the second consists of the file itself. Space allocation
for the directory may be minimal and file allocation space is the most important consideration. The following space

allocations were assigned in assembling the first pass of the assembler {with 3000 source records and no macro
instructions) for each of the three files required:

m 8410 disc — 2 items per record, 100 sectors per track
3000 records = 3000 sectors = 30 tracks
For file directories, one track per file is allocated. Thirty tracks per file are allocated for file contents.
a 8411 disc — 2 items per record, 16 records per head
3000 records = 200 heads = 20 cylinders
One head per file is allocated for file directories, and 20 cylinders per file are allocated for file contents.
® 8414 disc — 2 items per record, 25 records per head
3000 records = 120 heads = 12 cylinders

One head per file is allocated for file directories. Twelve cylinders per file are allocated for file contents.
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NOTE:

Although tthe allocation of directory space during the assembly may be minimal, should the same file be used for
storage of program libraries at other times, the size of the file directory should be adequate for file usage.

7.3. GENERAL PROCEDURES FOR TAPE ASSEMBLER

The tape assembler requires that a scratch tape be available on logical unit 3, that its input, if on tape, be on logical
unit 2, and that a tape be available for writing on logical unit 1. This tape must be either a rewound scratch tape or
must be in library tape format positioned immediately past the tape mark. This tape is used for scratch as well as to
receive the final output. If the tape units are not assigned properly, SWAP cards to effect this assignment must
precede the EXEC card.

7.3.1. Restart Procedure for Final Phase of Assembly

After the assembler has begun producing its printed output, two restart options are available: stop printing and
repeat printing.

7.3.1.1. Stop Printing Option

If it is necessary to abort the production of printed output because of forms misalignment, torn ribbon, or other
printer malfunctions, the stop printing option may be invoked by the operator by setting the DATA ENTRY
switches to any vatue from X'01’ to X’OF’ and pressing the OP REQ switch. The assembler ceases printing and, upon
completion of writing the object module, restarts the printer listing from the beginning. It is suggested that, when
the stop printing option is used, the printer be taken offline while the printer malfunction or forms alignment
problem is being corrected.

7.3.1.2. Repeat Printing Option

If a second copy of the assembler printer listing is desired, the repeat printing option may be used by setting the
DATA ENTRY switches to zero (X'0’) and pressing the OP REQ switch. Upon completion of the first listing, a
second listing will be produced.

NOTES:

1 The foregoing operator requests may be made only after the assembler has begun printing. If made earlier, a
413F display occurs and the keyin is ignored.

.

2. An operator request with a value greater than X‘OF’ causes a 413F display, or is interpreted as a keyin to the
operating system or to a symbiont.

3. The use of either option does not affect assembler production of a relocatable output module.

7.4. PRINTER OUTPUT

When a PRINT directive requests a listing of all source code lines, the output listing is:
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Print Column

1-4
5
6-13
14
15-18
19,20
21-36
37-40

41-120

listed in Table 7—1.

Sequence number of original input line; blank for macro-generated code

Error codes (eight allowable on any one line)

Address

Obiject code {maximum of eight bytes or 16 digits printed)

Original source code line

The printer uses columns 6—13 to list error codes in the assembly listing. The codes used, and their meanings, are

Table 7—1. Printer Error Codes

Meaning

Covering error

Duplicate label or reference to a duplicate label

Expression too large, improper syntax, or keyword parameter specified
in a macro instruction not defined in the proc line of the macro
definition

Upper main storage table full in pass 1 of assembler; too many DO statements
to process in avaitable main storage

Half-word boundary error

Instruction error, invalid operation code
Location counter value too large

More DOs than ENDOs

ORG error, second definition of a label

PROC error

Relocation error, terms to0 many or improper
Sequence error

Truncation of oversized term

Undefined label reference

Continuation error or ESID table overflow
Assembly input ends with common section or dummy control section

END card missing
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7.4.1. Assembler Listing Print Format

T he following are examples of the printer format for the page header and the last line of the assembler listing
containing the total errors detected.

Page Header Format

Print Column Data

1-29 UNIVAC 9300 {TAPE}_ASSEMBLY OF
DISC

30-37 progname-name in label field of START card

38-39 blank

40-93 title — inserted by TITLE directive 54 characters long

94 blank

95-98 DATE

99 blank

100-101 characters 1 and 2 of supervisor date

102 /

103-104 characters 3 and 4 of supervisor date

105 /

106-107 characters 5 and 6 of supervisor date

108-109 blank

110-113 PAGE

114 blank

115-117 page number

118-120 blank
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®  Final Line of Assembler Listing
.. Print Column Data

1-39 same as PAGE HEADER format

40-49 blank

50-55 ERRORS

56 blank

57—61 error count — grand total of all errors in listing

62-70 blank

71-78 REVISION

79 biank

80-81 revision number

8294 blank

95—-109 same as for PAGE HEADER format

110-120 blank

N
NOTE:

The last line of every assembly listing contains total errors (which can be greater in count than the total of all
the flags because it is only possible to print eight flags per line) and the revision number of the SPERRY
UNIVAC software. This revision number should be referred to when reporting problems with the software.

7.5. DISPLAYS FOR DISC ASSEMBLER AND INPUT/OQUTPUT
Displays on the control console associated with the disc assembler are listed in Tables 7—2 and 7—3.

Table 7—2. Disc Assembler Displays (Part 1 of 2)

Hexadecimal

Display Reason Action
30x0 Logical unit x is down. Press START to cancel.
30u1 The source code element on physical unit u does not Press START to cancel.

exist as specified in PARAM 0000 card, or physical
unit u does not contain any part of the macro library,
or source code is to be introduced from the control
stream, but no source is present.
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Table 7—2. Disc Assembler Displays (Part 2 of 2)

Hex.adeci mal Reason Action
Display
The following stops are due to bad parameter cards.

3002 A W or an E was not specified on PARAM 0101. Press START to cancel.

3003 A file name was not supplied. Press START to cancel.

3004 A logical unit was not supplied or each character of the Press START to cancel.
logical unit number was not in the range 0—9 or A—F.

3005 The filename (other than disc source input file or macro Press START to cancel.
library) was SYSFILE and was said to be on logical unit
0.

3006 More than one file was specified by the same name and Press START to cancel.
logical unit number.

NOTE:

u = physical unit number.

Table 7—3. Disc Assembler Input/Output Displays

Hex'ademmal Reason Action
Display
14u1 8410 — unrecoverable abnormal line indication received from Key nonzero into
dispatcher location 4 to retry, or
8411/8414 — software error press START to cancel.
14u2 8410 — unrecoverable output bus check indication received Same as 14u1
from dispatcher
8411/8414 — hardware error
14u3 File cannot be opened because the VTOC header cannot Press START to cancel.
be located or the file's format-1 label does not reside
in area specified by the VTOC.
14ud No find on search Same as 14u1
14ub 8410 — catastrophic failure indication received from dispatcher Same as 14u1
14u6 Expiration date does not meet requirements Press START to cancel.
14u7 8410 — nonoperational channel indication received from Same as 14u1
dispatcher
14u8 8410 — Invalid function indication received from dispatcher Same as 14u1 *
8411/8414 — wrong record length
14u9 File extent limit reached; READ or WRITE attempted that Press START to cancel.
references a point beyond physical extent for this file
14uB File directory filled to capacity Press START to cancel.
14uD Final output file described as to be extended (E) but next Key in nonzero to
record pointers in format-1 label contain zeros location 4 to treat the
file as a new (W instead
of E) file, or press
START to cancel.
14uE File on unit u not a library file; i.e., it does not have Press START to cancel.
two extents
14uF 8410 — an unload buffer command unsuccessfully issued Same as 14u1
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7.6. DISPLAYS FOR TAPE INPUT/OUTPUT ROUTINE

Displays on the control console associated with the tape assembler are listed in Table 7—4.
Table 7—4. Tape Assembler Input/Output Displays
Hexadecimal Reason Action
Display
20u0 The end block was not found on physical unit Press START to try again.
u. This display occurs with respect to logical Restart if unsuccessful.
unit 1 when the assembler cannot find the END record
on logical unit 1 preparatory to writing out its final
output (Appendix C).
20ul The expiration date was not accepted Replace with correct tape and
on physical unit u. press START to try again, or
key a nonzero into location 4
and press START to cancel.
20ub The end-of-physical-tape (while writing) or a Press START to cancel. =
tape mark (while reading) was detected on physical
unit u.
20ub A wrong-length block was read on Press START to cancel. :
physical unit u.
20uD Physical unit u is in a nonready condition. Correct the problem at physical
unit u and press START to .
continue, )
—
20uE The block searched for was not found on physical unit u. Ensure that physical unit s
contains the correct tape.
Key one of the following
into location 4 and press
START:
0 to try again,
1 to read forward,
2 to read backward.
Restart if unsuccessful.
30ut The source code element on physical unit u does not exist Press START to cancel.
as specified in PARAM 0000 card, or physical unit u does
not contain any part of the macro library, or source code
is to be introduced from the control stream, but no source E
is present. .
NOTE:

u = physical unit number
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8. Linker

8.1. GENERAL

Whether a program consists of one or more modules, the assembled module or modules must be combined into one
executable program. This combining process is called linking and is performed by a utility program referred to as the
linker.

8.2. LINKER COMMANDS

Linker command cards may contain information in columns 1 through 77. Logical unit numbers are expressed in
hexadecimal. Spaces are required in all linker command formats before and after the command’s opcode and
following the last parameter specified in the operand field.

8.2.1. PRGM

The PRGM command instructs the linker to begin construction of a normal, executable program. It provides the
name to be associated with the program and the address at which the program is to begin in storage.

The format of this command is:

LABEL A OPERATION A OPERAND A
10 16
(P\RG Ml jpirfofglr jamn|alme,, oyr|igin;, {fliagys| | v v | ¢y ¢ by

The absolute origin address may be expressed as a number or as an asterisk. In the latter case, the program is assigned
the same origin as was assigned to the linker doing the linking. .

8.2.2. CHAIN

The CHAIN command instructs the linker to begin the construction of a program which is one of the links in a
chained job, but is otherwise a normal executable program.

The format of this command is:

llll]ll llll llJ_llllllllllllIIIIJllillLllJl

(CHAI N pfrlojg,ramnlame, ofr i gimnj flags , |, ' T T S
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8.2.2.1. Fetching

To get the next chained program, the program’s name must be placed in locations X136’ — X’13D’ by the previous
program and a FETCH be performed or another / EXEC statement may be given to job control; e.g.,

LABEL AOPERATIONA OPERAND A
10 16
/, EXEC, , P|R,GM 1 v o b e o b v g v e b e e by poa o b
/, EXEC, , CHAVNIEDTY, ot b vn b o s b e by vty
/, ,EXEC, , CHAINIEID2, |\ v bbb v by by
RN ljor B DR TR SN TS U AU U VAN TR Y N T 0% AN WA ONY SO S T WA WY TN SN N W S O N OO
y MVCL L X°.1,36/°}(8).=cL8° CHAINEDV" (il asdy

. F,ETICN CHA I NED1,,.,

F{O RWA RD

l!llillj!ils!!!ll(lellL_L‘

Each link of a chain must begin with a CHAIN command, and the links must be described to the linker in succession.
The linker allocates to each link the maximum storage required by any one link and ensures that COMMON is
assigned the same address in each link. A maximum of 10 consecutive chained programs is permitted. All programs
consisting of a common section are given the same address when the chained programs are linked.

8.23. SYymsB

The SYMB command instructs the linker to begin the construction of a symbiont. No overlays are allowed within a
symbiont.

The format of the command is:

1S, YMB| s ylmlbji ont|njame,, sjymbiopntnumber, filags | , , , |

RIS N AT L1t b et v ey o b v b e by oy

In the preceding commands (PRGM, CHAIN, and SYMB), the flags field is a character string. Permissible characters
in the string are the 26 alphabetics and the multipunch, which, when translated to EBCDIC, yields the EBCDIC byte
11100001. {In Hollerith card code, this would be an 11-0-9-1 punch.)

The PRGM, CHAIN, and SYMB commands also produce on the output file an ELT record preceding the module to
be constructed by the linker. The program or symbiont name becomes the module name (preceded by the names of
the groups in which the module is contained). The flags determine the bits of the flag field (columns §=9) of the
ELT record in the following format:

*DHLPSWzAEIMQTXzBFJNRUYzCGKOXxVZz
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where:
*
Is always 1.
x
Represents the EBCDIC byte 11100001.
z

Is always zero.

Comments, beginning with the first nonblank column after the flags field, from the PRGM, CHAIN, or SYMB
command are placed in bytes 60—80 of the output ELT record.

The first command given to the linker must be the PRGM, the CHAIN, or the SYMB command; otherwise the linker
does not allow further processing and cancels.

8.24. UNITS

The UNITS command, if present, must follow immediately a PRGM, CHAIN, SYMB, or another UNITS command.
It instructs the linker to construct a list of logical unit numbers for insertion in the phase record of the program to
be created.

The format of this command is:

LABEL A OPERATION A OPERAND A
1 10 16
e ——————— e —————]
LN iTIS) ix FITTIE B W T T AT I A A T I T I T Y

where:

Each xx is a 2-digit hexadecimal number, the logical unit number of a unit required by the program.

8.2.5. INCLUDE

The INCLUDE command instructs the linker to include a specified module or specified portions of a module in the
current phase. The format of this command is:

for tape linker:

4 NCLUDE[ Imjodiu,ljeln,ame,, (LUK, (jnameltji;sit )}, | | (1

lllllll llll lllJllllllllllLJIlllllllLlllll

for disc linker:

ttiNc LU E oidivil lelniomie LU # , fFliillenialme;, ((infa,me;lils,t)); | |

AT L1 11 YO0 Y N S K ST S R 0N T W RO S N N B AT G0 AN N M S
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If modulename is omitted (marked by a leading comma), the module is in the control stream immediately following
the INCLUDE command; otherwise, the module is found on the indicated unit or filename. The logical unit number
is expressed as one or two hexadecimal digits. If the logical unit number is omitted, the same unit is used as for the
fast INCLUDE with the indicated modulename. The initial value is 2 for the tape linker; for the disc linker, it is the
logical unit number specified for the input file on the CTL card. For the disc linker, if the filename is omitted, the
same filename is used as for the last INCLUDE with a module name indicated. The initial filename is the filename
specified on the CTL card for the input file, If the tape linker is used and the logical unit number is specified, the
tape is rewound before the search for the module begins. If the logical unit number is not specified, the tape is not
rewound.

Modulename may consist of a single name preceded by a slash, in which case the indicated logical unit and/or file is
read until a module with the specified name is found. This module then will be included; otherwise, the modulename
must include the name of all the groups within which the element is contained, from outermost to innermost. Thus,
if module MODLA is group GRP2, which is in group GRP1, the modulename is written as:

LABEL A OPERATION A OPERAND A
10 16 ~
NCiLiupiE| |GiRP 1,/|GIR P2,/ M|ODL A, LYK, ([namel|isit,) | |, |

If an INCLUDE command specifies an LU#, the tape linker rewinds the specified tape before beginning the search
for the module.

The last parameter, if included, is a list of one or more control section names with the list enclosed in parentheses.
Only the named control sections are included as a resuit of the INCLUDE command. {f however, a module contains
a common section, the common section is included when any control section of the module is included. A control
section may be included in more than one phase. In such a case, all references to that control section are handled as
follows:

®  |f the reference is in a phase in which the control section is included, the reference is linked to the copy of the
control section in the phase.

8 |f the reference is in a phase in which the control section is not included, the reference is linked to the first
copy of the control section included in the program.

8 The common section is located immediately above the highest location of any other section coding or job
control coding.

8.2.5.1. Sectioning (CSECT, DSECT)

A label in a CSECT section should be referenced only within its own section; otherwise, an ESID UND error occurs

when linking that particular section. If necessary, to reference a label in a section other than the section needed, the

programmer must include both sections when linking a particular phase to avoid ESID UND errors.

All ESIDs will be resolved if the following procedure is used: A
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Example (Assembly):

LABEL ADPERATIONA OPERAND A
10 16
IS8T, L STARTE 0., v v Ly v bl s RN I
s Ly PYUIS,UNGE 90 L s e b b NN TR
BN 1 MSG, LTI AN IR S T N A AT AT A A I N A N R N
[N B B BIC, ;4 125 TAG b [N A A N i N
CON 14, IDIc, . WITEL I STETREE I AT AR A ATERTE BN A AT
€S2, , | .. CiS,ECT S [T T B S T T PR W 0 T N W WO A
TSN BT A AL BGN+71.0 v vl v v v b v ool v by oty
TA® 1, it CON - X" Y2 { o v v b v b v by by
ta a1y BiC . 3, BN b b e b gy
AN D B A BiC 1S5 TACG vt b e b e b
AN CiS,ECcT PSS U 0% B Y U ST YOS N SIS W N WA YO SN BN TN WO N A W Y L N
SRR B DG X009 "V v e b b b TR
S I B L L B U SO P EETEET IS RN
O S U B ElNlox B!GlNl ' BETEAT RN ST U SO S SN S S A A TR TN N W S S B U B
Example (Linker):

PRGM |, ., TIEST, o e b b el P A W SO YT DU Y W MR N
INCGLYDE rr.sT .o, LTST, 82 RTINS UT TN S VO S U TN WO S N T S T T A
g by brg AN STENE BTSSR SR AT U NN U N AU U S AN B A A N I

8.2.6. PHASE

The PHASE command instructs the linker to begin construction of a new phase and indicates how its origin is to be
determined.

The format of this command is:

(PH ASIE, plhlajsenjalmle;,, joyr ifjgiiyny o | 4 4 ¢ v b v v v 0 by e o by o]

lLlllll llll llLlllllllLJ_Llilllllllllllllll

where:

phase name
Represents the name of the phase to be constructed and origin may be one of the following:

blank
Indicates the new phase will immediately follow the phase just completed.
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nnnn .
Is a decimal number or a hexadecimal number of the form X'nnnn’ and specifies the origin of the phase.

symbol ,
Is a previously defined symbol {(an entry point of one of the modules already included). The value
assigned to this symbol is assigned as the origin of the phase.

symbol+n
Is symbol and n as defined previously. The value assigned to the symbol is modified as indicated and the
result assigned as the origin of the phase.

{phasename list)
Is a list of one or more phase names separated by commas if more than one name is listed. The list is
enclosed in parentheses. The phase follows the phase named in the list with whose highest allocated
address is the greatest. The address allocated is a muitiple of two.

A phase is terminated by the next PRGM, CHAIN, SYMB, PHASE, or END command. The entry point for a phase is
the address from the first transfer card for a module in the phase. In a phase containing selected control sections of a
module, the transfer card address is accepted only if its address is external to that module or contained in a control
section included in the phase. In the absence of a transfer card with an acceptable address, the first address of the
phase is used as an entry point. The maximum allowable number of phases is 20 to 30, depending upon the number
of characters in the phase names.

8.2.7. MOD

The MOD {modular set) command instructs the linker to set the location counter to the value calculated from the
operand specifications.

The format for this command is:

LABEL A OPERATION A OPERAND A
10 16 _
| MiOD) lay, b L 11 NS TN NS N AR S U B AN NI BN EE N BT N B SN ES I B R A |
RN B L TN TN N W RN N T N T AN N0 W WO U TS0 Y S DONE WO WY S T A O A S S O
where:
a
Must be a decimal expression with a value that is the result of 2 raised to a power.
b

May be omitted, or it may be a decimal expression.

The location counter is set to the next number with the value of b, plus a multiple of a which is greater than, or
equal to, the present value of the location counter,

Examples:

!Mlolba181:!!1411!!:111!11»1]1111]1111]1J11]11|1]
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If the present value of the location counter 4024, the value is not modified. If the current value is 4025, it is

modified to 4032.
LABEL A OPERATION A OPERAND A
10 16
M0OD, (8,3 L [T N T N WA NN WY A NS SN VAT M 0 Y N SN T OO A R O N S S A
U T B L1 PO TN WY A N WO N WA S S N SN S N TN SN O N O Y WS M A SN MO

If the current value of the location counter is 4028, its value is modified to 4035.

8.2.8. LIBE

The LIBE command instructs the linker to search for modules externally referenced within the modules being linked
and not included via INCLUDE statements. The format of this command is:

for the tape linker:

IR EE N IR L 1 pet ey v by e b e s b by o

(i1 BE] jairfolulpinjamlel, LUy |y o0 by oy s b b i by

1 by I b b v e b e b ey b v by g |
for the disc linker:

' L 411 NI I IR SN U IS G S N i B S S AU S S N N N B AR |

LI BE| grlofjujpn,amlel, LU# ,(filenjame | )]

Liar b | PN SN S L TN WO S N T A UG O Y O M S S N VO S S S B MY RS O

The search is limited to modules within the group named on the indicated logical unit or file. If the group to be
searched is in another group, groupname must so indicate. Thus, if all modules in GRP3 are to be searched and
GRP3 is in GRP2, which is contained in GRP1, groupname would be written:

GRP1/GRP2/GRP3

If LU# is omitted, the search is performed on the logical unit most recently named in a LIBE statement. Initially,
the search is set to operate on logical unit 0 in group RLOCATBL.

For the disc linker, if filename is omitted, the filename most recently named in a LIBE statement is used. Initially, '
filename SYSFILE is used.

If no search is needed, the format is:

lLlllBlEilNIONEllll llllllllllllllllllllllllllllll

Illllll llll llllllllllllllllllllllllllllll
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A LIBE command is effective for the program in which it appears and all programs until the next LIBE or END card.
if several LIBE cards appear between two PRGM cards, only the last is effective. Routines included by the automatic
search feature are included in the first phase of that program. They are not overlaid by any phase of the program
because they are assigned load addresses beginning immediately after the highest address occupied by any phase of

the program.

A module is included automatically only if no flags are associated with it or if all its flags also appear in the PRGM,
CHAIN, or SYMB command for the program being linked.

8.29. EQU
The EQU command to the linker defines values not otherwise supplied in the normal linking process.

The format of this command is:

LABEL A OPERATION A OPERAND A
1 10 16
T e—
siymib ol |EQ’UI jexxplrleysysgiqyolnmy ¢ ¢ ¢ by ooy by vy ey i iy by
AN A bt N NN NS NN NI I A
where:
symbol
Represents the name of the symbol, the value by which it is to be defined.
exprassion

Is any sum or difference of decimal values, hexadecimal values of the form X'nnnn’, and previously
defined symbols. A previously defined symbol is one that is an entry point of a module previously
named on an INCLUDE card, or a symbol already defined by an EQU card.

8.2.10. END

The END card (/* in columns 1 and 2) terminates the linker operation. To rewind logical unit 1 at the end of the
tape linking, place a nonblank in column 11 of the card.

8.2.11. SELECT

The SELECT command causes the linker to copy a module from an input file (or tape) to the final output file (or
tape).

The format of this command is:

for the tape linker:

llLllll llll Llllllllllllll'IIlIllLJlliJlll

(SIELEICT fmlold vyl efnlamie,, LIU# , o 4 oo Loy by v by ]

AR L [0 WV TN S U WO WA U N0 WA W U HN T YONN HN H  SNSNA WS R NN N N WO R N
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for the disc linker:

LABEL A OPERATION A OPERAND A
10 16
oldiu,lieln]amier, (LIU#,, (fFlilliemamle; « | v 1 ¢y 1 v by 0oy |
llllllllllll P v v by vy b e b e by
where:
modulename
Is the modulename or the groupname and modulename in the input ELT record of the module to be
selected. The module may be source, relocatable, or object code. It must begin with an ELT record and
be followed by a BOG, EOG, ELT, or END record.
LU#
Is the logical unit number of the tape or disc containing the input module to be selected.
filename

Is the name of the file containing the input module to be selected.

If no logical unit number is specified, the last logical unit number specified in a SELECT or INCLUDE command is
used; if no previous logical unit number (and filename, for disc) was specified previously in a SELECT or INCLUDE
command, the search is made on the initial logical unit number/filename. The initial logical unit number for the tape
linker is 2; for the disc linker the initial logical unit number and filename are specified in the CTL card. The search
for the named module begins in a forward direction from the current position, if tape.

If a logical unit number or filename is specified in a SELECT command, that designation remains selected until
changed by a subsequent SELECT or INCLUDE command. The tape linker rewinds the tape on the specified logical
unit before beginning the search for the named module.

The SELECT command should be placed after the last INCLUDE command of a program or symbiont or after the
last INCLUDE command of the last program of a chain of programs. SELECT terminates a chain, but another chain
may follow.

When the linker detects a SELECT command, it treats the command as an indication that all commands for a
program, a symbiont, or a chain of programs under construction have been submitted. After completion of the
program construction, the linker locates the named module on the specified logical unit and copies the module on
the output file. The copied module is preceded by an ELT record on the output file.

8.2.12. HALT

The HALT command permits the operator to take appropriate action during a link; e.g., changing input disc packs.

The format of this command is:

UNU,S ED) HIAL T, mpgngng ooy o e oy v b by s g by g

Jllllll l4ll lJ_LlllllLIlllIlJllL'lllllllllL
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where:

nnnn _
Is any allowable hexadecimal character, 0 through F. The value is right-justified in the light display; that
is, HALT 1 appears as 0001,

8.2.13. SPACE

The SPACE command controls the spacing of the listing by specifying SPACE 1 or SPACE 2, if an error is made in
the number of spaces designated, the default of 1 space occurs.

This option is not available in the tape linker, which always produces a single-spaced listing.

The format of this command is:

LABEL A OPERATION A OPERAND A
10 16
e
iUnNnuslelDi ] SPACE] jny v o vty v v b v g by g v by by e
1 1 1 | l 1.1 l I | 1 1 J_1 1 I | - | i l 111 1 l 1 1 1 i 1 § S W A | I 1.1 L1 l
where:
n

Is the number 1 or the number 2.

8.3. LINKER OPERATING INFORMATION

The procedures and displays used to operate the linker, the error messages produced on the printer, and an
illustration of a sample deck are described in the following paragraphs.

8.3.1. Disc Linker Procedures
To execute the disc linker, the following control stream must be submitted:

/ EXEC DL11 (DLOO for 8410 linker)

/ DATA C
CTL (See 8.3.1.1 for parameters)
. linker commands

/*

Disc packs containing files required by the linker must be mounted before executing the linker.
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NOTES:

1. If using 8410 disc drives, remove the file protect from disc on logical unit number 0 as DLOO uses the
Fastband for scratch space.

2. File protect on logical unit number 0 is allowed on the 8411/8414 disc subsystem unless the scratch or final
output file is located on unit 0.

3. Do not change output discs during linking on the 8411/8414 disc subsystems. With a careful choice of areas it
is possible to change input disc packs as many times as required by use of the HALT command and pack
substitution.

8.3.1.1. CTL Card

Only one CTL card may be specified for the disc linker. The CTL card is mandatory and must follow the / DATA C
card in the control stream.

The format of the card is:

LABEL ADPERATIONA OPERAND A
10
iof. et
I CiT,L Ny JEY X1 % , name , R, xx,6 name, S, xx, , name,

kSt |

where:
C
Output is to use check write.
N
Qutput is to use normal write, or unit is 8411/8414 disc drive.
w
Indicates final output file; output to start with beginning of file.
E
Indicates final output file; output to be written as an extension of the information already in the file.
R .
Indicates first input file.
S
Indicates scratch file; this must be a library type file though the directory need only hold one record.
XX
Is a logical unit number; one or two hexadecimal digits. .
name

Indicates filename.

No default option is permitted. Absolute control over the location of the linker output module is imperative. The
control card is printed. Each file description must state all three designators; i.e., type of file, unit, and filename. All
files used by the linker must be in library format; i.e., one directory extent and one data extent.
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8.3.2. Tape Linker Procedures
To execute the tape linker, the following control stream must be sumitted:

/ EXEC TLOO
/DATAC

. {linker commands)
r
Appropriate tapes, as required by the linker, including the output tape on logical unit 1 and the scratch tape on
logical unit 3, must be mounted before executing the linker.
8.4. PRINTER ERROR MESSAGES

The linker routine notifies the programmer of problem program errors. The messages that can be made by printer
listing during a linker run are listed in Table 8—1.

The revision number of the SPERRY UNIVAC software is printed on the last line of output. The revision number
must be referenced when reporting software problems.

8.4.1. User Program Sense Indicator (UPSI) Byte Setting

If an error is detected, during a link, the single bit of the UPSI byte (location X'117’), shown as a 1 (00001000), is
set to 1. This permits detection of errors by a subsequent program in the job stream or by a / SKIP job control card,
providing a / JOB control stream command does not intervene. The linker never resets this bit to zero; therefore, any
error in a series of links may be tested for after the last link.

8.4.2. Total Error Count

A total error count is printed in the last line of the linker listing.

8.4.3. Suppression of Second Pass Printing

To cause the suppression of all printer output during the second pass of the linker (except page heading, error
messages, and the total error count), place the following parameter card after the / EXEC card and in front of the /

DATA card. .
LABEL ADPERATIONA OPERAND A
10 16
I! § W S { l .4 P[AIRLARM 0'01'0111'1011“;11 i ; IV S O 3 } } I DO W { i N A N | l NN W | 1 H
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Table 8—1. Linker Printed Error Messages

Message

NAME UND

PH NM UN

HEX NG

ESID UND

NAME BLK

OVERFLOW

SYMB NA

COMMA NA

EXPRESHN

OPRND NG

IMISSING

BAD UNIT

HOLE CNT

ABS MODL

ALR INCL

CARDCNT

UNEQU

coL1?

NO GROUP

NO ELT

Name is undefined.
Phase name is undefined.
Hexadecimal value is not good.

Undefined ESID appears in relocatability data (RLD) on transfer card or
text card.

Name is blank.

Overflow of table area (any table).
Symbiont is not allowed.

Comma is not allowed.

Expression is in error.

Operand is not good.

Right parenthesis is missing.

Physical unit is not allocated; logical unit is 1, 3, or greater than 7 for
the tape linker, or is not in the system configuration.

The sum of the bytes from columns 8—72 of an input record did not agree with
the checksum in column 7.

Absolute module is not alloyved.

Module already is included.

Card count error is in module.

Unequal value is on defined name.

Column 1 error is on EQU.

Group specified on LIBE card is not in this file.

ELT record specified on INCLUDE card is not in the file.

8.5. DISPLAYS FOR DISC LINKER

The displays for the disc linker routine are listed in Table 8—2.

Displays 14u1 through 14uF for the disc linker are the same as displays 14u1 through 14uF, as shown in Table 7—3.
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Table 8—2. Disc Linker Displays

Hexadecimal R Acti
Display eason ction
1F03 Wrong input image was read Press START to ignore the image.
1F04 Card out of sequence Press START to ignore the card.
1F05 Card hole count error If the display occurs while reading an object
‘ module from the control stream, the card on
which the error occurred is the second card
from the top in the output stacker.
To reread the error card, place it and all
following cards {including the card in the wait
station) in the input hopper, feed a card, and
press START.
If the display occurs while reading a tape or
disc object module, pressing START may result
in the generation of an invalid object module
by the linker.
1FFF Unrecoverable condition of missing or Press START to cancel.
invalid phase name, invalid device,
overflow message, or a PRGM, CHAIN,
or PHASE command card is preceded by a
command card which is not in proper
sequence.
4102 The first card read was a CTL card Reinitialize the linker input deck with a valid
containing invalid specifications, CTL card as the first card in the reader, feed
or was not a CTL card. a card, and press START.

8.6. DISPLAYS FOR TAPE LINKER

The displays for the tape linker are listed in Table 8—3. Displays 20u0 through 20uE for the tape linker are the same

as displays 20u0 through 20uE as shown in Table 7—4.

Table 8—3. Tape Linker Displays

Hox.adoclmal Reason Action
Display

1554 Cannot read from logical unit 3 to load Press START to cancel.

pass 1.
1556 Cannot read from logical unit 1 to load Press START to cancel.

pass 2.
1F03 Wrong input image was read. Press START to ignore the image.
1F04 Card out of sequence Press START to ignore the card.
1F05 Hole count error See action for disc linker display 1F05.
1FFF Unrecoverable condition of missing or Press START to cancel.

invalid phase name, invalid dovice,

overflow message, or a preceding 1555

display.

g

i
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Appendix A. Tape Language
Processor Conventions

Certain processor conventions are used consistently by the language processors such as the assembler, the linker, the
FORTRAN compiler, and the COBOL. compiler. The following describe these conventions.

Each processor produces its output on logical unit 1. The system is assumed to be on logical unit 0. Each processor,
at the beginning of its operation, must test to see if the tape on logical unit 1 is at load point. If the tape is not at
load point, no action is taken. If it is, the processor must read past any volume headers. The processor must then
check the HDR1 record expiration date against the date stored in the supervisor. If the HDR1 date is less than or
equal to the date stored in the supervisor, or if there is no HDR1 label, the processor rewinds the tape.

A processor using logical unit 1 as a scratch must record an END record indicating biock number 1 and zero group
levels if that tape is at load point. Following this, a tape mark is recorded on tape. If the tape is not at load point, it
is assumed that it is positioned immediately past the tape mark that follows an END record. This tape then may be
used by the processor for scratch. When the processor is ready to write its output, it must back space past the tape
mark. It must then read the END record backward to pick up the block count and group names it will use in
producing its output. It then overwrites the END record in producing its first block of output with the block
number that had been in the end record.

If a processor does not use logical unit 1 for scratch, it may postpone its load point test until it is ready to write its
output. In this case, it would not need to write the END record and tape mark, and immediately backspace and
overwrite them.

When a processor that has found logical unit 1 at load point is ready to write on logical unit 1, it must first read past
any volume headers then write an HDR1 label with an expiration date of zeros before producing any output of its
own.

When the processor finishes producing its output, it writes an appropriate END record and tape mark on logical unit
1 following the output. The tape is not rewound.

If a scratch tape is at load point, a processor reads past any volume headers. It checks the HDR1 record expiration
date against the date stored in the supervisor. If the HDR1 date is larger, it rewinds the tape with interlock and gives
a standard error display. It tries again if START is pressed. If the HDR1 date is less than or equal to the date stored
in the supervisor, it writes a tape mark and the remainder of tape is available for scratch. If there is no HDR1 label, it
writes one with an expiration date of zeros, followed by a tape mark. The rest of the tape is then available.
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Appendix B. Standard Card, EBCDIC,
and Printer Graphic Codes

SPERRY UNIVAC 9200/9300 Series software is designed to use the standard card, internal, and printer graphic
codes as shown in Table B—1. These codes are based on a byte divided into a zone and digit portion, each containing
four bits, as:

zone digit

0123 | 4567 | bits

In Table B—1, the zone and digit bits of the byte are the matrices; for each position the Hollerith code and the
printer graphic, if any, are given.

Table B—1. Standard Codes (Part 1 of 4)

{Two Most Significant Bits of Zone 00)

Two Least Significant Bits of Zone

Digit

00 01 10 1
0000 12-0-9-8-1 1211981 | 11-09-81 12-11-0-9-8-1
0001 12:9-1 11.9-1 09-1 91
0010 12.9:2 11.9:2 092 92
0011 12.9:3 11.9:3 093 93
0100 12.94 11.94 0-9-4 94
0101 12.9.6 1196 09-5 95
0110 1296 11-96 096 96 . :
0111 1297 11.9.7 097 97
1000 12.9-8 1198 098 98
1001 12:9.81 11.9.81 09-8-1 981
1010 12:982 11.9.8:2 0982 982
1011 12.9.83 11983 09-83 983
1100 12:9-8-4 11.9.84 0984 984
1101 12985 11.9-8-5 09-85 985 g
1110 12.9-86 11-9.86 09-86 986
111 12:9-8-7 11.9.87 0987 987
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Table B—1. Standard Codes (Part 2 of 4)

(Two Most Significant Bits of Zone 01)

Two Least Significant Bits of Zone
Digit
00 o1 10 1

0000 12 11 12-11-0

A & -

12-0-9-1 12-11-9-1 01 12-11-0-9-1
0001
0010 12-0-9-2 12-11-9-2 11-0-9-2 12-11-0-9-2
0011 12-0-9-3 12-11-9-3 11-0-9-3 12-11-0-9-3
0100 12-0-9-4 12-11-94 11-0-9-4 12-11-0-9-4
0101 12-0-9-5 12-11-9-56 11-0-9-5 12-11-0-9-5
0110 12-0-9-6 12-11-96 11-0-9-6 12-11-0-9-6
0111 12-0-9-7 12-11-9-7 11-0-9-7 12-11-0-9-7
1000 12-0-9-8 12-11-9-8 11-0-9-8 12-11-0-9-8
1001 12-8-1 11-8-1 081 81
1010 12-8-2 11-8-2 1211 82

¢ ! :
1011 12-83 11-8-3 0-8-3 83

$ . #

1100 12-84 11-84 0-84

< * %
1101 12-8-5 11-8-6 0-8-5 85

( ) - !
1110 12-86 11-86 086 86

+ ; > =
111 12-8-7 11-8-7 087 87

| —l ? "
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Table B—1. Standard Codes (Part 3 of 4)
AN
{Two Most Significant Bits of Zone 10)
Two Least Significant Bits of Zone
Digit
00 01 10 11
0000 12-0-8-1 12-11-8-1 11-0-8-1 12-11-0-8-1
0001 12-0-1 12-11-1 11-0-1 12-11-0-1
0010 12-0-2 12-11-2 11-0-2 12-11-0-2
0011 12-0-3 12-11-3 11-0-3 12-11-0-3
0100 12-0-4 12-11-4 11-04 12-11-04
0101 12-05 12-11-6 11-05 12-11-0-6
0110 12-0-6 12-11-6 11-0-6 12-11-0-6
o111 12-0-7 12-11-7 11-0-7 12-11-0-7
1000 12-0-8 12-11-8 11-08 12-11-0-8
1001 12-0-9 12-11-9 11-09 12-11-0-9
1010 12-0-8-2 12-11-8-2 11-0-8-2 12-11-0-8-2 '
1011 12-0-8-3 12-11-8-3 11-0-8-3 12-11-0-8-3
SN
1100 12-0-8-4 12-11-84 11-0-8-4 12-11-0-84
1101 12-0-8-5 12-11-8-6 11-0-8-6 12-11-0-8-56
1110 12-0-8-6 12-11-86 11-0-8-6 12-11-0-8-6
1111 12-0-8-7 12-11-8-7 11-0-8-7 12-11-0-8-7
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Table B—1, Standard Codes (Part 4 of 4)

{Two Most Significant Bits of Zone 11)

Two Least Significant Bits of Zone
Digit
00 01 10 1
0000 12-0 110 0-8-2 0
0
0001 1241 1141 11-0-9-1 1
A J 1
0010 12-2 11-2 0-2 2
B K S 2
0011 12-3 11-3 0-3 3
[ L T 3
0100 124 114 04 4
D M U 4
0101 12-5 116 0-5 5
E N v 5
0110 12-6 116 06 6
F (o] w 6
0111 12-7 11-7 0-7 7
G P X 7
1000 12-8 11-8 0-8 8
H Q Y 8
1001 129 119 09 9
| R z 9
1010 12-0-9-8-2 12-119-8-2 11-0-9-8-2 12-11-0-9-8-2
1011 12-0-9-8-3 12-119-8-3 11-0-9-8-3 12-11-0-9-8-3
1100 12-0-9-84 12-11-9-84 11-0-9-84 12-11-09-84
1101 12-0-9-8-5 12-11-9-85 11-09-8-5 12-11-0-9-85
1110 12-0-9-8-6 12-11-9-8-6 11-0-9-86 12-11-0-9-8-6
1111 12-0-9-8-7 12-11-9-8-7 11-0-9-8-7 12-11-0-9-8-7
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