











Long-Precision Floating-Point Constants (D)

A long-precision floating-point constant

is specified as a decimal fraction
(mantissa) and an optional decimal
exponent., The maximum allowable range for

a floating-point constant is from approxi-
mately (5.4)x10-79 to (7.2)x107%, The con-
stant will be aligned at a double-word
boundary in the proper machine format for
use in floating-point operations. A dupli-
cation factor may be applied to the con-
stant. A length code, however, may not be
used.

The format of the constant portion of

the operand is described in the following
text.
Fraction: The fraction is a signed decimal

number (up to 17 digits) with or without a
decimal point. The decimal point can
appear before, within, or after the number.
If the point is the right-hand end of the
number, it may be omitted. If the sign is

omitted, a positive fraction is assumed. A

negative fraction is carried in the machine
in true form. The fraction, irrespective
of its decimal point or sign must not
exceed 2 to the 56th power minus 1 (that
is, 72,057,594,037,927,935) . The fraction
part of a number converted to the long
format will differ by no more than 11 from
the exact wvalue rounded to 56 places.

Exponent: The exponent 1is optional. It
may be omitted if the decimal point appears
in the fraction at the desired position.
If the exponent is specified, it must
immediately follow the fraction. It con-
sists of the letter E followed by a signed
decimal number denoting the exponent to the
base ten. A positive exponent is assumed
if the sign is omitted.

A negative exponent indicates that the
true decimal point is to the 1left of the
point written (or assumed) in the fraction.
A positive exponent indicates that the true
decimal point is to the right. The value
of the exponent determines how many places
to the 1left or right the true point is
located.

If either the fraction or exponent is
outside the permissible range, the double
word (or words, if a duplication factor is
specified) will be set to zero. The state-
ment will be flagged.

The following statements illustrate dif-
ferent ways of converting the same number
to a long-precision floating-point number:

DC D'-72957"

DC D'-729.57E+2"
DC D'-729.57E2"

DC D'-.72957E5"

DC D*-7295700.E-2"

Expression Constants (A)

An expression constant consists of a
relocatable or absolute expression enclosed
in_ parentheses instead of single quotation
marks. The value of the expression is
generated as a 32-bit value constant.
Since the expression frequently represents
a storage address, the constant generated
from it is commonly called an address
constant, Hence, the letter A is used as
the type code. Note that if the program is
relocated, all address constants generated
from relocatable expressions will be
changed by the relocating program loader.

An explicit length not exceeding four
bytes may be specified for expression con-
stants. However, a duplication factor is
not allowed.

Unless a 1length code is present, the
32-bit constant will be aligned at a full-
word boundary and given an implied length
of four. Thus, in the following statement,
the value of AREA+2, as a 32-bit value,
will be placed in the next available full
word. ADCON1 will be given a 1length
attribute of four:

ADCON1 DC A (AREA+2)

If a length code is given, the constant
will not be aligned. The constant will be
right-justified in the specified number of
bytes. Any excess bits to the left will be
truncated. For example, in the statement:

ADCON2 DC AL2 (FIELD-256)
the rightmost 16 bits of the value of
FIELD-256 will be right-justified in the
next +two bytes. The length attribute of
ADCON2 will be two. In this case, FIELD
must be equivalent to an absolute symbol.
(see below.)

The following considerations govern type
A constants:

1. A relocatable expression may be used
only if the length is implied (that
is, it is four) or if the explicit
length is three or four.

2. An expression may have a negative
value only if it is an absolute
expression. A negative value will be
stored in two's complement notation.

3. An expression may not begin with an
arithmetic operator.
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BASE REGISTER INSTRUCTIONS

The USING and DROP base register assem-
bler instructions enable programmers to use
expressions representing core storage loca-
tions as operands of machine instruction
statements, leaving the assignment of base
registers and the calculation of displace-
ments to the assembler.

This feature of the assembler, besides
simplifying programming, also will elimi-
nate a likely source of programming errors,
thus reducing the time required to check
out programs. To take advantage of this

feature, the programmer must use the USING
and DROP instructions described in this
section.

USING - Use Base Address Register

The USING instruction indicates that the
general register specified in the operand
is available for use as a base register.
This instruction also states the base-
address value that the assembler must
assume is 1in the register at object time.
Note that a USING instruction does not load
the register specified. It is the
programmer's responsibility to see that the
specified base—-address value is placed into
the register. Suggested 1loading methods
are described in the section "Programming
with the USING and DROP Instructions.®™ The
format of the USING instruction statement
is:

r T 1
| Name | Operation|Operand
IR (R 1
¥ T

| Not used|USING

}
|A relocatable expres-
| sion and a simple
|absolute expression,
| separated by a comma
i

Y e b e

o e — —
o e . e

The relocatable expression specifies a
value that the assembler can use as a base
address. The second operand is a simple
absolute expression specifying the general
register that can be assumed to contain the
base address represented by the first oper-
and. The value of the second operand must
be from 1 to 15. For example, the state-
ment:

USING *,12
tells the assembler it may assume that the
current value of the Location Counter will
be in general register 12 at object time.
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If the programmer changes the value in a
base register currently being used, the
assembler must be told the new value by

means of another USING statement. In the
following sequence, ALPHA is a relocatable
expression:

USING ALPHA,9

USING ALPHA+1000,9

The assembler will first assume that the
value of ALPHA is in register 9. The
second statement causes the assembler to
assume ALPHA+1000 as the value in register
9.

If the value of the second operand is
zero, implying no base addressing, the
first operand should also have a value of
ZEero. If it does not, zero will be used
instead of the actual wvalue and the state-
ment will be flagged in the listing. The
implications of using register =zero as a
base register are discussed later in "Base
Register Zero."

A USING statement will not be used if
either of its operands are incorrect. A
flag will appear in the 1listing. Any
symbol in the name field will not be used.

DROP - Drop Register

The DROP instruction specifies a pre-
viously available register +that wmay no
longer be used as a base register.

r T N T L}
| Name | Operation|Operand |
i [ }

T T 1

Not used|DROP |A simple absolute |
| | expression |

I} 1 (]

The expression indicates a general reg-

ister that previously had been named in a
USING statement and now is unavailable for
base addressing. The following statement,
for example, removes register 11 from the
list of available registers:

DROP 11

The DROP statement is ignored if the
register it designates had never appeared
in a USING statement. If the value of the
expression exceeds 15, the statement will
not be used and will be flagged in the
listing. Any symbol in the name field will
not be used.



It is not necessary to use a DROP
statement when the base address in a reg-
ister changes as a result of a USING
statement; nor are DROP statements needed
at the end of the source program.

A register made unavailable by a DROP
instruction can be restored to the list of
available registers by a subsequent USING
instruction.

Programming with the USING and DROP
Instructions

The USING and DROP instructions may be
used anywhere in a program, as often as
needed. They provide the assembler with
the information it needs +to construct a
"register table.”™ Entries in the table are
added, deleted, and changed by the assem-
bler as each USING and DROP instruction is
processed.

Whenever an effective address is speci-
fied in a machine instruction statement,
the assembler consults this table to deter-
mine whether there is an available register
containing a suitable base address. If
more than one register will produce a valid
displacement (that is, a displacement not
exceeding U4095), the register whose con-
tents produce the smallest displacement
will be used. If two or more registers
will produce the same displacement, the
highest numbered register will be used. If
there 1is no register that will produce a
valid displacement, the corresponding base
register and displacement fields will be
set to zero; the statement will be flagged.

The sequence of instructions in Figure
16 illustrates the assignment of base reg-
isters. Instructions that 1load the reg-
isters are not shown.

LOADING REGISTERS

Several methods exist for loading gener-
al registers that will be used for base
addressing. However, for a program to be
relocated when it is loaded, at least one
of the base registers must be loaded with a
relocatable address, using either of the
instructions described below. The exact
method of wusing these instructions can
differ from the examples shown.

0000 PGMNME START 0
USING  *,11
USING  *+4096,12
USING  #+8192,13
USING  *+4500, 14
2000 ALPHA MR 1,2
5500  BETA SR 1,2
B1 BC 15,ALPHA
B2 BC 15, BETA
B3 BC 15, GAMMA
9750 GAMMA AR 1,2
DROP 1

B1--Although the effective address rep-
resented by ALPHA can be wholly
contained in the displacement field
without a base address, base reg-
ister 11 1is nonetheless assigned
since to use base register 0 would
make the program nonrelocatable
(see below). Because the value in

register 11 is zero, the displace-
ment will be 2000.
B2--Either register 12 or 14 would

produce valid displacements; reg-
ister 14 is used, however, because
it produces the smaller displace-
ment, which is 1000.

B3--Only register 13 can be used as the
base register; the calculated dis-
placenent is 1558.
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Example of Coding with USING
and DROP Instructions

Figure 16.

Branch and Link (BALR or BAIL) Instruction

In the sequence below, the BALR instruc-
tion loads into register 5 the address of
the first storage location after the BALR
instruction. The USING instruction indi-
cates to the assembler that register 5
contains this location:

BALR 5,0
USING *,5

When using this method, the USING

instruction must immediately follow the
BALR instruction.
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Load Full-Word (L) Instruction

In the following coding, the value of
RGLOAD 1is generated as a constant. RGLOAD
is some symbol defined elsewhere in the
program. This value, which is also speci-

fied in the USING instruction, is inserted

into register 6 with the Load (L) instruc-
tion.
CNSTNT DC A (RGLOAD)
L 6 ,CNSTNT
USING RGLOAD, 6

Note that if the symbol RGLOAD was used
in the load instruction, register 6 would
contain the full-word 1located at RGLOAD
rather than the value of RGLOAD itself.

The Load instruction should precede the
USING instruction to insure that the
assumed contents of the register are, in
fact, in the register when the program is
executed. Otherwise, the assembler would
use the specified register as a base reg-
ister in machine instructions before the
load instruction was encountered. This
could lead to undesirable results when the
program is executed. Observe, however,
that the USING instruction need not immedi-
ately follow the load instruction, although
it is recommended that the two instructions
be consecutive.

If one register has been initialized by
the Branch-and-Link or Load instruction,
other registers may be loaded from it by
other instructions. Thus, in the following
example, the Load Address (LA) instruction
causes 4,080 to be added to the contents of
register 4 and the resulting total to be
placed in register 3:

BALR 4,0

USING  HERE,U4
HERE LA 3,4080 (0,4)
USING HERE+4080,3

Note that the LA instruction could have
been written alternately as La 3,4080 (4).

Base Register Zerxo

The specification of general register 0
as a base register indicates that a quanti-
ty of =zero is to be used as the base
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of the contents of
general register 0. Therefore, if general
register 0 is made available by a USING
instruction for base addressing, the pro-
gram will not be relocatable when there is
no other general register available for
referencing locations below location 4096.
Figure 17 illustrates a program that would
not be relocatable; any reference to AREA1
will require the use of register 0, since
register 2 cannot produce a valid displace-
ment. References to AREA2, however, will
make use of register 2.

address, regardless

This restriction does not prevent a
relocatable program from referring to
actual storage locations by means of abso-
lute expressions. For example, to refer-
ence a permanently allocated interrupt
location at storage address 24, the follow-
ing statement is perfectly correct:

LPSW 24
r |
| 0000 START 0 |
i USING *,0 |
I USING *+2048,2 |
| . |
| : |
| 2000 AREA1 DS 20H |
| . |
| : |
| 4000 AREA2 DS 10F |
L J

Figure 17. Example of Coding Using Base

Register Zero

PROGRAM LINKING INSTRUCTIONS

The program 1linking assembler instruc-
tions allow the programmer to symbolically
link independently assembled programs that
will be loaded and executed together. Sym-
bolic linkages between programs are created
by means of symbols that are defined in one
program and used as operands in another
program. Such symbols are termed 1linkage
symbols. A linkage symbol is called an
"entry-point symbol®™ in the program in
which it 1is defined; it is an "external
symbol®™ in the program in which it is used
as an operand. External and entry-point
symbols are also described in the section
"Symbols."

Every linkage symbol must be properly
identified as such in the source program.
A linkage symbol used as an external symbol
is identified in each using program by the
EXTRN instruction. A linkage symbol used



as an entry point must be identified in the
defining program by the ENTRY instruction.

A program name (defined in the name
field of a START statement) is also consid-
ered an entry point. A program name,
however, does not have to be identified as
an entry point by the ENTRY instruction.

ENTRY - Identify Entry-Point Symbol

The ENTRY instruction identifies an
entry-point symbol to the program. Each
such entry-point symbol (except a program
name) must be identified by a separate
ENTRY instruction. The format of the ENTRY
instruction statement is:

r T T
| Name |Operation|Operand
L IR i

b o e e o

¥ T T
| Not used|ENTRY |A relocatable symbol
L L L

The relocatable symbol in the operand
field is a symbol defined elsewhere in the
program, which may be used as an entry
point by other programs. A symbol that is
not defined in the program will be flagged
in the 1listing as an undefined symbol. Any
symbol in the name field will not be used.

An ENTRY statement must be immediately
preceded by either the START statement, an
EXTRN statement, oxr another ENTRY
statement. It cannot appear in a program
unless the START statement has been used.

If an ENTRY statement
placed or if the operand is
statement will not be used.
will appear in the listing.

is incorrectly
invalid, the
An error flag

In the following sequence, SQRT is iden-
tified as an entry-point symbol. Note that
the ENTRY statement appears immediately
after the START statement:

SUBRO START O
ENTRY  SQRT
SORT STM 1,10,SAVE

EXTRN - Identify External Symbol

The EXTRN instruction identifies a lin-
kage symbol as an external symbol that will
be referred to in this program. Each such

external symbol must be identified by a
separate EXTRN instruction. The format of
the EXTRN instruction statement is:

r T F
| Name | Operation| Operand
L i L

R g ——

v T T
| Not used|EXTRN |A relocatable symbol
L L 41

The relocatable symbol in the operand
field must be defined in another program,
and identified in that program as an entry-
point symbol by either the START or ENTRY
instruction. Any symbol in the name field
will not be used.

An EXTRN statement must be immediately
preceded by either the START statement, an
ENTRY statement, or another EXTRN
statement. An EXTRN statement cannot
appear in a program unless the START state-
ment has been used. Not more than 14 EXTRN
statements may appear in a program. If
there are more than 14 statements, the
symbol in each excess statement will be
flagged as undefined.

If an EXTRN statement
placed or if the operand is
statement will not be used.
will appear in the listing.

is incorrectly
invalid, the
An error flag

As an example, if MTPLY is an entry-
point symbol in another program, the using
program identifies it as an external
symbol, thus:

EXTRN MTPLY

The correct use of an external symbol
elsewhere 1in a program is described below.

LINKING CONVENTIONS

The only way that an external symbol may
be referenced is to (1) identify it with
the EXTRN instruction, (2) create an
address constant from the external symbol,
(3) load the constant into a general reg-
ister, and (4) Dbranch to the address via
the register or use the register for base
addressing.

For example, to link to a program named
SINE, the following coding might be used:
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PROGA START 1000
EXTRN SINE
L 4 ,ADSINE
BALR 15,4
ADSINE DC A (SINE)

In this example, SINE would be given a
value of zero at assembly time; four bytes
of zeros would be reserved at the symbolic
location ADSINE. When the programs are
loaded, the relocating loader will add to
the four bytes of zeros the effective
address assigned to SINE.

If the programmer wished to link, say,
to a 1location 12 bytes past SINE, the
constant could be created as follows:

ADSINE DC A (SINE+12)

The relocating program loader will add
12 to the effective address of SINE and
place the sum in the four bytes at ADSINE.
The expression in which the external symbol
is used must be a relocatable expression.

Another method of linking to SINE+12 is:

START 1000
EXTRN SINE
USING SINE, U4
L 4,ADSINE
{ BAL 15,SINE+12 }
{ BAL 15,12 (0,4) 1}
{ BAL 15,12 (4) }
ADSINE DC A (SINE)
In the above sequence, either BAL

instruction can be used; if BAL 15,12 (0,4)
or BAL 15,12(4) is used, the USING state-
ment may be omitted, since implicit base
addressing is not involved.

A return branch from the program named
SINE may be made via the registers without
making any reference to a linkage symbol.
Thus, if the branch to SINE was:
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BALR 10,4
the return branch may be:

BCR 15,10

Limitations on Program Linking

The order in which independently assem-—
bled programs are loaded generally deter-
mines the extent to which they can link to
one another. The program(s) containing the
entry point(s) must be loaded before the
program(s) that will reference these points
as external symbols. Note, however, that
program names are not affected by this
restriction. A program loaded first may
refer to programs loaded after it by their
names, using the facilities of the relocat-
ing loader. In addition, the use of relo-
cating loader control cards can remove all
restrictions on linking.

In the following situation, two indepen-
dently assembled programs, Program A and
Program B, are to be executed together.
Each program contains the coding shown in
Figure 18.

If Program A is 1loaded first, it can
refer to Program B only by its name, PROGB.
Program B however, can refer to Program A

by its name, PROGA, and its entry points,
LOOP and LINK. If the loading order is
reversed, then Program B can refer to

Program A only by its name, whereas Program
A can refer to Program B by its name and by
its entry points, SINE and COSINE.

Thus, if a common data area 1is to be
used by two independently assembled pro-
grams, the data area should be assembled
separately and then loaded first to enable
both programs to refer freely to it.

Program Relocation and Linking

Programs that will be linked together at
object time must be relocatable. To be
relocatable, a program must:

1. Contain all the information required
by the relocating loader.

2. Not use absolute expressions to refer
to any area that can be relocated.



T 1

Program A | Program B |

| i ‘i
| PROGA START 0 | PROGB START 0 |
| ENTRY LOOP | ENTRY SINE |
| ENTRY LINK | ENTRY COSINE |
i EXTRN SINE | EXTRN LOOP |
| EXTRN COSINE | EXTRN LINK |
| EXTRN PROGB | EXTRN PROGA |
{ . | . |
| . | - |
| . | . |
i L.OOP -—- -— SINE - -—- |
| . . |
| . . |
| . . |
| LINK —— —— COSINE —-— - |
[ . | . |
l ) ! ) i
| ADSINE DC A (SINE) ADLOOP DC A (LOOP) |
| ADCOSN DC A (COSINE) ADLINK DC A (LINK) |
| ADPRGB DC A (PROGB) ADPRGA DC A (PROGR) |
| | |
L L J

Figure 18. Example of Program Linking

3. Identify all entry-point and external ASSEMBLER INSTRUCTION SUMMARY
symbols that will be used by the ENTRY
and EXTRN instructions, respectively.

4. Specify all address constants (type A Figure 19 contains all of the assembler
constants) that represent relocatable instructions and the contents of their name
expressions with a length of three ox and the operand fields.
four.

5. Not use general register =zero as a
base register.
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Reference Summary for Assembler Instructions

L

r ]
| |
5 Y T i
| Name Field | Mnemonic | Operand Field |
b { + {
[ | [ _ |
| Not used | ICTL | The decimal value 1 or 25

| | | I
| An optional | START | A self-defining value, a comma, or blank |
e | |
| Not used | ENTRY | A relocatable symbol |
| | | |
| Not used | EXTRN | A relocatable symbol |
| | | |
| Not used | CNOP | Two decimal values separated by a comma |
I | | |
| An optional | CCw | Four operands separated by commas |
e | |
| An optional | DC | A single operand describing the constant |
o T : :
| Not used | DROP | A simple absolute expression |
| | | |
| An optional | DS | A single operand describing the area to be reserved |
| symbol | | |
I | { I
| Not used | EJECT | Not used |
| | | |
| A required | EQU | An expression

| symbol | | |
I | | |
| Not used | ORG | A relocatable expression

I | I I
| Not used | SPACE | A decimal value not exceeding 63 |
| | | |
| Not used | USING | A relocatable expression and a simple absolute |
| | | expression, separated by a comma |
| | | |
| Not used | END | A relocatable expression, a comma, or blank

L L d

Figure 19. Assembler Instruction Summary
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This section describes those operations
of the assembler program that have a direct
bearing on preparing programs for assembly.
Note that the use of the Basic Assembler is
described in detail in the publication IBM
System/360 Basic Programming Support Oper-—
ating Guide, Form C28-6557.

ASSEMBLER PROCESSING

The assembler is a two-phase program.
It is provided as two decks of cards, one
for each phase.

Phase -1

During the first phase, the assembler
produces a symbol +table (subsequently
described) and intermediate text for use in
the second phase. When the tape option is
used, the intermediate text (but not the
symbol table) is placed on tape. When the
IBM 1442-2 Card Read-Punch is used in a
card .option system, this intermediate text
is punched into the first 24 columns of
each source program card. Because the
intermediate +text punched into the source
card is still symbolic and pertains to the
statement portion of the particular card
only, the source program can be reassembled
without being repunched. When the IBM 1402
Card Read-Punch is used in a card option
system, this intermediate text is punched
into the first 24 columns of a new card
along with the first 47 columns of the
source statement, column 72, and the
Identification-Sequence Field (columns
73-80) . If Phase 1 1is successful, a 12
punch will appear in the first column of
every card containing intermediate text.

The input to the first phase consists of
the Phase 1 deck of the assembler followed
by the source program. If the card option
is used, blank cards must be available in
the punch unit, for the symbol table.

One card will be punched for every six
symbols defined in the program. The
maximum number of symbols that can be

defined is determined by main storage size,
as explained in the section "Symbol Table."
If the assembler is operating on a machine
with 8,192 storage bytes, approximately 50
blank cards will be sufficient +to handle
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the maximum number of symbols allowed; for
16,384 bytes, 230 blank cards; for 32,768
bytes, 570 cards; and for 65,536 bytes, 690
cardse.

Phase 2

The assembler produces the program list-
ing and object program during the second
phase. The format of Phase 2 input varies
with the option used.

For the tape option, input is on cards
and tape. The card input consists of the
Phase 2 deck of the assembler. The tape
input is the tape created in Phase 1. If
the object program is +to be produced on
cards, blank cards should be provided at
the approximate ratio of 10 blank cards for
every 100 original source program cards.
If the object program is to be placed on
tape, blank cards are not required.

For card option, the second deck of the

assembler is loaded followed by the
repunched source program when the IBM
1442-2 Card Read-Punch is used, and by the

newly punched intermediate deck when the
IBM 1402 Card Read-Punch is used. If the
second phase does not immediately follow
the first phase, the symbol table will not
be in storage. Consequently, it will be
necessary to load the symbol table deck
produced by Phase 1. It is placed between
the assembler and source program decks.
(See Figure 20.)

When the IBM 1442-2 Card Read-Punch is
used, the assembler will accumulate the
assembled object program in storage. When
the storage area 1is full, and the next
input card is not blank, the operator will
be notified to insert blank cards in the
1442-2 Card Read-Punch for punching the
object program. As each blank card is
punched, it will be directed to the stacker
reserved for the object deck. If a blank
card is encountered when none is needed,
the card will be directed to the other
stacker, which is for the input cards. The
remaining source cards will then be read,
and the cycle repeated.

Operator intervention may be avoided, in
a 1442 card system, by interleaving blank
cards with the source program before start-
ing Phase 2 (see Figure 20) at approximate-
ly the following ratios:
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Approximate

Main Storage Ratio of Blank Cards to

Size Source Program Cards

8,192 15 blanks every 150
source cards

16,384 80 blanks every 800
source cards

32,384 200 blanks every 2000
source cards

65,536 450 blanks every 4500

source cards

Blank Cards

Source Program
{continued)

Blank Cards

s
Source Program
Table *

*Only required when Phase 2 does not immediately follow Phase 1.

Symbol

Assembler
Deck 2

Figure 20. Phase 2 Input for Use with IBM

1442-2 Card Read-Punch

If +these ratios are observed, it should
not be necessary for the operator to inter-
vene and the time required to assemble the
program will be reduced.

Blank cards may also be interleaved for
Phase 1; their presence will not affect
this phase of the assembly, except for time
required to read the blank cards.

When +the IBM 1402 Card Read-Punch is
used, the assembler will punch an object
program card as soon as one is assembled in
storage.

PROGRAM LISTING

A program listing (if requested) will be
produced for every assembly, provided an
IBM 1443 Model 2 Printer, IBM 1403 Printer,
or an IBM 1052 Printer-Keyboard is availa-
ble. Each statement in the source program
will appear on a separate 1line of the
listing unless the suppress option is used.
If the suppress option is used, only those

statements containing errors will be
listed. The programmer avails himself of
the suppress option by indicating to the

machine operator that he does not wish a
listing. More detailed information on the
suppress option is contained in the des-
cription of "Configuration Cards"™ in the
publication IBM System/360 Basic Program-
ming Support Operating Guide for Basic
Assembler and Utilities, Form C28-6557.
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The program listing will consist of five
fields, arranged from 1left to right, as
follows.

Flags: This field (print positions 1-10)
will contain, left-justified, a flag(s) to
signal possible errors in the statement.
Each flag will be represented by a single
alphabetic character. See the topic "Error
Notification.”

Location Counter: This field (print posi-
tions 12-17) will contain the Location
Counter value (in hexadecimal) assigned to
the statement.

Assembled Output: This field (print posi-
tions 20-39) will contain the hexadecimal
representation of the binary digits gener-
ated from the statement.

Source Statement: This field (print posi-
tions 40-111) will contain a column-for-
column reproduction of the contents of the

source statement. For the 1402
card-option, where statements begin in
column 1, only columns 1-47 will be repro-
duced.

Identification-Sequence Field: This field
(print positions 113-119) will be a repro-
duction of columns 73-80 of the source
card.

ERROR NOTIFICATION

The flags produced on the program list-
ing for various source program errors are
shown in the following 1list. Any error
that causes the assembler to either a)
ignore the instruction or b) assemble zeros
in the operand field of the instruction
will halt further evaluation of the
instruction for other errors. Therefore,
when correcting such an error, the user is
advised to check for any other errors in
the instruction.

Cause

Expression not simply relocatable.
START, EXTRN, ENTRY or ICTL out of
order.

Location counter overflow.

More than 14 EXTRNs.

Operand field format error or self-
defining value in operand field too
large.

DC, D, or E range error.

Expression can not be mapped into
base and displacement.

Symbol table full.

Relocation 1list dictionary buffer
table full.

Name field error.

Multiple defined symbol.

Flag
*

*

*

HEQ o
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* N Statement not used. This £flag .is
normally accompanied by other flags
which define the reason the
statement was not used. If it
appears alone, it indicates that the
statement was completely extraneous.
If the flag (N) appears by itself
when using a 1442 card option
system, it indicates that the source
statement has been modified since a
previous assembly but the intermedi-
ate text field (columns 1-24) has
not been left blank. See section
"Reassembly Procedure.”

Invalid OP code.

Expression not absolute.
Specification error.

Value too large.

Undefined symbol.

ORG or EQU symbol not previously
defined.

Unused mask bits (37-39) in CCW not
Zexo.

Duplicate entry statement.

Negative expression.

Column 72 not blank.

*
*

*
NKX = <ScHWwHO

Note: The #* indicates those flags which
may be punched in the intermediate text
cards produced by Phase 1 in card-option
systems. For systems without <the ability
to produce program 1listings, these flags
provide a limited form of error notifica-
tion. It should be noted that the interxr-
mediate text cards produced by Phase 1
contain an A, B, or C in column 1 if they
are error free. Cards in error have a J,
K, L, or M in column 1. Error flags are
located in columns 23-24 on cards with a J
or K in column 1. The error flags appear
in columns 21-24 on cards beginning with L
or M.

OBJECT PROGRAM OUTPUT

The object program is generated by the
assembler as a deck of cards or card images
on tape acceptable as input to the loaders.
It is the programmer's responsibility. to
inform the operator about the medium (cards
or tape) on which the object deck is to be
placed. Detailed information on this
option can be found in the publication IBM
System/360 Basic Programming Support Oper-

External Symbol Dictionary (ESD) Card

An ESD card is generated for each START,
ENTRY, and EXTRN statement. The ESD card
contains coded information that is used by
the relocating loader.

Text (TXT) Card

The Text cards contain the output assem—
bled from the source program. Up to 56
contiguous bytes of output are punched into
each Text card. Each Text card also con-
tains the storage address at which the
first byte in the card is to be loaded.

Relocation List Dictionary (RLD) Card

The purpose of RLD cards is to indicate
to the relocating loader those address
constants that will have to be changed if
the program is loaded at a location differ-
ent from its assembled location. Address
constants of this type are defined in the
souxrce program by (1) relocatable expres-

sions in type A DC statements and (2)
relocatable expressions specifying data
addresses in CCW statements; that is, the

second operands of CCW statements. Up to
13 address constants are punched into each
RID card.

The maximum number of address constants
(that is, the type described above) that
can be defined in a program is determined
by the size of main storage thus:

Main Storage Size Maximum Number of

(in_Bytes) Address Constants
8,192 30
16,384 60
32,768 120
65,536 240

Load End Card

ating Guide, Form C28-6557. Four types of
cards constitute the object program deck.
It should be noted that detailed descrip-
tions of each of the four types of cards
may be found in the publication IBM
Systen/360 Basic .Programming Support Basic
Utilities, Form C28-6505. General descrip-
tions of each follow.

This card is produced when the assembler
encounters the END statement. The Load End
card also contains the address to which
control is to be transferred when the
program has been loaded, if one was speci-
fied in the END statement.
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PATCHING OBJECT PROGRAMS

The programmer may modify his object
program at execution time through the use
of a Replace card. This card is completely

The maximum size of the symbol table
and, hence, the maximum number of symbols
that can be defined in a program is deter-
mined by the size of main storage, thus:

described in the publication IBM System/360 Approximate
Basic Programming Support Basic Utilities, Main Storage Size Approximate Number of
Form C28-6505. (in Bytes) Symbols in Table
8,192 275
16,384 1299
32,768 3347
REASSEMBLY PROCEDURE 65,536 4094y

A special reassembly procedure is pro-
vided for assemblies using the IBM 1442-2
Card Read-Punch without tape. This proce-
dure will enable a partially or completely
assembled program to be reassembled in less
time than a new assembly would require.

The program that is to use the reassem-
bly procedure may be changed in any manner.
New symbols can be added and existing ones
redefined, provided that the symbol table
is not full. New statements also can be
included in the program.

The reassembly procedure is faster than
the new assembly procedure because the
assembler does not have to repunch the

first 24 columns of those source program
cards whose statements have not been
changed. Hence, the fewer the changes, the

faster the assembly.

The input to the first phase of a
reassembly consists of the first deck of
the assembler, followed in oxder by the
previously punched symbol table decks, the
source program with any changes, and the
necessary number of blank cards into which
a new symbol table will be punched. Note
that any changed source program cards must
be repunched, leaving columns 1-24 blank.
This also applies to source program cards
that did not have a 12-punch in column 1 as
the result of the previous assembly.

The Phase 2
reassembly is
phase of a new assembly (see topic
2") .

input and output of a
identical with the second
"Phase

SYMBOL TABLE

For every program assembled, a table is
created of the symbols in that program.
This is the symbol table; each entry in the
table records the attributes and other
pertinent information about a particular
symbol.

46

All symbols defined in a program
(including the program name and external
symbols) are entered in the symbol table

providing the following conditions are met:

1. The symbol table is not full.

2. The symbol conforms to the rules gov-
erning symbol specifications (see the
topic "Symbols") .

3. The symbol does not appear in the name
field of an assembler instruction that
does not allow the specification of a
name. See Figure 19 for a list of
these instructions.

4. The symbol is not already contained in
the symbol table. For multiple
defined symbols, only the first defi-
nition of +the symbol results in an
entry in the symbol table. Additional
definitions of the same symbol are
simply flagged.

Any reference in the operand field to a
symbol not in +the symbol table will be
considered undefined; the statement will be
flagged. An undefined symbol in a machine
instruction statement will cause the entire
instruction (except the operation code) to
be set to zero.

Symbol Table Overflow

If there are undefined symbols because
the symbol table is full, three corrective
procedures are available:

1. The assembled object deck produced by
the assembler can be corrected with
Replace (REP) cards before loading the
program. Replace cards, a feature of
the loaders, are used to alter an
object deck on a byte-for-byte basis.

2. Reduce the number of symbols and then
reassemble or run a new assembly.

3. Divide the program into segments and
assemble each program segment separ-
ately.



Relative addressing may be used to
reduce the number of symbols defined in a
program. For example, the following
sequence:
BEGIN LA 3,10
LA 1,0

LOOP L 2,AUGEND (1)
A 2,ADDEND (1)
ST 2,SUM (1)
1A 1,4(1)
BCT 3,LO0P
BC 15,00T

AUGEND DS 10F

ADDEND DS 10F

SUM DS 10F

out LR 3,1

could also be written:

BEGIN

AUGEND
outT

LA
LA
L
A
ST
La
BCT
BC
DS
LR

3,10

1,0
2,AUGEND (1)
2,AUGEND+40 (1)
2, AUGEND+80 (1)
1,4 (1)

3,*-16

15,0UT

30F

3,1

thus eliminating four symbols. Note that
the branch address of the BC instruction is
given relative to AUGEND rather than the
Location Counter, since any boundary align-
ment caused by the DS statement would
change the number of bytes between the BC
and LR instruction.

Note: Using the IBM 1442-2 Card Read-—-Punch
reassembly procedure, the programmer must
eliminate all undefined symbols from those
cards that refer +to such symbols in the
operand field. The cards in which the

undefined symbols appear in the name field
can be left as they are. Since the symbol
table is full, no new symbols may be

defined for the reassembly.

If, in addition to reducing the number
of symbols, the programmer wants to replace
defined symbols (that is, symbols in the
symbol table) with new symbols, the entire
source program deck, with changes, must
(for the IBM 1442-2 Card Read-Punch card
option) be reproduced with columns 1-24
blank prior to assembling the program. For
the tape option or the IBM 1402 Card
Read-Punch card option, the source deck
with the desired changes can be used as is.
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APPENDIX A.

CHARACTER CODES

] T L] v T 1
| 8-Bit | Character Set | | | |
] BCD | Punch | | Hexa- | Printer

| Code | Combination | Decimal | Decimal | Graphics |
; ¢ + + t {
| 00000000 | 12,0,9,8,1 | 0 | 00 |

| 00000001 | 12,9,1 | 1 { 01 | |
| 00000010 | 12,9,2 | 2 | 02 | |
| oo0o000O11 | 12,9,3 | 3 | 03 |

| 00000100 | 12,9,4 | b | ou | |
| 00000101 | 12,9,5 | 5 | 05 | |
| 00000110 | 12,9,6 | 6 } 06 |

{ 00000111 | 12,9,7 | 7 | 07 | |
[ 00001000 | 12,9,8 ] 8 i 08 |

| o©o0o001001 | 12,9,8,1 | 9 | 09 |

| 00001010 | 12,9,8,2 | 10 | 0A | |
| oo0o001011 | 12,9,8,3 I 11 | OB ] {
| 00001100 | 12,9,8,4 ] 12 | ocC |

| 00001101 | 12,9,8,5 | 13 | 0D | |
| o©o0o001110 | 12,9,8,6 14 | OE |

| oo0o001111 | 12,9,8,7 15 | oF | |
| 00010000 | 12,11,9,8,1 16 | 10 | |
| 00010001 | 11,9,1 | 17 | 1 | |
| oo0o010010 | 11,9,2 | 18 | 12 | |
| oo0o010011 |} 11,9,3 | 19 | 13 |

| 00010100 | 11,9,4 20 | 14 | |
| o0o0o010101 | 11,9,5 21 | 15 | |
| oo0010110 | 11,9,6 22 | 16 I |
| 00010111 | 11,9,7 | 23 | 17 | |
| 00011000 | 11,9,8 | 24 | 18 |

| 00011001 | 11,9,8,1 | 25 | 19 | |
| 00011010 | 11,9,8,2 ] 26 | 1A | [
| oo0011011 | 11,9,8,3 | 27 | 1B [ |
| oo0o011100 | 11,9,8,4 ] 28 | 1C |

| 00011101 | 11,9,8,5 | 29 | 1D I |
| oc0t1110 | 11,9,8,6 | 30 | 1E | |
| oo0o011111 |} 11,9,8,7 | 31 | 1F | |
| 00100000 | 11,0,9,8,1 | 32 | 20 | ]
| 00100001 | 0,9,1 | 33 | 21 |

| o0o0100010 | 0,9,2 | 34 | 22 | |
| oo01t100011 | 0,9,3 | 35 | 23 |

| o00100t00 | 0,9,4 | 36 | 24 | |
| 00100101 | 10,9,5 | 37 | 25 | |
{ 00100110 | 0,9,6 | 38 | 26 | |
| oo100t11 | 0,9,7 | 39 | 27 | [
| 00101000 | 0,9,8 | 40 | 28 |

| o0o0101001 | 0,9,8,1 | 41 | 29 |

| o00101010 | 0,9,8,2 | 42 | 22 | |
| o0101011 | 0,9,8,3 | 43 | 2B | |
| oo101100 | 0,9,8,4 | 44 | 2C I |
{ 00101101 | 0,9,8,5 ] 45 | 2D [ ]
| oo0101110 | 0,9,8,6 | 46 | 2E | |
| 00101111 | 0,9,8,7 | 47 | 2F ( |
| 00110000 | 12,11,0,9,8,1 | 48 | 30 | [
| 001100017 | 9,1 | 49 | 31 |

| 00110010 | 9,2 | 50 | 32 | |
L L L L L J
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¥ T T T
| 8-Bit | Character Set | |

| BCD | Punch | Hexa- | Printer

| Code | Combination Decimal | Decimal | Graphics

b } : ¢ +

| 00110011 | 9,3 | 59 | 33 i I
{ 00110100 | 9,4 52 | 34 I

| 00110101 | 9,5 53 | 35 I

| 00110110 | 9,6 54 | 36 i

| 00110111 | 9,7 55 | 37 | |
| 00111000 | 9,8 | 56 | 38 | I
| 00111001 | 9,8,1 [ 57 | 39 I I
| 00111010 | 9,8,2 | 58 | 3a ] |
| 00111011 | 9,8,3 I 59 | 3B | |
| 00111100 | 9,8,4 i 60 | 3C | |
| oo111101 | 9,8,5 i 61 3D ] |
| 00111110 | 9,8,6 | 62 3E 1
| 00111111 | 9,8,7 | 63 3F I
I 01000000 | I 64 40 blank

| 01000001 | 12,0,9,1 | 65 41 I
| 01000010 | 12,0,9,2 | 66 42 |
| o100001Y | 12,0,9,3 | 67 43 |
| 01000100 | 12,0,9,4 | 68 4y I 1
| 01000101 | 12,0,9,5 1 69 | 45 |
| 01000110 | 12,0,9,6 | 70 | 46 I
| 01000111 | 12,0,9,7 | 71 | 47 I
| 01001000 | 12,0,9,8 72 | u8 |
| 01001001 | 12,8,1 73 | 49 I |
| 01001010 | 12,8,2 7% | 4A I |
| 01001011 | 12,8,3 1 75 | uB | - (period) |
| 01001100 | 12,8,4 I 76 | 4cC | <

| 01001101 | 12,8,5 77 | 4D | [
| 01001110 | 12,8,6 78 | 4E | + |
[ 01001111 | 12,8,7 79 | u4F | |
| 01010000 | 12 80 50 3 |
| 01010001 | 12,11,9,1 81 51 |
| 01010010 | 12,11,9,2 82 52

| 01010011 | 12,11%,9,3 83 53

| 01010100 | 12,11,9,4 84 54

| o01010101 | 12,11,9,5 | 85 55

| 01010110 | 12,11,9,6 | 86 56 1 i
| o01010111 | 12,11,9,7 i 87 57

| 01011000 | 12,11,9,8 88 58

| 01011001 | 11,8,1 89 59

| 01011010 | 11,8,2 20 5A

| 01011011 | 11,8,3 91 5B $

| 01011100 | 11,8,4 I 92 5C * 1
| 01011101 | 11,8,5 | 93 5D ) |
| otot11110 | 11,8,6 | 94 SE |
| 01011111 | 11,8,7 | 95 | 5F 1 i
| 01100000 | 11 1 96 | 60 | - I
| 01100001 | 0,1 | 97 61 | 7

| 01100010 | 11,0,9,2 | 98 62 |

| 01100011 | 11,0,9,3 I 99 63 I

| ot1100100 | 11,0,9,4 | 100 | 64 |

| ©1100101 | 11,0,9,5 | 101 65 1 I
| 01100110 | 11,0,9,6 | 102 66 | |
| ot11001t1 | 11,0,9,7 | 103 67 | |
} 01101000 |} 11,0,9,8 { 104 68 |

| 01101001 | 0,8,1 | 105 69 I

| 01101010 | 12,11 | 106 6A |

| 01101011 | 0,8,3 | 107 | 6B | + (comma)

L L 1 1
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8-Bit

Character Set

| | i | I I
| BCD | Punch | | Hexa- | Printer

| Code | Combination | Decimal | Decimal | Graphics |
b $ ¢ t t {
| 01101100 | 0,8,4 | 108 | 6C | % I
| 01101101 | 0,8,5 | 109 | 6D | |
| 01101110 | 0,8,6 | 110 | 6E I |
| 01101111t | 0,8,7 | 111 | 6F ] |
| 01110000 | 12,11,0 | 112 | 70 | |
{ 01110001 | 12,11,0,9,1 | 113 | 71 | |
| ot110010 | 12,11,0,9,2 | 114 i 72 | |
| o0111001%t | 12,11,0,9,3 | 115 | 73 | |
| 01110100 | 12,11,0,9,4 | 116 | 74 | |
| o1t10101 | 12,11,0,9,5 | 117 | 75 | |
| ©o11101t0 | 12,11,0,9,6 | 118 I 76 | |
{ 01110111 | 12,11,0,9,7 | 119 | 77 |

| o1111000 | 12,11,0,9,8 | 120 | 78 | |
| ott11001 | 8,1 I 121 | 79 | [
| 01111010 | 8,2 | 122 | 1A i I
| o111101t | 8,3 | 123 | 7B | # i
{ 01111100 | 8,4 | 128 | 7C | a |
| 01111101 | 8,5 | 125 i 7D | * (quote) |
| 01111110 | 8,6 | 126 | 7TE | =

| o1111111 | 8,7 | 127 | TF | |
| 10000000 | 12,0,8,1 | 128 | 80 |

| 10000001 | 12,0,1 | 129 | 81 | [
| 10000010 | 12,0,2 i 130 | 82 |

{ 10000011 | 12,0,3 | 131 | 83 | |
| 10000100 | 12,0,4 | 132 84 | |
| 10000101 | 12,0,5 | 133 85 |

| 10000110 | 12,0,6 | 134 86 |

| 10000111 | 12,0,7 | 135 | 87 [ |
| 10001000 | 12,0,8 | 136 | 88 |

| 10001001 | 12,0,9 | 137 | 89 | |
| 10001010 | 12,0,8,2 | 138 8A | ]
| 10001011 | 12,0,8,3 | 139 8B |

| 10001100 | 12,0,8,4 | 140 8C | |
| 10001101 | 12,0,8,5 | 141 | 8D | |
{ 100011710 | 12,0,8,6 | 142 | 8E | |
| 10001111 | 12,0,8,7 | 143 | S8F | [
| 10010000 | 12,11,8,1 | 144 | 90 | |
| 10010001 | 12,11,1 | 145 | 91 | I
| 10010010 | 12,11,2 | 146 | 92 | |
| 10010011 | 12,11,3 | 147 | 93 | |
| 10010100 | 12,11,4 | 148 ] 94 | |
| 10010101 | 12,11,5 | 149 | 95 | |
{ 10010110 | 12,11,6 | 150 | 96 |

| 10010111 | 12,11,7 | 151 | 97 | |
| 10011000 | 12,11,8 | 152 | 98 |

{ 10011001 | 12,11,9 | 153 | 99 | |
| 10011010 | 12,11,8,2 | 154 | 9A | |
| 100t1011 | 12,11,8,3 | 155 | 9B | ]
{ 10011100 | 12,11,8,4 | 156 | 9C | |
| 10011101 | 12,11,8,5 | 157 | 9D | |
{ 10011110 | 12,11,8,6 | 158 | 9E | |
| 10011111 | 12,11,8,7 | 159 | 9F | |
| 10100000 | 11,0,8,1 | 160 | A0 | |
| 10100001 | 11,0,1 | 161 | A1 | |
| 10100010 | 11,0,2 I 162 | A2 | |
{ 10100011t | 11,0,3 | 163 | A3 | |
| 10100100 | 11,0,4 | 164 | A4 | |
L L L L i J
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8-Bit

Character Set

| | I I i

| BCD } Punch | | Hexa- | Printer
| Code | Combination | Decimal | Decimal | Graphics
b + f ¥ }

| 10100101 | 11,0,5 | 165 | A5 |

| 10100110 | 11,0,6 | 166 | A6 |

| 10100111 | 11,0,7 | 167 | A7 |

| 10101000 | t1,0,8 | 168 | A8 |

| 10101001 | 11,0,9 | 169 | A9 |

| 10101010 | 11,0,8,2 | 170 | AA |

| 10101011 | 11,0,8,3 | 171 | AB [

| 10101100 | 11,0,8,4 | 172 | AC |

| 101011017 | 11,0,8,5 | 173 | AD |

| 10101110 | 11,0,8,6 | 174 | AE |

{ 101011117 | 11,0,8,7 | 175 | AF |

| 10110000 | 12,11,0,8,1 | 176 | BO |

| 10110001 | 12,11,0,1 | 177 | B1 |

| 10110070 | 12,11,0,2 | 178 ] B2 |

| 10110011 | 12,11,0,3 ] 179 | B3 |

| 10110100 |} 12,11,0,4 | 180 | B4 |

{ 10110101 | 12,11,0,5 | 181 | BS |

| 10110110 | 12,11,0,6 | 182 | B6 |

| 10110111 | 12,11,0,7 | 183 | B7 |

| 10111000 | 12,11,0,8 | 184 | B8 |

| 10111001 | 12,11,0,9 | 185 | B9 |

| 10111010 | 12,11,0,8,2 | 186 | BA |

| 1011101t | 12,11,0,8,3 | 187 | BB |

{ 10111100 | 12,11,0,8,4 | 188 { BC |

| 10111107 | 12,11,0,8,5 | 189 | BD |

{ 10111110 | 12,11,0,8,6 | 190 | BE

| 1011119t | 12,11,0,8,7 | 191 | BF |

| 11000000 | 12,0 | 192 | Cco |

| 11000001 | 12,1 | 193 | Cc1 | A
| 11000010 | 12,2 | 194 | Cc2 | B
{ 11000011 | 12,3 | 195 ] c3 | C
| 11000100 | 12,4 | 196 | Cch | D
{ 11000101 | 12,5 | 197 | Cc5 | E
| 11000110 | 12,6 | 198 | Cé | F
| 1100011t | 12,7 | 199 | Cc7 | G
| 11001000 | 12,8 | 200 | Cc8 | H
| 11001001 | 12,9 | 201 | Cc9 | T
| 11001010 | 12,0,9,8,2 i 202 | CA |

{ 11001011 | 12,0,9,8,3 | 203 | CB |

| 11001100 | 12,0,9,8,4 | 204 | cc |

| 11001101 | 12,0,9,8,5 i 205 | CD |

{ 11001110 | 12,0,9,8,6 | 206 | CE |

{ 11001191 | 12,0,9,8,7 | 207 | CF |

| 11010000 | 11,0 | 208 | DO |

| 11010001 | 11,1 | 209 | D1 | J
| 11010010 | 11,2 | 210 | D2 | K
| 11010011 | 11,3 | 211 | D3 | L
| 11010100 | 11,4 | 212 | D44 | M
| tto10101 | 11,5 | 213 { D5 | N
{ 11010110 | 11,6 ] 214 | D6 | O
| t1010111 | 11,7 | 215 | D7 | P
| 11011000 | 11,8 | 216 | D8 |
| 11011001 | 11,9 | 217 | D9 | R
| 11011010 | 12,11,9,8,2 | 218 | DA |

| 110t1011 | 12,11,9,8,3 | 219 | DB |

| 11011100 | 12,11,9,8,4 | 220 | DC |

| 11011101 | 12,11,9,8,5 | 221 | DD |

L L L 1 1
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8-Bit

Character Set

| i | I i i
{ BCD | Punch | | Hexa- | Printex |
[ Code | Combination | Decimal | Decimal | Graphics |
F { { t t {
{ 11011110 | 12,11,9,8,6 | 222 | DE |
| o111 | 12,11,9,8,7 | 223 | DF | |
| 11100000 | 0,8,2 | 224 | EO |
| 11100001 | 11,0,9,1 | 225 | E1 | |
| 11100010 | 0,2 | 226 | E2 | S |
| 11100017 | 0,3 | 227 | E3 | T
| 11100100 | 0,4 | 228 | EY4 | U |
| 11100101t | 0,5 | 229 ( ES | v |
{ 11100110 | 0,6 | 230 | E6 | W |
| 11100117 | 0,7 | 231 | E7 | X
{ 11101000 | 0,8 | 232 | E8 | ¥ |
{ 11101001 | 0,9 | 233 | E9 | 2z
{ 11101010 | 11,0,9,8,2 | 234 | EA | |
| 11101017 |} 11,0,9,8,3 | 235 | EB | |
| 11101100 | 11,0,9,8,4 | 236 | EC | |
{ 11101101t | 11,0,9,8,5 | 237 | ED | i
1110t170 | 11,0,9,8,6 | 238 | EE | i
11101111 | 11,0,9,8,7 | 239 | EF | I
11110000 | © | 260 | FO | 0 1
11110001 | 1 | 241 | F1 | 1 |
11110010 | 2 | 282 | F2 | 2 |
11110011 | 3 | 243 | F3 | 3 |
11110100 | &4 | 244 | Fu | 4 |
| 11110101 { 5 | 245 | F5 | 5
11110110 | 6 246 | F6 | 6 |
11110111 | 7 247 | F17 | 7 |
11111000 | 8 248 | F8 | 8 |
| 11111001 | 9 | 249 | F9 | 9 |
| 11111010 | 12,11,0,9,8,2 250 | FA | |
| 11111011 | 12,11,0,9,8,3 251 | FB | |
| 11111100 | 12,11,0,9,8,4 252 | FC ] |
11111101} 12,1%,0,9,8,5 253 | FD | i
! 11111110 | 12,11,0,9,8,6 254 | FE | |
| 1111111 | 12,11,0,9,8,7 255 | FF | l
L L A4 L ]
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APPENDIX B.

HEXADECIMAL-TO-DECIMAL CONVERSION

The table in this appendix provides for
direct conversion of decimal and hexadeci-
mal numbers in these ranges:

Hexadecimal Decimal

000 to FFF 0000 to 4095

For numbers outside the range of the
table, add the following values to the
table figures:

0 1 2 3 4 5 [} 7

000 0000 0001 0002 0003 0004 0005 0006 0007
010 0016 0017 0018 0019 0020 0021 0022 0023
020 0032 0033 0034 0035 0036 0037 0038 0039
030 0048 0049 0050 0051 0052 0053 0054 0055

040 0064 0065 0066 0067 0068 0069 0070 0071
050 0080 0081 0082 0083 0084 0085 0086 0087
060 0096 0097 0098 0099 0100 0101 0102 0103
070 0112 0113 0114 0115 0116 0117 0118 0119

080 0128 0129 0130 0131 0132 0133 0134 0135
090 0144 0145 0146 0147 0148 0149 0150 0151
0A0Q 0160 0161 0162 0163 0164 0165 0166 0167
0BO 0176 0177 0178 0179 0180 0181 0182 0183

ocCo 0192 0193 0194 0195 0196 0197 0198 0199
oDo 0208 0209 0210 0211 0212 0213 0214 0215
0EO 0224 0225 0226 0227 0228 0229 0230 0231
OF0 0240 0241 0242 0243 0244 0245 0246 0247

100 0256 0257 0258 0259 0260 0261 0262 0263
110 0272 0273 0274 0275 0276 0277 0278 0279
120 0288 0289 0290 0291 0292 0293 0294 0295
130 0304 0305 0306 0307 0308 0309 0310 0311

140 0320 0321 0322 0323 0324 0325 0326 0327
150 0336 0337 0338 0339 0340 0341 0342 0343
160 03562 0353 0354 0355 0356 0357 0358 0359
170 0368 0369 0370 0371 0372 0373 0374 0375

180 0384 0385 0386 0387 0388 0389 0390 0391
190 0400 0401 0402 0403 0404 0405 0406 0407
1A0 0416 0417 0418 0419 0420 0421 0422 0423
1B0 0432 0433 0434 0435 0436 0437 0438 0439

1Co 0448 0449 0450 0451 0452 0463 0454 0455
1Do 0464 0465 0466 0467 0468 0469 0470 0471
1E0 0480 0481 0482 0483 0484 0485 0486 0487
1F0 0496 0497 0498 0499 0500 0501 0502 0503

8

0008
0024
0040
0056

0072
0088
0104
0120

0136
0152
0168
0184

0200
0216
0232
0248

0264
0280
0296
0312

0328
0344
0360
0376

0392
0408
0424
0440

0456
0472
0488
0504

1000
2000
3000
4000
5000
6000
7000
8000
9000
A000
B00O
Cc000
D000
E000
F000

9 A

0009 0010
0025 0026
0041 0042
0057 0058

0073 0074
0089 0090
0105 0106

0121 0l22
0137 0138
0153 0154
0169 0170
0185 0186
0201 0202
0217 0218
0233 0234

0249 0250

0265 0266
0281 0282
0297 0298

0313 0314
0329 0330
0345 0346
0361 0362
0377 0378

0393 0394
0409 0410
0425 0426
0441 0442

0457 0458
0473 0474
0489 0490
0505 0506

Hexadecimal

B

0011
0027
0043
0059

0075
0091
0107
0123

0139
0155
0171
0187

0203
0219
0235
0251

0267
0283
0299
0315

0331
0347
0363
0379

0395
0411
0427
0443

0459
0475
0491
0507

Decimal

4096

8192
12288
16384
20480
24576
28672
32768
36864
40960
45056
49152
53248
57344
61440

C D

0012 0013
0028 0029
0044 0045
0060 0061

0076 0077
0092 0093
0108 0109
0124 0125

0140 0141
0156 0157

0172 0173
0188 0189
0204 0205
0220 0221
0236 0237

0252 0253

0268 0269
0284 0285
0300 0301
0316 0317

0332 0333

0348 0349
0364 0365
0380 0381
0396 0397
0412 0413
0428 0429

0444 0445

0460 0461
0476 0477
0492 0493
0508 0509

Appendix B

E

0014
0030
0046
0062

0078
0094
0110
0126

0142
0158
0174
0190

0206
0222
0238
0254

0270
0286
0302
0318

0334
0350
0366
0382

0398
0414
0430
0446

0462
0478
0494
0510

F

0015
0031
0047
0063

0079
0095
0111
0127

0143
0159
0175
0191

0207
0223
0239
0255

0271
0287
0303
0319

0335
0351
0367
0583

0399
0415
0431
0447

0463
0479
0495
0511

53



200
210
220
230

240
250
260
270

280
290
2A0
2B0

2Co
2Dh0
2E0
2F0

300
310
320
330

340
350
360
370

380
390
3A0
3B0O

3co
3D0
3E0
3F0

400
410
420
430

440
450
460
470

480
490
4A0
4B0

4C0
4D0
4E0
4F0

500
510
520
530

540
550
560
570

580
580
5A0
5BO

5Co
5D0
SE0
SFo0

54

0512
0528
0544
0560

0576
0592
0608
0624

0640
0656
0672
0688

0704
0720
0736
0752

0768
0784
0800
0816

0832
0848
0864
0880

0896
0912
0928
0944

0960
0976
0882
1008

1024
1040
1056
1072

1088
1104
1120
1136

1152
1168
1184
1200

1216
1232
1248
1264

1280
1296
1312
1328

1344
1360
1376
1392

1408
1424
1440
1456

1472
1488
1504
1520

0513
0529
0545
0561

0577
0593
0609
0625

0641
0657
0673
0689

0705
0721
0737
0753

0769
0785
0801
0817

0833
0849
0865
0881

0897
0913
0929
0945

0961
0977
0993
1009

1025
1041
1057
1073

1089
1105
1121
1137

1153
1169
1185
1201

1217
1233
1249
1265

1281
1297
1313
1329

1345
1361
1377
1393

1409
1425
1441
1457

1473
1489
1505
1521

0514
0530
0546
0562

0578
0594
0610
0626

0642
0658
0674
0690

0706
0722
0738
0754

0770
0786
0802
0818

0834
0850
0866
0882

0898
0914
0930
0946

0962
0978
0994
1010

1026
1042
1058
1074

1090
1106
1122
1138

1154
1170
1186
1202

1218
1234
1250
1266

1282
1298
1314
1330

1346
1362
1378
1394

1410
1426
1442
1468

1474
1490
1506
1522

0519
0531
0547
0563

0579
0595
0611
0627

0643
0659
0675
0691

0707
0723
0739
0755

0771
0787
0803
0819

0835
0851
0867
0883

0899
0915
0931
0947

0963
0979
0995
1011

1027
1043
1059
1075

1091
1107
1123
1139

1155
1171
1187
1203

1219
1235
1251
1267

1283
1299
13156
1331

1347
1363
1379
1395

1411
1427
1443
1459

1475
1491
1507
1523

4

0516
0532
0548
0564

0580
0596
0612
0628

0644
0660
0676
0692

0708
0724
0740
0756

0772
0788
0804
0820

0836
0852
0868
0884

0900
0916
0932
0948

0964
0980
0996
1012

1028
1044
1060
1076

1092
1108
1124
1140

1156
1172
1188
1204

1220
1236
1252
1268

1284
1300
1316
1332

1348
1364
1380
1396

1412
1428
1444
1460

1476
1492
1508
1524

5

0517
0533
0549
0565

0581
0597
0613
0629

0645
0661
0677
0693

0709
0725
0741
0767

0773
0789
0805
0821

0837
0853
0869
0885

0901
0917
0933
0949

0965
0981
0997
1013

1029
1045
1061
1077

1093
1109
1128
1141

1157
1173
1189
1205

1221
1237
1253
1269

1285
1301
1317
1333

1349
1365
1381
1397

1413
1429
1445
1461

1477
1493
1509
1525

6

0518
0634
0550
0566

0682
0598
0614
0630

0646
0662
0678
0694

0710
0726
0742
07568

0774
0790
0806
0822

0838
0854
0870
0886

0902
0918
0934
0950

0966
0982
0998
1014

1030
1046
1062
1078

1094
1110
1126
1142

1158
1174
1190
1206

1222
1238
1254
1270

1286
1302
1318
1334

1350
1366
1382
1398

1414
1430
1446
1462

1478
1494
1510
1526

7

0519
0535
0551
0567

0583
0599
0615
0631

0647
0663
0679
0695

0711
0727
0743
0759

0775
0791
0807
0823

0839
0855
0871
0887

0903
0919
0935
0951

0967
0983
0999
1015

1031
1047
1063
1079

1095
1111
1127
1143

1159
1175
1191
1207

1223
1239
1256
1271

1287
1303
1319
1335

1351
1367
1383
1399

1415
1431
1447
1463

1479
1495
1511
1527

8

0520
0536
0552
0568

0584
0600
0616
0632

0648
0664
0680
0696

0712
0728
0744
0760

0776
0792
osos
0824

0840
0856
0872
0888

0904
0920
0936
0952

0968
0984
1000
1016

1032
1048
1064
1080

1096
1112
1128
1144

1160
1176
1192
1208

1224
1240
1256
1272

1288
1304
1320
1336

1352
1368
1384
1400

1416
1432
1448
1464

1480
1496
1612
1528

0521
0537
0553
0569

0585
0601
0617
0633

0649
0665
0681
0697

0713
07289
0745
0761

0777
0793
0809
0825

0841
0857
0873
0889

0905
0921
0937
0953

0969
0985
1001
1017

1033
1049
1065
1081

1097
1113
1129
1145

1161
1177
1193
1209

12256
1241
12567
1273

1289
1305
1321
1337

1353
1369
1385
1401

1417
1433
1449
1465

1481
1497
1513
1629

0522
0538
0554
0570

0586
0602
0618
0634

0650
0666
0682
0698

0714
0730
0746
0762

0778
0794
0810
0826

0842
0858
0874
0890

0906
0922
0938
0954

0970
0986
1002
1018

1034
1050
1066
1082

1098
1114
1130
1146

1162
1178
1194
1210

1226
1242
1258
1274

1290
1306
1322
1338

1354
1370
1386
1402

1418
1434
1450
1466

1482
1498
1514
1530

0523
0539
0555
0571

0587
0603
0619
0635

0651
0667
0683
0699

0715

0731

0747
0763

0779
0795
0811
0827

0843
0859
0875
0891

0907
0923
0939
09565

0971
0987
1003
1019

1035
1051
1067
1083

1099
1115
1131
1147

1163
1179
1195
1211

1227
1243
1259
1275

1291
1307
1323
1339

1366
1371
1387
1403

1419
1435
1451
1467

1483
1499
1515
1531

(o}

0524
0540
0556
0572

0588
0604
0620
0636

0652
0668
0684
0700

0716
0732
0748
0764

0780
0796
o812
0828

0844
0860
0876
0892

0908
0924
0940
0956

0972
0988
1004
1020

1036
1052
1068
1084

1100
1116
1132
1148

1164
1180
1196
1212

1228
1244
1260
1276

1292
1308
1324
1340

1356
1372
1388
1404

1420
1436
1452
1468

1484
1500
1516
1532

D

0525
0541
05657
0573

0589
0605
0621
0637

0653
0669
0685
0701

0717
0733
0749
0765

0781
0797
0813
0829

0845
0861
0877
0893

0909
0925
0941
0957

0973
0989
1005
1021

1037
1053
1069
1085

1101
1117
1133
1149

1165
1181
1197
1213

1229
1245
1261
1277

1293
1309
1325
1341

1357
1373
1389
1405

1421
1437
1453
1469

1485
1501
1617
15633

E

0526
0542
0558
0574

0599
0606
0622
0638

0654
0670
0686
0702

0718
0734
0750
0766

0782
0798
0814
0830

0846

‘0862

0878
0894

0910
0926
0942
0958

0974
09390
1006
1022

1038
1054
107¢
1086

1102
1118
1134
1150

1166
1182
1198
1214

123¢
1246
1262
1278

1294
1310
1326
1342

1358
1374
1390
1406

1422
1438
1454
1470

1486
1502
1518
1534

0527
0543
0559
0575

0591
0607
0623
0639

0655
0671
0687
0703

0719
0735
0751
0767

0783
0799
0815
0831

0847
0863
0879
0895

0911
0927
0943
0959

0975
0991
1007
1023

1039
1055
1071
1087

1103
1119
1135
1151

1167
1183
1199
1216

1231
1247
1263
1279

1295
1311
1327
1343

1359
1375
1391
1407

1423
1439
1455
1471

1487
1503
1519
1535



600
610
620
630

640
650
660
670

680
690
6A0
6B0

6C0O
6D0
6EQ
6F0

700
710
720
730

740
750
760
770

780
790
7A0
780

7Co
700
7E0
7F0

800
810
820
830

840
850
860
870

880
890
8A0
8B0

8cCo
8D0
8E0Q
8F0

900
910
920
930

940
950
960
970

980
990
9A0
9B0O

9Co
9Do
9E0
9F0

1536
1682
1568
1584

1600
1616
1632
1648

1664
1680
1696
1712

1728
1744
1760
1776

1792
1808
1824
1840

1856
1872
1888
1904

1920
1936
1952
1968

1984
2000
2016
2032

2048
2064
2080
2096

2112
2128
2144
2160

2176
2192
2208
2224

2240
2256
2272
2288

2304
2320
2336
2352

2368
2384
2400
2416

2432
2448
2464
2480

2496
2512
2528
2544

1537
1553
1569
1585

1601
1617
1633
1649

1665
1681
1697
1713

1729
1745
1761
1777

1793
1809
1825
1841

1857
1873
1889
1905

1921
1937
1953
1969

1985
2001
2017
2033

2049
2065
2081
2097

2113
2129
2145
2161

2177
2193
2209
2225

2241
2257
2273
2289

2305
2321
2337
2353

2369
2385
2401
2417

2433
2449
2465
2481

2497
2513
2529
2545

1538
1554
1570
1586

1602
1618
1634
1650

1666
1682
1698
1714

1730
1746
1762
1778

1794
1810
1826
1842

1858
1874
1890
1906

1922
1938
1954
1970

1986
2002
2018
2034

2050
2066
2082
2098

2114
2130
2146
2162

2178
2194
2210
2226

2242
2258
2274
2290

2306
2322
2338
2354

2370
2386
2402
2418

2434
2450
2466
2482

2498
2514
2530
2546

1539
15556
1571
1587

1603
1619
1635
1651

1667
1683
1699
1715

1731
1747
1763
1779

1795
1811
1827
1843

1859
1875
1891
1907

1923
1939
1965
1971

1987
2003
2019
2035

2051
2067
2083
2099

2115
2131
2147
2163

2179
2195
2211
2227

2243
2259
2275
2291

2307
2323
2339
2355

2371
2387
2403
2419

2435
2451
2467
2483

2499
2515
2531
2547

1540
1556
1572
1588

1604
1620
1636
1652

1668
1684
1700
1716

1732
1748
1764
1780

1796
1812
1828
1844

1860
1876
1892
1908

1924
1940
1956
1972

1988
2004
2020
2036

2052
2068
2084
2100

2116
2132
2148
2164

2180
2196
2212
2228

2244
2260
2276
2292

2308
2324
2340
2356

2372
2388
2404
2420

2436
2452
2468
2484

2500
2516
2532
2548

1541
1557
1573
1589

1605
1621
1637
1653

1669
1685
1701
1717

1733
1749
1765
1781

1797
1813
1829
1845

1861
1877
1893
1909

1925
1941
1957
1973

1989
2005
2021
2037

2053
2069
2085
2101

2117
2133
2149
2165

2181
2197
2213
2229

2245
2261
2277
2293

2309
2325
2341
2357

2373
2389
2405
2421

2437
2453
2469
2485

2501
2517
2533
2549

1542
1558
1574
1590

1606
1622
1638
1654

1670
1686
1702
1718

1734
1750
1766
1782

1798
1814
1830
1846

1862
1878
1894
1910

1926
1942
1958
1974

1990
2006
2022
2038

2054
2070
2086
2102

2118
2134
2150
2166

2182
2198
2214
2230

2246
2262
2278
2294

2310
2326
2342
2358

2374
2390
2406
2422

2438
2454
2470
2486

2502
2518
2534
2550

1543
1559
1575
1591

1607
1623
1639
1655

1671
1687
1703
1719

1735
1751
1767
1783

1799
1815
1831
1847

1863
1879
1895
1911

1927
1943
1959
1975

1991
2007
2023
2039

2055
2071
2087
2103

2119
2135
2151
2167

2183
2199
2215
2231

2247
2263
2279
2295

2311
2327
2343
2359

2375
2391
2407
2423

2439
2455
2471
2487

2503
2519
2535
2551

1544
1560
1576
1692

1608
1624
1640
1656

1672
1688
1704
1720

1736
1752
1768
1784

1800
1816
1832
1848

1864
1880
1896
1912

1928
1944
1960
1976

1992
2008
2024
2040

20566
2072
2088
2104

2120
2136
2152
2168

2184
2200
2216
2232

2248
2264
2280
2296

2312
2328
2344
2360

2376
2392
2408
2424

2440
2456
2472
2488

2504
2520
2536
2652

1645
1561
1577
1593

1609
1625
1641
1657

1673
1689
1705
1721

1737
1763
1769
1785

1801
1817
1833
1849

1865
1881
1897
1913

1929
1945
1961
1977

1993
2009
2025
2041

2057
2073
2089
2105

2121
2137
2153
2169

2185
2201
2217
2233

2249
2265
2281
2297

2313
2329
2345
2361

2377
2393
2409
2425

2441
2457
2473
2489

2505
2521
2537
2553

1546
1562
1578
1594

1610
1626
1642
1658

1674
1690
1706
1722

1738
1754
1770
1786

1802
1818
1834
1850

1866
1882
1898
1914

1930
1946
1962
1978

1994
2010
2026
2042

2058
2074
2090
2106

2122
2138
2154
2170

2186
2202
2218
2234

2250
2266
2282
2298

2314
2330
2346
2362

2378
2394
2410
2426

2442
2458
2474
2490

2506
2522
2538
2554

1547
1563
1579
1595

1611
1627
1643
1659

1675
1691
1707
1723

1739
1755
1771
1787

1803
1819
1835
1851

1867
1883
1899
1915

1931
1947
1963
1979

1995
2011
2027
2043

2059
2075
2091
2107

2123
2139
2155
2171

2187
2203
2219
2235

2251
2267
2283
2299

2315
2331
2347
2363

2379
2395
2411
2427

2443
2459
2475
2491

2507
25623
2539
2555

1548
1564
1580
1596

1612
1628
1644
1660

1676
1692
1708
1724

1740
1756
1772
1788

1804
1820
1836
1852

1868
1884
1900
1916

1932
1948
1964
1980

1996
2012
2028
2044

2060
2076
2092
2108

2124
2140
2156
2172

2188
2204
2220
2236

2252
2268
2284
2300

2316
2332
2348
2364

2380
2396
2412
2428

2444
2460
2476
2492

2508
2524
2540
2556

D

1549
1665
1681
1597

1613
1629
1645
1661

1677
1693
1709
1725

1741
1757
1773
1789

1805
1821
1837
1853

+ 1869
1885
1901
1917

1933
1949
1965
1981

1997
2013
2029
2045

2061
2077
2093
2109

2125
2141
2157
2173

2189
2205
2221
2237

2253
2269
2285
2301

2317
2333
2349
2365

2381
2397
2413
2429

2445
2461
2477
2493

2509
2525
2541
28657

Appendix B

E

1550
1566
1582
1598

1614
1630
1646
1662

1678
1694
1710
1726

1742
1758
1774
1790

1806
i822
1838
1854

1870
1886
1902
1918

1934
1950
1966
1982

1998
2014
2030
2046

2062
2078
2094
2110

2126
2142
21568
2174

2190
2206
2222
2238

2254
2270
2286
2302

2318
2334
2350
2366

2382
2398
2414
2430

2446
2462
2478
2494

2510
2526
2542
2558

F

1551
1567
1583
1599

1615
1631
1647
1663

1679
1695
1711
1727

1743
1759
1775
1791

1807
1823
1839
1855

1871
1887
1903
1919

1935
1951
1967
1983

1999
2015
2031
2047

2063
2079
2095
2111

2127
2143
2159
2175

2191
2207
2223
2239

2255
2271
2287
2303

2319
2335
2351
2367

2383
2399
2415
2431

2447
2463
2479
2495

2511
2627
2543
2559

55



A00
Al0
A20
A30

A40
AS0
A60
A70

A80
AS0
AAO
ABO

ACO
ADO
AEO
AFO

BOO
B10O
B20
B30

B40
BSO
B60
B70

B8O
B90O
BAO
BBO

BCO
BDO
BEO
BFO

coo
C10
czo
c30

C40
Cc50
c60
Cc70

c80
(¢f+11]
CAO
CBO

cco
cho
CEO
CFo0

DOO
Dlo
D20
D30

D40
D50
D60
D70

D8o
D90
DAO
DBO

DCo
DDO
DEO
DFO

56

2560
2576
2592
2608

2624
2640
2656
2672

2688
2704
2720
2736

2752
2768
2784
2800

2816
2832
2848
2864

2880
2896
2912
2928

2944
2960
2976
2992

3008
3024
3040
3056

3072
3088
3104
3120

3136
3152
3168
3184

3200
3216
3232
3248

3264
3280
3296
3312

3328
3344
3360
3376

3392
3408
3424
3440

3456
3472
3488
3504

3520
3536
3552
3568

2561
2577
2593
2609

2625
2641
2657
2673

2689
2705
2721
2737

2763
2769
2785
2801

2817
2833
2849
2865

2881
2897
2913
2929

2945
2961
2977
2993

3009
3025
3041
3057

3073
3088
3105
3121

3137
3163
3169
3185

3201
3217
3233
3249

3265
3281
3297
3313

3329
3345
3361
3377

3393
3409
3425
3441

3457
3473
3489
3505

3521
3537
3563
3569

2562
2578
2594
2610

2626
2642
2658
2674

2690
2706
2722
2738

-2754

2770
2786
2802

2818
2834
2850
2866

2882
2898
2914
2930

2946
2962
2978
2994

3010
3026
3042
3058

3074
3090
3106
3122

3138
3154
3170
3186

3202
3218
3234
3250

3266
3282
3298
3314

3330
3346
3362
3378

3394
3410
3426
3442

3458
3474
3490
35606

3622
3538
3554
3570

2563
2579
2595
2611

2627
2643
2659
2675

2691
2707
2723
2739

27565
2771
2787
2803

2819
2835
2851
2867

2883
2899
2915
2931

2947
2963
2979
2995

3011
3027
3043
3059

3075
3091
3107
3123

3139
3158
3171
3187

3203
3219
3235
3261

3267
3283
3299
3315

3331
3347
3363
3379

3395
3411
3427
3443

3459
3475
3491
3507

3523
3539
36565
3571

2564
2580
2596
2612

2628
2644
2660
2676

2692
2708
2724
2740

2756
2772
2788
2804

2820
2836
2852
2868

2884
2900
2916
2932

2948
2964
2980
2996

3012
3028
3044
3060

3076
3092
3108
3124

3140
3156
3172
3188

3204
3220
3236
3252

3268
3284
3300
3316

3332
3348
3364
3380

3396
3412
3428
3444

3460
3476
3492
3508

3524
3540
3556
3572

2565
2581
2597
2613

2629
2645
2661
2677

2693
2709
2725
2741

2757
2773
2789
2805

2821
2837
2853
2869

2885
2901
2917
2933

2949
2965
2981
2997

3013
3029
3045
3061

3077
3093
3109
3125

3141
3157
3173
3189

3205
3221
3237
3253

3269
3285
3301
3317

3333
3349
3365
3381

3397
3413
3429
3445

3461
3477
3493
3509

3525
3541
3557
3573

2566
2582
2598
2614

2630
2646
2662
2678

2694
2710
2726
2742

2758
2774
2790
2806

2822
2838
2854
2870

2886
2902
2918
2934

2950
2966
2982
2998

3014
3030
3046
3062

3078
3094
3110
3126

3142
3158
3174
3190

3206
3222
3238
3254

3270
3286
3302
3318

3334
3350
3366
3382

3398
3414
3430
3446

3462
3478
3494
3510

3526
3542
35568
3574

2567
2583
2599
2615

2631
2647
2663
2679

2695
2711
2727
2743

2759
2775
2791
2807

2823
2839
2855
2871

2887
2903
2919
2935

2951
2967
2983
2999

3015
3031
3047
3063

3079
3095
3111
3127

3143
3169
3175
3191

3207
3223
3239
3256

3271
3287
3303
3319

3335
3361
3367
3383

3399
3415
3431
3447

3463
3479
3495
3511

3527
3543
3559
3575

2568
2584
2600
2616

2632
2648
2664
2680

2696
2712
2728
2744

2760
2776
2792
2808

2824
2840
2856
2872

2888
2904
2920
2936

2962
2968
2984
3000

3016
3032
3048
3064

3080
3096
3112
3128

3144
3160
3176
3192

3208
3224
3240
3256

3272
3288
3304
3320

3336
3352
3368
3384

3400
3416
3432
3448

3464
3480
3496
3512

3528
3544
3560
3576

2569
2585
2601
2617

2633
2649
2665
2681

2697
2713
2729
2745

2761
2777
2793
2809

2825
2841
2857
2873

2889
2905
2921
2937

2953
2969
2985
3001

3017
3033
3049
3065

3081
3097
3113
3129

3145
3161
3177
3193

3209
3225
3241
3257

3273
3289
3305
3321

3337
3353
3369
3385

3401
3417
3433
3449

3465
3481
3497
3513

3529
3545
3561
3577

A

2570
2586
2602
2618

2634
2650
2666
2682

2698
2714
2730
2746

2762
2778
2794
2810

2826
2842
2858
2874

2890
2906
2922
2938

2954
2970
2986
3002

3018
3034
3050
3066

3082
3098
3114
3130

3146
3162
3178
3194

3210
3226
3242
3258

3274
3290
3306
3322

3338
3354
3370
3386

3402
3418
3434
3450

3466
3482
3498
3514

3530
3546
3562
3678

B

2571
2587
2603
2619

2635
2651
2667
2683

2699
2715
2731
2747

2763
2779
2795
2811

2827
2843
2859
2875

2891
2907
2923
2939

2965
2971
2987
3003

3019
3035
3051
3067

3083
3099
3115
3131

3147
3163
3179
3195

3211
3227
3243
3259

3275
3291
3307
3323

3339
3355
3371
3387

3403
3419
3435
3451

3467
3483
3499
3515

3531
3547
3563
3579

C

2572
2588
2604
2620

2636
2652
2668
2684

2700
2716
2732
2748

2764
2780
2796
2812

2828
2844
2860
2876

2892
2908
2924
2940

2956
2972
2988
3004

3020
3036
3052
3068

3084
3100
3116
3132

3148
3164
3180
3196

3212
3228
3244
3260

3276
3292
3308
3324

3340
3356
3372
3388

3404
3420
3436
3452

3468
3484
3500
3516

3532
3548
3564
3580

D

2573
2589
2605
2621

2637
2653
2669
2685

2701
2717
2733
2749

2765
2781
2797
2813

2829
2845
2861
2877

2893
2909
2925
2941

2957
2973
2989
3005

3021
3037
3053
3069

3085
3101
3117
3133

3149
3165
3181
3197

3213
3229
3245
3261

3277
3293
3309
3325

3341
3357
3373
3389

3405
3421
3437
3453

3469
3485
3501
3517

3533
3549
3565
3581

E

2574
2590
2606
2622

263¢&
2654
2670
2686

2702
2718
2734
2750

2766
2782
2798
2814

2830
2846
2862
2878

2894
2910
2926
2942

2968
2974
2990
3006

3022
3038
3054
3070

3086
3102
3118
3134

3150
3166
3182
3198

3214
3230
3246
3262

3278
3294
3310
3326

3342
3368
3374
3390

3406
3422
3438
3454

3470
3486
3502
3518

3534
35560
3566
3582

F

2575
2591
2607
2623

2639
2655
2671
2687

2703
2719
2735
2751

2767
2783
2799
2815

2831
2847
2863
2879

2895
2911
2927
2943

2959
2975
2991
3007

3023
3039
3065
3071

3087
3103
3119
3135

3151
3167
3183
3199

3215
3231
3247
3263

3279
3295
3311
3327

3343
3359
3375
3391

3407
3423
3439
3455

3471
3487
3503
3519

3535
3551
3567
3583



E00
E10
E20
E30

E40
E50
E60
E70

E80
E90
EAO
EBO

ECO
EDO
EEO
EF0

Fo0O
Fl0
F20
F30

F40
F50
F60
F70

F80
F90
FAO
FBO

FCoO
FDO
FEO
FFO

3584
3600
3616
3632

3648
3664
3680
3696

3712
3728
3744
3760

3776
3792
3808
3824

3840
3856
3872
3888

3904
3920
3936
3952

3968
3984
4000
4016

4032
4048
4064
4080

3585
3601
3617
3633

3649
3665
3681
3697

3713
3729
3745
3761

3777
3793
3809
3825

3841
3857
3873
3889

0905
0921
0937
0953

0969
0985
4001
4017

4033
4049
4065
4081

2

3586
3602
3618
3634

3650
3666
3682
3698

3714
3730
3746
3762

3778
3794
3810
3826

3842
3858
3874
3890

0906
0922
0938
0954

0970
0986
4002
4018

4034
4050
4066
4082

3

3587
3603
3619
3635

3651
3667
3683
3699

3715
3731
3747
3763

3779
3795
3811
3827

3843
3859
3875
3891

0907
0923
0939
0955

0971
0987
4003
4019

4035
4051
4067
4083

4

3588
3604
3620
3636

3652
3668
3684
3700

3716
3732
3748
3764

3780
3796
3812
3828

3844
3860
3876
3892

3908
3924
3940
3956

3972
3988
4004
4020

4036
4052
4068
4084

5

3589
3605
3621
3637

3653
3669
3685
3701

3717
3733
3749
3765

3781
3797
3813
3829

3845
3861
3877
3893

3909
3925
3941
39567

3973
3989
4005
4021

4037
4053
4069
4085

6

3590
3606
3622
3638

3654
3670
3686
3702

3718
3734
3750
3766

3782
3798
3814
3830

3846
3862
3878
3894

3910
3926
3942
3968

3974
3990
4006
4022

4038
4054
4070
4086

7

3591
3607
3623
3639

3655
3671
3687
3703

3719
3736
3751
3767

3783
3799
3815
3831

3847
3863
3879
3895

3911
3927
3943
39569

3975
3991
4007
4023

4039
4055
4071
4087

8

3592
3608
3624
3640

3656
3672
3688
3704

3720
3736
3752
3768

3784
3800
3816
3832

3848
3864
3880
3896

3912
3928
3944
3960

3976
3992
4008
4024

4040
4056
4072
4088

9

3593
3609
3625
3641

3657
3673
3689
3705

3721
3737
3753
3769

3785
3801
3817
3833

3849
3865
3881
3897

3913
3929
3945
3961

3977
3993
4009
4025

4041
4057
4073
4089

A

3594
3610
3626
3642

3658
3674
3690
3706

3722
3738
3754
3770

3786
3802
3818
3834

3850
3866
3882
3898

3914
3930
3946
3962

3978
3994
4010
4026

4042
4058
4074
4090

3695
3611
3627
3643

3659
3675
3691
3707

3723
3739
3755
3771

3787
3803
3819
3835

3851
3867
3883
3899

3915
3931
3947
3963

3979
3995
4011
4027

4043
4059
4075
4091

3596
3612
3628
3644

3660
3676
3692
3708

3724
3740
3756
3772

3788
3804
3820
3836

3852
3868
3884
3900

3916
3932
3948
3964

3980
3996
4012
4028

4044
4060
4076
4092

D

3697
3613
3629
3645

3661
3677
3693
3709

3725
3741
3757
3773

3789
3805
3821
3837

3853
3869
3885
3901

3917
3933
3949
3965

3981
3997
4013
4029

4045
4061
4077
4093

Appendix B

3598
3614
3630
3646

3662
3678
3694
3710

3726
3742
3758
3774

3790
3806
3822
3838

3854
3870
3886
3902

3918
3934
3950
3966

3982
3998
4014
4030

4046
4062
4078
4094

3599
3615
3631
3647

3663
3679
3695
3711

3727
3743
3759
3775

3791
3807
3823
3839

3855
3871
3887
3903

3919
3935
3951
3967

3983
3999
4015
4031

4047
4063
4079
4095
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APPENDIX C.

PROGRAMMING EXAMPLE

[ e e i e S S S o S o . S SO — . o ST T S A, i S S — — — — — — f———— — —"—— — — —— — S . — ——— — . T— —— — ot S S

FLAGS

This test program sorts, in ascending sequence, the 16 hexadecimal char-

acters located at

'IN

' and stores them at

'ouT'.

(The following example

is used to demonstrate instruction mix rather than model coding.)

LOC.CTR.

000000
000000

000002
000008
00000C
000010
000014
000018
00001C
00001E
000022
000024
000026
000028
00002C
000030
000034
000038
00003C
000040
000044
000048
oooouc
000050
000054
000058
00005C
000060
000064
000068
00006C
000070
000074
000078
00007C
000080
000084
000088
00008C
000090
000094
000098
00009C
000020

0000E0
000000

OBJECT

<
o
aconooud

0
o
o

~
=)
ouDoUguUbopooon

47 FO

00000001
00000004
00000005
0000000a
00000001
00000007
00000003
0000000C
0000000F
00000009
0000000B
00000004
00000000
0000000E
00000006
0000000D
00000002
00000008

00020000

V1LO0

000002
09E D O5E
09E
00F
038
000
004

02a

004
0sa
016
000
056
042
ODE
004
010
05a
010
00E

00000000

SOURCE STATEMENT

SAMPLE
GO

SET

LOAD

510}

LOOP

CON1
CONU4
IN

our

ENDRUN

ICTL 25

START 0 STARTING ADDR

BALR 13,0 SET UP BASE REGISTER
USING *,13

MVC  OUT (64) ,IN MOVE DATA TO OUT

LA 6,0UT POINT TO TABLE TOP
1A 7,15 SET FOR 15 PASSES
1A 4,56 SET INDEX REGISTER
L 2,0(0,6) LOAD FROM TABLE TOP
L 3,4 (4,6) LOAD FROM TABLE

CLR 2,3 COMPARE VALUES

BC 12,SUB TOP = OR LESS BRANCH
XR 2,3 EXCHANGE VALUES

XR 3,2 EXCHANGE VALUES

XR 2,3 EXCHANGE VALUES

ST 3,4 (4,6) STORE LARGER BACK

S 4 ,CONU REDUCE INDEX

BC 10, LOAD LOOP IF MORE TO SORT
ST 2,0(0,6) STORE IN TABLE TOP
S 7,CON1 REDUCE PASS COUNTER
BC 7,LOOP

LPSW ENDRUN END OF RUN

LA 6,4 (6)

LH 2,SET+2 MODIFY

s 2,CONU4 INDEX

STH 2,SET+2 INSTRUCTION

BC 15, SET RETURN

DC Fr1° CONSTANT OF 1

DC Py CONSTANT OF U4

DC X'00000005"

DC X'0000000A"

DC X'00000001"

DC X'00000007"*

DC X'00000003"

DC X'0000000C"

DC X*0000000F*

DC X'00000009"

DC X'0000000B"

DC X'00000004 "

DC X'00000000"

DC X'0000000E"

DC X'00000006"

DC X'0000000D"*

DC X'00000002"

DC X'00000008"

DS 16F OUTPUT AND WORK AREA
CNOP 0,8 ENSURE BOUNDARY ALIGNMENT
DC X'0002000000000000°" PSW

END GO

b e s . ——— " —— —— —— — —— —— T———— — — —— ——— —— S w— T ——— — — —d— N T——" — — —— — —— — — —— — —— —— — t———— o— ——)
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APPENDIX D. SYSTEM/360 ASSEMBLERS-LANGUAGE FEATURES COMPARISON CHART

Features not shown below are common to all assemblers. In the chart:

Dash = Not allowed.
X = as defined in Operating System/360 Assembler Language Manual,
T . T L] T 1
|Basic ] | | |
|Programming |7090/7094 | | |
Feature | Support/360: |Support | Other | |
|Basic | Package |System/360 |0OS/360 |
|Assembler |Assembler |Assemblers? |Assembler |
L [} 4 1 4
T T T T il
|No. of Continuation Cards/Statement | 0 | 0 | 1 | 2 |
| (exclusive of macro-instructions) | | | | |
L 1 (] i [N 1
] T T 1 T 1
|Input Character Code | | BCD or | ] |
i | EBCDIC | EBCDIC | EBCDIC | EBCDIC |
L 4 R (! 1 4
r | T [ T 1
| ELEMENTS 2 | | | | |
b 4 {
| Maximum Characters per symbol 6 6 8 | 8 |
[ } 4
L] T L]
| Character self-defining terms | 1 Char. | | | |
| | only | X | X I X |
; + ; H
| Binary self-defining terms | - - X | X
[ 4 1
r T T
| Length attribute reference | -- - | X | X |
I 4 [] { 3 J
¥ T T 1 T 1
| Literals | -- | -- X | X |
I [l I 1 ]
L . 1 T _ T 1
|Extended mnemonics | - | X X | X |
= t ¢ ¢ $ {
|Maximum Location Counter value | 216-1 | 2241 | 22471 [224-1 |
|8 4 [ i L ¥ |
T T T T T 1
|Multiple Control Sections per assembly| -- | - | X | X |
b » —t t ¢ {
| EXPRESSIONS: |
Operators +-*% +-%/ =%/ +-*/
[
T
Number of terms | 3 16 3 16 |
\ 4
T 1
Number of parentheses | -- - 1 Level 5 Levels |
(] (] A [l ]
T T [} T 1
Complex relocatability | -- - | X | X |
5 + + + {
| ASSEMBLER INSTRUCTIONS: | | | |
L 1 L 1 4
L] T 1 T 1
| DC and DS | | | | |
'8 IR [ + | |
1 . . . T T T ] 1
| Expressions allowed as modifiers| - | -- | - | X |
L i L | 4 d
1 3 T T 1 1
| Multiple operands | - | -- - | X |
. - ) [ J
v T T T 1
| _ _ | [ Except | |
| Multiple constants in an operand| -- | - Address | X |
| | | Consts. | |
L L L [} L J
(Continued)
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Appendix D:

Assembler Languages--Features Comparison Chart (Continued)

60

r T . T T 1
| [Basic | | | |
i |Programming |7090/7094 | | |
| Feature | Support/360: |Support |Other | |
| |Basic | Package |System/360 |0S/360 |
| |Assembler |Assembler |Assemblers?! |Assembler |
= , . + + + ! Y
| Bit length specifications | - | -- | - | X |
i L 1 [l 4 J
[} . . T T T T 1
| Scale modifier | -- | -- | X | X |
% —— ¢ + + 4 |
| Exponent Modifier | -- | - | X | X |
! + + t : {
| | Except | Except | |
| DC types | B, P, Z, | B, ¥, V | X | X |
| | v, ¥, S [ | | |
L { L | (] J
r T T T T 1
| | Except | Except | Except | |
| DC duplication factor | A | A, S | S | X |
I L (] [ 1 J
¥ T ] T ] 1
| , | | | Except | |
| DC duplication factor of zero | -- | - | S ] X |
t $ ¥ $ $ 1
| | Except | Except | | |
| DC length modifier | H, E, D | S | X | X |
F 4 + ¥ 4 {
| | Only C, | Only C, | | |
| DS types | H, F, D | H, F, D | X | X |
¢ —- t t } t
| DS length modifier |] Only C | Only C | X i X
i ¥ } 4 [
L | T T T T
| DS maximum length modifier | 256 | 256 | 256 165,535
1 L 4 I 1 4
r T T 1 T I
| DS constant subfield permitted | -- | - | X | X i
% $ { + ¢ {
| copy | - I - | -= I X |
I L ] [l
¥ T T T
| CSECT | - | - | X X
L 4 | 4L
L} T T T
| DSECT | -- | - | X X
i (] ] (| (] 4
r T T T T 1)
| ISEQ | == | == | X I X I
L 4 } 4 + 4
v T T T T !
| LTORG | -- | -- | X | X |
L X1 1 1 } J
L] T T T T h |
| PRINT | - | - | X I X |
L 4 [ 4 i 4
) T T r T 1
| TITLE | -- | X | X | X |
¢ ¥ t 4
| com | -~ I - -- | X
[N + [ J
r T T T
| | 1 oprnd | | |
i ICTL | 1 or 25 | 1 oprnd | X | X
[ | only I i I
[N 1 ] ] (| 4
) T T T T 1
| | 2 oprnds | 2 oprnds | | |
| USING | oprnd 1 | oprnd 1 | 6 oprnds | X |
| | reloc | reloc | | |
| | only | only | | |
L 4 J | 4 4
r T T T T 1
| | 1 oprnd | 1 oprnd | | |
| DROP | only | only | 5 oprnds | X |
L L 1 L L J
(Continued)



Appendix D: Assembler Languages--Features Comparison Chart (Continued)

r T . ) T T ]
{ |Basic | | | |
| |Programming |7090/7094 | | |
| Feature | Support/360: |Support | Other | |
| | Basic | Package | System/360 |0S/360 |
| |Assembler |Assembler |Assemblers? |Assembler |
t + + + + .|
| | oprnd 2 | opxrnd 2 | | |
| CCW | reloc | reloc | X | X |
| | only | only | | |
t + + t {
| no blank | no blank | | |
| ORG oprnd | oprnd | X | X |
5 t t 1 b 4
| | 1 oprnd | 1 oprnd | 1 oprnd | |
| ENTRY | only | only | only | X |
b t + + 1
( max 14 | | | |
| EXTRN 1 oprnd | 1 oprnd | 1 oprnd | X |
| only | only | only | |
k t t t t {
| | 2 dec | 2 dec | 2 dec | |
| CNOP | digits | digits | digits | X |
I + % + t 1
| PUNCH | - | - | - | X i
t + } +— + 1
| REPRO | | | | |
! e N S SN
T T T T 1 R
|[Macro Instructions | - | - | X | X |
[ L 1 L L J
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HEXADECIMAL TO MNEMONIC OPERATION CODE TABLE
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Absolute symbols, 12,29
Address attributes, 11
Addressing relative, 14,46-47
Assembler instruction

(see specific assembler instructions)
Assembler processing

Phase 1, M43

Phase 2, 43
Arithmetic operators, 14
Asterisk as an operand, 14
Attributes defined, 11

address, 11

expression, 14

length, 11

symbol, 11
Assembler language statements

defined, 7

rules for writing, 7

writing of, 11

Basic registers and displacements, 18,19

(see also DROP and USING assembler
instructions)

base register zero, 38

example of, 19

implied, 19

instruction formats used with, 19

loading registers for use as, 37

rules for, 18

use of, 18,19

Boundary alignment as a result of

(see also specific assembler
instructions)

character constant, 32

expression constant, 35

full-word constant, 33,34

half-word constant, 34

hexadecimal constant, 33

long—-precision floating-point
constant, 35

machine instructions, 17

short-precision floating-point
constant, 34

Card Option, 6
CCW assembler instruction
examples of, 31
format of, 31
operand field, 31
use of, 31
Channel Command Word
(see CCW)
Character constant
(see also Self-defining values)
boundary alignment with, 32
examples of, 32
less than specified length, 32
Character self-defining value, 13,14
Compatibility, 5
Compound expression, 14
CNOP assembler instruction
boundary alignment, 27

INDEX

examples of, 27
format of, 27
operand field of, 27
use of, 27
Constants
(see also Self-defining values)
character, 32
expression, 35
full-word, 33,34
half-word, 34
hexadecimal, 33
long-precision floating-point, 35
short-precision floating-point, 34
Constant data, 31
Comments field defined, 10
example of, 10
limits of, 10

Data
constant, 31
immediate, 12,30

DC assembler instruction
boundary alignment as a result
of, 31
format of, 31,32
maximum size of, 32
operand field, 31,32
type of constants used with, 31
use of, 31
Decimal self-defining value, 13
Definition instructions, 29
Displacement (see Base registers and
displacement)
DROP assembler instruction
example of, 37
format for, 36
invalid operand, 36
operand of, 36
use of, 36
DS assembler instruction
area reserved by, 29
boundary alignment with, 29
examples of, 30
format of, 29
operand field,
use of, 29
Duplication factor used in
character constant, 32
DC assembler instruction, 31
DS assembler instruction, 29
full-word constant, 34
half-word constant, 34
hexadecimal constant, 32
long-precision floating-point, 35

29,30

EJECT assembler instruction
format of, 28
use of, 28

END assembler instruction
example of, 28
format of, 28
invalid use of, 28

Index
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operand field of, 28
use of, 28
ENTRY assembler instruction
example of, 39
format of, 39
operand field, 39
restrictions on, 39
use of, 39
Entry point, 12
(see also ENTRY assembler
instruction)
EQU assembler instruction
examples of, 29
format of, 29
name field of, 29
operand field of, 29
use of, 29
Exrror Notification, 44
ESD
(see External Symbol Dictionary
card)
Explicit length, 19
(see also specific assembler
instructions)
Exponent defined, 34
Expressions
absolute, 15
attributes of, 14
compound, 13
defined, 13
relative addressing with, 14
relocatable, 15
restrictions on, 15
simple, 14
terminators of, 14
Expression constant
(see also Self-defining values)
boundary alignment of, 35
examples of, 35
how specified, 35
length codes of, 35
rules for, 35
EXTERN assembler instruction
example of, 40
format of, 39
operand field, 39
restrictions on, 40
use of, 40
External Symbol
(see also Symbols), 12,39
External Symbol Dictionary card, 45

Flags, program listing, list of, 44,45
Floating-point constants, long-precision
(see Long-precision floating-point
constants)
Floating-point constants,
short-precision
(see Short-precision floating-point
constants)
Formats machine instruction
(see Machine instruction statements)
Fraction defined, 34
Full-word constants
boundary alignment with, 33,34
examples of, 33

Half-word constants

64

boundary alignment, 34
example of, 34
length code of, 34
Hexadecimal constant
(see also Self-defining value)
boundary alignment with, 33
examples of, 33
valid digits, 33
Hexadecimal self-defining value, 13

ICTL assembler instruction
format of, 25
required for, 25
use of, 25 .
Immediate data, 12,30
Implied base register, 19
(see also DROP and USING assembler
instructions)
Implied length, 19
Instructions
assembler
(see specific assembler
instructions)
base register
(see DROP and USING assembler
instructions)
definition, 29
machine, 17
Invalid fields
(see specific fields)

Length attributes, 11,19,20
(see also specific instructions)
explicit, 19
implied, 19
invalid, 19
Load end card, 28,45
Loading base registers, 37
Location counter
(see also specific assembler
instructions)
contents of, 12
defined, 12
maximum value of, 13
overflow of, 13
program listing, 44
programmer use of, 13
Long-precision floating-point constant
boundary alignment, 35
example of, 35
how specified, 35
invalid fraction or exponent, 35
operand format of, 35
exponent of, 35
fraction of, 35

Machine instruction mnemonics, 20
list of, 21-24

Machine instruction statements, 17
example, 24
writing considerations, 17

Name field
(see also Symbols)
defined, 9
example of, 9
limits of, 9



Object program output, U5
External Symbol Dictionary card, U5
Load End card, 28,45
Relocation List Dictionary card, 45
Text card, U5
Operand field defined, 9
examples of, 9,10
limits of, 9
subfields in, 9
Operation field

(see also Machine instruction statements

and specific assembler instructions)
defined, 9
example of, 9
invalid mnemonic in, 9
limits of, 9
valid mnemonic limit of, 9
list of, 21-23
ORG assembler instruction
example of, 26
format of, 26
operand field of, 26
use of, 26
Origin, program
(see ORG and START assembler
instructions)
Phase 1, assembler program, U3
Phase 2, assembler program, U3
Program end
(see END assembler instruction)

Patching, U6
Program linking, 39,40
conventions of, 39
ENTRY assembler instructions, 39
EXTERN, 40
limitations on, 40
use of, 40
Program listing, U4
assembled output, U4
flags, Uu,45
location counter, U4
source statement, U4
Program origin
(see ORG and START assembler
instructions)

Reassembly procedure, U6
Relative addressing, 14,46-47
Relocatable expression, 15
Relocation List Dictionary card, 45
Relocatable symbol, 12
RLD
(see Relocation List Dictionary card)
RR machine instruction format
(see Machine instruction statements)
RS machine instruction format
(see Machine instruction statements
and Implied base register)
RX machine instruction format
(see Machine instruction statements
and Implied base register)

Self-defining values
defined, 13
types of, 13
character, 13,14

decimal, 13
hexadecimal, 13
use of, 13,14,26
SI machine instruction format
(see Machine instruction statements
and Implied base register)
Simple expression, 14
Short-precision floating-point
constant, 34
boundary alignment with, 34
example of, 34
invalid fraction or exponent, 34
operand format of, 34
SPACE assembler instruction
format of, 28
operand field of, 28
use of, 28,29
SS machine instruction format
(see Machine instruction statements
and Implied base register)
START assembler instruction
examples of, 26
format of, 26
invalid use of, 26
name field of, 26
operand field of, 26
use of, 25
Statement fields, 7
comments field, 10
name field, 9
operand field, 9
operation field, 9
Storage areas reserved by
DS assembler instruction, 29
ORG assembler instruction, 26
Symbols (see also Symbol table)
absolute, 12
attributes of, 12
defined, 12
entry, 12,39
external, 12,39
previously defined, 12
relocatable, 12
restrictions, 12
undefined, U4
used in name field, 9
Symbol table
defined, U6
maximum size allowable, 46
new assembly, 45
overflow, U6
reassembly, 47
reducing the number of symbols, U6
several assemblies, 47

Tape Option, 6
Text card, 30,45
TXT (see Text card)

Undefined symbols, 44

USING assembler instructions
example of, 36
format for, 36
invalid operand, 36
operand of, 36
use of, 36,37

Index
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