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PREFACE

This document is organized as a reference manual, The DAP-16 and DAP-16 Mod 2
Assembly Languages and Assemblers used on Series 16 general purpose computer systems
are described. Subject areas include pseudo-operations (instructions to the assembler rather
than instructions to be assembled into the program), the mixing of FORTRAN and DAP-16

programs in a memory load, performing an assembly, and generating an assembler system.

Users of this manual should have some familiarity with Series 16 computers but need

no assembly language experience, The 316/516 Programmers' Reference Manual (Order

No. BX47, Doc. No. 70130072156 — M-490) and the 316/516 Operators' Guide (Order No.

BX48, Doc., No., 70130072165 — M-491) are companion volumes.,

Series 16 DAP-16 and DAP-16 Mod 2 Assembly Language is a coded
program designed to extend the power of Series 16 in the area of
program preparation and maintenance. It is supported by compre-
hensive documentation and training; periodic program maintenance
is furnished for the current version of the program in accordance
with established Honeywell specifications, provided it is not modi-
fied by the user.

©1970, Honeywell Computer Control Division
©1971, Honeywell Information Systems Inc. File No.: 1AZ23
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SECTION I
INTRODUCTION

SCOPE OF MANUAL

This manual describes the DAP-16 and DAP-16 Mod 2 Assembly Languages and
Assemblers for use on Honeywell Series 16 general purpose computer systems. DAP-16
Mod 2 is an extension of the DAP-16 Assembly Language which is supported only on the
DDP-516 and H316 computers. All existing source programs for these computer systems

will assemble correctly using the DAP-16 Mod 2 Assembler.

SUPPORTING PROGRAMS

Source programs written in DAP-16 language may be processed by several supporting
programs. Each provides the programmer with a specific tool helping him toward the goal
of producing an efficient, error-free object program.

The DAP-16 Assembler is the primary program for processing the DAP-16 Language.
This program produces object text for eventual loading into the computer along with a listing
of the source program and the assembler's action on each statement. This program is
discussed in Section II of this Manual.

The Macro Preprocessing Program permits processing of a DAP-16 source program
with several additional statement types. These statements allow predefined blocks of source
text to be modified and inserted in a copy of the source program. The term "Macro'"
implies that one statement produces several instruction blocks. These blocks, called
macro-expansions, may be defined within the program or may come from a macro library.
These macro-expansions are also modified to include appropriate symbols for each instance
of use. Through use of the Macro Preprocessing Program Ithe programmer can significantly
reduce the number of statements to be written. With this program, the user can also define
a new language which suits his needs more closely than DAP-16. Macros also aid "instal-
lation standard' code for system interfacing where the macro library contains the critical
code for connecting user programs with the operating system and/or I/O equipment. The
output of the Macro Preprocessing Program is a DAP-16 source text suitable for use by any
of the programs discussed in this Manual. However, the Macro Preprocessing Program is
discussed in a separate Manual, titled MAC Macro Preprocessor Programmers Reference
Manual.

The Concordance Program operates upon a DAP-16 source program in a manner
similar to the operation of the DAP-16 Assembler. Its Output is a cross-reference table
listing each symbolic name and literal and the source locations of every reference to them.
This program is discussed in a separate Manual, titled XREF Concordance Program Pro-

grammers Reference Manual.



The Update Program allows manipulation of a source program within the computer.
This program is discussed in a separate manual titled 016- XREF, SSUP and MAC Source
Language Processors.

The discussion so far has concerned the assembly process prior to loading.
However, a loading program is logically inseparable from an associated assembler,
because the path from assembly language code to loaded program must pass through both
the assembler and the loader. The loading programs used with either DAP-16 Assembler
are described in Section II of this manual.

Figure 1-1 illustrates the processing of a DAP-16 source program by these support-
ing programs. Note that Figure 1-1 references another useful program, namely, the
Write and Load Program. This type of program provides a core dump which is easily
reloaded without the use of a loader, providing a handy method of storing completed pro-

grams between use,

REFERENCE DOCUMENTS

1-2

Document Doc. No. Order No.
DAP-16 70180275000 M-1052
DAP-16M2 70181446000 M-1727
DECCL 70180455000 M-236
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DUMY-X16 70180095000 M-861
IOS-0OAAA 70182615000 M-1732
I05-ORAA 70182603000 M-1726
I0S-ORPA 70182601000 M-1723
I0S-016D 70181507000 M-1810
IOS-5AAA 70180323000 M-1053
I0S-5CAA 70180618000 M-535
I0S-5CPA 70180594000 M-534
I0S-5RAA 70180592000 M-538
I0S-5RPA 70180573000 M-354
I05-516D 70180278000 M-567
I0S-516X 70180324000 M-1054
LDR-APM 70180005000 M-569
LDR-C 70180582000 M-860
MEMSIZ 70180606000 M-363
MINILOAD 70180580000 M-372
Ol6-DECL 70181506000 M-1801
Ol6-DECS 70181505000 M-1703
SETSIZ 70180457000
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M-368
M-76
M-1821
M-1728
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SECTION II
DAP-16 ASSEMBLER

The DAP-16 Assembler provides the programmer with the means for generating
linkages between a source program and others which are assembled or compiled separately.
The linkage is actually performed by the Loader. Each point in a program to be linked is
assigned an external symbolic name which is then referenced by any other program requesting
use of that link point. The Loader will not complete its job until all references to external
names in the program being loaded have been satisfied.

The Assembler produces two independent outputs. The first is the object text which
is further processed by the Loader, and the second is the assembly listing. The listing
serves to inform the programmer of the actions taken by the Assembler so he can eliminate
errors and make other changes. The assembly listing also carries programmer comments
and other documentation.

The assembly listing is printed during the final pass. Thus the listing from a two-
pass assembly contains more information than that from a one-pass assembly, namely the
definition of all symbols encountered anywhere in the program. Object tapes from the two
types of assembly may be loaded by the same Loader,

The DAP-16 Assembler must be linked to a number of support programs which permit
it to operate independent of associated input/output devices and to operate either alone or
under an operating system. The input/output system can use a general supervisor, allowing
successive assemblies to be conducted with different devices, or can be formed from one of
several dedicated supervisors which use a preselected combination of input/output devices.
Such a dedicated supervisor is useful for systems where standard devices are always used
or the available memory is limited. Note that the DAP-16 Assembler is referred to as an
Assembler System in Figure 1-1. The specific programs comprising this system are
described in Section V and VI.

The Assembler may make either one or two passes over a source text depending on

how the assembly is initiated.

LOCATION COUNTER
The DAP-16 Assembler maintains a Location Counter which points to the memory
location for which a word is currently being assembled. This counter is relocatable or
absolute depending on the mode of assembly and is used in defining symbols appearing in
the Location Field and in establishing a value for asterisks appearing in the Address Field.
After each word (instruction) is assembled, the Location Counter is normally incre-

mented by one.



TWO-PASS ASSEMBLY

In this mode of assembly, the DAP-16 Assembler reads the source program twice,
first to develop a dictionary of symbols, and a second time to assemble the object program
by referencing the Symbol Table (Dictionary). Each entry in the Symbol Table is three
words in length. Therefore, the maximum number of symbols that may be handled is one-
third of the number of locations available (usually all of the locations between the highest
location used by the assembler and the highest location of memory). During pass two,
DAP-16 assembles and outputs the Object Text and Assembly Listing. FEach source line is
processed before the next line is read. Figure 2-1 illustrates the processing of each line.

During the processing of a line, the operation mnemonic is first examined. If a
standard machine operation is being conducted, the proper code is inserted in the object
text. If a pseudo operation is specified (calling for some action by the assembler rather
than specifying an operation code) the proper action is taken. The address field is then
processed and the proper value inserted in the object text. The assembly listing image is

formed and any errors detected in the line are flagged at the left end.

ONE-PASS ASSEMBLY

The development of the Symbol Table and the assembly of the Object Program are
accomplished simultaneously in a one-pass assembly, Any symbols not defined when en-
countered are assigned an internal symbol number. The printed output shows two asterisks
in the field which would contain the symbol value. When the Assembler determines the
assigned value of a symbol this information is included in the object text. The Loader then

uses this information to finish assembling the instruction words in core.

LOADERS

A Loader processes object text to form a core image and places this image in memory.
Memory references within the program are resolved and indirect links generated as required.
References to external names (which are assembled without an address) are also resolved.
The Loader operates in the mode specified by the programmer in the source text. Loaders,
which are large and complicated programs, are as important to the process of generating
an executable core content as Assemblers and Compilers.

There are two kinds of Loaders available, namely linking and non-linking. LDR-APM,
SLLDR-A, SLDR-C, and SLDR-P are the linking Loaders; and MINILOAD is the non-linking
Loader.

LDR-APM is the full Loader, and with proper support programs can load object text
from any medium or mix of media. Object Text from either one or two-pass assernblies
can be loaded as well as FORTRAN Object Texts with all external references correctly
linked.

SLDR-A and SLDR-P are smaller linking loaders for paper tape Object Texts loaded
through an ASR teletypewriter and the high-speed tape reader respectively. SLDR-C is the

small linking loader for punch card object text. These Loaders can load object text [rom
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two-pass assemblies and FORTRAN compilations, but not from one-pass assemblies.
Again, all external references are correctly linked.

MINILOAD is the smallest of the Loaders, and loads object text from any medium in
conjunction with appropriate support programs. The object text must be derived from two-
pass assemblies. One-pass assemblies and FORTRAN compilations cannot be loaded.
Furthermore, only one mode of loading must be used in any one program. Since no linkages

are made to external names, these must be handled by the programmer as absolute refer-

ences.

MODES OF OPERATION
There are three assembly and loading modes which may be specified to and through
the DAP-16 Assembler by the programmer. These are illustrated in Figure 2-2. The

descriptions of the pseudo-operations which implement the three operating modes are

located in Section III.

ABSOLUTE RELOCATABLE
DEFAULT MODE
REL

DESECTORIZING
ABS

l LOAD

o 4

DESECTORIZING
(LOAD)

{NON EXISTENT
MODE}

Figure 2-2. Assembler and Loader Operating Modes

Desectorizing Modes

In the two Desectorizing Modes, the Loader handles all intersector references by
generating indirect address links (vectors) when necessary. These links are located in
sector zero unless the programmer has specified location elsewhere by the use of a SETB
pseudo-operation. Because in general the programmer may not be aware of which instruc-
tions will have indirect bits set by the Loader, he must be careful in modifying the address
of instructions during program execution.

The Loader may handle intersector links for either normal addressing or extended
addressing. The EXD pseudo-operation causes the Loader to form 15-bit indirect address
links, while the LXD pseudo-operation returns the Loader to the normal 14-bit mode.
These pseudo-operations should be used in conjunction with the EXA and DXA machine

operations. The effect of EXD and LXD may also be forced by the operator at load time.
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Desectorizing and Absolute Mode. -- This mode is the Assembler default mode for program
loading unless one of the other modes is specified. The location at which the program is
loaded is fixed by the ORG pseudo-operation, which must be assembled before any locations

are assigned. This location cannot be changed at load time.

Desectorizing and Relocatable Mode. -- This mode differs from the Desectorizing and
Absolute Mode in that addresses may be relocated at load time. The REL pseudo-operation
initiates entrance into this mode. The ABS pseudo-operation may be used to return to
Desectorizing and Absolute mode.

Any symbolic names assigned in the relocatable portion of a program are considered
relocatable. Such symbols may not be treated in ways which the Loader cannot handle,

(e.g., being added together).

Load Mode

In this mode all intersector links are assumed to be handled by the object program.
Warning flags are posted whenever a link is required. The Loader will generate the link if
this program is loaded. This feature provides a useful tool for debugging, timing, or
loading a program when the programmer must give cross sector linkages special treatment.
Addresses are absolute (there is no relocatable load mode). The Load Mode is entered

with the LOAD pseudo-operation and continues for the duration of the assembly.

CODING DAP-16 PROGRAMS

Symbolic Names

DAP-16 uses Symbolic Names to identify numerical values computed by the Assembler.
These values are normally the addresses of instructions or data. The assembler maintains
a Symbol Table that permits substitution of the proper value for any reference to a Symbolic
Name.

The most common method of assigning values to Symbolic Names is to enter the
symbol to be named in the location field of the DAP-16 coding form. The assembler will
assign the value of the Location Counter to that symbol when that line is processed.
Multiple definition is an error. Symbols may also be assigned values by the EQU and SET
pseudo-operations.

Allowable symbols consist of from one to four characters from the 37-character set
A-Z, 0-9, and $, with at least one of the characters in a symbol being alphabetic. The
dollar sign can not be the first character, and generally should be used with care since it
usually signifies system programs. Six-character symbols may be used for referenced
external names in the address field.

The following symbols are legitimate:

LOOP

ST2P

A$

CENTER (an external name)



DAP-16 Coding Form

The DAP-16 Assembler's input support programs accept input in either of two for-
mats, namely, fixed-field and tab-field (paper tape input only). In the fixed-field format
each source line is an 80-character field (a punched card image). Each data field within
this 80-character field has a specified location. The input drivers convert a tab-field for-
mat to this fixed-field format. Each data field may be terminated by a backslash charac-
ter (\, '334), and the source line may be terminated by a carriage return.

Figure 2-3 shows a DAP-16 Assembler Coding Form. The five fields that appear
on this form are: Location, Operation, Operand, Comments, and Identification. The
circled t's in columns 5, 11, and 29 signify that a backslash to the left of that column will
be interpreted as a tab to the column following the marked column. Similarly, the circled
CR in column 72 indicates that the comments field may be terminated by a carriage return.
Furthermore, Table 2-1 shows in detail how the assembler defines and interprets these
fields in both the fixed-field and tab-field formats. Notice that each field, with the excep-
tion of the Comments and Identification fields, is terminated by blanks, Therefore, their
contents must be left-justified and cannot contain embedded blanks. If, for example, the
statement X1 LDA X2+7 were written as X1 LLDA X2 + 7, the assembler would interpret

this statement as X1 LDA X2 and assume that + 7 was a comment:

: = INTEMDED STATEMENT
ey 4

1: 4 ho02 N1427 LT A X247
ninse 2 CAISFES [NCORRPECT ACTION TF WPRITTEN AS
nine N1031 0 02 niazn LMaA X2 + 7

Text I-:".xamples

The examples in this manual are shown in the form of assembly listings which are
described in detail at the end of this section. The first few examples present both the
coding form and the assembly listing to show the correspondence of the fields. See
DAP-16 ASSEMBLY LISTINGS near the end of this section for a description of the fields
generated to the left of what the programmer has written,
Location Field

Each time a symbolic name is encountered in the location field it is entered into the
symbol table along with the value of the location counter at the time the name was encoun-
tered. Thus, the location field is used to name instructions or data for later reference.
In the second pass of the assembler {or the first pass for one-pass assemblies), the sym-
bolic name i; replaced by its value as found in the symbol table. In addition, the location
field can sometimes be used in other ways by pseudo-operations. References to multiply
defined symbols are arbitrarily assigned to the first definition.

As asterisk in column 1 of the location field signifies that the entire line is a com-

ment, which is printed on the output listing but otherwise ignored. The first line in the
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assembly (whether it is a comment or not) is used as a header for all pages in the

assembly listing.

Operation Field

If a given abbreviation is not recognized or is not legal on the object machine, an error is

This field contains the abbreviation (mnemonic) of an operation or pseudo-operation.

flagged.

TABLE 2-1.

DAP-16 ASSEMBLER FORMATS

Field

Fixed-Field Format

Tab-Field Format

How Assembler
Handles Field

Location

Operation

Operand

Comments

Extended
Comments

Identification

Column 1 to first blank
column following

Column 6 to first blank
column following

Column 12 to first
blank column follow-
ing

First blank column
following column 12
to column 44

Columns 45 to 72

Columns 73 to 80

First column to first
blank or backslash
following

End of location field
to next blank or back-
slash

End of operation field
to next blank or back-
slash

First 15 characters
between end of
operand field and
carriage return
character

Any remaining
characters before
carriage return
character

Part of comments
field

Symbolic name for
address of this
operation or data

Abbreviation for
operation or
pseudo-operation

Variables or data

Printed on listing,
otherwise ignored

Printed on listing,
except overprints
last character on
ASR

Printed on listing,
otherwise ignored

following the operation code) signifies that the indirect bit is to be set.

An asterisk (%) used in the operation field of a memory reference line (immediately

For example, to

store the contents of the A-register indirectly through the location at symbolic name XNA

(i.e., to store at the location pointed to by XNA), the following code would be written:

-

[Locmon ICD OPERATION OPERAND FIELD (DI COMMENTS
|
1{2]|3|4]15]|6|7|8|9/i0fii|i2|i3]14]15 IG|!TIIB lglzolza 2223{24 25}252?29293—0[3113213334 35353?343914&4“42143 141
L 4 SITlAL*l XiNlAl 1 | | EH P S [ | S el [Roity ] IR _J_.,J,_...!_'_IE_J_D_I'.LE_JE._JC.LTI...J.$_I.II9J_R_LE_L,..,_ -
N T | ety VT IIIIJIlltlIILIIlIl1I|IIJIIIll|

2-8




The assembly listing of this line would appear as follows:
-0 N4 n3244

on1n 034n7

STA=

XHA

IMDIRFCT STruF

The assembly listing always shows a minus sign for indirect references as shown

above.

Address Field

The address field is used in several ways, but generic operations do not use this

field at all. As an example of the use of this field, consider twa's complementing the cur-

rent value of the A-register:

LOCATION I@ OPERATION r@' OPERAND FIELD <Dl COMMENTS
1|2|3]a]5 slrla gliofifi2|13]i4 15] nsln +sl|912 2l pap3jee aﬁaszrza}naolarlaalsalmlﬂaes 3439[4041 421[43
L1 TICIAI 1 I T S TSR DU LW PO N W PO T | N S | ._Izisi .J.CLQJ._A_IE_LI_'I..E..LM__LE.IEJIJ._I
T PR RN RN T VAN SR SN TN SN SN S S N ST S OO W O Y WO S T S R R
or
D011 06654 140407 TCA 25 COMPLEMENT

shift.

Shitt instructions use the address field to specify the number of bit positions to

For instance, a 4-bit logical right shift is coded as:

LOCATI
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OPERATION
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QPERAND

FIELD

|

COMMENTS
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