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CROSS ASSEMBLY AND RELOCATION OF PROGRAMS FOR THE INTEL
TCROPROCESSORS USING A PDP-15 AS HOST COMPUTER

.L Andersson

ABSTRACT

In the preparatién of programs for small computers it is
an advantage to use a larger computer as a host computer.
The larger computer's powerful text editor, mass storage
etc can be utilized with a considerable gain in program-
mer's time and comfort. The paper describes a project ‘
where a PDP-15 has been used as a host computer with the
Intel microprocessors as the target computers. The PDP-15
assembler produces the code for the microcomputers, which
can be achieved without modifying the assembler as such.
The target machine instructions need simply to be defined
in a separate source file. The output of the assembler is
a relocatable binary file. This is further processed in a
program package which relocates and links the program
units. The reiocating program also performs a library
search, and this is considered an essential feature of
the programming tool. It is highly modular in structure,

and this facilitates extensions to other target machines.




goction

USER'S MANUAL

embler

| Instruction mnemonics
statement format

symbols

Direct assignment statements
Expressions

Pseudo operations

Operating procedure

. LOAD4 and LOADS

3.1 Command string syntax and semantics
3.2 Operating procedure ' '
3.3 Output from LOADS

iPART II. IMPLEMENTATION

‘4. Implementation of the assembler

4.1 The definition files

4.2 Modifications of the MACRO-15 assembler

4.3 The output from MACRO-15

4.4 Character representation in the assembler output

5. Implementation of LOAD4 and LOADS
5.1 Data base for LOADS
5.2 Program description

5.3 Program flow
6. Possible extensions

7. References

APPENDICES

A. Instruction mnemonics 4040
B, " - 8008
c. " - 8080
D. The definition file ASS40
E. " - ASS8

F., " - ASS80

G. Program listings

11
12
12
13
14
16

18
18
21
22

23
23
25
26
27
29
29
30
34

35

36




tion and reassembly very slow and tedious. The second

gives access to the host computer's powerful text edi-

are the INTEL family of microcomputers: 4004, 4040, 8008 and

The host computer's assembler produces relocatable code for

‘the microprocessors. This is further processed by program pack-
~ages called LOAD4 for the 4004/4040 and LOAD8 for the 8008/8080.
These packages have the following features:

o Named program files are relocated.

o The start address is given only for the first program.

o Subroutine calls and entry points are linked automatically.

o A library file may be specified.

o This library file is selectively loaded, i.e. only those

program units which are requested by previously processed

programs appear in the output.




The report consists of two parts. Part I is a user's manual
for the assembler and for LOAD4/LOAD8 and Part IT describes
the implementation in detail., The appendices contain instruc-

tion summaries, macro file listings and program listings.

The programming tool was originally developed for the 8008 _
and 8080. The modifications necessary for the 4040 were made

as a master's thesis by J. Miszsuk and P, Wolgast [41].




2. ASSEMBLER

It is often quite simple to make an assembler produce code

" for another machine than it was originally written for. The
task of an assembler is, broadly speaking, to translate sym—
bols such as instruction mnemonics or symbolic addresses in-
to numeric values, i.e. machine instructions or numeric add-
resses. If the instruction mnemonics of the target computer
are entered into the assembler's symbol tables, the assemb-
ler will recognize them and produce the correct object qodé.
Simple instructions may be defined by direct assignment state-

ments, while more complicated ones are handled using macros.

The advantageé of using this method rather than writing a de-

dicated assembler are:

o It takes much less time, typically a few man-days for simple

processors like the Intel family.

o It is more powerful. All the macrofacilities and other fea-
tures of the original assembler may be used by the micro-

computer programmer.
The disadvantages are:

o Tt does not work on all host computers. The crucial point
is the order in which the assembler scans its symbol tables.
If it scans the user's symbol table before its own table of
instruction mnemonics, the scheme will work, otherwise the
choice of target machine mnemonics will be severely restric-
ted.

o The error checking is incomplete. For example, a symbol

which is an instruction mnemonic for the host computer but

not for the target computer would of course not be flagged.




o The output of the assembler must be further processed. 7
Even if the assembler were to produce absolute code, the
format would probably not be consistent with the regquire-
ments of a PROM programmer.,

The definitions of the mnemonics for the 4040, 8008, and
8080 are collected in files called ASS40, ASS8 and ASSS80
respectively. The appropriate macro file is then scanned by
the assembler each time a new source program is to be as-
sembled.

The resulting assemblers for the different microprocessors

are quite similar to those provided by Intel for the Ihtel-
lec or on time-sharing systems. There are minor differences
in the use of tabs, spaces etc, and the pseudo ops are, of

course, different.

The following sections constitute a User's Manual for this
assembler. It is reasonably self-contained, although a gene-
ral familiarity with assembly programming and especially the
MACRO-15 assembler is of wvalue.

2.1, Instruction Mnemonics.

- The assembler will recognize the instruction mnemonics as gi-
ven in the various user's manuals. Appendices A - C contain
summaries of the instruction sets. This section contains some

" clarifications and also some extensions.

2.1.1. 4004 and 4040.

- The 4004 instruction set is a true subset of the 4040 set and
therefore only one macro file is necessary. The registers of
the 4040 are referred to as R0, Rl, R2 --- R8, R9, R10 --- R15,
- See Appendix A.




INC, ADD, SUB, LD and XCH are one word instructions where a
register is indicated. The form of the instruction in the ‘

source program is as in the following example:
ADD R3 /ADD REG. R3 TO AC

SRC, FIN and JIN also specify a register. However, in this
case only the even-numbered registers are legal, i.e. RO, RZ,
R4 --- RI14.

NOTE! No check is made on the legality of the register number.

FIM specifies a register pair and data to be loaded into that

register pailr. The form is:
FIM R4, DATA

Only even-mumbered registers are legal. DATA is an eight-bit

number or a symbol having a value in that range.
.~ JUN and JMS have the form
JUN LABEL

where LABEL is defined either in a label part of a statement
or in a .GLOBL pseudo-op (see sects. 2.2 or 2.6).

The JCN instruction, Jump Conditionally, has been split up
into several mnemonics as follows:

JTT Jump if True Test

JTC Jump if True Carry

J'I'Z Jump if True Zero, i.e. AC = 0
JTTC Jump if True Test or Carry
JTTZ Jump if True Test or Zero
.JTCZ Jump if True Carry or Zero.

JTTCZ Jump if True Test, Carry or Zero




JFT Jump if False Test
JFC Jump if False Carry
JFz  Jump if False Zero, i.e. if AC % 0
JFTC  Jump if False Test and Carry
JFTZ Jump if False Test and Zero
JFCZ Jump if False Carry and Zero _
JFTCZ Jump if False Test, Carry and Zero
'The form of the instruction is
JTZ LABEL
ISZ has the form
IS8z R3, LABEL
BBL and LDM have the form

BBL DATA

where DATA is a four~bit number or symbol.

2.1.2., 8008.

2ll mnemonicg in the MCS-8 user's manual except INP and OUT
are recognized by the assembler. See Appendix B and [2].

JMP and CAL instrugtions have the form
JMP LABEL
where LABEL is defined in a label part of a statement or in

a .GLOBL pseudo op. The jump-instructions are three word in-

structions, and the assembler and loader together will take

care of the splitting into three words.




he immediate-instructions, Load Immediate, Add Immediate

tc are two-word instructions of the form

ADI DATA

where DATA is an eight-bit number or a symbol with a value

in that range.
The Restart-instruction, RST, has the form
RST n

where n is any of the numbers 00, 10, 20, 30, 40, 50, 60, 70,

or a symbol having any of these values.

2.1.3. 8080,

The register names recognized by the assembler are: A, B, C,
p, E, H, L, M, 8P and PSW. M is the memory cell addressed by

the H, L registers. SP is the stack pointer and PSW is accu-

mulator and flags. See Appendix C and [3].

MOV~-instruction.

The form is
MOV A,B

where all register names except SP and PSW are legal.

MVI.
The form is

MVI B, DATA

where DATA is an eight-bit number.
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he other Immediate instructions have the form
ADI DATA
where DATA is an eight-bit number.

- JMp, CALL and Restart instructions are the same as fof the
“8008.

L¥I-instruction.
The form is

LXI B, DATA

" where B is the register name (legal B, D, H, SP) and DATA is
a 16-bit number. The number is loaded with the most signifi-
cant half in B and least significant part in C.

STA, LDA, SHLD, LHID.

The form of these instructions is

SHLD BANK, CELL

where BANK and CELL are eight-bit numbers Or symbols with va-

lues of that range.
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2. Statement Format.

gtatements are written one per physical line and terminated

fby a carriage return. A statement may contain up to four fields,
the label field, the operation field, the address field and the
comment field, separated by a space or a tab, in the following

denoted H.
LABEL - OPERATION -{ OPERAND - /COMMENT

The label field may be empty or contain a symbolic label. When
'a label is encountered, the symbol is said to be defined. A la-
bel symbol cannot be redefined. Even if the label field is emp-
ty, the delimiting tab or space must be present.

The operation field may contain an instruction mnemonic, a
pseudo-op code, a macro name, a number or a symbol which is
not a label.

The operand field may be empty or contain one or two operands
separated by a comma. An operand may consist of a symbol, a nu-

meric constant or an expression.

The comment field may be empty or contain any text preceded by
a slash (/). A comment may appear alone in a line, in which
case it may be preceded by any number of tabs or spaces, in-

- c¢luding zero.
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2.3. Symbols.

‘The programmer creates symbols to represent addresses, opera-
tion codes, numeric values and macros. A symbol contains from

one to six characters from the following set:

The letters A ~- Z
The digits 0 - 9

The special characters . and %
The first character of a symbol must not be a digit. A symbol
declared in a .GLOBL statement (see sect. 2.6) must not contain

. OY % because LOAD4 and LOAD 8 cannot handle these.

A symbol is defined and given a value by

1. Its appearance as a label.

2. A macro definition (sect. 2.6).
3. A ,GLOBL statement.

4, A direct assignment statement.

2.4, Direct Assignment Statements.

The programmer may define a symbol by means of a direct as-

signment statement of the form:
SYMBOL = n

or
SYM1l = SYM2

where n is any number or expression. The statement must begin

in the first position of a line, i.e. no leading tabs or spa-
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ces, and must not ¢contain any tabs or spaces.

The main use of direct assignment statements in programs for

the Intel microcomputers is to create mnemonic names for da-

" ta addresses. Program and data are often in separate parts of
'the memory since programs normally reside in ROM and data in
RAM, It is then convenient to give the address of the data a
symbolic name so that the addresses may be referenced by their
‘names and a possible change need be done only in one place,
and also to improve readability of the source text,.

2.5, Expressions.

Expressions are strings of symbols and numbers separated by
arithmetic and Boolean operators. Expressions represent un-
signed numeric values. The following are legal operators to

be used with expressions:

Symbol: Function:

+ Addition (two's complement)

- " Subtraction (two's complement)
* Multiplication {(unsigned)

/ " Division (unsigned)

& Logical AND

! Inclusive OR
~ Exclusivg OR

' Exclusive OR

Operations are performed from left to right, i.e. no operator

precedence and no parentheses.
Example of direct assignment and expression:

VAR = 015
LLI VAR+3
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2.6, Pseudo Operations.

As mentioned earlier, the symbol table contains definitions
of symbols which are instruction mnemonics, macro names etc.
A class of symbols called_pseudo operations is also contained
- in the symbol table. Instead of generating instructions these
symbols tell the assembler how to proceed with the assembly
process. A subset of these pseudo instructions are relevant
also to the micro computer, programmer. This section contains
a summary and also a more extensive description of some of
them. For further information see the MACRO-15 manual [51].

- +DEC Sets prevailing number radix to decimal.

.DEFIN Defines macros.

LEJECT Skip to top of form on listing device.

+END Must terminate every source program.

+ENDC Terminates conditional coding

.ENDM Terminates a macro definition.

.ETC Used in macro definitions to continue the list of
dummy arguments on succeeding line.

.GLOBL Used to declare all internal and external symbols
which reference or are referenced by other programs.

.IFxxx Conditional assembly.

.LST Source lines between .NOLST and

LNOLST .LST are not listed.

.QOCT Sets the prevalling number radix to octal. Default
value at start.

.TITLE The character string after .TITLE is printed on top

of each listing page.
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2.6.1. Radix control (.OCT and .DEC).

The initial radix (base) used in all number interpretation
by the assembler is octal. This may be changed to decimal
and back using the pseudo-ops .DEC and .OCT. All numbers are
decoded in the current radix until a new radix control pseu-
do op is encountered. The programmer may change radix at any
point in the program.

2.6.2. Macro definition (.DEFIN, .ETC and .ENDM).

In its simplest form a macro is an abbreviation for a se-
guence of instructions., The macro processor part of the MACRO-
15 assembler is, however, very powerful, and a description
would be rather lengthy. The reader is therefore referred to
[5] chapter 4. The Intel programmer may take full advantage

of the macro facilities subject to the following limitations:

1. The generated source lines must naturally be legal and
meaningful, 4040, 8008 or 8080 code.

2. Since macro nesting, i.e. macro calls within macro calls,
~is limited to three ievels by MACRO-15, and since many of
the micro computer op codes are defined as macros, the
practical nesting depth is two levels.

2.6.3. Global and external symbols (.GLOBL).

Relocatable programs often refer to symbols, normally subrou-
tine entry points, in separétely assembled program units. Such
symbols are called external symbols., In.the called program the
same symbol is called a global syﬁbol Both ekternal and glo-
bal symbolk must be declared do that the assembler can pass in-
formation enabling the loader to link the two together.
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They are both declared by the pseudo-op .GLOBL

' Ex.: .GLOBL SUBl, SUB2, SUB3

"~ 2.7. Operating Procedure.

The assembler is called by typing MACRO after the monitor's
$ request. The assembler identifies itself by typing

MACRO-15 Vnn

>

and the user can type his command.
The command string format consists of a string of options
followed by a left arrow followed by the name of the defini-
tion file and the-program'file

options<file name 1, file name 2
Ex.: BNFQ+*ASS8,PROG
The options given in this example are those which are normal-
ly used when assembling programs for the Intel micro compu-

ters. The meaning of the options is as follows:

Opt. Action

B .Generate a binary file output.

F Read a macro definition file before the program file. In
this case it is the file ASS8, which contains the defini-
tions of Intel 8008 instructions. -

N Generate a program listing with each line numbered.

Q Do not print the generated gource lines of macro expan-

sion.
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The Q-option is a modification of the normal MACRO-15 assemb-~
ler. See sect. 4.3.

‘Other options are possible, and the reader is referred to [5]

for a complete list.




18

LOAD4 and LOADS.

LOAD4 and LOAD8 relocates and links binary programs produced
py the assembler for the Intel micro computers, LOAD4 applies
to the 400474040 and LOADS to the 8008/8080. In the following
“only LOAD8 is mentioned, but everything applies to LOAD4 as

~well,

The operator specifies the start address of the first program,

~ the names of the program files and optionally a library file.
Both the library file and the program file may consist of

concafenated program units. (A program unit is the result of

the assembly of one source program. A program file contains

one or more program units.) The concatenation may be done using

either the PIP or the UPDATE utility program. The difference

between a program file and a library file is that all the pro-

gram units of a program file are loaded, while only those units

of a library file are loaded which are requested by previously

loaded program units.

3,1. Command. String Syntax and Semantics.

LOAD8 recognizes four classes of commands: LIBR, GLOBL,-LOAD
and STOP. The syntax of these commands is specified using a

modified Backus-Naur notation [6] with the additional symbols
[<item>] denoting that the item wilthin the brackets is optio-
nal, and <item>... denoting one or more repetition of <item>.
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~3,1.1. Common items.

Certain basic items are not defined here in which case they
are considered self evident or the definition is identical
to the definition in the Algol report [é6].

When nothing else is stated items are separated by one or
more spaces. The symbol J denotes carriage return and = de-
notes altmode. ‘ '

<file name>::=<identifier, max 5 characters>

<global name>::=<identifier, max 6 characters>
<address>::=<bank number>:<address within bank>

<bank number>::=<octal number, range implementation dependent>
<address within bank>::=<octal number, range 0-377>

<delimiter>::=,|<5pace>l)1<delimiter>...

3.1.2, LIBR command.

Syntax:

<LIBR command>::=LIBR<file name>p)

Ex.: LIBR LIB8 @

Fi;e name specifies the name of the library file. The default

assumption is NONE which indicates that no library is to be

used.
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3.1.3. GLOBL command.

syntax:

<GLOBL command>»: :=GLOBL<global name»<address>
[<delimiter><global name»<address>]...

[<delimiters>]r

Ex: GLOBL SUBL 10:037, SUB2 11:122@m
GLOBL GLOBlL 0:165 g
GLOB2 01:15m

The GLOBL command gives LOAD8 the final address of a global
symbol before scanning of the program files and the library

file starts. This is desirable on two occasions:

1. When the global symbol does not exist in any of the

files.

2. When the program unit containing the symbol has alrea-
dy been loaded. If this unit exists in the library,
loading of another copy is prevented by giving the glo-
bal names in a GLOBL command.

In case 1 above it is not strictly necessary to give the glo-

bals in a GLOBL command, because LOADS will ask for the final

addresses of any-unresolved globals.

3.1.4, LOAD command.

Syntax:

<LOAD command>: :=LOAD[<file name>]<address>
<file name>[<delimiter><file name>}...

[<delimiter>]m
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Ex 1: LOAD DFIL 010:312 PROG,SUBL
: SUB2, SUB3 =

Ex 2: LOAD 010:312 PROG,SUB1L
SUB2 SUB3 m

The LOAD command is the command which actually starts the re-
locating procedure. The examples show two forms where the dif-
ference is the file name appearing between LOAD and the add-
ress. The presence of this file name indicates that the output
is to be on disk with the file name as given in the command

and extension ABS. If no file name is to the paper tape punch.

3.1.5. 8TOP command.

Syntax:

<8TOP command>: :=STOP 3

This command terminates LOADS.

3.2. Operating Procedure.

The operator starts LOAD 8 by typing E LOAD8 at the monitor's

$ request. The program identifies itself:

LOAD8 Vnn
>

and the operator can type his commands.

The LIBR and GLOBL commands can appear in any order, and the

GLOBL command can appear any number of times. If more than one
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GLOBL command appears, the list of global symbols defined
by subsequent commands is simply appended to the list given

by the previous commands.
If any program contains external references which cannot be
resolved, LOAD8 will ask for the addresses as in the follow-

ing example:

UNRESOLVED GLOBALS
SYM1I >

The operator should answer with an address in the same for-

mat as in the GLOBL command.

3.3, Output from LOADS.

The output from LOAD8 goes to three units: the line printer,
the paper tape punch and the disk.

The line printer output consists of:

1. The program file names.,

2. The program unit names with start addresses.

3. The global symbols with addresses.

4, The relocated code in octal format with address in-
formation.

The paper tape output starts with a frame of all ones, then
the relocated code in absolute binary form, one word/frame,

and last a checksum frame.

The disk output is the relocated code in octal format, which

is subseguently to be read by a simulator program,
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4. IMPLEMENTATION OF THE ASSEMBLER.

The files ASS40, ASS8 and ASSSO contain the deﬁinitions of

the mnemonic symbols for the 4040, 8008 and 8080 respective-
ly. This section describes examples of these definitions, and
Appendices D - F contain complete listings of the files. For
reference purposes a description of the output from the assemb-
ler and of the special character representation of the assemb-

ler output is also included in this chapter.

4.1. The Definition Files.

The simple one-word instructions, like the rotate instructions
for all three machines are defined by direct assignment gtate-

ments.
Example (4040):
RAL = 365

One-word instructions which designate registers are defined by

macros as follows:
Example (8080):
.DEFIN MOV, R1, R2
Rls7 + R2Z + ;00

»ENDM

Example'(4040):

.DEFIN ADD, R
Rgl7 + 200
JENDM
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The 8080 has some double-word load instructions like the LXI.

The macro is:

.DEFIN LXI, R, DAT
R&6 + 1

DAT& 377

DAT/400

. ENDM

The various forms of jump instructions require special treat-
ment since these are the relocatable instructions. For the 8080
the macro is:

.DEFIN JMP, ADR
303
ADR

- ENDM

This applies also to the 8008 although the instruction code
is 104 instead of 303. As can be seen the assembler will put
the entire address in the second word. However, the 8008 and
8080 must have the address split up into two words. This is
done by LOAD8 after relocation.

Furthermore,; the period in the third word means that the as-
sembler will put the unrelocated address of the data word it-—
self in this position. This has been done for two reasons.
Firstly, to enable the assembler to give a correct size in-
formation, and secondly, the various forms of jump inétructions
are the only ones that are relocatable. The data word contain-
ing its own address will then enable LOADS to do some error
checking.

The jump instruction for the 4040 has the following macro:
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-DEFIN JUN, ADR
100

ADR

«BENDM

In this case the most significant four bits of the address
should be in the first word. The splitting is done by LOAD4
which consequently has to delay its output onhe step so that

the modification can be‘done.

4,2. Modifications of the MACRO-15 Assembler.

Strictly speaking no modification at all is necessary to make
the MACRO-15 assembler acdept Intel programs{ All information
is contained in the macro files. However, due to the fact that
many of the instructions are defined as macros, the listing
became rather unpleasant. An extra option Q with the meaning:
Do not print the generated source lines of macro expansions

was therefore incorporated. The difference shows in the follow-

ing example of a piece of a program listing without and with

Q-option.

1 naeon R Loop LYl H,372583
nuogn R N00041 A =G H&6#10+1
0001 R 000253 A *0G 372538377
00002 R 00076 A =G 3728537400
ROGO3 R 000126 A =G DelOe+M+100

3 , JHUP LDOP
go004 R 000303 A #0 303
ooons R 000000 R #G Lanop
00006 R O0VDG06 R *G '

1 guooo R Loop LX) H,37253
ngoon R 000041 A *G
po001 R DO0D25%3 A »0
ponge R 940076 A %G

2 MOV 0,4
Bo003 R 000126 A =G

3 JMP LOApP

00004 R 00I303 A #G
0p0g5 R 000000 R =G
00006 R.0NDODNE R #G
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“7he modification of MACRO-15 consisted essentially of code to’

frecognize the Q-option and set a switch QSWCH. A carriage re-

-turn character is inserted into the output line after the bi-

‘nary code in the listing. The carriage return is insérted un-

der the fcollowing condition: If it is a macro expansidn and

"QSWCH is on then insert carriage return.

4.3. The Output From MACRO-15,

The output from MACRO~15 consists of a sequence of four-word
blocks of the following format

Code 1 Code 2 Code 3

Data word 1

Data word 2

Data word 3

Code 1 is a six-bit number describing data word 1, code 2 de-

scribes WOrd'Z etc.

The following codes, given in octal notation, are relevant to

LOADS8. (For an extensive description see [7].)

01
04
05
07

10

Program size.
Absolute instruction or constant.
Relocatable address.,

Symbol, first three characters.
The character representation is Radix 508, see
sect. 4.4,

Symbol, last three characters.
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External symbol definition.

When the assembler encounters an external reference
declaration {(by the .GLOBL pseudo-op), it sets aside

an extra word of storage. Every subsequent reference

to the external symbol is then translated into a re-
ference to this extra word.

Code 11 then indicates that the last symbol encountered
(by codes 07 and 10) is an external symbol. The data

word contains its own unrelocated address.

Global symbol definition,

The last symbol encountered is a global symbol. The cor-
responding data word contains the unrelocated address

of the global symbol.

Program name or internal symbol def. A

If bit 0 of the data word is 1, then the last symbol en-
countered is the name of the program unit, otherwise the-
data word is the address of an internal symbol, which is
not relevant to LOADS.

End of program unit,

4.4. Character Representation in the Assembler Output,

The MACRO-15 assembler uses a special character representation
in the symbol tables and the output, called RADIX 50 [7]. Three
characters, plus a symbol classification bit are grouped to-

gether in each 18 bit word. A symbol is defined as a string of

one to six characters from the following set:
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Character Octal code

space 00
A 0l
+
Z 32
% 33
. 34
0 35
¥
9 46
F 47

The characters in a symbol are linked together in the follow-~
ing manner: '

Word 1 (Cl*SO +C2)*508 + C

8 3

Word 2 (C4*50 +C5)*508 + C

8 6

The Ci:s are the character codes from the table above. If the
symbol has less than four characters word 2 is not used and
bit 0 of word 1 is 0, otherwise bit 0 of word 1 is 1 and word

2 is used.
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5, IMPLEMENTATION OF LOAD4 AND LOADS.

LOAD4 and LOAD8 are very similar and have most subroutines
in common. In the following only LOAD8 is mentioned, but al-
most everything applies to LOAD4 as well, with the few ex-

. ceptions explicitly stated.

Most of the routines of LOAD8 are written in FORTRAN. This
does not mean, however, that they are in any sense portable.
The whole scheme relies on the specific form of the output
from the MACRO-15 assembler. Therefore special features of
the PDP-15 FORTRAN dialect has been used freely. This app-
lies especially to the DOUBLE INTEGER data representation and
to the powerful partword notation of the PDP-15 FORTRAN.

LOAD8 is a two-pass loader in the sense that the binary files
from the assembler are scanned twice. The first pass collects
information of global symbols, external references, size etc
and the second pass performs the relocation using the pre-
viously collected information. Due to the twb—pass structure
no intermediate form of outpﬁt'is necessary neither in core
nor on disk. In pass two the output words can be generated
directly when an input word containing a machine instruction.

or address is read from the input files.

5.1. Data Base for LOADS.

The data base for LOAD8 consists essentially of the following
INTEGER and DOUBLE INTEGER vectors:

FILNAM Double integer vector containing the names of the pro-
gram files. The character representation is the so
called 5/7 ASCll used by the PDP-15 system.



GLOB

IADR

EXTREF

NAME

IsST

NEX

NOMTCH
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Double integer vector with the global symbols. The

character representation is RADIX50.

Integer vector with the final addresses of the glo-
bal symbols.

Double integer vector with the names of all the ex-
ternal references,
Representation RADIX50.

Double integer vector with the names of the program
units. This is not the same as a program file, since
a program file may contain more than oné program unit.

Representation RADIX50.

Integer vector with the start address of each program
unit. '

Integer vector with one entry per program unit. NEX [T ]
points to the element of EXTREF which is the first ex-

ternal reference for program unit number T.

Double integer vector containing the entries of EXTREF
which does not match an entry of GLOB, i.e. the unre-

solved globals.

5.2. Program Description.

Fig. 5.1 shows the program structure, and this section describes

each routine in some detail. -

MATINS

is the main program of LOAD8. Its task is, of course,
to administrate the calls to subroutines. Furthermore,
it opens and closes files for the firét pass, it asks
the operator for the addresses of any unresolved glo-
bals and it prints the load map and global symbol table.
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COMND RID PUCHA
M
A FAC
| RADR RLINE
!N
8
GLOBLS
or
M - -
A
N R R A I
" DATINF READ
N
A f
LPOUT '
PPOUT WRITE
DKOUT

Fig, 5.1 LOAD8 Program structure.




MAIN4

. COMND

DATINF

GLOBLS

MATCH

SNAM

RELS
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is the main program of LOAD4. The only difference
between MAIN4 and MAINS is that they call different
relocation subroutines, REL4 and RELS respectively.

reads and decodes the command string using the string-
decoding routines RADR, RID, FAC, PUTCHA. As a result
the vector. FILNAM gets its elements, IST(l1) gets a va-
lue and some entries of GLOB and IADR may get their

values.

~unpacks the information blocks from the binary files

produced by the assembler (see sect. 4.3). Each call
returns one data word and its corresponding informa-

tion code.

scans the binary files and extracts information of pro-
gram unit size, program unit name, global symbols and
eXternal references. The vectors GLOB, IADR, EXTREF,
NAME, IST and NEX get their values from this routine.

compares the vectors GLOB and EXTREF. The entries of
EXTREF which. do not exist in GLOB are the unresolved
globals which are collected in the vector NOMTCH,

scans the input files for a given program unit name.
When it encounters an end of file, it closes that file
and opens next as given by the entries of the vector
FILNAM. Since the files are read twice in the same or-
der, and since the names given to SNAM will be taken
from the vector NAME in the order they were encountered
at the first reading, SNAM will always find the reques-
ted name by reading ahead in the files. When SNAM exits
the input file is positioned at the beginning of the
requested program unit. The main use of SNAM is in lib-
rary search, where some program units should be loaded

and some bé-skipped.

performs the actual relocation and linking. It is in
fact the only routine which is dependent of the target
computer. -

REL8 utilizes the fact that the assembler will output

one extra word for each external reference (see sect.




REL4
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4.3, code 11). The size information given by the as-
sembler naturally includes these extra words. However,
when GLOBLS scans the program unit, the number of ex-
ternal references is subtracted from the sige, so that
when the start address of the next program unit is com-
puted; these extra words will not be included.

REL8 can then check each relocatable address to see if

|
rt

it points to a position within the program unit, If
does, the address is simply relocated by adding the
program unit start address. If it points outside the
program unit, it is an external reference..The symbo-
lic name of this reference can be found in EXTREF,
since its entries appear in the same order as the cor-
responding extra words. When the name is found, GLOBLS
is scanned for it, and the final address is found in

the corresponding entry of the vector IADR.

is the corresponding relocation subroutine for the 4040.
The relocation and search for external references is the
same as REL8. REL4 has the additional task of checking
for JCN and ISZ instructions, because these take only
eight bits address. The destination must then be on the

same page as the instruction itself.

READ and WRITE ére FORTRAN callable subroutines to read or

write in any data mode. In this case we need to read
in the IOPS Binary mode and write in the Image Alpha-
numeric mode.
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5,3. Program Flow.

When the command strings have been decoded by COMND, the sub-
routine GLOBLS scans all the program files. Then MATCH is

- called to check if any unresolved external references exist.

If so, and if a library file has been speéified, it is scanned
by GLOBLS. After each program unit in the library MATCH is
called again. If any external reference has been resolved by
this unit its name is entered into NAME and its global symbols
and external references are entered into GLOB, IADR and EXTREF.
When the library is exhausted MATCH checks if any external re-
ferences are still unresoclved. If so the operator is asked to

give the addresses. This concludes Pass 1.

In Pass 2 the program files and the library file are scanned .
again, this time by SNAM, which positions the file to the be-
ginning of each program unit, and by RELS8, which performs the
actual relocation and linking and also calls the proper out-

put routines.
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.6. BXTENSIONS.

It 1s quite simple to extend this programming tool to other
target machines. The definition file, i.e. the file that cor-
responds to ASS8, ASS80 or ASS40 must be written, but this is
a reasonable task since most microprocessors have a rather
simple instruction set. The subroutine REL8 would also have
to be rewritten - and renamed - but it is a straightforward
routine with some 45 FORTRAN statements. As long as the word
length of the target machine is 8 bits these changes are suf-

ficient.
If the word length of the target machine is 16 bits, the in-

put and output format would have to be changed. This affects
MAINS, RADR, LPOUT, PPOUT and DKOUT. '
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{CON GATE MOS 8080A

Appendix C

UCTION SET

of Processor Instructions

Instruction Code (1] Clocki2) Instruction Code(1] Cioek(2l
Dascription D Bg Ds Dg D3 Dz Dy Oy Cycles Mnemonic  Deseription D Dg D5 04 D3 D2 Dy By Cyeles
. Wove registaf to register 601 b b DS S5 § § Rz Return on 2ero P10 0 1t 0 0 ¢ . 5Nt
Maove register 10 memory ¢ 1 1+ 0 8§ 5 8§ 7 RNZ Return 6n no zero P 1 0 0 0 8 ¢ @O 6/11
“loye memory 1o register ¢ 1 08 B Y 1.0 7 i1 Return on positive 1Tt t 100 8D 5118
Halt ¢ 1t 1t 1 0 1 10 7 AM Retarn on minus [ S D A R R ] 511
Mave immediate register g 060 D D O 1 1 @ 7 RPE Reture on parity kven Pt 1 0 1t 0 00 51t
Mave immediale memory 601t 10 v 1@ 10 RPO Return on parity odd E 1T 1 0 0 60 8 0 511
< Ingrement register g 0 p D D1 00D 5 RST Restart PToA A A T 11
Yecrament register 0 6 0 BBt OO 1 5 M Fnput 118 1t 8 1 10
nerement memery o0 + 1 0 1t 90 10 our Cutput 11 0 1 00 1t 13
Deceement memory 00 t 1t 0 1 0 10 LXig Lozd immediate register 0 0 0 0 0 8 O 1 10
Add register to A I ¢t &0 0 b % 5 8 4 PairB& L
dd register to A with carry i 0 0 ¢ 1t 5 5 § 4 LXI b Load immadiats register 0o ¢ 1 .0 0 6 1 10
uhtract register from A Tt 0 0 1 0 § 8 S8 4 PairD & E
ubtrati register from A 18 8 1 1585 8 8 4 LXI K Load immediate register [ T 10
“with borrow PairH&L
- And register with A o6 1 0 6§ § 8 4 LXI P Load immediste stackpointer 0 0 1 1 O 8.0 1 10
xclusive Or register with A t 0 1 0 1 8§ § 5§ 4 PUSH B Push registar Pair B & C on 1108 68 0 V9 11
‘O register with A Tt 6 1 1 ¢ 8§ 8 § 4 stack
ompate register with A e t 11§ 8§ S 4 PUSHD  Push register Pair 0 & £ o 11 0t 0t o0 3
-Add memary to A LI VA R B A 7 stack
" Add memory to A with carry Tt 0 & 1t 1t 9 7 PUSH H Push register P2ir H& L on f 1 e o0 t 0 1 13
i Subtract memory from A t 0 0 t 01 10 ? stack
-Subtract memory from A 1o o 1 1t 1 @ 7 PUSH PSW  Push A snd Flags 11t 0t o8 "
= with borrow on stack
And memory with A e 1 06 01 10D 7 FOP B Pop register pair B & C off i1 0 0 08 0 10
xclusive Or mamary with A T4 1t 0 1 1 10 7 stack ’
1 memory with A T o 1 1 ¢ 1 10 7 POPD Pap register pair D & E oll T 1 8 1 0 0 0 t 1
€ompare memory with A T o0 1 1 1 t- 1 0 7 stack
Add immediate to A LI R N A R 7 POPH Pop register pair H & L off 1 1 1 8 ¢ & 0 10
dd immediate to A with 11 0 00 v 1 10 7 stack
aery FOPPSW  Pop A and Flags T 1t 1 0 0 t 1i]
“Subtract immediate from A Tt 01 0 1 f ! off stack
jubtract immediate from A i1t 11 0 ? STA Store A direct 00 t P 08 t @ 13
“with boerrow LDA Load A direct o & t 1 0 48 13
nd immediate with A tt 1 001 10 7 XECHG Exchange D& E, H&L | IS I T | N R | 4
:Exelusive O jmmediatewith -1 1 1 8 1 1 1 0 7 Registess N
A XTHL Exchange top of stack, H& L b t 0 0 0 1 1 18
¢ immediate with A Tt 1t 1t 61 10 7 SPHL H & L to stack pointer I T T S T T | 5
ampare immediate with A T 1t 11 1 7 PLHL H & L to peogram tounter 1 1 0 v 01 5
‘Rotatz A feft g 0 0 0 ¢ 1V 1t 4 DAD 8 AddB&CLHEL 6 0 00t 0 0 1 10
‘Rotate A right 0o ¢ 011 1 4 DAB O AddD&EtoHEL a0 08 1t 0 0 10
‘Rotate A left through earry o ¢ 0 F 0 1t 14 DADH AddH& Lo H&L 00 1 0 10 0 t 10
“Botate A right through U I I 4 DADSP  Add statk painterto H& L 06 1 1 1 0 0 1 10
STAXE Store A indirect ot o6 00D 10 7
ump unconditianat Pt 80t 10 STAXD  Store A indirect 06 0t 08 t-og 7
Jdump on carry A S S N A 10 LDAXB  Load A indirect 00 0 10t o0 ?
Jump o no carry tt 0 1 006 10 10 LDAXD  Load A indirect ¢ 0 0t 1 8 1 g 7
m on zero Tt 0 0 1 0 10 0 INX B Increment B & C reglsters ¢ 0 0 00 0 o1 5
Jump o0 o zere 11 8 0 00 10 10 INX D Increment D & E registars ¢ e 6 1 0 0 1 1 5
mp on positive Tt 1 1 86 0 10 it INXH Increment H & L ragisters 00 1t 0 006 11 5
mp e miavs [N T T 10 INXSP  Incremeat stack pointer a0 t 1t e 0 1 5
domp an parity aven 11 0t 0 10 10 OCX B Decrement 8 & € g 00 0ot oo o1t 5
“hump an parity add 11 8 0 0 010 H OCXB  Decrement D & € IR T R T I 5
“€alt unconditional 11 6 0 t 1 0 1 17 ocx M Decrement H& L Lo 0 oy o0t 5
Calt on carry Tt ¢ 1 11 6D 1117 DEXSP  Decrement stack pointer 00 0t 1 1 et 5
-Call on no carry it 06t 01 00 7 CHA Complemant A o0t 0ot o1o1 o 4
Call an zero t 1 0 0 1 1 0 O /17 5TE Set carry 6 o 1 0 1 1 1 4
Call an no zere 1 e 0 0t 0 8 1117 =214 Complement carry [ I I R T | 4
Lall en posiv- e 11 1 t 0t @6 0 17 DAA Decimal 2djust A ¢ 0 1t 0 b6 1 1 1 4
Call an mins 11t 1 1t 1 1-06 0 117 SHLD Store H & L direct 0 ¢ 1 0 0 0 1 0 113
Cull an parity even 1t 1t 1 11 00 1117 LHLD Load M & L direct .80 1 0 1 9 18 1]
Calt on parity odd i1 1 0 06 1 0 ¢ 1w El £nable Interrupts T 1 1 ¥ 10 1 4
tuen 1 06 10 0t e bl Disable interrupt Tt &t 100 % 1 4
tuen on carry 1 0t 1 0 6 0D 5111 NoP Ko-gperation 0 & ¢ ¢ 0 0 0 0 4
‘Raturn on no carry t 1 0t 8 0 ¢ 0 511

DDDor 888 ~000B—-001 C— 010D - 011 E-100H - 101 L — 110 Memory — 111 A,
2. Two possible cycle times, {5/11} indicate instruction cyeles dependent on condition flags.
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JNOLST

HLT=%
Bi#S=2
LCR=3
OR4=4
OR5:z5
ANG6=z6
ANT =7
DRO=10
pDE1=11
Spo=1?
SH1=13
EIN=14
DinN=15
RPM=1'4
WrM=340
WMP=341
WRR=3472
WPM=343
WR0=344
WR1=345%
CWR2=344
C WR3=347
- SHM=350
CRDM=351
RODR=3%2
ANM=353
RDN=354
RD1z356
RIP=356
RD3=357
CLBE=360
CLE=361
FAC=362
CML=363
CrHA=364
RA|L =365
RAR=386
TCC=367
DAC=370
TCS=371
STC=372
DAA=373
KBP=374
DCL=375
NOP=0
RO=0Q
Ri=1
Rge2
R3=3
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p15=17
(DEFIN INC,R
17&4R+140
«ENDM
(DEFIN  ADD,R
17&R+200
LEMDM
+DEFIN  SUH,R
174R+220
L ENDM
JOEFIN  LD,R
17RR+240
JENDHM
WDEFIN . XCH,R
17RR+260
+ENDM P
+DEFIN  SRC,R
" 164R+41
+ EMDM
JDEFIN  FIN,R
168R+60
« ENDM
JOREFIN  JIN,R
168R+61
« ENDM
YDEFIN 18Z,R,A
R&17+160 :
A
L ENDM
WvDEFIN  JUMS, A
120 ’
A
« ENDM
SDEFIN  JUNSA
1400
A
, ENDM
JDEFIN FIM,R,DATA
R&16+40
NATA
«ENDH
+DEFIN BBL,DATA
DATAR17+300
+ENDM :
WDEFIN LDM,DATA
DATAZL17+320 )
LENDHM
JDEFIN JTT,A
21
A
JENDH
LDEFIN JTC, A
22
A
«ENDM
DEFIN  JTTC,HA
23
A
ENDM
JOEFIN  JTZ,A
24




A
+ENDM
DEFIN
25

A
ENDM
+DEFIN

26

A

 ENDM
+DEFIN
27

A
ENDM
DEFIN

31

A
LENDM
+DEFIN

32

A
ENDM
+DEFIN
33

A
ENDM
+DEFIN
34

A
+DEFIN
35

A
ENDM
JDEFIN
36

A
«ENDM
«DEFIN
37

A
LENDM
+DEFIN
30

A
+ENDM
+DEFIN
LD

XCH

LD

XCH
JMS
«ENDM
LST

JTITZ,A

JTICZ, A

JTTCZ, A

JET, A

JFC, A

JFTC, A

JEZy A

JFTZ,A

JFCZ, A

JFTCZ, A

JHP, A

CHANGE »RXsRY)RZ,RY
RX

RZ .

RY

RU

MULT4

"AS540 SRC

PAGE

3



ASS8 SRC PAGE 1

e NOLST
S i - 7
:CAZSESE AN MACRO DEFINITIONS FOR INTEL B{Q08 |NSTRUCTIONS
LAB=301
LAC=302
LAD=303
LAE=3014
LAH=3065
LAL=306
LBA=310
1 8B=311
LEC=31°?
1 8D=313
LBE=314
LBH=316k
LBL=316
LCA=320
1.CB=321
LEe=322
LCD=323
[LCE=324
LCH=325
LCL=326
LDA=330
TLOR=331
L.DC=332
LDD=s333
LDE=334
LDH=335
- LDL=336
LEA=340
cLEH=341
LEC=342
CLED=343
- LEE=344
- LEH=345
CLEL=346
LHA=350
SLHB=351




LMD=373
LME=374
LMH=37%
LML=376
inNB=010
INC=020
IND=030
INE=040D
| NH=080
INL=0B&1
pce=011
pCC=021
RCD=031
NCE=041
DGCH=051
DCL=061
ADA=200
ADR=201
ADC=202
ADD=203
ADE=204
ADH=205
ARL=206
ADM=207
ACA=24D
ACB=211
ACC=212
ACD=P13
ACE=214
ACH=215
ACL=216
ACM=217
SUA=220
SuUB=221
Syc=222
SUp=223
SUE=224
SUH=225
SiL=226
SumM=zz7
SBAzP 30
SHEB=231
SBC=232
SBD=233
SBE=2 34
SBFE=234
SEHz 235
SBL=236
SBM=237
NDA=240
NOB=z241
NDC=247
NDD=243
NDE=244
NDH=245
NPL=246
NDM=247
XRA=2510
XRB=251
XR(=252
XRD=253

ASS8 SRG
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XRE=254
XRH=25%
XRL=256
XRMz257
ORA=264N
ORB=261
ORC=262
0RD=263
ORE=264
ORH=265
NRL =266
DRM=267
CRA=27N
CPB=271
CpC=272
CPD=273
CPE=274
CPH=275
CPL=276
CPM=277
RLC=002
RRC=012
RAL=022
RAR=032
RET=007
RFC=003
RFZ=013
RFS=023
RFP=033
RTC=043
R12=053
RTS=083
RYP=073
RES=005
HLT=04Q0

«DEFIN
0Cé
DAT

+ENDM

+DEFIN
016
DAY

» ENDM

DEFIN
026
DAT

+ENDM

+ODEFIN
036
DAT

«ENDM

DFEFIN
D46
DAT

+ENDM

+DEFIN
056
DaT

«ENDM

BEFIN
066

LAL,DAT

LBI1,DAT

LCl;DAT
LD I, DAT
LE1,DAT
LHI,DAT

LL12DAT

ASS8 SRC

PAGE 3




DAY
»ENDM
OFFIN

076

DAT
 ENDM

DEFIN

004
AT
ERDM
+DEFIN
D14
DAT

» ENDIM
OEFIN
G624
DAT
JENDM
»DEFIN
034
DAT
ENDM
+BEFIN
gd4
DAT

+ ENDM
+DEFIN
054
JAT
+ENDM
DEFIN
0h4
DAT
+DEFIN
074
DAT
 ENDH
HDEFIN
104
ADR

» ENDM
DEFIN
100
ADR

DEFIN
110
ADR

+ENDM
+DEF N
120
ADR

«ENDM

+DEFIN
130
ADR

LM, DAT

A}, DAT

ACI,DAT
SUL,DAT
SBI,NAT
NDI,BAT
XRF.DAT
ORI ,DAT
CPI,DAT

JMP, ADR

JFEC, ADR

JFZ,ADR

JFS, ADR

JFP, ADR

A3S8 SRC

PAGE 4



«ENDM

DEFIN
149
ADR

«ENDM

«DEFIN
150
ADR

 ENDM

«DEFIN
160
ADR

+ENDHM
L HEFIN
179
ADR

+ENDM

»DEFIN
106
ADR

« ENDH
.DEF N
102
ADR

+ENDM

JOEFIN
112
ADR

JENDHM

DEFIN
122
ADR

P ENDM
s DEFIN
132
ABDR

+ENDM

+JOEFIN
142
ADR

ENDM
«BEF IN
152
ADR

ENDM

+DEFIN
i62
ADR

[

JTC,ADR

JTZ,ADR

JTS, ADR

JTP,ADR

Cal,ADR

CFC,ADR

CFZ)AﬁQ

CFS, ADR

CFP,ADR

CTC,ADR

CTZ,ADR

CTS,ADR

ASS8 SRC

PAGE 5
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,DEFIN CTP,ADR
172
ADR

»ENDM

«DEFIN  INP,PORT
101,PORT*2
ENDM

JOEFIN  QUT,PORT
101, PORT#*2

» ENDM

ZDEFIN PHL,ADR
066

ADR

056

+ ENDH
LST
+EOT
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+NOLST
/ MACRO FILE FOR INTEL B0AQ
RLC=007
RRC=017
RAL=027
RAR=037
RET=311
RC=330
RNC=320
R2=3110
ANZ=300
RP=360
RM=370
RPE=350
RPG=3410
¥XCHG=353
XTHL=%43
SPHL=371
PCHL=353
CMa=QR7
STC=067
CMC=077
-DAA=047
El=373
Di=363
NOR=00D
HLT=166
A=7

=N T B AN O

T X TMSO®D
" o

Lrouaum oo

JDEFIN MOV,R1,R2
Ri#{0+R2+100
ENDM

LOEFIN MVI,R,DAT
R&T7#10+6

DAT

» ENDM

SDEFIN INR,R
R&7«10+4

« EMDM

LDEF N DCRSR
RE7%#10+5

L ENDM

+DEFIN ADD,R
R&ET+200

+ ENDM

+DEFIN ABC,R
R&7+210

ENDM

LDEFIN SUB,R ‘
R&7+220

ENDM

LDEFIN SBB.R
R&E7+230




+ENDM

LOEFIN ANA.R
RET+740

JENDM

JODEFIN XRAXR
R&E7+250

ENDM

uDEF!N URA!R
R&7+260

+ENDM

{DEFIN CMP,R
R&7+270

. ENTIM

LDEFIN ADIDAT
306

DAT

 ENDM

LDEFIN ACI DAY
316

DAT

ENDHM

JDEFIN SUL.DAT
326

DAY

LENDM

(DEFIN SB{,DAT
336

DAY

LENDM

DEFIN ANI,DAT
346

DAT

cENDM

JDEFIN XRI!,DAT
356

DAT

LENDM . :
“+DEFIN ORI .DAT
366

DAT

. ENDM

COEFIN CP|,DAT
376

DAT

 EMNDM

LDEFIN JHMP,ADR'

303
ADR

JUEFIN JC,ADR
332
ADR

JENDM
JDEFIN JNG,ADR
322

ADR

VENDM
"DEFIN JZ,ADR

ASS80 SRC

PAGE 2




312
ADR

+ENDM
» DEF IN
302
ADR

ENDM
+DEFIN
362
ADR

»ENDM
JOEFIN
372
ADR

+ENDH
+DEFIN
3b2
ADR

+ENDM
+DEFIN
342
ADR

+ENDHM
+BDEFIN
315
ADR

CENDM
JDEFIN
315
ADR

+ENDM -

+DEFIN
334
ADR

ENDM
+DEFIN
324
ADR

+ENDM
+DEFIN
314
ADR

ENDM
+DEFIN
304
ADR

«ENDM
+BEFIN
364

JNZ:ADR

JP s ADR

JM, ADR

JPEADR

JPO,s ADR

CALL,ADR

CAL,ADR

CC,ADR

CNC, ADR

CZ,ADR

CNZ,ADR

CP:ADR

ASS80 SRC

PAGE
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ADR

» ENDM

DEFIN CM,ADR
374

ADR

ENDM

+DEFIN CPE,ADR
354

ADR

+ENDM

LDEFIN CPO,ADR
344

ADR

LENDM

+DEF N RST,ADR
ADRAT7(+307
«ENDM

LDEFIN IN,ADR
333

ADR

+ENDM

JDEFIN QUT,ADR
323

ADR

, ENDM

VOEFIN LX1,R,DAT
RR&xiO+1
DAT&IT7
DAT/4010

+ENDM

y DEFIN PUSH,R
RE6#1D+305
LENDM

JOFFIN POPR
RE6%1Q+301
ENDM

DEFIN STA,ADR
N62

ADR&R377
ADR/400

P ENDM

LDEFIN LDASADR
07?2

ADR&377
ADR/400D

 ENDM

JUEFIN DAD.R
RE6#10+11
ENDM

DEFIN STAX,R
R42#10+2

«ENDM

LOEFIN LDAX,R
RE2#10+12
+ENDM

+DEFIN INX.R
REE#1(+03




s ENDM

DEFIN DCX,R
Rgo#10+13
ENDM

+DEFIN SHLD,ADR

042
AUR&3T77
ADR/z4OD
+ENDM
JDEFIN LHLD,ADR
052
ALR&3T77
ADR/400
ENDM
+LST
EOT

ASS80 SRC

PAGE 5
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PROGRAM MAINGE

MAIN PROGRAM FOR LDADS
AUTHOR LEIF ANDERSSON 1974~11-=13
REVISED LEIF ANDERSSON 1975-07-08

SUBROUT INES REQUIRFED
RELS
SNAM
COMND
MATGCH
GLOBLS
DATINF
RADASC
ASCRAD
LPOUTY
PPOUT
DKOUT
RADR
RID
PUTCHA
RL INE
FAC
INIT
READ
WRITE

DOUBLE IMTEGER FILNAM,GLOB,EXTREF,NAME,NOMTCH,FN,DNAM,

1 BUFF,LIBR,A,B,ALTH

DIMEMS|ON FILNAM(2%),6L0RB(100), |ADR(LI00) ,EXTREF(100),

1 NAME(L100), IST{100)Y,NEX{100) ,NOMTCH(100),FN(2),
2 DNAW(Z2) ,BUFF(16) .

COMMON FILNAM,GLOB, |ADR,EXTREF JNOMTCH, NAME, [ST,NEX

DATA FN(2)/' BIN'Y/,

1 DNAM(2)/' ABS'/,

2  LIBR/'NONE'/,

3 ALTM/0D7640G00000000/

GET COMMANDS

10 WRITE(9,100)

104 FORMAT(AX'LOADS Y3B")

iGLoR=1N

{EX=0

CALL COMND(LIBR,GLOB, |ADR, IGLOB, ISTL1,FILNAM,NFIL,DNAMIL),{ND)
[G1=1GLOB+1

1ST(1)=1ST1L

iu=1

NEX(1)=1

GET GLOBAL SYMBOLS AND EXTERNAL REFERENCES
Do 28 i=1,MFIL

FNCLY=FILNAMCL)
CALL SEEK(Z2,FN)

15 CALL GLOBLS(ISTL1,NAME(IUY,GLOB, |ADR, |GLOB,EXTREF, IEX, [EOF)
(F(IEQOF)99,20,16

16 U= jU+d
NEX([U)=1EX+1
ISTCIUY=1ST1

GO TO 15




joReNe]

1M

20

110

1290
43

130
44

45

50
200

55
210

G2
MAINB SRC PAGF 2

CALL CLOSE(2)
iG2=1GLOR

GET THE GLUBALS FOR THE LIRRARY PROGRAMS [F ANY ARFE NEEDFD

CALL MATCH(EXTREF, |EX/GLOR, |GLOB,MOMTCH, IN,M)
[FCIN (EQ, 0)GO TO 50

IF(LIBR L,EQ, 'WONE')IGO TO 490

MFIL=NFL+1

FILNAMINFIL) =L IBR

FNCLY=LIBR

CALL SEEK(2,FN}

15=1GLOB

IE=IEX

IST1=[8T( U}

CALL GLOBLSCISTA,NAMECIUY,GLOB, LADR, 1G,EXTREF, IE, IFOF)
IF(IEOF)99,29,27

INi=iN

CALL MATCHCNOMTCH, INL,GLOB, [GsNOMTCH, IN, M)
IF{M EQ, 0G0 Ta 25

CALL MATCH(EXTREF, |IE,GLOR, 1G,NOMTCH, IN,M)}
fU={U+1

fEX=E

IGLOR=1G

CNEX(IU) =tEX+T

ISTCIYI=1STL

IFCIN .NE. D)GO TO 26
CALL CLOSE(2)
1622 | GLOB

IFCIN LEQ, D)GN TO 50

GET THE UNRESOLVED GLOBALS |F ANY

WRITE(9,110)

FORMAT(LX'UNRESOLVED GLORALS")

nO 4% {1=4,1IN

CALL RADASC(NOMTCHCII),A,B)
WRITE(9,120)A,8,ALTM
FORMAT(1X,A5,A5,4A1)

CALL RLINE(G,8,BUFF,0)

I=1

CALL RADBRCIU, 1AD, 1A)

IFCHA LEQ, 1)G0 TO 44
WRITE(9,130) :
FORMAT(LX'SYNTAX ERROR, RETYPE ADDRESS. ')
GO TO 43

IGLOB=1GLOB+1

GLOBCIGLOB) =NOMTCHC( 1)
1ABR(IGLOBY=1AD

WRITE LOAD MAP AND GLORAL SYMBOL TABLE

WRITE(6,200)
FORMAT(LX'FILE NAMES')
NF HL=NFIL~1

B0 55 i=1,NFIL
WRITE(6,210)F ILNAMCL)
FORMAT(5XAD)

WRITE(6,220)L1BR
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220 FORMAT('O'/1X'LIBRARYY ',A5)

ILL=MORCIST(1),256)

I81=18T(1) /256

IST1=IST (WY =1

HL2=MODC|STL,256)

FH2=15T1/256

ARITE(6,230) 1HL, 1L1, 1H2, 112 : i
230 FORMAT('D ' /L X'MEMORY REQUIRED: ',03,%41,03," - 'y

1 03,'1',03)

WRITE(6,240)
240 FORMAT('D ' 73X LOAD MAP'Y)
[U=1t-1
ng 60 I1=1,1U
CALL RADASC(NAME(!]Y,A,B)
IL=MODCIST(I),256)
4= {ST(1)/256
&0 WRITE(6,250)A,8, IH, L
250 FORMAT(BXAR,AS,03,'11',03)

JFCIGL WGT, 1G2)G0 TO 70
WRITE(6,260)

260 FORMAT('O' /1X'GLOBAL SYMBOL TABLE')
Do 65 1=1G1,1G62
CALL RADASC(GLOB(I),A,R)
IL=MOD{IADRCT),256)
{H=1ADR( 1) /256

65 WRITE(6,250)A,8, IH, L

70 WRITE(6,270)
270 FORMATC('1')

C START RELOCATING

FFCIND JNE. 2)G0 To 73

CALL ENTERC(1,DNMAM)

WRITE(1,230) |Hi, L1, H2,IL2
73 FFOIND WNE. 1)GO TO 75

CALL INIT(7,1)

fFP=1

CALL PPOUT(R377,I1FP)

75 V=1
IFiL=9
ICUR={ST(L)
ICHECK=0
no 80 1=1,1U
li=1+1
CALL SNAM(FILNAM, [FILsNAMEC]), ITRIP, IERR)
FFCIERR L LT, BIGO TO 99
CALL RELBCICUR,IST(HI1),GLOB, ADR,EXTREF,NEX(I1),
1 IND, 1V, {CHECK, ITRIP, |FP)
FFCIV LEQ, ~1)G0 TO 99
IFCIV L EQ, =2)6G0 T 98
80 CONT I NUE

CALL CLOSE(2)

jFL=-1 :

IFR==-1

CALL LPOUTLI,ICURLIFL)
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99
300
g8
310

MAIN8 SRU

IFOIND JNE, 2)G0 TO 85
CALL DKQUTCI,IFD)

CacLk CLOSEC(L)

IFCING JNE. 1260 TO 9U
CALL PPOUTUICHECK,1FP}
IFP=a-1

CALL PPOUT (1, 1FP)

CALL CLOSE(7)
HRITE{6,270)

G To 40

READ(Z2) ]

WRITE(7)

WRITE(9,300)
FORMAT(IX'READ ERROR')
WRITE(S,310)
FORMAT({1X'CODE ERROR')
GO TO 10

Eab

G4 -
PAGE 4
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SURROUTINE RELB(ICUR, 1SN, HLOR, IADR,EXTREF,NEYX,
1 IND, 1V, LCHECK, | TRIP, 1FP)

RELOCATION SUBROUTINE FOR LOADS
AUTHOR LEIF ANDDERSSON 1974-1(0-19
REVISED LEIF ANDERSSON 1974-03-27

THE INPUT AND QUTPUT FILE MUST BF OPENFD BEFORE THE CALL
AND INIT MUST BE DONE ON THE PP

ICUR - CURRENT RELDCATION ADDRESS

iSN -~ START AUDRESS OF NEXT PROGRAM UNIT

GLO3 - DOUBLE INTEGER VECTOR WITH GLOBAL NAMES

[ADR -  VECTOR WITH THE ADDRESSES OF THE GLOBALS

EXTREF- DOUBLE INTEGER VECTOR WITH THE NAMES OF EXTERNAL REFS

MEY - INDEX OF THE FIRST EXTERNAL REFERENCE FOR THE CURRENT
PROGRAM UNIT
iND - OUTPUT INDICATOR b0t LP ONLY
11 PP+LP
' 2% DK+LP
ly - SET Iv=1 ON THE FIRST CALL, IV IS RETURNED 8

NORMALLY, -1 |F READ ERROR AND -2 iF CODE ERROR
JCHECK~ CHECKSUM
FTRIP=-  PARAMETER FOR DATINF, DO NOT CHANGE T,
IFP - THIS IS THE PARAMETER IFP OF PPOUT,

SURROUTINES REQUIRED
DATINF
(READ)
LPOUT
DKOUT
PPOUT
(JARITED?

iR ReRoRe ReRelaleRele o ReleReNeRe B NeoNolae Re o Re B¢ R B R RY BT BT RS

DOUBLE INTEGER GLOB,EXTREF,NAME
NIMENSION GLOB(1),FXTREF (1), {ADR(1)

IST=ICUR
FECIV WNE. 1060 TO 10
V=0 :
[FL=1
[FD=1
14 CALL DATINF{(NINF,NDAT,{TRIP, IEOF)
[F{IEQOF)99,99,15
i5 IFANINF ,EQ. 4)G0 TO 20
IFONENF L ER, 5)XYG0 TO 30
GO TO 10

ABSOLUTE INSTRUCTION OR CONSTANT

lvReRel

20 . IDAT=NRAT(10:17])
GO TO 5%

RLOCATABLE ADDRESS

[ e Re)

30 | A=NDAT+|ST
IFCIA LT, ISNIGO TO 40

[ Rl

EXTERNAL REFERENCE

A= | A= | SN+NEX
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50
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NAME=EXTREF(1A)

i=0

l=]+1

|F(NAME .NE, GLORLI)IGO To 35
A= 1ADRC(!)

NUTPUT SECTION
FIRST WORD OF RELOGCATARLE ADDRESS

IDAT=MOD(IA,Z266)

IFCIND JEQ. 1)CALL PPOUTCIDATY, IFP)
JFCIND JEQ. 2)CALL DKOUTCINAT, IF)
CALL LPOUTCIDAT, ICUR, IFL)
ICHECK=1CHECK +IDAT

ICUR=ICUR+1

IF(ICUR LEQ. 1SN)GO TO 98

SECOND WORD OF RELOCATABLE ADDRESS AND ABSOLUTE
INSTRUCT{ON OR CONSTANT

CALL DATINF(NINF,NDAT, ITRIP, |EQF)
IF¢1EQF JLE. 0)GO TO 98
INAT=NDAT+IST

IF(NINF  NE, ®» ,0QR., [DAT ,NE, |CURIGO TO 98
IDAT=1A/256

IFCIND JEQ, 1)CALL PPOUTCIDAT, IFP)
IFCIND (EQ, 2)CALL DKOUTCIDAT,IFD)
CALL LPOUTC(IDAT, ICUR,IFL)

| CHECK= | CHECK+ I DAT

FCUR=1CUR+L

IFCICUR ,EQ., ISNYRETURN

Go 10 10

CODE ERROR

[Yy==2
RETURN

READ ERROR
lv=-1

RETURN
ENN
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SURTROUTINE SMAMIFILNAM, {F|L,MAME, ITRIP, |ERR)

SUARNUT INE FOR LOADS
AJTHNR LE|F ANDERSSON 1974-10-20
REVISEND LEIF ANDERSSON 1975-03-27

THE ROUTINE SEARCHES THE FILES GIVEN BY THE VECTOR FILNAM
FOR THE PROGRAM UNIT NAME GIVEM BY NAMFE

FILNAM~ DOUBLE INTEGER VECTOR WITH FILE NAMES

[FIL - INDEX FOR FILNAM, SET (FiL=0 ON THE FIRST CALL,
NO NOT CHANGE 1T OTHERWISE

NAME = PROGRAM UNIT NAME

ITRIP - PASSED FROM DATINF,

TERR = RETURNED 0§ NORMALLY, -1 {F READ ERROR

SURROUTINES REQUIRED
DAT | NF
READ

DOUBLE INTEGER FILNAM,NAME,FNAM,SYM
DIMENSION FIENAMOL)Y,FNAM(2)
DATA FNAM(2)/' BIN'/,LUN/2/

IERR=0
IFCIFTEY10,10,20
FFIL=1FIL+1

FNAMOIL)=F {LNAMCIFIL)

CALL SEEK{LUN,FNAM)

ITRIP=~1

CALL DATINF(NINF,NDAT,ITRIP, |EQF)
IFCIEQOF LLT., 0G0 TOD 99

FFCIFOF LER. 0G0 1O 9n

IF(NINF JER, 73GD TO 38

FE(NINF LJEQ, BYGO TO 38

IF{NINF L,EQ. 19)6G0 TO 40

60 TO 24

SYHMBOL -~ FIRST PART

SYM[1¢171=sNDATIL 17}
BYM[18:35]1=0

Gn TH 20

SyMaOL - SECOND HALF

SYM{19:351=NDATI1:17])
G 10 290

PROGRAM UNIT NAME?

I[FONDAT LT, 0 ,AND, SYM ,EQ, NAME)RETURN
GO 70 20

END OF FILE

CALL CLOSE(LUN)
GO 70 10

READ ERROR

IERR=-1




G8
SNAM SRC PAGE 2

RETURN
END
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SUBROUTINE COMNDC(LIBR,GLOB, JADR, |GLOR, IST,FILNAM,NFIL,
1 DNAM, IND)

SURROUT INE FOR LOADS

READS AND DECODES COMMAND LINES

AUTHOR LEIF ANDERSSON1975-06-27

COMMAND SYNTAX SEE REPORT 0ON LOADS

LIBRR - NAME OF LIRBRARY FILE
GLOB - DOUBLE INTFGER VECTOR WITH THE GLOBAL NAMES
JADR -~ VECTOR WITHE THE GLORAL ADDRESSES
IGLOB - LENGTH OF GLOB AND [ADR
R START ADDRESS
FILNAM~ DOUBLE INTFGER VECTOR W{TH THE FILF NAMES
NFiL = LENGTH OF FILNAM
DFIL - NAME OF RELOCATED FILE ON DISK
by - OUTPUT INDICATOR
11 PP QUTPUT
23 DISK QUTPUT

SUBROUTINES REQUIRED
RID
RADR
FAC

DOUBLE INTEGER LIBR,GLOB,FILNAM,DNAM,BUFF,A,R
DEIMENS ION GLOB(1), IADR(L1Y,FLNAMIL) ,BUFF(16)

CALL RLINE(9,8,BUFF,1)

I=1

CALL RIDCY,A,IT)

GO T0(15,99,99,99,10,99, 99),IT

CHECK COMMAND

IF{A ,EG, 'LIBRMIGO TO 20
1F{A JEQ. 'GLOBL'IRD TO 30
IF¢A JEQ, '*LOAD'IGO TO 40
iF(A EQ., 'STOP')ISTQP

GO TO 99

LiBR COMMAND

CALL RIDCEA,IT)
IFCIT (NE, 13GO TO 99
LIBR=A ‘

G0 TO 10

GLOBL COMMAND

IG=1GLOB :
CALL R!D(ia AyIT)

|
GD T0(33;32;34,99,35;56;99),tT
CALL RIDZ2(1,B,IT)
1IF¢IT JNE, 1)G0 TO 99
1G=iG+1
CaLL RADR(I.iAﬂR(IL).IT)
iFCIT JNE, 1060 TO 99
GALL ASCRADC(A,8,GLOB(IG))
GO TO 31
IFC(A JNE, ', ')GO TO 99
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48

99

100
200

COMND SRC

6o To 3%

CALL RLINE(9,B8,BUFF,0)
=t

G 7O 34

IGLOR=1G

WRITE(9,200)

GO TO 10

LOAD COMMAND

NFiL=0

IND=1 .

CALL RIDCILA,IT)

G0 T0(42199:99r43199199199)p|T
NFL=A

IND=2

CALL RADRCI,IST,IT)

IF(IT JNE. 1)E0 TO 99

CALL RIDUIA,1T) .
GO TO(45,99,46+99,47,48,99), |7
NFEIL=NFIiL+1

FILNAMINFIL)Y=A

G TO 44

IFLA JNE. '»')G0 To 99

60 TO 44

CALL RLINE(9,8,8UFF,0?

=1

GO TO 44

IFINFIL EQ. §IGO TO 99
WRITE(9,200)

RETURN

FRROR HESSAGE

WRITE(9,100)

GO TO 10
FORMAT(LX'SYNTAX ERROR?)
FORMAT(1X)

END

PAGE ?
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SURROUTINE MATCH(VECTI.NVipVECYZaNV?.NﬂMTCH;IN:H)
SURROUTINE FOR LOADB ,
THF RQUTINE SEARCHES THWO DOURLE INTEGER VECTORS FOR FRUAL

ELFMENTS,
AUTHOR LEIF ANDERSSON 1974-07-04

VEGTL - FIRST VECTOR

NV1 - LENGTH OF VECT?
VEGCT2 - SECOND VFCTOR
NVZ2 - LENGTH OF VECT2 '
NOMTCH- NDOUBLE INTFGER VECTOR RETURNED CONTAINING THE ENTRIES
OF VECT1 WHICH DO NOT MATCH ANY ELEMFNT OF VECT2
IN - LENGTH OF NOMTCH ' '
M - NUMBER OF ELEMENTS OF VEGT1 WHICH MATGCH ELEMENTS OF VECT

SURRNUT INES REQUIRED
NONE

DOUBLE INTEGER VECTl(l):VECT?(I);NOMTCH(i)

H
!

"
n o

N=0

IF(NV1 .EQ. O)RETURN
[F(NY2 JNE. 0)60 TO 20
In=NV1

po 10 1=1, 1IN
NOMTCH(I)=VECT1(I)
RETURN

no 46 1=1,Nv1

no 3N J=i,NV2
FFC(VECTLOEY JEUV, VECT2¢JY)60 TO 35
CONT INUE

1Nz N+l
NOMTCHCIN)=VECTIOD)
G0 TO 40

M=t+1

CONT I NUE

RETURN

END
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SURROUT | NE GLOBLS(IST:NAME.GLUB,IADRa|GLOB.EXTREF,IEX,|E0F)

SUAROUTINE FOR LOADS o

THE ROQUTINE EXTRACTS GLORAL DEFINITIONS AND EXTERNAL REFERENCES
FROM AN ASSEMBLY FILE AND GJVES THE GLOBALS THEIR FiNAL
ADDRESSES, THE FILE MUST BE OPENED BEFORE THE CALL.,

AUTHOR LEIF ANDERSSON 1974-07-04

REVISED LEIF ANDERSSON 1975-01-30

IST- START ADDRESS FOR THE PROGRAM UNIT, WilL BE RETURNED
CONTAINING THE START ADDRESS OF THE NEXT UNIT.

NAME~ DOURLE INTEGER RETURNED CONTAINING THE NAME OF THE PROC
RAM UNIT IN RADIX50 '

GLOB~- DOUBLE INTEGER VECTOR CONTAIN[NG THE NAMES OF THE GLOBAI

| ADR~- VECTOR CONTAINING THE FINAL ADDRESSES OF THE GLOBALS,

{GLOB- INDEX FOR THE VECTORS GLLOB AND |ADR _

EXTREF~ DOUBLE INTEGER VECTOR CONTAINING THE NAMES OF THF
EXTERNAL REFERENCES _

TEX- INDEX FOR FXTREF

{EOF - RETURNED POSITIVE NORMALLY, O IF END DF FILE AMD
NEGATIVE |F READ ERROR - :

SUBROUTINES REQUIRED
DAT INF
READ

DOUBLE INTEGER NAME,GLOB,EXTREF,SYMBOL
DIMENS [ON GLDB(1), EXTREF (1), |ADR(1), SYM(2)
FQUIVALENGE(SYMBOL, ISYM(1))

{TRiP=~1

NEX=0 )
CALL DATINF(INF, IDAT,ITRIP,1EOF)
[F{IEQF ,LE, 0)RETURN

IF(INF LEQ, 1)G0O T0 20

IFCINF .EQ. 7)G0 To 30

iF(INF LEQ, 8)G0 TO 40

IFCINF LEQ, 9)GO0 To 54

IF{INF LEQ, 10060 TO 60

IF(INF JEQ, 192G0 T0 70

IFCINF JEQ, 23)60 TO 80

GO TO 10

PROGRAM SI|ZE

S ZE=TDAT
GO TO 10

SYM30L - FIRST HALF
ISYM(4)=1DATILILT)
isYM(2)=0

Go 7O 14

SYMBOL - SECOND HALF

iSYM(2)=IDAT
Go Tn 140

EXTERNAL REFERENCE




50

SN

60

C
£
L

70

leReRe R

81

JEX= [EX+1
NEX=HEX+1
EXTRFF ( [EX)Y=SYHBOL
Ggo 7O 10

GLOBL DEF INITION
lGLUR:lGLOB+1
GLOB( 1 GLOB)=SYHBOL

URNR( | GLOB) = ST+ IDAT

Go TO 10

PROGRAM UNIT NAME

UF(IDAT LT, 0)NAME=SYMBOL
80 TO 10

END OF PROGRAM UNIT

18T=IST+ISIZE ~NEX

RETURN
END

 GLOBLS
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SUBROUT INE DATINFOINF, IDAT, 1 TRIP, EQF)

SUIRNUTINE FOR LODADS '
THE ROUTINE UNPACKS INFORMATION FROM BINARY FILES GENERATED
Ay THE ASSEMRBLER, IT RFADS FROM DAT 2,

AUTHOR LE{F ANDERSSON 1974-07-04,

REVISED LEIF ANDERSSON 1975-01-30

THE SUBROUTINE 1S IMPURE |N THE SENSE THAT INTERNAL VAR|AB~-
LES ARE RETAINED BETWEEN CALLS. |

| WF - INFORMAT INON WORD

IDAT-  DATA WORD _

|TRIP- SET ITRIP=-1 EACH TI{ME A NEW FILE |S TO BE UNPACKED,
DO NOT CHANGE IT OTHERWISE, :

|EOF-  RETURNED POSITIVE NORMALLY, 0 IF END OF FILE AND NEGATIVE
IF READ ERROR.

SYRROUTINES REQUIRED
READ

GIMENSION 1VECT(26)
DATA LUN/2/

tEOFs1
iIFCITRIP LGE. QXG0 TO 10

CALL READ({ LUN,OQ,lVECT(1),26,NPAIRS,1EDF)

|TRIP=0"

IF¢CIFOF JLE. D)YRETURN
PN=1
NTRIP=(NPAIRS-1)/2
|zl TRIP*4+3

Flei+ N

IUAT=IVECT (L)
G3 TO(20,30,40), 1IN

INFIVECT(1) (0351
IN=2 '
RETURN

INF=IVECT(1)[6311]
IN=3 _ : ,
RETURN |

INF=IVECT () (12117

IN=1

ITRIP=|TRIP+1

IFCITRIP JEQ, NTRIP)ITRIP==1
RETURN

END
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SURROUT INE RADASC(D,A,R)
GONVERTS RADIX5U Tn 5/7 ASOH|
AUTHOR LEIF ANDERSSON 1974-07~24
b- DOUBLE INTEGER CONTAINING A NAME [N RADIX5G
A= DOUBLE INTFGER RETURNED WITH THE FIRST.
5 CHARACTERS
B- DOUBLE INTFGER RETURNED WITH TH

LAST CHARARTER -
UNUSED PARTS OF A AND B ARE SPACE FIiLLED,

SUBROUT INES REQGUIRED
NONE

DOURLE INTEGER D,A,B
NIMENSION {C(6)

SEPARATE THE FIRST AND SECOND WORD OF THE
NOURLE INTEGER D

[D1=h{1:47}
ID2=N{18:35])

EXTRACT THE Sixs!T OCTAL CODE

[C(6Y=MON(ID2,40)
iNn2=1p2/410
1Ct5)=MDD(}D2,40)
1C(4)=1D2/40
1C(3)=MOD{ID1,40)
IDi=101/40
FC(2)=MONC1D1,40)
IC(1)=1D1/40

CONVERT THE SPECIAL CODE TO ASCI|

D3 10 I1=1,6

1Ic1i=1C(HH

FF(1C1 .EQ. 0)Y1C(1)=n40 _

IF(ICL .GT, 0 LAND, IC1 ,LE, a32)IC{!)=iC1+0100
IF(ic1 LEQ, 033)10(1)=045

iFCIcL FQ., n34)I1C(1)=056

IF(iCcl .GE. 835 ,AND, 1C1 LE. DA&)Y|C(1)=]C1L+n23
fEtICL JEQ, Dd7)I1C(1)=n43 ,

CONT INUE

PACK 1™ 5/7

ALO16l=1C(1)
A{71131=1C(2)
Al14:20)=1C(3)
Al24:271=1C{4)
AlPB:341=1C(5)
Bro:slsiC(6)
R{7:13)=040
B{14:201=040
R{21:27)1=040
R(28134)=n4D
RETURN

END
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SUBRNUTINE ASCRAD(A,RB,D)

¢ SYVROUTINE FOR LOADS
c CONVERTS 5/7 ASCILI TO RADIXS5D
c AUTHOR LE|F ANDERSSON 1974-07-25
¢
c A = DOUBLE [INTEGER CONTAINING FIRST 5 CHARACTERS
c R = DOUBLE INTFGER CONTAINING SIXTH CHARAGTER
C D - DOUBLE INTEGER RETURMED WITH RESULT, IF A NR B CONTAINS
o AN {LLEGAL CHARACTER, D 1S RETURNEDR -1
c UNUSED PARTS OF A AND B MUST BF SPACE FILLED
C .
o SURROUTINES RENUIRED
c ) NONE
™
DOUBLE INTEGER A,B,D
NDIMENSION [C(6)
C . .
c UNPAGK A AND B INTO iC
C .
{C(1)=AlDt6)
16¢2)=A(7:13)
IC(3y=A(14:20)
IC(4Y=A{21:27)
IC(5)=A(28134])
1C(6)=R(0L6)
C
o CANVERT |IC TO THE SPECIAL SIXBIT CnDE
C
nn 10 i=1,6
Ici=1CC1)
iFCICL JEQ , o40)iccl)=0
IFCICL JEQ, D43)YI1CHL|)=047
i(F(IcL JEQ, 045)10(1)=033
IFCICL FQ, 958)1C(1)=n34
IF(ICL LGE. 6D LAND. ICLi LLE. O71)IC(1)=1C1-023
IFCICT WGE, 28101 AND. jC1 ,LE, 0132)iG(1)=1C1-0100
IFCICL JEn, 1CLI1)IG0 TD 99
10 CONTINUE
c
C PAGK IN RADIXS50
C
ICL=C(I0(L)*40)+1C(2) 840+ 1C(3)
IC2=C(1C(4)%40)+1C(5))%40+1C(6)
DinsL7i=I1cCt '
N{18:3%51=iC02
RETURN
C
c ILLEGAL CHARACTER
c
99 Dzei

RETURN
END
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SUBROUTINE LPOQUTCUIDAT, |ARR, IFL)
SUBROUTINE FOR LOADB

AUTHOR LEIF ANDERSSON 1974-10- 16
REVISED LEIF ANDERSSON 197%-04-01

THE ROUTINE WRITES QUTPUT DATA ON LP, IT I8 IMPURE |N THE SENSF
THAT INTERNAL VARIABLES ARE RETAINED BETHEEN CALLS,
DAT +6 1S USED FOR THE LP,

FdAT - OQUTPUT DATA

FADR - CURRENT ADDRESS

IFL - FUNCTION INDICATORS 1 INITIALIZE
' -1 TERMINATE, WRITE THE QUTPUT BUFFE
DO NOT CHANGE I1F{ EXCEPT ON THESE OCCASINNS

SUUROUTINES REQUIRED
NONE

DIMENSION |BUF(8)

IF (IFL)30,20,10

no 15 1=1,8
[3UFC1Y=0
=MOD{I1ADR, 8}
IFL=0 :
i=l+1
IBUFC )= DAT

IF¢1 JNE, B)YRETURN

IF(] ,EQ, QIRETURN

IH= | AR/ 256
fL=82(MOD(IADR,256)/8)

WRITE(H, 100 TH L, CIBUF (D), Jd=1, 1)
FORMAT (1X03,'1',03,8(3%X03))

i=0

IFL=1

RETURN

END
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‘SURROUTINE PPOUTCINAT,IFP)
SURRDUT INE FOR LOADS

AJTHOR LEIF ANDERSSON 1974-10-16
REVISED LEIF ANDERSSON 1975-04-01

THE ROUTINE WRITES OUTPUT DATA ON PP, IT |S INPURE IN THE
SENSE THAT |INTERNAL VAPIABLES ARE RETAINED BETWEEN CALLS,
DAT +7 IS USED FOR THE PP,

IDAT - OUTPUT DATA

IFP - FUNCTION [MDICATORY 1 INITIALIZE

: -1 TERMINATE., WRITE THE OUTRPUT RUFFER
00 NOT CHANGE [FP EXCEPT ON THESE QCCAS|IONS, ’

SUBROUTINES REQUIRED
WRITE

ir»EeoBeleNoRoleBeReReNeoleNeNaNeRe]

DIMEMSION |BUF{%53)
IFCIFPY30,20,10
i0 =2
[FP=0
a0 {B8=]R+1
[BUF{{B)=|DAT
IF(IR .NE, B52)RETURN
30 fF(IR JEQ, (0)RETURN
IB=R+q
1BUFCIR) =0
CALL WRITE(7,3,1RBUF(1),iR)
1FP=1
IB=0
RETURN
END
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SUBROUTINE DKOQUTCIDAT, IFD)

C SJRROUTINE FOR LOANS _
» CAUTHOR LEIF ANDERSSON 1974-10-16
C REVISED LEIF ANDERSSON 1975-04-01
¢ , _
" WRITES QUTPUT DATA ON DISK, THE FILE-MUST BE DPENED REFORE
C THE CALL, THE ROUTINE 1S IMPURF IN THE SENSE THAT INTERNAL
" VAR]ABLES ARF RETA{NED BFTWEEN CALLS.
c DAT +1 IS USED FOR THE DISK oUTPUT,
G
c IDAT - QUTPUT DATA
¢ {Fb- FUNCTION INDICATORY 1 INITIALIZE
c -1 TERMINATE, WRITE THE OUTPUT RUFFER
c DO NOT CHANGE |FD EXCEPRPT ON THESE OCCASIQONS,
pe .
c SUHROUTINES REQUIRED
C NONE
c
NIMENSION |BUF(8)
iFCIFDY30,20,10
10 =0
{FD=0
20 l=}+1
IBUF (1)=1DAT ‘
IF(] NE, B)RETURN
30 AF(} JEQ, 0)RETURN _
WRITE(L,100) C1BUF () sd=1,1)
100 FORMAT(1X8(3X03))
{Fh=1
=0
RETURN

END
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SUARNUTINE RADRCT, LAD INDD
READS ADDRESS IN FORMAT <HIGH ADDRESSY> 1<LOW ADDRESS>

SURROUT INES REGUIRED
FaC

C

¢ AUTHOR LEIF ANDERSSON 1975-06-30

r .

I ] = START AT CHARACTER NUMBER |
C IAD -  RETURNED ADDRESS

¢ IND =  INDICATES SUCCESS

c 1t ADDRESS FOUND

0 51 ADDRESS NOT FOUND, 1 1S UNCHANGED
c

c

C

c

LOGICAL NODIG
DOURLE INTEGER DID
it=i-1
IH={
itL=0
NODIG= . TRUE,
IND=2
5 =l 1+]
CALL FACCLI,DID,IT)
IF(IT JEQ, 3)3G0 T0 5
IF¢IT NE. 2}RETURN
10 CALL FAC(HI,DID, 1T
iF(IT .NE, 2)GO 10 20
NODIG=.FALSE,
IDIG=DIDI336]
[FCIDIG GT. 7IRETURN
jd=B=1H+1DIG
RN
an TO 19
20 IF(NODIG ,OR, DID .NE. ty ' YRETURN
NODiIG=s . TRUE,
=1 1+1
25 CALL FACCHELDID,IT)
1F¢IT NE, 2)GO TO 30
NORIG=,FALSE,
Ip1g=DIiD{316)
IFLIDIG GT. 7)RETURN
IL=8=iL+IDIG
it=if+1
GO TO 25
30 FF(NODIG L OR, 1L 6T, 255)RETURN
{AD=S | H#256+ 1L
iND=1
I=il
RETIRN
EnND
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SUSROUTINE RID(I,DID, IND)
READS IDENTIFIER OR DELIMITER
AUTHOR LEIF ANDERSSON 1975-05-04
| - START AT CHARACTER NUMBER |
DID - RETURNED IDENTIFIER OR DELIMITER
iND -  INDICATES THE SUCCESS OF THE OPERATION

11 IDENTIFIER FOUND, RETURNED IN DID

51 IDENTIFIER FOUND. IT IS LONGER THAN FIVE CHARACTERS,
FIRST FIVE CHARACTERS ARE IN D(D, | POINTS To
THE NEXT CHARAGTER, -

31 DELIMITER FOUND. RETURNED (N DID,

43 THE FIRST CHARACTER OF THE F|ELD WAS A PIGIT, | AND D
ARE UNCHANGED,

51 CARRIAGE RETURN

61 ALTHMODE

7t UNRECOGNIZED CHARACTER OR | WAS NEGATIVE

FNTRRY RID2(¢1,D1D, IND)
READS THE REMAINING PARTS OF LONG IDENTIF{FRS

i - START AT CHARACTER NUMBER |
pip - RETURNED PART OF THE IDENTIFIER
IND - INDICATES SUCCESS

1t IDENTIFIER TERMINATED

21 IDENTIFIER NOT TERMINATED, FIVE CHARACTERS iIN DID
CAUTION
FHEEEEE
RID2 SHOULD BE CALLED ONLY AFTER A CALL TO RID OR ANDTHER
CALL TO RID2, {F | POINTS TO ANYTHING BUT A LETTER QR A DIGIT
DID IS RETURNED BLANK, ! |S UNCHANGED AND IND IS RETURNED 1

SUBROUT INES REQUIRED

FAC
PUTCHA

DOUBLE INTEGER DID,CHAR
DATA MAXCHA /5/

C
iND=7
ICHAR=(
IF(] JLE. D)RETURN
S GO T 12
10 =+
12 CALL FAC{|:CHAR,IND)
GO T0(25,15,10,20,23,238,23), IND
C .
93 NUMBER FOUMD
C
15 IND=4
RETURN
C
c BELIMITER FOURND
C
20 DD =CHAR
IND=3
fzl+d

23 RETURN




RID SRC

IDENTIFIER FOUND

bip=! '

InND=1

ICHAR= | CHAR+1 .
CALL PUTCHA(ICHAR,DRID,CHAR)
fz]+1

CALL FACCI,CHAR, N1}

IF{CINL WGT, 2)RETURN

{FCICHAR LT, MAXCHAYGO TO 30
IND=2

RETURN

ENTRY RID2C{,DID, I1ND)
Dins? '

fCHAR=0

IND=1

Go To 35

END

PAGE 2
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20
340
490

50

PUTCHA SRC

SUBROUTINE PUTCHA(I,A,CHAR)

PACKS CHARACTER INTO UOURLEWORD
AUTHOR LEIF ANDERSSON 1975-05-04

b= CHARACTER NUMBER 1. VALUE 1 - 5,
A = DOUBLE WONRD TO RECFRIVE CHARACTER.
CHAR ~ CHARACTER YO BE |INSERTED, FORMAT At,

SURROUTINES REQUIRED
NONE

DOUBLE {INTEGER A,CHAR

{CHAR=CHAR([D!6]
60 TO (10,20,30,40,50), |
AEDI61={CHAR
RETURN
Af7¢13)=|CHAR
RETURN
A114:1203=|CHAR
RETURN
Al211271=|CHAR
RETURN
A(28:341=1CHAR
RETURN

END

PAGE 1
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INIT

LN
iDIR

CALINS

INIT DO1

SUSROUTINE IN|IT(LUN, IDIR)

PERFORMS INIT ON A LOGICAL UNIT,
AUTHOR LEIF ANDERSSON 1974-10-23

LUn - LOGICAL UNIT NUMRER
IDIR ~ DIRECTION!? 0 - INPUT
1 - OUTPUT

SUBROUTINES REQUIRED
NONE

FDIT o001

~aLoasl INIT,.DA
0

CJMS* L DA

JMP L +3

f}

0

LAC* LUN
AND (777
DAC CALINS
CLALIAC
AND# DIR
SWHA 7
TAD CALINS
NAC CALINS
0

1

CALINS

n

JMPs [NILT
LJEND

G24
PAGE 1




- G25

WRITE 081 PAGF 1

SURROQUTINE WRITE(LUN,MODE, jBUF (%), |S12F)
WRITES ON ANY UNIT [N ANY ™MODE,
AUTHOR LEIF ANDERSSON 1974-10-23

INSERTED, NO CHECK IS MADE ON THE LEGALITY OF THE NUMBERS
PASSED TN THE RQUTINE, ' '

LUN - LOGIVAL UNIT NUMBER
MODE - DATA MODE: 0 -10PS BINARY
1 -~ IMAGE BiNARY
2 = {0PS ASCI
'3 =~ IMAGE ALPHANUMERIC
: 4 - DUMP
iBUF - LINE BUFFER ADDRESS ,
IS12E - NUMBER OF WORDS TD BE WRITTEN INCLUDING HEADER WORD PAIR
SUBROUTINES REQUIRED
NONE
EulT =001

R R A T T T e T e

GLOBL WRITE,.DA

C WRITE |

JMS* L DA
JiP . +5

LUN 0

MODE {

FBUF 0

IS1Z2E i]

/MASK LLUN AND MODE
LAC* LUN
AND (777
DAC L UN]
LAC* MODE
AND (7
DAC CALINS

JCHECK |¥F NYMP MODE
LAW =4
TAD CALINS
SYA
JMP BCAL

/JCOMPUTE AND INSERT HEADER WORD 0,
LACH* ISI]ZE '
AND (777
RCR
SWHA
NAC* {BUF

/BUILD THE CAL BLOCK FOR WRITE
BCAL LAC CALINS

SHHA
TAD LUN1
DAC CAL INS
/
LAC |BUF
DAC BUF
/
LAC# {SiZE
TCA

DAC SIZE

IN ALL DATA MODES EXCEPT DUMP HEADER WORD 0 1S COMPUTED AND



/CAL BLOCK FOR WRITE

CALINS O
ii
BUF 0
S1Z2E 0
/CAL BLOCK FOR WAIT
LUNT ]
12
/
JMP# WRITE

END

WRITE 001

G26
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READ 002 PAGE 1

SURROUT INE READ(LUN;MDDEyiﬂUF(*):lSIZE:NPAJRSr!VAL)

/ A .
/ READS FROM ANY UNIT 1IN ANY MODE,
/ AUTHOR LEIF ANDERSSON 1974-0A-26
/ _ _
/ LUN = LOGICAL UNIT NUMRER ‘
/ MONE - DATA MODES =1 0PS BINARY
/ 1= |MAGE BINARY
/ 2= iQPS ASCH|
/ Iz |MAGF ALPHANUMERIC
/ 4=DMP '
S {BUF = LINE BUFFER ADDRESS
/ ISIZE - LINE BUFFER SIZE
4 NPAIRS~ WORD PAIR COUNT o
/ VAL - VALIDITY, F POSITIVE! NORMAL EXIT
/ |F ZERN: END OF FILE OR END OF MEDIUM
/ IF NEGATIVE! RFAD ERRORt ~1=PARITY
/ =22CHECKSUM
/ =3=BUFFER OVERFLOW
/
/ SUBROUT INES REQUIRED
/ : MONE
/
/ EDIT o602
/
«GLOBL READ, .DA
READ O
JHS# nDA
JHP  +7
LUN 9]
MORE 0
LBLUF {
1S1ZE ]
NPATRS O
VAL 0
s
/BUILD CAL BLOCK FOR READ
/
LAC# MODBE
SWHA
TAD® LUN
DAC CAL NS
LAC 1RBUF
DAC BUF
LAC* ISI|ZE
TCA
DAC SIZE
/
/GAL BLOCK FO READ
/
CALINS CaAL O
ig
BUF 0
Si1ZE . O
/
/8U1ILD CAL BLOCK FOR WAIT
/
LAC® LUN
DAC WAIT
WALTY caL 0

12




/ _

JGET WAORD PALR COUNT

/
LAC» |[BUF
SAWHA
AND (377
BAC*® NPAIRS

/

JCHECK VALIDITY

/
LaC# [RBUF
AND (77
LRSS 4
SNA
JMP OK
TCA
DAC* VAL
JMpPs READ

/

JCHECK EOF QR EOM

/

0K LAC* |BUF
AnD (17
SAD (5
JiP EOFYM
SAD (6
JMP EOFM
CLAWIAC ZINITIALIZE
DACs VAL
JMP+ READ

EOFM DZ2H» VAL
JrP# READ
JEND

READ 002

VAL FOR NDRMAL EXIT

PAGE 2
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PROGRAM MAINAQD

MA|N PROGRAM FOR LDAD4O
AUTHOR LEIF ANDERSSON 1974-11-13
REVISEN JANUSZ MISZCZUK 1375«09-03

SURROUT INES REQUIRFD
REL4D
SNAM
COMND
MATCH
GLOBLS
NATINF
RADASG
ASCRAD
LPOUT
PPOYT
DKOUT
RADR
RID
PUTCHA
RL INE
FAC
INIT
READ
WR1TE

DOUBLE INTEGER FILNAM,GLOB,EXTREF ,NAME,NOMTCH,FN, DNAM,

1 BUFF,LIRR,A,B,ALTM

DIMENSION FILNAM{28),GLOB(100), FADR(100),EXTREF(100Y,

i NAME(100) s ISTCLO0) ,NEX(L100),NOMTCH(100) ,FN(2),
2 DNAM{2),BUFF (16) :
COMMON FILNAM,GLOB, |ADR,EXTREF,NOMTCH,NAME, | ST, NEX

NATA FN{2)/" BIN'/,

1 DNAM(2)/' ARS'/,

2 LIBR/YNONE'/,

3 ALTM/aD764000000000/

GET COMMANDS

WRITE(9,100)

FORMAT(1X'LOAD40 V1A')

LGLOR=0

IEX=0

CALL GOMND(LIBR GLOB,IADR,IGLDQ,iSTl.FILNAh NFIL,DONAM{1 ), MDD
1G1=1GL0B+1 ‘

JST(1)=15T1

1U=1

NEX(1)=1

GET GLOBAL SYMBOLS AND EXTERNAL REFERENCES
Do 20 I=1,NFIL

FN{LYsFILNAMCOY)
CALL SEEK(2,FN)

CALL GLOBLS(IST1,NAME(iU),GLOB, |ADR,1GLOR, FX?RFF.IFX.!FDF)

IFCLEDF)99,20,16

VERNIES
NEX(1UY=|EX+]
EISTCIU)=ISTL

G0 10 15




20

o e e

26

27

29

110

120
43

130
44

45

[or B o]

50
200

55
210

25

. @30,
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CALL CLOSE(2)
|32=1GLOB

GET THE GLOBALS FOR THE LIBRARY PROGRAMS |F ANY ARF NEEDED

CALL MATCH(EXTREF,1EX, GLOB, | GLOB,NOMTCH, IN/M)
JFCIN LEG. 0)}GO TO 50

IF(LIBR .EQ. ‘NONE‘)GO T0 40

NFiL=NFIL+1

FILNAM(NFIL)=LIBR

FN(1)=sLiIBR _

CALL SEEK{(Z,FN)

jas | GLOB |

IE=EX

{1STi=I157(iU)

CALL GLOBLS({IST1,NAMECIUY,GLOB, |ADR,1G, EXTREFplE;iFOF)
IF(IEOF)99,29,27

IN1=1{N

CALL MATCH(NOMTCH, IN1,GLOB, G, NOMTCH, IN,H)

IF(M JEQ. 0)GO TO 25

CALL MATCH(EXTREF,IE,GLOB, |G, NOMTCH, IN,M)

VERRVE

|EX=IE
iGLOB=1G :
NEX¢IUYSIEX+]
IST(IUI=i8TY

IF¢IN JNE, 0)GD TO 26
CALL CLOSE(2)
1G2=1GLOB

[FCIN (EG, 060 TO 50

GET THE UNRESOLVED GLOBALS |F ANY

WRITE(9,110)

FORMAYT (1X'UNRESOLVED GLORALSY)
no 45 1l=1,IN

CALL RADASC(NOMTCH(I1),A,8)
WRITE(9,120)A,8,ALTHM
FORMAT(LX,A5,AB, A1)

CALL RLINE(9,B,BUFF,0)

f=1

CALL RADRCI,1AD, IA)

IF{jA EQ, 1)G0 TO 44
WRITE(9,130)
FORMAT(1X'SYNTAX ERROR, RETYPE ADDRESS. ')
an TO 43

IGLOB=1GLOB+1

GLOB{( IGLOBYSNOMTCH( 1)

i ADRCIGLOB)Y =1 AD

WRITE LOAD MAP AND GLOBAL SYMBOL TABLE"

WRITE(6,200)

FORMAT(LX'FILE NAMES')

JF(LIBR (NE, 'NONE') NFIL=NFIL~1
DO S5 1=1,NFIL

WRITE(6,240)F 1LNAMCT)
FORMAT(SXA5)

WRITE(6,220)L 18R




220

239

240

73

75

80

MAIN40 SRC

FORMAT('0!/LX'L1BRARY: ', 4A5)

1L1=MODCIST(1),256)

IH1= 18T (1)/256

[8T1=IST{{U)=1

IL2=MON(1ST1,256)

IH2=1ST1/256

WRITE(6,230) |HL, 1L1, 142, |L2
FORMAT('0' /1 X*MEMORY REFQUIREN: ', 03,+1',03,"' -
i 03,'11,03)

WRITE(6,240)
FORMAT('0'/1XfLOAD MAP')
IU=tuU=1

ne 60 1=1,1U

CALL RADASCINAME(I1),A,B)
IL=MDDCIST(1),226)
IH=18T(1) /256
WRITE(6,250)A,8, |H, L
FORMAT(SXAS,A5,03,'11,08)

IF¢iIGL 6T, 16260 70 70
WRITE(6,260)

FORMAT('0'/1X'GLNBAL SYMBOL TABLE')
no 65 t=1G1,162

CALL RADASC(GLOB(|),A,R)
FL=MODCIADR(1),256)

IH=LADR( 1)} /256
WRITE(6,250)A,B, IH, L

WRITE(6,270)
FORMATC('1")

START RELQCATING

IFCIND JNE, 2)G0 TO 73

CALL ENTER(1,DNAM)}
WRITE{1,230) lH1,1L1,1H2, (L2
IFCIND JNE. 4)G0D TO 75

CALL INIT(7,1)

IFP=1

CALL PPOUT(0377,1FP)

lv=1

[FIL=0

JCUR=1ST (1)

LCHECK =0

Dg 8n {=1,1U

[1=f+1

CALL SNAM(FILNAM, IFIL,NAMEC]), ITRIP, IERR)
IF¢IERR LT, 0)GD TO 99

CALL REL4QCICUR,IST(11),6L08, |ADR,EXTREF,NEXCI),
1 IND, 1V, ICHECK, |TRIP, {FP}

IFCIV JEQ, -1)G0 TO 99

iFtI1V ,EQ, -2)G0O TO 98

CONT INUE

CALL CLOSE(2)

IFL==1

{FD=~1

CALL LPOUTCI,ICUR,IFL)

PAGE 3
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99
300
@8

310-

IFCIND NE. 2)60 Tn 85
CALL DKOQUTCL, 1FD)

CALL CLOSE(1)

IF(IND JNE, 1)GO TO 90
CALL PPOUT(ICHECK, |FP)
1FPz=-1

CALL PPOUTCI, IFP)

Call CLOSE(7)
WRITE(6,270)

60 TO 10

READ(Z2) 1

WRITEL7) |
WRITE(9,300)
FORMAT(1X'READ ERROR'")
WRITE(9,310)
FORMAT(1X'CODE ERRQR")
GO TO 10

END

MAIN4D SR
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SURROUTINE RELA0OCICUR, ISN,GLOB, 1ADR,EXTREF NEX,

1

IND, |V, |ICHECK, ITRIP, IFP)

RELOCATION SUBROUTINE FOR LOADA4D
AUTHOR JANUSZ MISZCZUK 1975-09-03

THE INPUT AND QUTPUT FILE MUST BE GPENED BEFORE THE CALL
AND INIT MUST RE DONE ON THE PP

[CUR -
ISH -

GLOB -
|ADR =
EXTREF -
NEX =

INB -

v -

| CHECK~
[TRIP~
iFP -

CURRENT RELOCATION ARDRESS
START ADDRESS NF NEXT PROGRAM UNIT
DOUBLE INTEGFR VECTOR W{TH GLOBAL NAMES
VECTOR WITH THE ADDRFSSES OF THE GLOBALS
NOUBLE INTEGER VECTOR WITH THE NAMES OF EXTERNAL REFS
INDEX OF THE FIRST EXTFERNAL REFERENCE FOR THF CURRENT
PROGRAM UNIT
OUTPUT |INDICATOR 801 LP ONLY

11 PP+LP

21 DK+LP
SET iIv=1 ON THE FIRST CALL, 1V IS RETURNED 0
NORMALLY, =1 |F READ ERROR ANMD -2 IF CDDE ERROR
CHECKSM :
PARAMETER FOR DATINF, DO NOT CHANGE [T,
THIS 1§ THE PARAMETER IFP OF PPOUT,

SUBROUT INES REQUIRED

DATINF
{READ)
LPOUT
DKOUT
PPOUT
(WHRITE)

DOUBLE INTEGER GLOR,EXTREF,NAME
DIMENSION GLOB(1),EXTREF(1),1ADR(1)

mnc—n
N R

"|m T < MU
s Bl IR R |

<2
f
X

«NE, 1)}G0 70 10

CALL DATINF(N{NF,NDAT, ITRIP, |EOF)
IFCIEOFY99,99,15 ‘

|F (N INF
[F{NINF

GO TO 10

(EQ, 4)60 TO 20
\EQ. 5)G0 TO 98

FDAT=NDAT(10:17]
ICUR1=1CUR*1

FFCICURL

JEQ, I[8SN) GO TO 130

CALL DATINF{(NINF,NDAT,{TRIiP, |EOF)
[FCIEDF)99,99,45

IF(NINF

LF{NINF

GQ 70 40

ABSOLUTE

IDAT1=NDATLI10t17])

LEQ, 4) GO TO 50
+EQ., B) GO TO 60

INSTRUCTION OR CONSTANT
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[F(IND LEQ. 1)CALL PPOUTCIDAT,IFP)
[FCIND JEQ. 2)CALL DKDUTCIDAT,IFD)
CALL LPOUTCINAT, ICUR, IFL)

| CHECK= | CHECK+ | DAT
| CUR=]CUR+1
IDAT=IDATY

GO TO 30
RELOCATABLE ADDRESS

FA=NDAT+IST
IFCIA LT, ISN) GO TO 80

FXTERNAL REFERENCE

FA= 1A= SN+NEX
NAME=EXTREF (| A)

i=0

i=l+1

[F(NAME ,NE. GLOB(1)) GO 10 70
TA=ADRCL)

QUTPUT SECTION

{D=1DAT/16

jC1=MOD(ICURL,256)

M3iC1=1CURL/256

ialz1A/256

{AR2=MOD(1A,256)

IF(iD .NE, 1 LAND. ID ,NE, 7) GO TO 100
IF¢I1CL JEw., 255) Go TO g0

iF (lA1=-MS!1Ci1 EQ. 0) GO TO 110
WRITE(9,160) MSICL,1CL, IDAT, 1AL, 1A2
GO TO 110

IF(IAL-MSICL ,EGQ, 1) GO TO 110
WRITE(9,180) MSICL, IDAT, 1AL, A2

IF{IDAT .EOQ. D100 ,OR. IDAT ,EQ. 0120)1DAT=IDAT+1A/256
fDATL=MOD(1A,256)

FIRST WORD OF TWO WORD INSTRUCGTION , ABSOLUTE
INSTRUCT ION DR CONSTANT |

iIFCIND LEG. 1)CALL PPOUTCIDAT,IFP)
IFCIND LEG. 2)CALL DKOUTCIDAT,IFP}
CALL LPOUTCIDAT, ICUR,IFL)

i CHECK=s | CHECK+ I DAT
ICUR=CUR+1

RELOCATABLE ADDRESS OR THE LAST WORD OF
SUBROUTINE

IDAT=1DATL

FFCIND JEQ. 1)CALL PPOUTUCIDAT,LFP)
{FCIND LEGQ, 2)CALL DKOUTC(IDAT,I1FP)
CALL LPOUTCIDAT, ICUR,IFL)
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180
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[CHECK= | CHECK+ IDAT

|CUR=ICUR+1

{F{ICUR LEG, [SN) RETURN

G0 TO 10

CODE ERROR

ly==2

RETURN

READ ERROR

fy=-1

RETURN

FORMAT(1XYADDRESS ERROR FOR JCN OR ISz AT ¥

1 (03,43 1,03, CODE=',03/1X'DESTINATION?,
2 VAT 1L,03,4101,03) :
FORMAT(1X*ADDRESS ERROR FOR JCN OR |57 AT t

1 103,'1377 CODE=',03/1X'DESTINATION AT 't
2 203,131,83)

END




