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5. Support Software Design Description

5.1 Overview

The Q-80 Support Software is a package of 3 related, independently running
programs which aid in the development and checkout of the Q-80. The three
programs are:

® The Q-80 Microprogram Assembler
m  Tae 8080/8085 Macro Assembler
s The Q-80 Simulator

The Q-80 Microprogram Assembler translates microprograms specified in a
register transfer language into the bit patterns for the Q-80 Microprogram
Control Memory. The 8080/8085 Macro Assembler is an INTEL product
designed to be the general purpose, commercially available assembler for
Intel’s 8080/8085 product line. Questron has adapted this assembler to
be used as the assembler for the Q-80. (This adaptation involved no
changes to the assembler itself.)

The Q-80 Simulator simulates the Q-80 on the register and interface level.
Based on object code produced by the 8080/8085 Macro Assembler it
produces a diskette file and a listing which represent a complete trace

of the expected behavior of the Q-80 when executing the same object
code. The diskette file can be used in automated checkout of the Q-80
by means of an MDS800/Q-80 interface.




5.1.1 Q-80 Microprogram Assembler

5.1.1.1 User’s Reference

Function

The Q-80 Microprogram Assembler translates symbolic microcode into binary
microcode. The symbolic language accepted by the Q-80 Microprogram Assem-
bler is basically a register transfer language. Each microword is specified as

a series of register transfers, called phrases.

The process of translating these phrases into binary microcode is complicated
by two factors: 1) in many cases there is more than one control configur-
ation that will cause the execution of a given phrase, and 2) some phrases
are incompatible with others when specified in the same microword. Thus it
could happen that two phrases in a microword are apparently incompatible.
The Q-80 Microprogram Assembler attempts to resolve such cases and will flag
an incompatibility only if all possible alternate translations have also resulted
in incompatibility in the given context.

In those cases where more than one translation is valid the user has the option
to influence the assembler’s choice by specifying some control fields explicitly.
This can be regarded as a lower level feature of the language.

The Q-80 Microprogram Assembler supports conditional and unconditional branch-
ing. Symbolic labels are used.

Input

The symbolic microcode is read from an ASCII disk file named :Fl:name.MIC,
where “name” is an alphanumeric string of 1 to 6 characters beginning with a
letter. The format of the file is compatible with the output format of the
ISIS-II Text Editor.

Date File

A file called :FO:DATE is read by Q-80 Microprogram Assembler. The first
11 bytes in this file are assumed to be the current date. The file must be
edited daily by the user. The format of the date is shown in the following
example: 12 FEB 1977.




Output

The binary microcode is wrtten into a disk file named :Fl:name.BIN where
“name” is the same as the “name” in the symbolic input file specified. For
example if the input file is :F1:TEST2.MIC then the binary output is placed
into :F1:TEST2.BIN. If a file by that name already exists the old contents
will be lost. Each microword is represented by 8 bytes. Bit assignment is
as shown in Figure S5.1-1.

Listing

Figure 5.1-2 shows a short sample of Q-80 Microprogram Assembler listing. The
symbolic microcode source file name and the date appear under the page header
(Ist page only). After the symbol table listing each symbolic microword is
listed followed by values of the various control bits obtained as a result of the
translation. The 12 digit hexadecimal number represents the last 6 bytes of the
binary microword. The next available address used and the number of errors
encountered are printed at the end of the listing.

Calling

To call the Q-80 Microprogram Assembler from ISIS-II (which prompts with a-)

enter: MICROX:F1:name.MIC

on the keyboard.

Symbolic microprogram structure

The symbolic microprogram is considered to start at the beginning of the file
and ends with the line:

[END]

All blanks, tab characters (control I) and blank lines are ignored and can
therefore be freely used to format the text. Comments begin with an asterisk
and end at the end of the line. Everything following a semicolon up 10
the end of the line is also considered a comment.
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Figure 5.1-1 Assignment of Control Bits in the Q-80 Microword.
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The symbolic microprogram consists of a series of microword specifications.
Microword specifications are separated by semicolons, i.e. each ecnds with a
semicolon.

Each microword specification begins with a label (optional) and consists of

a series of phrases. Each phrase ends in a comma, except the last in the
microword which ends in a semicolon. Thus the general outline of a symbolic
microprogram is:

label: phrase, phrase, . . . . . , phrase;
label: phrase, phrase, . . . . . , phrase;
label: phrase, phrase, . . . . . , phrase;
[END]

Labels

Microwords can be labeled in one of three ways.

1) No label. The microword is never branched to explicity. It can
only be reached by executing the microword preceding it in the
logical address space, which must not contain an explicit GOTO-phrase.

2) Simple label. A label of 1-8 characters (first character must be
alphabetic, remaining characters may be alphanumeric) precedes the
microword. The label is followed by a colon. This microword
may be branched to explicitly and unconditionally from anywhere
in the microprogram.

3) Label and suffix. Such a label consists of an 1-8 character label
(as described above) followed by 1, 3, 4, or 7 zeros and ones
enclosed between parantheses. A colon follows the closing paran-
thesis. Such a microword can be branched to conditionally or
unconditionally from anywhere in the microprogram. Microwords
with identical labels but different suffixes must be grouped to-
gether with suffixes in ascending order.




The following are some examples of labels.

JMP(010):
LONGLABL(1101011):

Phrases

Table 5.1-1 enumerates all the phrases recognized by the Q-80 Micro-

program Assembler. They fall into 18 categories as indicated in the

table. No more than one phrase from each category may appear in a microword.
If a microword does not contain any phrase from a certain category then the
default is assumed, unless the default is incompatible with another phrase. It is
advisable to specify a phrase from each category unless one truly does not care
which phrase is selected by the assembler, because incompatibilities with defaults
occur frequently.

Semantics

Figure 5.1-3 shows a functional block diagram of the GPU data paths. This block
diagram is not an accurate reflection of the physical GPU data paths but it has
been verified to be functionally equivalent to the GPU in the sense that given
an orginal state of the storage elements and any arbitrary sequence of micro-
commands that are applied to the GPU input pins, the block diagram and the
real GPU will yield the same state in all storage elements and on all output pins
after each microcommand. Figure 5.14 shows a functional block diagram of the
Q-80 emulator.

The Q-80 Microprogram Assembler language is designed on the basis of these block
diagrams. Each microword represents a set of “register” transfers scheduled to
occur during one cycle. A cycle consists of the application of a set of control
signals to the Q-80 emulator, and the subsequent issuing of a load clock pulse.
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Each phrase specifies a register transfer. The ‘registers” in these register transfers
are true storage elements inside or outside the GPU (e.g. P2B), GPU inputs (e.g.DI),
GPU outputs (e.g. DO), pseudo register (e.g. ALC) or control signals to be stored
in the microprogram control memory (e.g. CO). Two-way pins, namely the MX
bits are treated as two registers, one for input and one for output (e.g. MXHIIN
and MXHI0UT).

GOTO-phrases

® Absolute GOTO-phrases

GOTO <000 + @>
GOTO <256 + @>
GOTO <512 + @>
GOTO <768 + @>

These phrases cause the control bit settings:

FS = 1111

and
ADDRy, = 0, ADDR; = 0 for 000 + @
ADDRy, = 0, ADDRg = 1 for 216 + @
ADDR, = 1, ADDRgy = 0 for 512 + @
ADDRy = 1, ADDRg = 1 for 768 + @

®  Unconditional GOTOQO-phrases
8  GOTO label, where label consists of 1-8 alphanumeric

characters, first character alphabetic
This phrase causes the following control bit settings:

ADDR = 9 MSB of address
0000 if LSB of address is O,

. ] _
0001 if LSB of address is 1, where address is the value
assigned to label.

o ittt




® GOTO label (suffix), where label is as described above, and suffix
consists of 1,3,4 or 7 zeros and ones.

This phrase causes the following control bit settings:

ADDR = 9 MSB of address

Lo {oooo if LSB of address is O

0001 if LSB of address is 1

where address is the value assigned to
label ORed with suffix.

8 Conditional GOTO-phrases

®  GOTO Wbel (flags), where label is as described above and flags
is one of S, Z, P, HHI, RHHI, EOPCODE.

This phrase causes the following control bit settings:

ADDR = 9 MSB of address

0010 if flags is S
0011 if flags is Z
0100 if flags is P
1000 if flags is RHHI
1001 if flags is HHI

1100 if flags is EOPCODE

FS

where address is the value assigned to label.

REG - phrases

@ REG(n) = ALC, where n is a hexadecimal digit or #. This
phrase causes the control bit settings: |

if n is a hexadecimal s =_n R=20

digit M, =1 if nis # { M= 1
RS =0 RS = 1
-12-
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REG(n) = SHIFTER, where n is a hexadecimal digit or #.
This phrase causes the control bit settings:

if n is a hexa bl R=0
decimal digit M, =0 fams M =0
o RS = 0 RS = 1
P1B - phrases
a

P1B = REG(n) where n is a hexadecimal digit or #. This phrase
causes the control bit settings:

if n is a hexa el R=0
¥ ok S, =1 if nis # S, =1
d t
ecimal digi RS = 0 RS = 1
s PIB=@

This phrase causes the control bit settings S; = 0 and IM = 1.
In addition it insures that M # 000.

® PIB = DI

This phrase causes the control bit settings S; = 0 and IM = 0. In
addition it insures that M # 000.

P2B = phrases

= P2B = P2B

This phrase causes the control bit setting:

S,=0
A =01

15
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® P2B = REG(n) where 0< n <7 or n is #  This phrasc causes
one of the following control bit settings, depending on the context:
If nis 0-7:
[T =n T=n T=n T =n
Sl-o or SI'—‘I or Sl-() o SI—O
A = 00 A = 01 A=10 O Ja=11
RS =0 RS =0 RS = 0 RS =0
If n is #.
T=20 T=20 T=20 T=20
Sl-o Sl=1 Sl=0 SI_O
or or or
A = 00 A = 01 A =10 A =11
RS =1 RS =1 RS =1 RS =1
= P2B = DI
This phrase causes one of the following control bit settings, depending
on the context:
§s,=1 > B =0T §= 9
lA = 00 A =10 A =11
DO - phrases
& DO = OFF
This phrase causes the control bit setting DOE=0.
&= DO = PIB
This phrase causes the control bit settings: M=111, DOE = 1
= DO = P2B
This phrase causes the control bit settings: M=110, DOE = !
s DO = ALC
This phrase causes the control bit settings: DOE = 1 and insures

that M # 1ix.




ALC — phrases

Al ALC — phrases set the D-bits according to the 2 main operands
t and right as shown in Table 5.1-2.

Table 5.1-2 Control bit settings based on the two
main operands of an ALC-phrase.

5o fal right DX

|

g P1B NOT.P2B 001

i .NOT.P1B 0 01l
PIB F2B 101
P1B 0 11
§ |

s ALC = left + right
This phrase causes the control bit settings:

%A,=0
Cl = 00

in addition to those specified in Table 5.1-2.

T

8 ALC = left +right + CO
This phrase causes the control bit settings:

: {A,=0
i Cl = 01

in addition to those specified in Table 5.1-2.

* Only the 2 MSB of D are stored in the microprogram control
memory. Dg is always 1.

-15-
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m  ALC = left + right + COUT
This phrase causes the control bit settings:

Ay =0
ClI =10

in addition to those specified in Table 5.1-2.

m  ALC = left + right + .NOT.COUT
This phrase causes the control bit settings:

A =0
CI = 11
in addition to those specified in Table 5.1-2.

s ALC = left — P2B (equivalent to ALC = left + NOT.P2B + CO)
This phrase causes the control bit settings:

A1=0
CI = 01
D = 001

m  ALC = left OR right
This phrase causes the control bit setting: A
specified in Table 5.1-2.

11 in addition to those

m  ALC = left AND right
This phrase causes the control bit setting: A
specified in Table 5.1-2.

10 in addition to those

SHIFTER — phrase
= SHIFTER = @ i
This phrase causes the control bit settings:

S =01

M, =0

Mo =0

= 1




® SHIFTER = DI
This phrase causes the control bit settings:

S = 01
M, =0
M, =0
M =0
| 0
® SHIFTER = ALC(6-O\ 1
| MXLOIN

These phrases cause the control bit settings:
M =0
Mo = 1
and
C = 011* for \ O
C = 010* for \ 1.

The C-bits are not set for \MXLOIN. C + Olx* is guaranteed (since there
are no other phrases that set C = 0Ix).

0
= SHIFTER = 1 VALC(7-1).
MXHOIN

These phrases cause the control bit settings:

M1 =1
Mo =0
and

C = 011* for O\
C = 010* for 1\

The C-bits are not set for MXHOIN\. C # Olx* is guaranteed (since there
are no other phrases that set C to those values).

* Only the two LSB of C are stored in the microprogram control
memory. C, is always 0.

-17-
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00
= SHIFTER = 11 VALC(7-2).
MXH1IN\MXHOIN

These phrases cause the control bit settings: |
M =1

Mo = 1 |
and |

C = 011* for 00\

C = 010* for 11\

The C-bits are not set for MXHIIN\MXHOINN. C +# Olx* is
guaranteed (since there are no other phrases that say C to those
values).

el

MXLOOUT - Phrases

s MXLOOUT = ALC(0)

This phrase causes the control bit setting:
Mz =0 |
M; = 1.

R N R NSV PR PR SEEIS

MXL10OUT = Phrases

s MXLIOUT = ALC (1)
This phrase causes the control bit setting M = 011.

* Only the two LSB of C are stored in the microprogram control
memory. C, is always 0. 14

] -18-




I/O — phrases

Table 5.1-3 shows the effect of the 15 possible I/O phrases. If none
is present the I/O field in the microword is set to 0000.

Table 5.1-3 1/O Phrases

Phrase I/O Field Value

1/0 = .NOT.MEMR 0001

I/0 = .NOT.MEMW 0010

I/0 = .NOT.IOR , 0011

I/0 = .NOT.IOW 0100 !
1/0 = HLDA 0101 _
1/0 = WAIT 0110 |
I/O = INTES ' 0111

I/0 = .NOT.INTA.NOT.IFCH 1000

I/0 = HLDA.WAIT 1001

I/0 = INTER 1010

I/0 = .NOT.MEMR.NOT.IFCH 1011

I/0 = .NOT.MEMR.NOT.STACK 1100

I/0 = .NOT.MEMW.NOT.STACK 1101

1/0 = EI 1110

1/0 = DI 1111

i s -

e ———— it
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GUA - control phrases

Table 5.1-4 shows the effect of the 4 possible GUA - control phrases.
If none is specified GUA = ENABLE(LE3) is assumed as a default.

Table 5.14 GUA-control Phrases

Phrase GUA Field Value
GUA = ENABLE(CE) 00
GUA = ENABLE(LE1l) 01
GUA = ENABLE(LE2) 10
GUA = ENABLE(LE3) 11
-20-
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COUT - phrases

Table 5.1-5 shows the effect of the 4 possible COUT phrases. If none
is specified COUT = COUT is assumed as a default.

Table 5.1-5 COUT - Phrases

Phrase SCY - Field Value
COUT = COoUuT 00
COUT = GPUCOUT 01
COUT = DO(7) 10
COUT = DO(0) 11
!
CO — Phrases

s CO = GPUCOUT

This phrase causes the control bit setting

= CO=0

and is the default when no CO-phrase is specified.
= CO =12

This phrase causes the control bit setting:

s CO=1

Sl




MFLAGS — phrases ]

Table 5.1-6 shows the effect of the 4 possible macro flags control
phrases. If none is specified MFLAGS = DISABLE is assumed
as a default.

Table §.1-6 MFLAGS - Phrases

Phrase F - Field Valge
MFLAGS = DISABLE 00
MFLAGS = ENABLE(OUT) 01
MFLAGS = ENABLE( 10
MFLAGS = ENABLE(ALL) 11
|
=, o 8

. oo g,




NOLOAD - phrase

s  NOLOAD

This phrase causes the control bit setting M = 100.

E — phrase

m E = x where x is 0 or 1.
This phrase causes the control bit setting:

E = 0 or E = 1 depending on which was specified.

MXHOOUT — phrase

s  MXHOOUT = ALC(7)
This phrase causes the control bit setting M = 001.

MXH10UT - phrases

s MXHIOUT = OFL
This phrase causes the control bit setting: C = 01X*.

* Only the two LSB of C are stored in the microprogram control
memory. C, is always 0.




Explicit setting of control bits.

In many cases it is possible to translate a microword in more than one
way. In those cases the Q-80 Microprogram Assembler will make an
arbitrary choice. In order to enable the user to influence the choice,
five explicit control-bit-setting phrases are provided:

=

=

OO »
Moo x X

where x is a hexadecimal digit. These phrases set the respective control
bits overriding any control bit settings specifed in preceding phrases with-
out producing error messages. However, subsequent phrases that are in-

compatible with the explicit setting will produce error messages.
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5.1.1.2 Q-80 Microprogram Assembler Computer Program Documentation*

Environment

The GPU Microprogram Assembler in written in PL/M-80 and is designed to run
under the ISIS-II operating system (PL/M-80 V3.0 and ISIS-II V2.2 are Intel pro-
ducts).

The Q-80 Microprogram Assembler consists of 3 separately compiled parts:

— The main program MICROX
— Subroutine PASSI
— Subroutine PASS2

Each of these uses in addition to the features of PL/M-80, a number of external
library routines as primitives in the program. A brief functional description of
these routines follows:

OPEN - This subroutine opens a file. Given a pointer to the filename and
an access code (l=read, 2=write, 3=read & write) this subroutine returns an
index into the Active File Table (AFT) to be used when accessing the file
and a status word.

Argument 1 = pointer to location where AFT index is to returned
Argument 2 = pointer to filename

Argument 3 = access code

Argument 4 = unused, always 0O

Argument 5 = pointer to location where status word is to be returned.

This subroutine is declared in lines 24 of the source listing.
CLOSE — This subroutine closes a file.

Argument 1 = AFT index of file
Argument 2 = pointer to location where status word is to be returned.

This subroutine is declared in lines 5-7 of the source listing.

READ - This subroutine reads from a file. Given the AFT index of a file,
a pointer to the read buffer and the number of bytes to be read, this sub-
routine will fill the buffer, return the number of bytes actually read

and the status word.

*  Familiarity with the Intel ISIS-II operating system and PL/M-80 compiler is
assumed. It is also assumed that the reader has read the previous section
describing the operation and use of the Q-80Microprogram Assembler.

-25.
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Argument 1 = AFT index of file

Argument 2 = pointer to buffer

Argument 3 = number of bytes to be read

Argument 4 = pointer of location where actual number of bytes read
is to be returned

Argument 5 = pointer to location where status word is to be returned.

This subroutine is declared in lines 8-10 of the source listing.

WRITE — This subroutine writes into a file. Given the AFT index of the file,
a pointer to the write buffer and the number of bytes to be written, this sub-
routine will write the buffer contents into the file and return the status word.

Argument 1 = AFT index of file

Argument 2 = pointer to buffer

Argument 3 = number of bytes to be written

Argument 4 = pointer to location where status word is to be returned.

This subroutine is declared in lins 11-13 of the source listing.

SEEK — This subroutine allows the repositioning of the file pointer, i.e. facilitates
skipping around in the file. Many modes allow a variety of ways to move the
file pointer, but some modes do not work correctly (Intel will fix in next release
of ISIS-II). For this reason only two modes (modes O and 2) are used in this
program. In mode 0 SEEK returns the block number and byte number where
the filepointer is pointing (1 block = 128 bytes). In mode 2 the filepointer is
set based on a blocknumber — bytenumber pair supplied as arguments.

Argument 1 = AFT index of file
Argument 2 = mode (0 or 2)
Argument 3 = pointer to blocknumber
Argument 4 = pointer to bytenumber
Argument S = pointer to status word

This subroutine is declared in lines 14-16 of the source listings.

DELETE — This subroutine deletes a file.

Argument 1 = AFT index of file to be deleted
Argument 2 pointer to status word.

This subroutine is declared in lines 17-19 of the source listing.
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ERROR - This subroutine displays a standard error message on the CRT. 1t is to
be used when an abnormal status word was returned by another subroutine.

Argument 1 = error number
Argument 2 = pointer to status word.

This subroutine is declared in lines 20-22 of the source listing.

EXIT — This subroutine terminates a program and returns to ISIS-II. There are no
arguments. This subroutine is declared on lines 23-24 of the source listing.

ALPHA - Simplified version of WRITE. It is mostly used to display alphanumeric
data on the CRT or on the printer.

Argument 1 AFT index of file
Argument 2 = number of bytes to be written
Argument 3 pointer to buffer.

This subroutine is declared in lines 25-27 of the source listing

BINARY — Converts 1-8 least significant bits in a given byte to ASCII representation
and writes those characters into the file indicated (mostly CRT or LP).

Argument 1 = AFT index of file
Argument 2 = number of bits to be displayed
Argument 3 = data (1 byte).

This subroutine is declared in lines 28-30 of the source listing.

HEX — Converts the contents of a buffer to its hexadecimal representation in

ASCII and writes those characters into the file indicated (mostly CRT or LP). 3
Argument 1 = AFT index of file
Argument 2 = number of hexadecimal digits to be displayed
Argument 3 = pointer to buffer.

This subroutine is declared in lines 31-33 of the source listing.

INTEG — This subroutine converts a byte (considered as an 8 bit 2’s complement
interger to signed decimal in ASCII and writes those characters into the file indi-
cated (mostly CRT or LP). |

Argument 1
Argument 2

AFT index of file
data (1 byte).

I

This subroutine is declared in lines 34-36 of the source listing. 1
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INTEGD - This subroutine converts a two-byte unsigned binary number (type
ADDRESS) to its S-digit decimal equivalent in ASCII and writes those characters
into the file indicated (mostly CRT or LP).

AFT index of file
data (2 bytes)

Argument 1
Argument 2

This subroutine is declared in lines 37-39 of the source listing.

PAGE — Sends the form-feed character (hexadecimal OC) to the file indicated.
If the file is the printer, the paper is advanced to the top of the next page.
The only argument is the AFT index of the file. This subroutine is declared
on lines 4042 of the source listing.

PPAGE - Like PAGE, except the vertical-tab character (hexadecimal OB) is sent.
The Centronics 306 printer equipped with a vertical format unit (VFU) can be
programmed to skip in response to this character to either the first or second
top of page, such that the face of first page folds on top of the listing (not
the back of the first page). This subroutine is declared in lines 4345 of the
source listing.

SKIP — Sends a carriage-return and a line-feed character (ODOA) to the file
specified. The only argument is the AFT index of the file. This subroutine
is declared in lines 4648 of the source listing.

SPACE - This subroutine sends a specified number of blanks to the file indicated.

Argument 1
Argument 2

AFT index of file
number of blanks.

This subroutine is declared in lines 49-51 of the source listing.

EQUAL - This function compares two given bit strings and returns the value
FF if they are equal, or 00 if they are not.

Argument 1 = pointer to first string
Argument 2
Argument 3

pointer to second string
number of bytes to be compared

This function is declared in lines 52-54 of the source listing.
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SETBIT — This subroutine can set up to 7 bits in a bit string.

Argument 1 = pointer to string

Argument 2 = start-bit number (0-origin)

Argument 3 = number of bits to be set

Argument 4 = data (1 byte). The least significant bits are used

to change the bit string.

This subroutine is declared in lines 55-57 of the source listing.

EQUBIT — This function compares a given bit string to a substring of a longer
bit string and returns the value FF if they are equal, or 00 if they are not.

Argument 1 = pointer to long bit string
Argument 2 = start-bit number (0-origin)
Argument 3 = number of bits to be compared

Argument 4

short bit string (1 byte, number of least significant bits to be
compared is indicated by argument 3).

This subroutine is declared in lines 58-60 of the source listing.

The computer program description, which follows, describes a program with deep nesting

of blocks and loops. Accordingly, the discussion begins at the highest level and pro-
ceeds to deeper levels of nesting and at the same time to levels of increasing details.
To make the relationship of the various sections that follow as clear as possible, the
sections are numbered like the Dewey Decimal System. Thus for a section numbered
3.1.8, further details can be found in secitons 3.1.8.1, 3.1.8.2, . . . etc, To find the
relationship of section 3.1.8 to sections 3.1.1, 3.1.2, . . .etc,, read section 3.1.

5.1.1.2.1 The Main Program MICROX - The outermost block of the MICROX
represents the global environment. It contains:

declarations of external global procedures (described above, lines 2-60)
declarations of global variables and constants (lines 61-69)
declarations of internal global procedures (lines 70-96)

declarations of external subroutines PASS1 and PASS2 (lines 97-100)
The prologue activities block (lines 101-167)

Calls to PASS! and PASS2 (lines 168-169).

Qe th A WX B e
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5.1.1.2.1.1 Declaration of external global procedures

These procedures were described above in detail.
P

5.1.1.2.1.2 Declaration of global variables

The global variables fall into 4 categories:

AFT indexes for the source input file, the binary output file, the line
printer, the keyboard and the CRT. (SI, BO, LP, KB, CRT).

Special character constants (CR, LF, TAB).

Global pointers and counters, the end-of-symbol-table pointer
(ENDSYMBTAB), the pointer to the first available address following
the end of the microprogram (FIRSTAVAILADDR), the error count (E).

Paging counters: line number (LINENO) and page number (PAGENO).

§.1.12.1.3 Declaration of internal global procedures

There are two global internal subroutines, both related to the page-formatting of the

output listing: HEADER (lines 70-89) and EOL (stands for end-of-line, lines 90-96).

Subroutine HEADER has one parameter, SW, which indicates whether
this is the first page of the listing (SW=1) or not (SW=0). Depending
on the value of SW, subroutine PPAGE or PAGE is called to advance
to the top of a new page (lines 72-74). Then a page header is
printed, as shown in Figure 9. Finally LINENO is set to 5 and
PAGENO is incremented (lines 87-88).

Subroutine EOL is called from throughout the program, whenever a line
is ended. It increments LINENO (line 91), calls subroutine SKIP which
writes a carriage-return and a line-feed to the printer (line 92), and if

LINENO > 61 it calls HEADER (lines 93-95).

5.1.1.2.1.4 Declaration of external procedures PASS 1 and PASS 2.

These procedures are declared in lines 97-100. Neither of these subroutines has

any arguments.
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5.1.1.2.1.5 Prologue activities block.

Figure 5.1-5 shows a flowchart of this block. The following local variables are

declared in this block:

® LINE, an array of 256 bytes, used as a read buffer

@ FN, an array of 15 bytes, used as a character string holding the source
file name.

m LENGTH used to return the number of bytes read when calling READ.
= LINEPTR, FNPTR used as indexes into LINE and FN respectively

m I used as a general purpose loop counter

m STATUS, ST used as status words in calls to READ, OPEN, CLOSE.
m DATEAFT, used to hold the AFT index of the date file

m DATE, an array of 11 bytes, used to hold the character string representing
the date. ]

Execution proceeds as follows. The remainder of the command line, entered on the
keyboard when MICROX was called from ISIS-II, is read into LINE (line 108). This
may or may not contain the filename. 1 the number of characters read (LENGTH)
is 2 (i.e. only a CR-LF was read) then a prompt has to be sent to the CRT (line
111) and the keyboard is read into LINE (line 112). If LENGTH=2 again, EXIT

is called terminating the program (line 113). In all other cases, LINE contains the
filename before execution of line 111. Lines 116-119 position LINEPTR to point

to the first non-blank character in LINE. In lines 120-125 the filename is copied
from LINE to FN. At most 14 characters are copied and copying stops whenever

a blank or CR is encountered. Note that a legal ISIS-II filename can not be longer
than 14 characters: 3

FLXXXXXX. XXX

Next blanks are inserted at the trailing end of FN (at least one blank, lines 126-128).
The source file is opened in line 129. Bad filenames and non-existent files are de-

1 tected, appropriate error messages are printed and EXIT is called to terminate the pro-
gram (lines 130-141).
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Next the lineprinter file is opened (line 142). PAGENO is initialized to 1 (line 143)
and HEADER is called with argument=1 (causes a call to PPAGE), then the filename
(FN) is printed under the page header (lines 144-147). To read the date from file
:FO:DATE, the file has to be opened, read and closed (lines 148-150). Then the date
is printed on the same line where the filename was printed across the page (line 154 -
156).

Last the file extension has to be changed from .MIC to .BIN in FN (lines 157-165)
and the binary output file is opened (line 166).

Subroutines PASS1 and PASS2 are called, once each, in lines 168-169.

5.1.1.2.2 Subroutine PASS1

The outermost block, enclosing subroutine PASS1 is labelled MICROI.
This block links PASS1 to the global environment by means of declarations

of EXTERNAL variables and procedures, and it contains the code for sub-
routine PASSI. .

The block MICROI1 contains:

1. declarations of external global procedures (lines 2-60)
declarations of external global variables and constants (lines 61-67)
declarations of global procedures defined in the main program MICROX
(lines 68-72)

4. the body of subroutine PASS1 (lines 73-445)

2.1 Declarations of external global procedures

These are the same declaration found at the beginning of MICROX and are
described in detail at the beginning of this chapter.
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§.1.1.2.2.2 Declaration of external variables and constants

These are variables and constants defined in the main program MICROX. They

fall into 4 categories:

@ AFT indexes for various files (SI, BO, LP, KB, CRT) (line 61)
® Special character constants (CR, LF, TAB) (line 62)

® Global pointers and counters:

E — the error count (line 63)
ENDSYMBTAB — pointer to the end of the symbol table (line 64)
FIRSTAVAILADDR - pointer to the first free microword following
the end of the microprogram (line 65)
@ Paging counters:
LINENO and PAGENO (lines 66-67)

5.1.1.2.2.3 Declaration of global procedures

These are two global procedures, HEADER and EOL, which are defined in the
main program MICROX (lines 68-72).

5.1.1.2.2.4 Subroutine PASSI1

Subroutine PASS1 has no parameters. It has the PUBLIC attribute because
the main program MICROX calls PASS]1 as an external subroutine.

Subroutine PASS1 contains the following:

declarations of variables local to PASS1 (lines 74-83).

declaration of subroutines local to PASS1 (lines 84-219)

initializations (lines 220-224)

the code to build the symbol table and partially produce the binary output
file (lines 225-435).

1.

2
3.
4




5.1.12.2.4.1 Declaration of variables local to PASSI

The following variables are declared local to PASSI:

®  BUFF, an array of 256 bytes, used as read buffer for the symbolic

source input file.
m  BUFFPTR, used as index to the character string BUFF

s CODE, an array of 256 bytes, used to hold one symbolic microword

after blanks, tabs, comments, etc., have been eliminated.
m CODEPTR, used as index to the character string CODE.
s LABL, an array of 8 bytes, used to hold a label.
& SUFFIX, used to hold the value of the suffix.

®  SUFFIXLENGTH, used to hold the number of bits in SUFFIX that

really make up the suffix for the label of the current microword.

& SYMBTABPTR, used as pointer to array MEMORY which is used as
the symbol table.

® STATUS, used in calls to SEEK.

5112242 Declaration of subroutines local to PASSI

The following subroutines are local to PASSI.

® BUFFADV (lines 84-101),
= NEWWORD (lines 102-145),
e  LEXTRACTLABEL (lines 146-219).

5.1.1.2.24.2.1 Subroutine BUFFADV

The subroutine is used when reading text from the input buffer BUFF, one

character at a time. [If the buffer is empty it is refilled. The subroutine
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increments BUFFPTR (line 86) and tests if BUFFPTR=256 (line 87). If it is
not, control returns to the point of call. If BUFFPTR=256 then BUFF must
be refilled (line 89) and BUFFPTR must be reset to O (line 99).

To prevent infinite loops, when symbolic source files are not properly terminated
by [END], a test is made on the number of characters read (local variable
NCHAR). If it is zero, as would be the case only if a source file lacked proper
termination, the program terminates by calling EXIT (lines 92-98).

51122422 Subroutine NEWWORD

This subroutine sets up the environment to process the labels of a new microword.

Its functions are:

isolating the symbolic source text for one microword,

compressing blank, tab, CR, LF characters and comments out of the symbolic
code and placing it into array CODE,

— resetting CODEPTR,

— setting the flag EOF when [END] is found.

Subroutine NEWWORD contains a subroutine, CODEADV (lines 104-107), and its

own body of code.

5.1.1.2.24.22.1 Subroutine CODEADV

This subroutine advances the pointer to array CODE, CODEPTR, by one (line 106).
Microwords longer than 256 character are truncated. (No legal microword of more

than 256 character is possible anyway).

5.1.12.24.2.2.2 The body of subroutine NEWWORD

A top level flowchart of this subroutine is shown in Figure 5.1-6.

Resetting CODE consists of filling the array with blanks (lines 108-110) and setting
CODEPTR to zero (line 111).
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In the main loop (lines 113-143) the local variable CHAR always contains the latest
character from BUFF. Initially it must not be a semicolon, therefore CHAR is set
to blank (line 112).

The loop is governed by a DO WHILE CHAR # ’; statement (line 113). CHAR
is updated from BUFF(BUFFPTR) (line 114) and BUFFPTR is advanced by a call
to BUFFADV (line 115).

The series of conditionally executed statements, based on the value of CHAR, begins
by a test for CHAR=CR (line 116). If the condition is satisfied, and if the next
character is an LF then BUFFPTR is advanced passing over the LF (line 119).

All symbolic code following an asterisk or semicolon is treated as a comment.
Following the test for CHAR = ’,” OR CHAR = ’; this is done in lines 122-124.
If CHAR is a semicolon (line 125) the CR-LF pair is stepped over (lines 127-128).
Last, the semicolon is entered into CODE (lines 130-131).

All characters other than CR, TAB, blank, asterisk or semicolon (line 133) are simply
entered into CODE (lines 135-136).

If CHAR is a ] the end of the symbolic microcode has been reached and the
EOF flag must be set (line 140).

After exit from the main loop, CODEPTR is reset to zero (line 144).

5.1.1.2.24.23 Subroutine EXTRACTLABEL

Figure 5.1-7 shows a flowchart of subroutine EXTRACTLABEL.

LABL is set to all blanks in line 148. 1In lines 149-152 the pointer L is moved
until the colon is found or until L reaches the value 18 (CODE (17)is the last place

where the colon could legaliv be located). If L<18 the colon has been located.
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If L = 18 and CODE (17) is not a colon, then the colon was not found,
meaning that the microword is unlabelled. In this case SUFFIX and SUFFIXLENGTH
must both be set to 0 (lines 153-158) before returning.

Thus processing continues only for the cases where a colon has been located.
The next task is to check if the label begins with an alphabetic character (line 159).

If not, an error message is printed and processing continues (lines 160-166).

Next all the characters in the label are checked to see if they are alphanumeric
(lines 167-180). If a non-alphanumeric character is found, a question mark is sub-
stituted and an error message is printed. In all cases the characters making up the
label are transfered to LABL.

After LABL contains the ASCII representation of the label (after line 180), the
case of a label without suffix has to be detected. If a colon follows the label
(line 181) then SUFFIX and SUFFIXLENGTH are set to O followed by return
(lines 182-186).

In line 187 correct location of the opening and closing parantheses is checked.
If they are not where expected an error message is printed, SUFFIX and
SUFFIXLENGTH are set to the absurd value 255 and a return is executed (lines
188-197). The pointers I and L are moved to step over the parantheses and
now point to the first and last digit of the suffix respectively (lines 198-199).

Next, all digits in the suffix are tested (lines 200-211) and if any are found to
be other than O or 1 an error message is printed and the (absurd) value 255 is
assigned to SUFFIX and SUFFIXLENGTH, before returning.

Otherwise SUFFIXLENGTH is determined from the relative position of pointers

I and L (line 212) and SUFFIX is computed (lines 213-217). Thereafter a return
is executed (line 218).
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5.1.1.2.24.3 Initializations

The error count E is initialized to O, the symbol table pointer SYMBTABPTR
is initialized to 0, the end-of-file flag EOF is set false (i.e. 0) and BUFFADV
is called with BUFFPTR = 255, causing it to fill BUFF. (All the above in
lines 220-224).

5.1.1224.4 Code to build symbol table and partially produce binary output file

This part of PASS1 proceeds in the following major steps:

Build symbol table (lines 225-242)

Abort if any errors detected (lines 243-250)

Check correctness of symibol table (lines 251-295)

Abort if any errors detected (lines 296-304)

Compress symbol table (lines 305-318)

Assign addresses to labels (lines 319-369)

Allocate space and write address on disk (lines 370-386)
Produce symbol table listing (lines 387-441)

Reopen source and binary files for PASS2 (lines 442-443)

Wog O A B b e

51.122.44.1 Build symbol table

The loop in lines 226-241 is executed once for each microword until the EOF

flag becomes true.

Following a previous call to NEWWORD (line 225 the first time, line 240 at all

other times), EXTRACTLABEL is called, which updates LABL, SUFFIX and SUFFIXLENGTH

according to the label of the current microword.
The array MEMORY (which is limited only by the end of physical memory) is

used to hold the symbol table. If an imminent memory overflow is detected

(line 228), then the assembly is aborted after printing an error message (lines 229-235).
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Otherwise LABL, SUFFIXLENGTH, and SUFFIX are copied into the symbol table
(lines 236-238), and the symbol table index, SYMBTABPTR, is incremented by 12
(the length of a symbol table entry is 12) (line 239). NEWWORD is called

(line 240) fetching the next microword.

After exit from the loop ENDSYMBTAB is set to point to the last byte used for
the symbol table in array MEMORY (line 242).

5.1.122.442 Abort if any errors detected

If any errors have been detected in building the symbol table, the assembly is
aborted at this point (lines 243-250). Error messages were printed at the time

the errors were detected.

5.1.1.2.2.44.3 Check correctness of the symbol table

The following aspects of symbol table correctness are checked:

suffix length is 0,1,3,4, or 7

length of blocks agrees with suffix length
— suffix length consistent throughout each block

— suffixes in ascending order in each block

These tests will also detect absurd values of suffixes and suffixlengths.

The loop in lines 257-295 is executed once for each block of microwords

and terminates when the end of the symbol table is reached.

The tests for suffixlength being 0,1,3,4, or 7 is made in line 259. If any other
suffixlength is indicated in the symbol table, an error message will be printed
(lines 260-266).

The length of the block is computed based on the suffixlength (lines 267-269).
In lines 270-274 the true length of the block is determined by counting the
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number of consecutive symbol table entries with identical label fields.

If these two values disagress (line 275) then an error message is printed (lines
276-283). If they agree, the ascending order of suffixes is checked (lines 284-293)

and if any suffix is out of order an error message is printed.

5.1.1.2.2.444 Abort if any errors found

If any errors have been detected during the checking of the symbol table, the
assembly is aborted (lines 296-304).

5.1.122.44.5 Compress symbol table

Once the block structure of the symbol table has been found to be correct,
there is no further reason to retain one entry for each microword. By retaining

only one entry for each block, all searches of the symbol table become much faster.

Compression of the symbol table is done by copying only the first entry from
each block (lines 305-318). ENDSYMBTAB is adjusted for the shorter symbol
table.

5.1.1.2.2.44.6 Assignment of addresses

The optimal address assignment algorithm is used, which allocates the largest
blocks first. This leads to no wasted microprogram control memory space due

to fragmentation.

Addresses are assigned to all blocks of 128 (lines 323-331), followed by the blocks
of 16 (lines 332-340), followed by the blocks of 8 (lines 341-349), followed by
the blocks of 2 (lines 350-358), followed by single microwords (lines 359-367).
FIRSTAVAILADDR is set to point after the last address used (line 368).

51.1.22.44,7 Allocate space and write address on disk

Since the entries in the symbol table are in the order in which blocks were

encountered in the source code, it is a simple matter to sequentially allocate

|
]
i
|
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8 bytes for each microword on the disk and write the assigned address into

the first two. Then PASS2 can just fill in the remaining 6 bytes as it
translates the microwords in the order of their occurence in the source code.

Lines 370-386 implement the above in a straight forward manner.

51122448 Symbol table listing

The code in lines 387-441 produces the symbol table listing. It consists of three
columns, 57 lines per page (53 on the first page). For each entry the label, the

suffixlength and the address are shown.

The three-column listing is implemented by means of three pointers into the symbol

table (I1,I2,I13). The distance between Il and I2 as well as between I2 and I3 is 57 symbol
table entries (53 on the first page). If I3 or both I2 and I3 point past the end of the
symbol table, then nothing is printed in the respective columns. When I1 points past

the end of the symbol table the listing is complete.

Initially I1 is set to point to the first symbol table entry, I2 to the 54-th, I3 to
the 107-th (lines 390-392) and the line counter L is set to 4 (lines 393). The
first page is 4 lines shorter than any subsequent page because the header contains
the file name and the date in addition to the usual header.

The loop in lines 394-440 is executed once for each line of symbol table listing
printed, the loop is terminated when Il points past the end of the symbol table. 1
The code in lines 395-402, 404-413 and 415-424 prints the entries in column 1,
2 and 3 respectively.

When I3 or both I2 and I3 point past the end of the symbol table then column
3 or both columns 2 and 3 are left blank. This is implemented by the tests
in lines 403 and 414.

At the end of each iteration, after a call to EOL (line 425), L is incremented
(line 426) and tested (line 427). If L has not reached the value 57 yet, then
the pointers I1, I2 and I3 are incremented by 12 (lines 434-438). If L = 52
then L is reset to O(line 429), 11 is set to point to the symbol table entry
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following the last one printed in column 3 (line 430), 12 is set to point
57 entries past Il (line 431) and I3 is set to point 57 entries past I2 (line 432).
(Thus, unlike the first page, which had 53 lines, any subsequent pages have 57

lines).

After exit from the loop HEADER is called causing a page advance unless L = 0
(lines 440-441). :

5.1.122449 Reopen source and binary files
This is accomplished by two calls to SEEK (lines 443-444).

5.1.1.2.3 Subroutine PASS2

The outermost block, enclosing subroutine PASS2 is labelled MICRO2. This
This block links PASS2 to the global environment by means of declarations
of EXTERNAL variable and procedures, and it contains the code for subroutine
PASS2.

The block MICRO2 contains:

1. declarations of external global procedures (lines 2-60)

2. declarations of external global variables and constants (lines 61-67)

3. declarations of global procedures defined in the main program MICROX
(lines 68-72)

4. the body of subroutine PASS2 (lines 73-1898)

5.1.1.23.1 Declarations of external global procedures

These are the same declaration found at the beginning of MICROX and are
described in detail at the beginning of this chapter.

5.1.1.2.3.2 Declaration of external variables and constants

These are variables and constants defined in the main program MICROX. They .

fall into 4 categories:

45-

i i SORS——



®m  AFT indexes for various files (SI, BO, LP, KB, CRT) (line 61)

Special character constants (CR, LF, TAB) (line 62)

Global pointers and counters:

E - the error count (line 63)

ENDSYMBTAB - pointer to the end of the symbol table (line 64)

FIRSTAVAILADDR - pointer to the first free microword following
the end of the microprogram (line 65)

m  Paging counters: LINENO and PAGENO (lines 66-67)

5.1.1.2.3.3 Declaration of global procedures

These are two global procedures, HEADER and EOL, which are defined in the
main program MICROX (lines 68-72)

5.1.1.2.3.4 Subroutine PASS2

Subroutine PASS2 has no parameters. It has the PUBLIC attribute because
the main program MICROX calls PASS2 as an external procedure.

Figure 5.1-8 shows a top level flowchart of subroutine PASS2. The symbolic
input file is read line by line until a line containing a semicolon is encountered

(i.e. 1 microword is read). Blanks, tabs (control I), carriage returns, line feeds

and comments are eliminaied.

The phrase translating loop is entered which translates one phrase per iteration,
until a semicolon is encountered. As each phrase is translated, wherever no
alternate translations are possible, the respective control bits are set in the
microword buffer. Where more than one translation is possible, one of a set of

flags is set and the final resolution of the control bit setting to be chosen

is delaved until all phrases of the microword have been examined.
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Figure 5.1-8 Top level flow chart of PASS2
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Thus after the semicolon is encountered these delayed resolutions have to be made.
Thereafter the control bit settings are printed on the output listing and the micro-
word buffer is output to the binary output file.

From a computer program organization point of view the microcode translation

block consists of the following:

1. declarations for variables local to PASS2 (lines 74-89)

3 2. declarations for procedures internal to PASS2

. s BUFFADV (lines 90-103)

% s NEWWORD (lines 104-247)

: ® NEWPHRASE (lines 248-284)

{ = IDENTIFY (lines 285-398)
®  ASCII2BIN (lines 399-416)
® PRINTROUTINE (lines 417-516)
initializations (lines 517-520)

the microcode translation loop (lines 521-1897)

5.1.12.34.1 Declaration of variables local to PASS2

The following variables are declared in this block:

BUFF, an array of 256 bytes, used as read buffer for the symbolic
source input file,

LINE, an array of 80 bytes, used as print buffer for the output listing,
CODE, an array of 256 bytes, used to hold one symbolic microword
after blanks, tabs, comments, etc. are eliminated,

PHRASE, an array of 33 bytes, used to hold one phrase,

ADDR, a two-byte variable, used to hold the microword address,
BUFFPTR, CODEPTR, used to index the character strings BUFF and
CODE, respectively,




o

s P1BDIPHRASEPRESENT used as delayed resolution flag to indicate the
presence of the phrase P1B=DI,

s P2BREGPHRASEPRESENT used as delayed resolution flag to indicate
the presence of the phrase P2B=REG(t),

® DOALCPHRASEPRESENT used as delayed resolution flag to indicate
the presence of the phrase DO=ALC,

®  NOTADI1 used as delayed resolution flag where A # Ol is required,

® [ used as a general purpose temporary variable (e.g. loop counter),

@ PHVECT, an array of 18 bytes, used to flag the presence of a phrase
of a certain type (see comment in source listing line 86),

® TYPE used to indicate type of phrase being processed, also index for
array PHVECT,

s  FIELD, an array of 22 bytes, used to indicate whether control bits in
the microword buffer have been set by previous phrases or owe their
value to the default (see comment in source listing line 87).

® MWORD, an array of 6 bytes, used as the microword buffer, also output
buffer to binary output file,

@ TBL, an array of 256 bytes, used in the delayed resolution of control

bits A and S; (see comment in source listing line 89).

5.1.1.2.3.4.2 Procedures internal to PASS2

The 6 procedures internal to PASS2 are described individually below.

5.1.12.3.42.1 Subroutine BUFFADV

This subroutine is used when reading text from the input buffer BUFF, one
character at a time. If the buffer is empty, it is refilled. The subroutine
increments BUFFPTR (line 92) and tests if BUFFPTR=256 (line 93). If it
is not, control returns to the point of call. If BUFFPTR=256 then BUFF
must be refilled (line 95) and BUFFPTR must be reset to O (line 101).
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To prevent infinite loops, when symbolic source files are not property terminated by

[END], a test is made on the number of characters read (local variable NCHAR).
If it is zero, as would be the case only if a source file lacked proper termination,

the program termiantes by calling EXIT (lines 96-100).

5.1.1234.2.2 Subroutine NEWWORD

This subroutine sets up the environment to process a new microword. Its functions

are!

— isolating the symbolic source text for one microword,

— printing the lines as they are read, 1

— compressing blank, tab, CR, LF characters and comments out of the symbolic
code and placing it into array CODE,

— resetting CODEPTR, PHVECT and FIELD,

— initializing MWORD to the default value,

— resetting of all delayed resolution flags,

— initializing PHRASE(0) to any value other than °’;

From a computer program organization point of view subroutine NEWWORD

contains 3 subroutines:

s  LINEOUT (lines 108-116)
= LINEADV (lines 117-121)
®»  CODEADV (lines 122-134)

and its own body of code (lines 135-247).

5.1.12.34.22.1 Subroutines internal to subroutine NEWWORD
§1.123422.1.1 Subroutine LINEOUT

This subroutine outputs a line to the lineprinter and clears the buffer.

If array LINE contains at least 1 character it is output by means of a call
to ALPHA (lines 109-110). The line is ended by calling EOL (line 111).
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LINE is set to all blanks (lines 112-114) and LINEPTR is reset to O (line 115).

5.1.1.2.3.4.2.2.1.2 Subroutine CODEADV

This subroutine advances the pointer to array CODE, CODEPTR, by one (line 123).
Microwords longer than 256 characters cause a terminal error to be flagged.
(No legal microword of more than 256 characters is possible anyway). In that

case the program is terminated abnormally (lines 119-133).

5.1.12.34222 The body of subroutine NEWWORD

A top level flowchart of this subroutine is shown in Figure 5.1-9.

Resetting CODE and LINE consists of filling both arrays with blanks (lines 135-137)
and setting CODEPTR and LINEPTR to zero (lines 138-142).

In the main loop (lines 144-218) the local variable CHAR always contains the
latest character from BUFF. Initially it must not be a semicolon. therefore CHAR
is set to blank (line 143).

The loop is governed by a DO WHILE CHAR # ¢ statement (line 144). CHAR
is updated from BUFF(BUFFPTR) (line 145) and BUFFPTR is advanced by a call
to BUFFADV (line 146).

The series of conditionally executed statements, based on the value of CHAR, begins
by a test for CHAR=CR (line 147). If the condition is satisfied, LINE is printed
by means of a call to LINEOUT (line 149) and if the next character is an LF
then BUFFPTR is advanced passing over the LF (line 150).

The next test is for CHAR=TAB. Tab characters cause LINE to be padded with

blanks until the next position that is a multiple of 8 is reached, as if the tab

stops where set at 816,24, . . . ., 8n, . . . This is accomplished by the code
in lines [55-159.
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Figure 5.1-9 Flowchart of subroutine NEWWORD.
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Next, if CHAR is a blank, LINEPTR is advanced by a call to LINEADV (line 100).

All symbolic code following an asterisk or semicolon is treated as a comment.
Following the test for CHAR = ’** OR CHAR = ’; this is done in lines
164-178. The code in lines 170-176 handles tabs embedded in comments. The
comment is transfered only to LINE, not to CODE. Thus it is printed in the
listing but is ignored by the translation.

If CHAR is a semicolon (line 179), LINE is printed (any comments following it,
having been transfered to LINE previously) and the CR-LF pair is stepped over
(lines 181-183). Last, the semicolon is entered into CODE (lines 186-187).

All characters othern than CR, TAB, blank, asterisk or semicolon (line 188) are
simply entered into both LINE and CODE (lines 190-193).

If CHAR is a ] the end of the symbolic microcode has been reached and the

program has to proceed to normal termination (line 194). The next available

address is printed on the listing (lines 196-203) and the number of errors is printed and
displayed on the CRT (lines 204-215). The program terminates by calling EXIT
(line 216).

After exit from the main loop, CODEPTR is reset to zero (line 219), PHVECT is
set to all zeros (lines 220-222), FIELD is set to all zeros (lines 223-225), MWORD
is set to the default value (lines 226-241) the delayed resolution flags are all set to
0 (false) (lines 242-245), and PHRASE (0) is set to a value other than a semi-
colon (arbitiarily it is set to '9’). Control returns to the point following the point
of call from line 247.

5.1.1.2.3.4.2.3 Subroutine NEWPHRASE

Figure 5.1-10 shows a flowchart of subroutine NEWPHRASE. This subroutine transfers
the next phrase from CODE to PHRASE. If the character CODEPTR is pointing
to in CODE is a semicolon, then PHRASE (0) = ’; is returned (lines 251-254).
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PHRASE is set to all blanks (lines 255). If the character CODEPTR is pointing
to in CODE is a comma, CODEPTR is incremented to step over the comma

(line 256). Next, up to 33 characters are copied from CODE to PHRASE, until

a comma or semicolon is encountered (lines 259-271). Since no legal phrase
can be longer than 32 characters, if 33 have been copied, there is an error. In
that case PHRASE (0) is set to blank and CODEPTR is advanced to the nearest
comma or semicolon (lines 279-282). At the end of the subroutine (line 284)

control returns to the point following the point of call.

5.1.1.2.34.2.4 Subroutine IDENTIFY

This subroutine sets the variable TYPE according to the contents of the array
PHRASE. The first few characters of PHRASE are examined and if the type

of phrase contained in PHRASE is recognized, then TYPE is assigned a value

in the range 0 to 17 (lines 286-375). If PHRASE(0) is a blank, the implication
is that a phrase longer than 32 characters was encountered, and TYPE is set

to 18 (lines 376-380). If PHRASE(0) is a semicolon, it means that no further
phrases are to be processed in this microword, and TYPE is set to 19 (lines 381-
385). If none of the above, then there is an error and the phrase can not be
recognized. TYPE is set to 20 (line 386). '

If the phrase is a valid recognizable phrase (ie. TYPE < 18) then PHVECT (TYPE)
is checked to see if another phrase of this type has already occured in this micro-
word (lines 387-388). If yes, an error message is printed and TYPE is set to 18,
indicating error (lines 389-395). Finally for valid recognizable phrases (i.e. TYPE
< 18) PHVECT(TYPE) is set to TRUE (i.e. FF).

5.1.1.2.3.4.2.5 ASCII2BIN Function

This function takes one byte, containing the ASCII representation of a hexadecimal
digit, as an argument and returns a 2-byte value. The most significant byte is 0
if the argument represents an ASCII hexadecimal digit, FF otherwise. The least
significant byte contains the binary equivalent of the hexadecimal digit.
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First the argument, DIGIT, is tested to see if it is a hexadecimal digit (line 403).
If the test condition is satisfied, the conversion is performed and the most

significant half of the return value is set to O (lines 405410). Otherwise the
return value is set to FFQQ (lines 411-414).

5.1.1.2.342.6 Subroutine PRINTROUTINE

This subroutine outputs the microwoid buffer, MWORD, to the binary output

file, prints the control bits in the format shown in Figure 5.1-11 and increments
the address counter ADDR.

The greater part of this subroutine is taken up by the formatting of the printed
output. A description of these formatting operations is not given here, because

the code is very straightforward and constitutes a simpler documentation then a
verbal description would.

The output to the binary file is done by means of subroutine ALPHA (line 419).
If the RS-bit (bit 4 of the microword) is set then X is printed as the value
of both R and T.

5.1.1.2.34.3 [Initializations at Entry into PASS2

The global variables ADDR and E are initializated to zero (lines 517-518). BUFF

and BUFFPTR are initialized by setting BUFFPTR to 255, indicating BUFFER
empty, and calling BUFFADV (lines 519-520).

5.1.1.2.344 The Microcode Translation Loop

This loop encompasses the remainder of the program (lines 521-1893) and is executed

once for each microword. Exit from the loop occurs when the program terminates

in subroutine NEWWORD, which is called once in each iteration (review Figure 5.1-8).

From a computer program organization point of view, this loop contains:

® A call to subroutine NEWWORD, to read a microword (lines 252);
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®  Phrase translation loop (lines 523-1804);
& Delayed resolution of control bits (lines 1805-1891);
® A call to PRINTROUTINE (line 1892).

5.1.1.2.344.1 Call to Subroutine NEWWORD

One microword is read from the symbolic source input stream by means of a
call to subroutine NEWWORD (line 522). If [END] or the end of file is
encountered, the program is terminated from subroutine NEWWORD without

returning to the point following the point of call.

5§.1.12.3.44.2 Phrase Translation Loop

This loop is executed once for each phrase in the microword. It is terminated
when the semicolon at the end of the microword is encountered. A phrase

is read (line 524) and its type is established (line 525). The remainder of the
loop is taken up be a DO CASE decision construct based on the value of TYPE
(lines 526-1803).

511234420 The Case TYPE=0: Translation of GOTO-phrases

The block in lines 527-754 translates GOTO-phrases. There are the following
types of GOTO-phrases:

m GOTO < ddd+ @>
u  GOTO label

8 GOTO label(suffix)
®  GOTO label(flags)

ddd is one of 000,256,512 or 768. Label consists of 1-8 alphanueric characters
beginning with an alphabetic character. Suffix is a group of 1,3,4 or 7 binary
digits (O-s or 1l-s). Flags is one of S,Z,P,HHI,RHHI, or EOPCODE.

Phrases of the type GOTO <ddd + @> are translated in lines 532-562. The

FS-bits are set to 1111 (lines 536,543,550,557) and the two most significant bits of
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the ADDR-field are set to 00 (line 535) for ddd = 000, 01 (line 542) for
ddd = 256, 10 (line 549) for ddd = 512, or 11 (line 556) for ddd = 768.
If one of these 4 phrases has been recognized and translated a branch to ENDO

is taken (lines 5$39,546,553,560) bypassing the remainder of the block

The remaining 3 types of GOTO-phrases all have label after the string 'GOTO".
The length of the label is established in lines 564-567 and if the label is longer
than 8 characters an error message is printed (lines 571-572) and processing of

the phrase is terminated by branching to ENDO (line 573).

Next it is tested whether the first character is alphabetic (line 575). If it is not,
an error message is printed (lines 578-579) and the processing of the phrase is

terminated by branching to ENDOQ (line 580).

If the first character is alphabetic, it is copied into the first byte of the local
array LABL (line 582).

The remaining characters in label are checked for being alphanumeric and copied
into array LABL in lines 583-593. If any non-alphanumeric chacter should be
encountered, an error message will be printed (lines 588-589) and the processing

of the phrase will be terminated by branching to ENDO (line 590).

In lines 594-597, the symbol table (array MEMORY) is searched for the entry
corresponding to the contents of LABL. If none is found an error message
is printed and the processing of the phrase is terminated by branching to
ENDO (lines 598-604).

If the symbol table entry corresponding to LABL is located, the suffixlength and
address are copied from the symbol table to the local variables SUFFIXLENGTH
and ADDR.
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If SUFFIXLENGTH is zero and there is a suffix or flags present in the phrase,

an error message is printed and the processing of the phrase is terminated by
branching to ENDO (lines 607-613).

If SUFFIXLENGTH is zero, the 9 MSB of ADDR are copied into the address
field of the microword and the FS-bits are set to 0000 if the LSB of address
is 0, or to 0001 if the LSB of ADDR is 1 (lines 614-625). Further processing
of the phrase is bypassed by branching to ENDO, translation of the phrase having

been successfully accomplished.

Now the only remaining possible GOTO phrases are of the type GOTO label(suffix)
or GOTO label(flags). The expected location of the parantheses can be com-
puted based on SUFFIXLENGTH. If the parantheses are not where they

are expected to be, an error message is printed and the processing of the phrase
is terminated by branching to ENDO (lines 626-632).

If the parantheses are where expected a DO-CASE-construct is entered (lines 633-753).
The cases SUFFIXLENGTH = 1, = 3, = 4, and =7 are processed by different blocks
within the DO-CASE-construct (lines 635-659, 661-690, 691-720 and 723-752 respectively).

In the case where SUFFIXLENGTH = 1 there are 5 possible legal characters that
can appear between the parantheses: 0, 1, S, Z or P. If the suffix '0’ was

specified, the FS-bits must be set to 0000 (lines 637-638). If the suffix ’1’

was specified, the FS-bits must be set to 0001 (lines 639-640). If the flagset 'S’
was specified, the FS-bits must be set to 0010 (lines 641-642). If the flagset

’Z’ was specified, the FS-bits must be set to 0011 (lines 643-644). If the flagset
P’ was specified, the FS-bits must be set to 0100 (lines 645-646). If none of
these was specified, an error message is printed and the processing of the phrase ﬁ
is terminated by branching to ENDO (line 647-653). Finally the contents of ADDR
are copied to the address field of the microword (lines 654-658).




In the case where SUFFIXLENGTH = 3, there are two alternatives. A 3-digit

binary suffix or the characters ’HHI’ way appear between the parantheses. ‘

If a 3-digit binary suffix is specified, the value represented by these 3 bits

is ORed with ADDR and the address and FS-bits of the microword are set
accordingly (lines 663-676). If 'HHI’ is specified, the FS-bits are set to 1001 and the
9 MSB of ADDR are copied into the address field of the microword (lines 677-

686). If neither of the above was specified, an error message is printed
(lines 687-689).

In the case where SUFFIXLENGTH = 4, there are two alternatives. A 4-digit

binary suffix or the characters 'RHHI’ way appear between the parantheses.

i e et Wi b b

If a 4-digit binary suffix is specified, the value represented by these 4 bits is ORed
with ADDR and the address and FS-bits of the microword are set accordingly

(lines 693-706). If ’RHHI’ is specified, the FS-bits are set to 1000 and the

9 MSB of ADDR are copied into the address field of the microword (lines

707-716). If neither of the above was specified, an error message is printed
(lines 717-719).

In the case where SUFFIXLENGTH = 7, there are two alternatives. A 7-digit
binary suffix or the characters ’EOPCODE’ way appear between the parantheses.

If a 7-digit binary suffix is specified, the value represented by these 7 bits is
ORed with ADDR and the address and FS-bits of the microword are set
accordingly (lines 725-738). If ’EOPCODE’ is specified, the ' FS-bits are set
to 1100 and the 9 MSB of ADDR are copied into the address field of the
microword (lines 739-748). If neither of the above was specified, an error

message is printed (lines 749-751). e

5.1.1.2.3.443.1 The Case TYPE=1: Translation of Register Assignment Phrases

The block in lines 755-839 translates register assignment phrases. There are two
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legal register assignment phrases:

ALC
SHIFTER

®  REG(n)
a  REG(n)

The register address n can be a hexadecimal digit (e.g., 5 or D), or #.
Translation is as follows: M, is set to 0 for = SHIFTER and to 1 for

= ALC. If the register address is hexadecimal, the R field is set accordingly
and RS is set to 0. If the register address is #, RS is set to I.

The code translating register assignment phrases begins with a test for register
address being specified by #. (line 758). If this is the case, a further test
has to be made to see if RS has been set to 0O by some other phrase (line 760).
If RS has been set to 0 by another phrase, an error message is printed and

processing of the phrase is terminated by branching to END1 (lines 761-766).

Otherwise, RS is set to 1 and the local variables REGNO and BADREG are set as
if REG(0) had been specified (lines 767-772).

If the register address is not #, REGNO and BADREG are set by a call to
the function ASCII2BIN (line 775). A further test has to be made to see

if RS has been set to 1 by another phrase, an error message is printed and pro-
cessing of the phrase is terminated by branching to ENDI (lines 777-782)
Otherwise RS is set to O (lines 783-786).

If an invalid register address has been encountered (line 788), an error message is printed
(lines 791-793) and the phrase is ignored by jumping to the end of the block (line
793). ;

If the R-field is already set (FIELD(13) = FF) to a value other than the register

address held in REGNO (line 795), an error message is printed and the phrase is

ignored by jumping to the end of the block (lines 796-801).
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If = ALC is specified (line 802) and setting M, to 1 causes a conflict (line 804), an
error message is printed (lines 805-810). If it does not cause a conflict, R is set to
the value stored earlier in REGNO (line 813), M, is set to 1 (line 815), and FIELD(13)
and FIELD(16) are set to FF (line 812 & 814) indicating that the R and M,

fields have been set. Thereafter, a jump is taken to the end of the block (line 816).

If = SHIFTER is specified, the procedure (lines 819-834) is the same as above (lines
802-818) except M, is set to O.

If the character string following the equal sign is neither = ALC nor = SHIFTER, an
error message is printed (lines 835-838). The block ends at line 839.

511234432 The Case TYPE=2: Translation of P1B-Phrases

The block in lines 988-1078 translates P1B phrases. There are three legal P1B phrases:

s P1B = REG(n)
= PI1B = DI
s PIB = @

The register address n can be a hexadecimal digit (e.g. S or D), or # = Translation

is as follows: For PIB = DI, S; is set to 0 and M cannot take on the value

000. For PIB = REG(n), S; is set to 1. The R-field is set to the binary equivalent
of the hexadecimal digit specified in the register address, or to zero if #. is specified.
i The RS-bit is set to 1 if # is specified, and to O otherwise.

| The code translating P1B phrases begins with a test for the presence of the character
string ’REG(’ in the array PHRASE (line 843). The block in lines 844-905 is
entered if the above test is satisfied. This block sets the R-field to the binary
equivalent of the register address specified and sets the RS-bits to 1 if # is specified

‘ as the register address. A number of illegal specifications are detected and appropriate

messages issued.




If # is specified in the register address (line 845), the RS bit is set to 1
(line 857) and the register address is translated as if REG(0) had been specified
(lines 855-856). If the register address is specified by anything other than
REGNO and BADREG are set by a call to the function ASCII2BIN (line 862).
If an invalid register address has been encountered (line 875) an error message
is printed and the phrase is ignored by jumping to the end of the block (lines
876-881).

The code in lines 882-892 sets the R-field. If the R-field is already set by a

preceding phrase and is set to a value other than the one contained in REGNO
(line 882), an error message is printed and the phrase is ignored by jumping

to the end of the Pl1B-translation block (lines 883-888). Otherwise, the R-field
is set to the value of REGNO and FIELD(13) is set to FF, indicating that

R has been set (lines 889-892).

The setting of the S-bits is done in lines 893-904. If the phrase is PIB = REG(n)
then S, is set to 1 (lines 900-904), unless this causes a conflict (tested in line

893). If a conflict would arise, an error message is printed and the phrase

is ignored by jumping to the end of the P1B-phrase translation block (lines 894-899).

For the phrase PIB = DI (line 906), the S, is set to O, unless this causes a conflict
with previous phrases (tested in line 908). The delayed resolution flag PIBDIPHRASEPRE-
SENT has to be set to insure that M # 000. If setting S; = O causes a conflict

an error message is printed and the phrase is ignored by jumping to the end of
P1B-phrase translation block (lines 909-914). The phrase P1B = @ is translated like

P1B = DI, except the IM-bit is set to 1 (lines 922-938).

If the phrase does not satisfy any one of the three tests (lines 843, 906, 922)
then the phrase is illegal and an error message is printed (lines 939-942). The
block ends in line 943.




5.1.12.34.4.3.3 The Case TYPE=3: Translation of P2B-Phrases

The block in lines 1079-1142 translates P2B phrases. There are four legal
P2B phrases:

= P2B = P2B

s P2B = DI

« P2B =@

s P2B = REG(n).

The register address n can be an octal digit or #.

Translation is as follows. For P2B = P2B, the A-bits must be 01 and S,

must be 1. For P2B = REG(n) either S; = 0 and A #01 or S; = 1 and
A = 01. The T-field is set to the binary equivalent of the octal digit, or to
zero if # was specified. If # was specified, RS must be set to 1; if an

octal digit was specified it must be set to 0.

The code translating P2B phrases consists of 4 tests (lines 947, 464, 980, 997)
deciding which P2B phrase is at hand. If all four tests are failed, an error

message is printed and the phrase is ignored (lines 1043-1046).

If the phrase is P2B = P2B (tested in line 947), a further test is made to see if
the control bit settings S; = 0 and A = Ol cause a conflict (line 949). If

yes, an error message is printed and the phrase is ignored by jumping to the end of
the P2B phrase translation block (lines 950-955). If no conflict arises, the A-bits
are set to 01, S, is set to 1 and FIELD(7), FIELD(8), and FIELD(11) are

set to FF (lines 950-962).

If the phrase is P2B = DI (tested in line 964), a further test is made to see if
the control bit setting S; = 1 and A # 01 cause a conflict (line 966). If yes,
an error message is printed and the phrase is ignored by jumping to the end

of the P2B phrase translation block (lines 967-972).

If no conflict arises, the delayed resolution flag NOTADI1 is set preventing A from
taking on the value 01, S, is set to 1, IM is set to 1 and FIELD(l1) is set

-65-

e M R 1 e -

e S—— ———— e TR

[N



to FF (lines 989-995).

If the phrase is P2B = REG(n) (tested in line 997), the register address is
a # (line 999) then the RS is set to
I and REGNO and BADREG are set as if REG(0) had been specified (line

decoded first. If it is specified by

1008-1013). If the register address is specified by a hexadecimal digit. its

binary equivalent is computed by a call to the function ASCII2BIN ({line

1016) and RS is set to 0. If setting RS causes a conflict an error message

is printed (lines 1000-1007 and 101

7-1023). If the register address is not valid

(tested in line 1029) an error message is printed and the phrase is ignored by
jumping to the end of the P2B-phrase translation block (lines 1030-1035).

If the register address is valid, the value of REGNO is entered into the

T-field and FIELD(14) is set to FF

(lines 1036-1039).

Since two control bit settings are possible (S, = 0, A #01 and S, = 1, A =
the delayed resolution flag P2BREGPHRASEPRESENT is set to FF (line 1040).

The P2B-phrase translation block ends after the unrecognized phrase error

trap (lines 1043-1046) at line 1047.

5.1.1.2.3.44.3.4 The Case TYPE=4:

The block in lines 1048-1105 translates the DO-phrases.

phrases:
@ DO = OFF
8 DO = ALC
a DO = PIB
s DO = P2B.

Translation is as follows: For DO
and DOE is set to 1. For DO =
1. For DO = P2B the M-bits are-
the DOE-bit is set to O.

Translation of DO-Phrases

There are 4 valid DO-

= ALC the M-bits are set such that M # 1ix
P1B the M-bits are 111 and DOE is set to

110 and DOE is set to 1.
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nslating DO-phrases consists of 4 tests (lines 1049. 1054, 1069 and
. which DO-phrase is at hand. If all four tests are failed, an erro

ated (lines 1101-1104) and the phrase is ignored.

hrase is DO OFF (tested in line 1049) the DOE is set to O (line 1051).

if the phrase is DO ALC (tested in line 1054) a further test is made to see
if M is set to 110 or 111 (lines 1056). If yes, an error message is printed
and the phrase is ignored by jumping to the end of the DO-phrase translation
biock (lines 1057-1062). If no conflict arises, the delayed resolution flag
DOALCPHRASEPRESENT is set to FF and DOE is set to 1 (lines 1063-1067).

If the phrase is DO = PIB or DO = P2B, DOE is set to 1 and M is set to 111
or 110. respectively (lines 1078-1083 and 1094-1099). In case of conflicts error
messaces are printed (lines 1072-1077 and 1088-1093). The DQO-phrase translation

hinel- ends after unrecognized phrase error trap (lines 1101-1104) at line 1105.

511234435 The Case TYPE=5: Translation of ALC-Phrases

The block in lines 1106-1287 translates ALC-phrases. ALC-phrases are syntactically

more complex than other phrases. They consist of a lefl operand which can be:

& PIB
® _NOT.PIB
followed by an operator, which can

R
= OR
® AND

followed by a right operand, which can be:

e (

o)

= _NOT.P2B




optionally followed by a carry-in specification. In addition to these, phrases
of the form

ALC = left — P2B

are translated as if

ALC = left + .NOT.P2B + CO

had been specified.

After some preliminary processing (lines 1107-1136), the carry-in, right operand, left
operand and the operator are translated separately (lines 1137-1151, 1152-1204, 1205-
1237 and 1238-1286 respectively).

The block begins with a search for the rightmost non-blank character in array PHRASE
(lines 1107-1110). The block in lines 1111-1136 handles phrases containing ‘—P2B’

as the operator and right operand. Such phrases, if legally specified, are not longer
than 25 characters. Thus, if the last non-blank character of the phrase is to the

right of position 24, an error message is printed (lines 1129-1135) and the phrase

is ignored by jumping to the end of the ALC-phrase translating block. If the phrase
is not too long, the string ‘“+.NOT.P2B+CO’ is substituted for ‘—P2B’ (lines 1115-1126)
and the pointer to the last non-blank character is changed to reflect the lengthened
phrase (line 1127). Note that the test for a phrase containing —P2B that is longer
than 25 characters is necessary in order to avoid overflowing the size of array PHRASE

when the substitution takes place.

The carry-in part of the phrase is translated in lines 1137-1151. If a carry-in is

specified explicitly by ‘“+CO’, “+COUT’ or ‘“+.NOT.COUT’, then the CI field is set to
01, 10 or 11 respectively (lines 1140, 1145, 1150). The pointer to the last non- |
blank character is adjusted indicating that the carry-in is already processed. If no |

explicit carry-in specificatin is present, CI is left in its default state, which is 00. |

The right operand part of the phrase is translated in lines 1152-1204. The three
legal specifications for the right operand (0, .NOT.P2B and P2B) are recognized by
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three tests (lines 1152, 1168, and 1184). If all three tests are failed, the right
operand is illegally specified. In that case, an error message is printed and the
phrase is ignored by jumping to the end of the ALC-phrase translation block
(lines 1200-1204).

The translation of O as the right operand results in the control bit settings D, = 1.
In line 1154, a test is made to see if this setting causes a conflict with earlier
phrases. If there is a conflict, an error message is printed and the phrase is ignored
by jumping to the end of the ALC-phrase translation block (lines 1155-1160).

If no conflict occurs, D, is set to 1 (line 1163), FIELD(20) is set to FF (line
1162) indicating that D; has been set, the pointer is moved one position to the
left (line 1164) now pointing to the end of the operator, and a branch is taken

to the end of the right operand translating code (line 1165).

The translation of .NOT.P2B as the right operand results in the control bit settings
D, = 0 and D; = 0. In line 1170 a test is made to see if this setting causes

a conflict with earlier phrases. If there is a conflict, an error message is printed
and the phrase is ignored by jumping to the end of the ALC-phrase translation block
(line 1171-1176).

If no conflict occurs, D, and D, are set to O (line 1179) and FIELD(19)

and FIELD(20) is set to FF (line 1178) indicating that D, and D, have been set.
The pointer is moved 8 positions to the left (line 1180) now pointing to the end
of the operator. A branch is taken to the end of the right operand translating
code (line 1181).

The translation of P2B as the right operand results in the control bit settings D, = 1
and D, = 0. In line 1186, a test is made to see if this setting causes a conflict with
earlier phrases. If there is a conflict, an error message is printed and the phrase

is ignored by jumping to the end of the ALC-phrase translation block (lines 1187-1192).

v e




If no conflict occured I}, is set t« ), and FIELD(19)
FIELD(20) are set to FF (lines 11¢ £ inter is moved positions
to the left (line 1196) now pointing | of the operator, A branch

is taken to the end of the right operand i{ransiating code (line 1197).

The left operand of the phrase is translated in lines 1205-1237. The two legal
specifications for the left operand (P1B, and NOT.P1B) are recognized by two tests
(lines 1205 and 1218). If both tests are failed, the left operand is illegally
specified. In that case, an error message is printed and the phrase is ignored by

jumping to the end of the ALC-phrase transiating block (lines 1233-1237).

Two translations of PI1B as the left operand are possible: D, = 0, D, = 0 or
D,=1 If D, =1 and D, = 0 or if D, is not set then the translation D, = 1
is chosen. If D, and D, are both set to C then D, = 0, D; = 0 is chosen

as the translation.

Accordingly, two tests are made to see which translation is applicable (lines 1207 and 1213)
and the corresponding bits are set (lines 1208-1212 and 1214-1217). Only one

translation of .NOT.P1B as the left operand is possible: D, = 0, D; = 1.

If D, is set to I or D, is set to O (line 1220) an error message is printed (lines
1221-1226). Otherwise FIELD{19) and FIELD(20) are set to FF, D, is set to 0

and D; is set to 1 (lines 1227-1231).

Lines 1233-1236 print an error message if the left operand was not recognized as
being legal, followed by a branch to the end of the ALC-phrase translation block
from line 1237.

The operator of the phrase is translated in lines 1238-1286. The three legal operators
(+, OR and AND) are recognized by three tests (lines 1238, 1253, and 1268). If
all three tests are failed, the operator is illegally specified. In that case, an error

message is printed (lines 1283-1286).
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The translation of + as ior is A, = 0. In line 1240 a test is made to see

if a conflict occurs due to this control bit setting. If there is a conflict, an error
message is printed (lines 124!-1246) and the phrase is ignored by jumping to the

end of the ALC-phrase translation block.

If no conflict occurs, A, is set to 0 and FIELD(7) is set to FF, indicating that
A, had been set (lines 1247-1251). A branch to the end of the ALC-translating

block is taken from line 1250, thus completing the transiation of the phrase.

The translation of OR as the operator is A = 11. In line 1255 a test is made, to
see if a conflict occurs due to this control bit setting. If there is a conflict, an
error message is printed and the phrase is ignored by jumping to the end of the ALC
phrase translation block (lines 1256-1261).

If no conflict occurs, A is set to 11 and FIELD(7) and FIELD(8) are set to
FF, indicating that A had been set (line 1452). A branch to the end of the
ALC-iranslating block is taken thus completing the translation of the phrase (lines
1262-1266).

The translation of AND as the operator is A = 10. In line 1270 a test is made,
to see if a conflict occurs due to this control bit setting. If there is a conflict,
an error message is printed and the phrase is ignored by jumping to the end of the
ALC-phrase translation block (lines 1271-1276).

If no conflict occurs, A is set to 10 and FIELD(7) and FIELD(8) are set to r
| FF indicating that A had been set. A branch to the end of the ALC-translating
block is taken thus completing the translation of the phrase (lines 1277-1281). 3
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§1.12.34.4.3.6 The Case TYPE=6: Translation of SHIFTER-Phrases

The block in lines 1288-1467 transiates SHIFTER-phrases. The valid SHIFTER-

phrases and their translation are shown in 5.1-7,

Table 5.1-7 Translation of SHIFTER-Phrases

SHIFTER = @ M, =0, Mg =0, S =0, IM =1
SHIFTER = DI, M, =0, M, =0, S, =0
SHIFTER = ALC(6-0)\ 0, M, =0, M, =1, C=011*
SHIFTER = ALC(6-O)\ 1, M; =0, Mp =1, C = 010.*
SHIFTER = ALC(6-0)\ MXLOIN, M, =0 M, = L

SHIFTER = ONALC(7-1), M, =1, M, =0, C= 0l1.%*
SHIFTER = INALC(7-1), M, =1, M, =0, C = 010.*
SHIFTER = MXHOIN\ALC(7-1), M, =1, M, = 0.

SHIFTER = 00NALC(7-2), M; =1, M =1 C=011"
SHIFTER = 1INALC(7-2), M, =1, M =1, C= 010*
SHIFTER = MXHIIN\MXHOINVALC(7-2). M, =1, M, = L.

The code translating SHIFTER-phrases consists of 11 tests (lines 1284, 1306, 1322,
1338, 1354, 1369, 1385, 1401, 1416, 1432, and 1448) deciding which SHIFTER
phrase is at hand. If all 11 tests are failed, an error message is printed (lines
1463-1466).

The blocks entered when any one of the 11 tests is passed are all very similar. Each
begins with a tests for conflicts with the control bit configuration which constitutes the
translation of the respective phrase. If there is . conflict, an error message is printed
and the phrase is ignored by jumping to the end of the SHIFTER-phrase translation
block.

If there is no conflict, the respective bits are set (as shown in table 3) and the respec-

tive elements of array FIELD are set to FF.

* Only C,and C, are actually represented in the microwords. C, is always O.
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511234437 The Case TYPE=7: Translation of MXLOOUT-Phrases

The block in lines 1468-1491 translates MXLOOUT phrases. There is only one
valid MXLOOUT phrase.

s MXLOOUT

ALC(0).

Translation is M; = 0, My, = 1. A test is made to see if this control bit
setting causes a conflict (line 1471). If there is a conflict, an error message
is printed and the phrase is ignored by jumping to the end of the MXLQOUT-
phrase translating block (lines 1472-1477).

If no conflict occurs, the control bits M; and M, are set to O and 1, respectively
and FIELD(16) and FIELD(17) are set to FF indicating that M; and M,
have been set. (liiies 1478-1483).

If an invalid MXLOOUT-phrase is specified (anything other than MXLOOUT = ALC(0),
tested in line 1469), an error message is printed (lines 1485-1490) and the phrase
is ignored. )

5.1.1.2.34438 The Case TYPE=8: Translation of MXL10OUT-Phrases

The block in lines 1492-1514 translates MXL1OUT-phrases. There is one legal
MXL10OUT-phrase:

= MXLIOUT = ALC(1)

Translation is M = 011. A test is made to see if the control bit setting M = 011
causes a conflict (line 1495). If there is a conflict, an error message is printed
and the phrase is ignored by jumping to the end of the MXL1OUT-phrase trans-
lating block (lines 1496-1501).

If no conflict occurs, M is set to 011 and FIELD(16), FIELD(17), and FIELD(18)
are set to FF, indicating that the M-bits have been set (lines 1502-1506).

5.




T-phrase is specified

yrinted  (lines 1508-1513)

'he Case TYPE=9: Translation

The block in lines 1515-1537 translates MXHQOOUT-phrases.

MXHOOUT phrase:
8  MXHOOUT = ALC(7).

The translation is M = 001. A test is made to sse if the control bit setiing
M = 001 causes a conflict (line 1518). If there is a conflict, an error message is
printed and the phrase is ignored by jumping to the end of the MXHOCUT-phrase

transiating block (lines 1519-1524).

If no conflict occurs, M is set to 001 and FIELD{i6), FIELD(i7), and FIELD(18)
are set to FF, indicating that the M-bits have been set (lines 1525-1529).

If an invalid MXHOOUT-phrase is specified (anything other than MAXHOGUT

an error message is printed (lines 1531-1536) and the phrase is ignorec.

5112344310 The Case TYPE = 10: Transiation of MXHIOUT-Phrases

The block in lines 1841-1891 translates MXH10UT-phrases. Ther is one legal
MXH1OUT-phrase:

a MXHIOUT = OFL

Translation is C; = 1. A test is made to see if the control bit setting ©

causes a conflict (line 1541). If there is a conflict, an error message is pr

and the phrase is ignored by jumping to the end of the. MXH1OUT-phrase

lating block (lines 1542-1546).

If no conflict occurs, C; is set to 1 and FIELD(2) set to FF, indicating that C,
has been set (lines 1547-1550).

If an invalid MXHI1OUT-phrase is specified (anything other than MXHIOUT = OFL)

an ecrror message is printed (lines 1552-1557) and the phrase is ignored.
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531334434 The Case TYPES1L: Transiation of CO-Phrases

biock in lines 1559-1574 translates CO-phrases. There are two legal CO-phras

nslated oy setting the CO-bit to 0, the latter by setiing i

o tnade to <ee which of these phrases is at hand {lines

I OPUCGUT i soecified, the CO-bit is set to O and a branch to the end ol

Wia-k j: tegen (linss 1361-1564). H L2 is specified, the CO-bif is
teanoh tn the snd of the block is taken (lines 1566-1569). illecal CO-phreas

1570-1573)

5112344312 Tha (ase TYPE=12: Translation of MFLAGS-Phrases

The block in lines 1575-1600 transiates MFLAGS-phrases. There are fou
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- o/ AT !
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4
i of thesc ‘ransiated by the ML/ M B S

setiing them to 01, the third by setting them to 10, and the fourth by seining |

Four teste are made 1o see which of these phrases 8 & hand (mes 15/9, 3
586, and 1391). 1 phrase is recognized by one Of tnest fesk, MFELA ) !
f
sei acco _ i sranch to the end of L aken (i R '
- 39! If the ph: J




5.1.1.23.4.4.3.13 The Case TYPE=13: Translation of COUT-Phrases

The block in lines 1601-1626 translates COUT-phrases. There are four legal
COUT-phrases

s COUT = CcoUT
s COUT = GPUCOUT
a  COUT = DO(7)
= COUT = DO(0)

The first of these is translated by setting the CO-bits to 00, the second by setting
them to 01, the third by setting them to 10, and the fourth by setting them to
11.

Four tests are made to see which of these phrases is at hand (lines 1602, 1607,
1612 and 1617). If a phrase is recognized by one of these tests, the CO-bits are
set accordingly and a branch to the end of the block is taken (lines 1603-1606,
1608-1611, 1613-1616, 1618-1621). If the phrase is not recognized as one of

these four, an error message is printed (lines 1622-1625).

5.1,1.2.4.3.3.4.14 The Case TYPE=14: Translation of the NOLOAD Phrase
The block in lines 1627-1638 translates the NOLOAD phrase:
| NOLOAD

Translation consists of setting M = 100. If this causes a conflict (tested in line
1628) an error message is printed (lines 1629-1633). Otherwise M is set to
100 and FIELD(16), FIELD(17), and FIELD(18) are set to FF, indicating

that the M-bits have been set (lines 1634-1637).




5.1.1.2.3.4.43.15 The Case TYPE=15:

I/O phrases.

.NOT.MEMR
.NOT.MEMW

.NOT.INTA.NOT.IFCH
HLDA.WAIT

NOT.MEMR.NOT.IFCH
.NOT.MEMR.NOT.STACK
.NOT.MEMW.NOT.STACK

is at hand.

51.1.2.3.4.43.16 The Case TYPE=16:

GUA = ENABLE(CE)

The block in lines 1639-1719 translates I/O phrases.

TRANSLATION
I/0 0001
I/O 0010
I/0 0011
1/0 0100
I/0 0101
I/0 0110
I/0 0111
1/0 1000
I/0 1001
I/0 1010
1/0 1011
1/0 1100
I/0 1101
1/0 1110
I/0 1111

The block in lines 1720-1745 translates GUA-phrases.

Translation of I/O-Phrases

There are 15 possible

The phrases and their translation are as follows:

code translating I/O-phrases consists of 15 tests deciding which I/O-phrase

If all 15 tests are failed, an error message is printed (lines 1715-1718).
The blocks entered when anyone of the 15 tests is passed are nearly identical.

In each the I/O-bits are set to the corresponding value and a branch to the end

of the block (i.e. to ENDI15) is taken.

Translation of GUA-phrases

There are four legal GUA-phrases:




ENABLE(LE!]

to 00, the sscond

setiing them

at hand (linss 172 172

is recognized by one of these tests, the GUA-bits

and a branch to the end of the biock (i.e. to ENDI6) is take

2-1725 127-1730, 1732-17 wd 1737-1740). If the phrase is not

- &

/

as one of these four, an error message is printed (lines
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7.1.1.2.344317 The Case TYPE=17: Translation of E-Phrases

The block in lines 1746-1761 transiates E-phrases. There are two legal E-phrases:

Franslation consists of setting the E-bit in the microword to O or I, as specified.
[wo tests are made to see which of the phrases is at hand (lines 1747-1452). iIn
cither case the E-bit is set and a branch to END17 is taken (lines 1748-1751 and
1753-17

3

tn

6}, f the phrase has not been recognized an error message is printed
51.12.344.3.18 The Case TYPE=18: Errors
The null-statement in line 1762 is executed if a phrase is too long or if a phrase

of its type has already been executed (see sections 3.4.2.3 and 3.4.2.4).

5.1.12.3.4.4.3.19 The Case TYPE=19: End of Microword

The null-statement in line 1763 is executed if PHRASE (0) =, ie., if the

semicolon ending the microword is encountered (see sections 3.4.2.4. and 3.4.4.3).

5312244330 The Case TYPE=20: Other Phrases

The block in lines 1764-1802 handles the phrases causing explicit setting of control

is not valid). There are 5 valid phrases in this category:

LR -

B C=x

® D=x ‘ i
® M=x

® S =x where x is a digit from 0 to 7.

The translation is obvious; the respective field is set to the value given. %




ol a2 o R

If the phrase is not one of the 5 shown above (tested in line 1765) an error
message is printed (lines 1766-1771).

If the phrase is valid, the value is converted from ASCII to binary (line 1774)
and 5 tests are made, to see which control bits are to be set (lines 1775, 1780,
1785, 1791, 1796). In each case, the respective control bits are set and the
corresponding elements of array FIELD are set. Note that no tests are made

to check if the respective control bits had been set by earlier phrases which

causes these explicit control bit settings to override symbolic specifications.

5.1.1.2.3.4.44 Delayed Resolution of Control Bits
Delayed resolution of control bits takes place in 2 steps:

® delayed resolution of S, and of the A-bits (lines 1805-1847)
® delayed resolution of the M-bits (lines 1848-1895)

5.1.12.3.44.4.1 Delayed Resolution of S, and of the A-Bits

Two delayed resolution flags affect S; and the A-bits: P2BREGPHRASEPRESENT
and NOTADI.

If P2BREGPHRASEPRESENT is FF, two translations are possible:

L]
2]
i

= 1 and A = 01, or
m S, =0 and A # Ol.

If NOTADI is FF, A may not be set to OI.

Eight conditions determine the value of S, and of the A-bits:

P2BREGPHRASEPRESENT,
NOTADI,

FIELD(11) (indicates S, is set),
the current value of S,,
FIELD(7) (indicates A, is set),
FIELD(8) (indicates A, is set),

the current value of A,,

G SR

the current value of A,. $0




Figure 5.1-12 shows the value of S, and A as a function of these 8 conditions.
The array TBL is the computer representation of the Table in Figure 5.1-12 and
S,, A and unresolvable conflicts are determined by table-lookup.

In lines 1807-1822, the variable INDEX is set up according to the eight conditions
ennumerated above. The lookup takes place in line 1824. If the table entry looked
up corresponds to one of the blank squares in Figure 5.1-12 (tested in line 1825), an
error message is printed (lines 1826-1832). This should never happen, unless there

is an error in the Q-80 Microprogram Assembler.

If the table entry looked up corresponds to one of the E-squares in Figure 5.1-12
(tested in line 1833), an unresolvable conflict exists and an error message is
printed (lines 1834-1838). Otherwise, S, and A are set according to the table
entry looked up and FIELD(7), FIELD(8), and FIELD(11) are set to FF,
indicating that S; and A have been set (lines 1839-1846).

5.1.12.344.42 Delayed Resolution of M-Bits

Two delayed resolution flags affect the M-bits: DOALCPHRASEPRESENT and
P1BDIPHRASEPRESENT. The former is resolved in lines 1848-1868, the latter
in lines 1869-1891.

For DOALCPHRASEPRESENT it has to be insured that M # 11x. In doing so,
one must take care that M not be set to 100, unless a NOLOAD phrase was

specified.
Processing of the DOALCPHRASEPRESENT condition begins by checking if M,

is set to 1 (line 1850). If it is not, M, is set to O and FIELD (16) is set
to FF (lines 1868-1871). If M, is set to 1, a further check is made to see
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Figure 5.1-12 Delayed resolution of S, and of the A-bits.
The upper digit is the value of §,, the 2 lower digits
are the value of A, and A,.
conditions that are not expected to occur.
a conflict that can not be resolved.

Blank squares represent
E indicates




if M; is also set to 1 {line 1852). If it is, an error message is printed
(lines 1858-1860). This however may lead to M being inadvertently set to

100. Therefore, if My is not set, it is now set to 1 (lines 1861-1865).

For PIBDIPHRASEPRESENT, it has to insure that M will not be 000. If M
has a value other than 000 (line 1875) then there is nothing to be done. If
however, M = 000 (line 1875) and FIELD(16), FIELD{17), and FIELD(18)

; are FF (line 1877) indicating that M has been set to 000 by previous phrases,

then an error message is printed (i'nes 1878-1882).

I{ M = 000 and not ali of FIELD(16), FIELD(17), and FIELD(18) are FF,

£
i
A

then M; or M, or both are not set. (Since the default for M, is I, it could
not be O without having been set). Therefore, if FIELD (17) is not FF (lines
1884) then M, is set to O (lines 1885-1888), otherwise M, is set to O (lines

1889-1892).

5.1.1.2.3.4.4.5 Printing anéd Qutput of the Translated Microword

The microword is printed and writien to the binary

PRINTROUTINE (line 1896).

o o R TR SR 3
x.-.”p‘u\ T1i¢ O a call to

o




PLAM-20 COMFILER

(-8 MICROFROGRAM RSSEMELER

18 OCT 77 PAGE

ISIS-II PLAM=-2G VI 0 COMPILATION OF MODLULE MICROH
QBJECT MODULE FLRCED
COMFPILER IMVOKED BY:

-

Y
0 0 & L)

13

25
26
27
22
29
za
21
3
P9 4
z4
25
Z8
%
22
29

46
41

4z
44

45
47
4%

A ol LU UV ol OV OVl OV NI Sl CRN OV I ol (VY Ol O Nl OV OV

RMMRNEPRORDEPRPODEPERDREPRNMNDERNDPRNDERENR P

L (| | | (O | ([ (O (| (O ({1 1}

FFRINTC

MICRCQ:

IM (F1:MICROR. OBJ
FLM2E F1:MICROX. PLM DRTE(iS OCT 772

CLFY PAGEWIDTHOSEY TITLEC@-28 MICROFROGRAM ASSEMELER - )
(el R

FINCLUDE C THCLUC. DTl »

OFEM:

CLOSE !

READ :

WRITE:

SEEK:

DELETE:

ERROR :

EXIT:

ALFHA

BINARY :

HE® :

INTEG:

INTEGD :

FAGE :

FFAGE :

SKIP:

FEOCEDURECRFTFTRE. FNFTR., ACCCODE. ECHORFT, STATUS Y EXTERMAL;
DECLARECAFTRTER. FHFTR. ACCCODE, ECHOARFT. STATUS ) ADDRESS:

ENL OFEM:

FROCEDURECAFT. STRTUSY EXTERMAL:
DECLARECAFT. STATUSY ARODRESS:

EMD CLIOSE:

FROCECURECAFT. BUFFTR. LENGTH, COUNTPTR, STRTUS» EXTERNAL:
DECLARECAFT. BUFFTR., LENGTH. COUMTFPTR. STATUS) ADDRESSS

END RERD:

FROCEDURECAFT. BUFFTR. LEMGTH., STATUS) EXTERNAL:
DECLARECRFT. BELIFFTR., LENGTH. STATUSY ACDRESS:

END MRITE:

FROCEDURECAFT. OFER. BLOCKMORTR. EYTENOFTR, STATUS? EXTERNAL:

DECLARECRFT. OFER. BELOCKMOFTR. EYTENOFTR, STATUS> ADDRESS;
EMD SEEFK:
FROCEDURECAFT. STATUSY ESTERMNAL:

DECLARECHFT. STATUS ADDRESS:

END DELETE:
FROCEDURECERFENO. STATUS» EXTERMNAL:

DECLARECERREND, STATUSY ADDRESS:
END ERROF:
FROCEDURE EXTERNAL:
END EXIT:

PROCEDURECAFT. LENGTH. EUFFTR> EXTERMAL:
DECLARECAFT. LENGTH.: EUFFTR> RADDRESS:
END ALFHA:
PROCEDURECAFT. LEMGTH: BITE» EXTERNAL:
DECLARE AFT ADDRESS. <LENGTH.EITE>» EYTE;
END BIMARY:
FROCEDURECAFT., LENGTH. BUFFTR>» EXTERNAL:
DECLARECAF T, LENGTH. BELUFFTE» RADDRESS:
END HEX:
FROCEDURECARFT. BEITE» EXTERMAL:
DECLRARE AFT RADDRESS. EBITE EYTE:
END INTEG:
FEOCEDURECAFT. THOEBITES? EXTERMAL:
DECLARECAFT, THOBITES» ADDRESS:
END IMTEGD:
FPROCEDIURECHF T2 EXTERMAL:
DECLARE AFT ADDRESS:
ENC FARGE:
FROCECURECAFT » EXTERMAL
DECLARE AFT ARDDRESES
END FFPAGE:
FROCEDURECAFT Y EXATERMAL:
DECLARECAFT Y ADDRESS:
END SKEIF:

-84-
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PLAM-20 COMFILER  ©-20 MICROFROGRAM ASSEMELER 18 OCT 77 PAGE 2
45 1 =  SPACE: PROCEDURECAFT. LENGTH) EXTERNAL:
se 2 = CECLARECAFT, LENGTH) ADDRESS:
1 2 = END SFACE:
S2 1 = EQUAL: PROCEDURECPL, P2, L) BYTE EXTERNAL:
53 2 = DECLARECFL. P23 ADDRESS. L EYTES
54 2 = END EQURAL;
SS 1 = SETEIT: PROCEDURECP. I. L. %) EXTERNAL
56 2 = DECLARE P ADDRESS. <1, L. %> EBYTE
s7 2 = END SETEIT:
2 4 = EGUBIT: PROCEDURECP. I.L. %) BYTE EXTERNAL:
sa 2 = DECLARE F ADDFESS. <I.L.Ws BYTES
€0 2 = END EQUEIT:
!
|
|
|
!
85-
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COMPILER Q-8 MICROFPROGRAM RSSEMELER 18 OCT 77 .FRGE 3

$EJECT

R EE S EE SE EE PR R R SRR RE S KEVTEY T8 B SRR TS NV B S E TR U Y SOV E SV A ST SR N SRS S SN R Y S G R o bbbk S
P i
e DECLARATION OF PUBLIC VARIABLES AND PROGCEOLTT #/
AE oy
JAE SN S S S T A SRR EE R SR S SRS U TE S5t SR SR S S T TR SR T R T U A A N UPOAR S A S S S S 9 ~ toboflopoRsk g/

CECLARE (SI1.BQ. LFP) AROGRESS FUBLIC,
KB RDDRESS FUBLIC DATACL>,
CRT ADDRESS FUEBLIC DATACE);
DETCLRRE TR BYTE PUBLIC DATACGDH
DECLAREE LF BYTE FUBLIC DATRCOGRHS;
DECLARE TRE BYTE FUBLIC DATACOSHI;
DECLARE YTE PUBLICS
DECLARE EMDEYMBTAE RADDRESS RUBLIC;
DECLARE FIRSTRYRILARDDR RESS FPUBLIC
DECLARE PRAGEND ADDRESS PUBLICS
DECLARE LIMEND BYTE PUBLIC:
HERDER  FROCEDUFE (S PUBLIC:
DECLARE < BYTE:
IF Sl THEN CALL FFPAGECLF
ELY: CRLL P8
ALPRAHCLF 20, | (6F
L SKIPCLPY
. SKIPCLP;
RLFHARCLF.,
Gt |
CALL SKIFPCLPY;
CALL SPRCECLF. Pal;
CARLL ALFPHACLP: 4, . ¢“FRGE" > 2
CALL INTEGDCLP, FRGEND ;
CARLL SKIPOLPY;
CALL ALFPHAILP. 41, . (BEH, "=—=—=m———=

CALL SKIP<LFM;
CALL
L INENG =
FARGEHD = FAGEND + 1:
ERC HERDER:
EOL; FROCEDUIRE PLUBLIC:
LIMEMD = LIHEMI + i
EHLL SETPCLE
IF LINENG <= &1 THEN RETURN:
ELSE CRLL HERDER:E

L

END EQL:
FAZS1: FROCEDURE ESTERNAL:
EMDY FRSS1:
FRSSZ . PROCEDLRE ERTERMAL:
EMD PRZSZ:
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i R S RaE TR SRR SRR P R R S R O ]

GUE ACTIVITIES

DIALOG WITH CONS
OFEN SOURCE FILE
- OFEM BIMAFY FILE
~ OFEN LINEFRINTEF

R R R T R R S R R 2 R )

2 BYTE;

5 MEASY BYTE: /% Fh
NGTH AODRESS

FE CLIMEFTR. FHF
CSTRTUS. ST. D

E DATEC4T > BYT

R.I> BY
TEAFT)

M -4\

EMAINCER OF COMMAND L
p LINE, 295, . LENG

THEM DOs A4 FROM
CRLL RALFHRCCRT,
CALL READCEE. . L
IF LEMNGTH=2 THE
EHbs

IGHNORE LERDING ELAMKS #/
LLINEPTR = &
DO MHILE LINECLINEPTR=" 7;
LIMEFTR = LINEFTR + 1;
ErCy

v COFY FILEMAME FROM LINE TQ

AN

fed 1od Bad Lad

IREARES

FNPTR = @;
0 WMHILE LINECLINERTRCHS -

FHNOFNPTRY = LINECLINEPTR):
ERTR = LINEFTR + 1
FNPTR  + 4;

B OFILL IM REMAINDER OF FMH WMIT
41 I = FHNRFTR TO 14:
I3 = 7 ¢

S DPEN SDURCE FILE AND CHECK

LL OFENY. S1.. FN. 1.6, . STATL
TOSTATUS=9 OF STARTUS=S OR £
THENM DOQ:
CALL ALFHACCRT.
CALL ERRORCSTAT
CALL EXIT:
END




PLA/M-2@ COMPERLER Q@-28 MICROPROGRAM RSSEMBELER 18 OCT 7?7 PAGE S

136

2 IF STRTUS=13
THEN [0
138 2 CALL ALFHACCRT. 28,. ("FILE DOES NOT EXIST “>);
139 3 CALL ERRORCSTRATUS, . ST
148 3 CALL EXIT:
141 2 END;
A% OPEM :LP: FILE. FRINT HEADER. FILEMAME AND DATE. */
142 2 CALL QFEMC. LP.. C7:LP: 72,2, 8.,. STRTUS;
143 2 FRSEND = 1;
144 2 CALL HEARDERCL1);
145 2 CALL SPARCECLF. S3;
14 2 CALL ALFHACLF. 14, . FMN2:
147 2 CALL SPARCECLF. &8);
143 2 CALL OFEMC. DRTERFT.. C"DATE 72, 1.8, STRTUS):
149 2 CALL RERCCDATEARFT. . DATE, 11, . LENGTH. . STATUS X
156 2 CALL CLOSECDRTERFT. . STATUSH;
151 2 CALL ALFHACLF. 11, . DATE>:
152 P CALL EOL:
4 153 2 CALL EOL:
154 2 CALL ALFHACLF. 41.. (GEH, 7 “
= == T2
155 b CALL EOL;
15 b= CALL EOL:
/% CHAMGE FILE EXTEHWZION TO . BIN #*/
i 157 2 FNPTR = 4:
152 2 DO WHILE FMHCFMPTR <. 7 AND FHCFNPTR> <> 7
159 2 FNPTR = FMFTE + 1;
18 2 ENC:
151 2 FMCFHNFTR > = 7 7;
12 2 FHCFNPTR+1» = “B7;
1 16Z 2 FHC{FNRPTR+22 = 17
164 b4 FHCFMPTR+ZD = “N7;
165 2 FHNCFNPTR+4y = 7 75
* i /% QPEM EBIMARY MICROFROGRAM FILE #*/
1€€ 2 CALL OFENC BO,. FN. Z, 8. . STATUS);
167 2 EMD:
168 i CALL PASZ4: A+ BUILD SYMBOL TRELE #+/
162 1 CALL PRSSZ: A+ BUILD EIMNARY FILE =#/
iva i END MICROX:
3
: | MODULE INFORMATION:
CODE ARER ZIZE = @ZFEH 18220
! YARIAELE AREA SIZE = G1324H 020
E MAXIMUM STACK SIZE = 00032H eo
214 LINES RERAD 4
o PROGRAM EFRORCS)
|5
END OF PL/M-20 COMPILATION
-88-
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PL-M-88 COMFILER PASS I OF (-8 MICROFROGRAM ASSEMBELER 25 OCT 77 PAGE 1

ISIS-II PL/M-20 VY2 @ COMFILATION OF MODULE MICROL
DBJECT MODULE PLRACED IN :F1:MICRO1. QOEJ

COMFPILER INVOKED BY: PLM39 :F1:MICROL. PLM DATEC(2S OCT 77> |

$PRINTC:LP:> FAGEWIDTH{2&)>
$TITLEC/PRSS I OF 0-20 MICROPROGRAM RSSEMBLER )

.

INTEG: PROCEDURECAFT.BITE> EXTERMAL:
DECLARE AFT ADDRESS. BITE EYTE:
END INMTEG: ]
INTEGD: PROCEDURECAFT. THOEBITES: EXTERNAL:
DECLARECAFT. TWOBITES» ADDRESS;
END INTEGC:
PAGE : FROCEDURECAFT» EXTERMAL:
DECLARE AFT RADDRESS:
END PAGE:
FPAGE: PROCEDURECAFT?) EXTERNAL:
DECLARE AFT RADDRESS:
END FPAGE:
SKIF: FROCEDUREYAFT» EXTERMAL: ;
DECLAFECAFT> RADDREZSS;

1 MICRO1: DOQ: |

$INCLUDEC INCI.LD. DCL >

2 i1 = OFEN: FROCEDURECAFTPTR, FNPTR. ACCCODE. ECHOAFT, STATUS)> EXTERNAL;

2 2 = DECLRRECAFTFTR., FNFTR. ACCCODE, ECHOARFT. STATUS> RDDRESS:

4 2 = END OFEN;: {

1 S 1 = CLOSE: PROCEDURECAFT.STRTUS)> EXTERMAL: 4
€ 2 = DECLARECAFT., STATUS> RADDRESS:

7 2 = END CLOSE:

8 1 = RERD : PROCEDURECAFT. BUFPTRE. LENGTH. COUNTPTRE. STATUS> EXTERMAL;

S 2 = DECLARECHFT, BUFPTR. LENGTH, COUNTFTR, STRATUS» ADDRESS: ‘
10 2 = END READ: |
11 1 = WRITE: PROCEDURECAFT. BUFFTR. LENGTH, STATUS> EXTERNAL:

12 2 = DECLRARECAFT. EUFFTR. LENGTH. STRTUS> RCODRESS:
1z 2 = END WRITE:
14 4 = SEEK: PROCEDURECAFT. OPER. BLOCKNOFTR, BYTENOFTR, STATUS» EXTERMNAL; {
15 2 = DECLARECAFT. OFER. BLOCKMNOF TR, EYTENCOFTR. STATUS)> ADDRESS:
16 2 = END SEEK:
17 1 = DELETE: FROCEDURECHFT. STATUS> EXTERNAL:
18 2 = DECLARECAFT, STATUS> ADDRESS:
19 2 = ENO DELETE:
20 i = ERROR: FPROCEDURECERRMD, STATUS) EXTERMAL: .
21 2 = DECLARECERRNO, STATUSY ADDRESS:
0 2 = END ERROR; :
22 1 = EXIT: FROCEDURE EXTERNAL: i
24 Z = END EXIT:
=
25 1 = ALPHA: PROCEDURECAFT. LENGTH, BUFFTR» EXTERMNAL:
26 2 = DECLARECAF T, LENGTH. BUFFTR>» ADDRESS:
a7 2 = END ALPHRA;
28 1 = BINARY: FROCEDURECAFT, LENGTH. BITE> EXTERMNAL:
29 2 = DECLARE AFT ADDRESS, <LENGTH.EBITE> EYTE:
30 2 = END BINARY:
21 1 = HEX : PROCEDURECAFT. LENGTH. BUFFTR> EXTERMNAL:
32 2 = DECLARECAHFT. LENGTH., BUFFTR>» RADDRESS:
1 3= 2 = END HEX:
14 =
2 =
2 =
14 =
2 =
2 =
1 =
2 =
2 =
1 =
2 =
e =
1 =
2 =

89-




-58 COMPILER 2RSS Q-2 MICROFPROGRAM RSSENELER

END» SEIF:

FROCEDURECHAFT, LENGTHY EXTERMAL:
DECLARECAFT. LENGTH» RODREZS:

END SFRCE:

(N U o (Y]

EQUARL . PROCEDURECRL. F2: L) EYTE EXTERNAL;
DECLARE(FL, P2 RDDEESS. L BYTE:
END EQUIAL:
SETRIT: FROCEDURECF. I, L. N> EXTERNALS
DECLARE P ADDRESS. (I.L. YD) BYTE:
EMD SETRETT:
ERQUEIT: FROCECURECF. I,L.%2 BYTE EXTERMAL:
DECLARE P ADDRESS. OI. L. M2 BYTES
EMD EQUBIT

[UAE (U G (U (T A T (S

[ SO R LU (VIS ol OV (VI o
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&1
&2
€3

€5

PLAM-82 COMFILER

[ S A SN T T P P

FRZS 1 OF 2-Z@ MICROFPROGRAM RSSEMELER

25 OCT 77  PAGE

FEJECT
P R R R R R R S S SRR R R R T R e
e */
o DECLARATION OF EXTERMAL VARIAELES AMD PROCEDURES #*
o */
& -

DECLARE ¢SI. B0, LF. KB, CRT> ADDRESS EXTERMNAL:

DECLARE <CR.LF. TAE» EYTE EXTERMAL:

DECLARE E BYTE EXTERMAL;

DECLARE ENDEYMETHE ADDRESS EXTERMAL;

DECLARE FIRSTAVAILALDDR ADDRESS EXTERMAL;

DECLARE PRGEND ADDRESS EXTERHMAL:

DECLARE LIMENO BYTE EXTERNAL:

HEARGER : PROCEDURECSH Y EXTERMAL:
DECLARE =M BYTE:
END» HERDER:

EOL : FROCEDUIRE EXTERNAL:
END EDL:




P ”
PLAM-28 COMFILER PASS I OF @-36 MICROPROGRAM RASSEMELER 25 OCT 7?7 PAGE 4
$EJECT
/ + 4 b 7/
h »*/
/% LABEL DECODING AMD ADDRESS */
Ve ASSIGNMENT BLOCK *®/
/% */
/ ook ook 7
= 1 PASS1: FROCEDURE PUELIC:
74 2 DECLLARE BUFF (256> BYTE; 7% 1 BLOCK RS RERD FROM S1 »/
75 2 DECLARE BUFFPTR BYTE: /* POINTER TO BUFF »/
7e 2 DECLRRE CODE<256> BYTE; /7% 1 MICROWORD W/0 ELANKS */
7 2 DECLARE CODEPTR BYTE; /% POINTER TO CODE */
7e 2 DECLARE EOF BYTE;
i rg-) 2 DECLARPE LREL(S> BYTE: /% ALPHANUMERIC LABEL #*/
8a 2 DECLARE SUFFIX BYTE: /# BINARY LABEL SUFFIX */
81 2 DECLARE SUFFIXLENGTH BYTE; /% NUMBER OF BITS IN SUFFIX */
a2 2 DECLARE SYMBTREPTR RDDRESS:
8z 2 DECLARE STATWS RDDRESS:
84 2 BUFFADY : PROCEDURE: i
: 85 2 DECLARE <(NCHAR, STATUS> ADDRES=S:
i 8¢ 32 BUFFFTR = BUFFPTR + 1.
F 87 2 IF BUFFPTR=0 7% I.E =256 *
THEN DO:
e9 4 CALL READCSI.. BUFF. 296, . NCHAR, . STRTUS »;
S0 4 IF NCHAR=0@
] THEN DO:
s2 S CALL EOL;
9z o CALL ALPHACLF, 26, . (" +++ MISSING”,
7 LEND]. RSSEMBLY RBORTED. <33 3
94 S CALL EOL: 1
S5 S CALL PRGECLP); |
o6 S CALL PRGECLP); :
o7 S CALL EXIT; |
; S8 S END; {
99 4 BUFFFTR = ©@; |
% 100 4 END;
E - 101 3 END BUFFADY:

- - e R ———— NURE R ———
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PL/M-88 COMPILER PASS I OF Q-20 MICROPROGRAM ASSEMBLER 25 OCT 77 PHAGE S | 4

$EJECT
/% EXTRACTS AND COMPRESSES CODE FOR 1 MICROWORD %/
/% SETS EOF FLAG IF A - 3/~CHARACTER 1S ENCOUNTERED. %/
/% RESETS CODEFTR. w/
102 2 NEMMWORD : FROCEDURE:
103 3 DECLARE <1. CHAR) EYTE:
104 3 CODERDY ; PROCEDURE;
105 4 IF CODEPTRC2SS
THEN CODEPTR = CODEPTR + 1;
107 4 END CODERDY:
102 3 0O I = @ TO 255
109 4 CODECI> = * *;
110 4 END;
111 3 CODEPTR = @
112 3 CHAR = @@H:
113 3 DO WHILE CHRARCD”: %5
114 4 CHAR = BUFF (BUFFFTR);
115 4 CALL BUFFADY;
116 4 IF CHAR=CR
THEN DO
118 S IF BUFF (BUFFPTRY=LF THEN CALL BUFFADY:
120 S END:;
121 4 IF CHRR=‘#" OR CHAR=<; ’
THEN DO WHILE BUFFCBUFFPTR)<CR;
k. 123 S CALL BUFFADY;
, 124 S END:
} 125 4 IF CHAR=";
; THEN DO;
127 s CALL BUFFADY; /% STEP OVER CR. #/
L 128 S IF BUFFCEUFFPTR)=LF THEN CALL BUFFADV:
| 120 S CODE(CODEFTRY = “; “;
121 S CALL CODERDY;
132 S END:
122 4 IF CHARCOCR AND CHARCOTAB AND CHARSS Y -
AND CHAR<S “#%¢ AND CHARC>: * i
THEN DO
125 S CODECCODEPTRY = CHAR;
| 136 S CALL CODERDY:
| 137 S END:
|
: 128 4 IF CHAR=‘3" THEN DO:
140 S EOF = OFFH;
141 S RETURN;
142 5 END:
14z 4 END;
144 2 CODEPTR = @
145 3 END NEWMORD: J
93-
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PLAM-88 COMFILER PRSS I OF @-56 MICROPROGRAM RASZEMELER 25 0CT 77 PAGE =

e e

$EJECT
A4 ENTRACTS LRABEL FROM MICROMORD IM ARRAY CODE =/ i
i 148 2 EXTRACTLABEL PROCEDURE; é
147 3 DECLARE <I.J.L> BYTE: f
148 3 CALL MOVE(S,. ¢ ‘.. LABLY; i
143 3 L = @; i
156 3 DO WHILE <CODECLY<Z: <> RAND (L<18); [
151 4 L=1L+1;
152 4 END: i
158 . E IF ¢L=18> AMD CCODECATH<>":7)
THEN DO
455 4 SUFFIX = &;
156 4 SUFFIXLENGTH = @;
157 4 RETURN; i
158 4 END: t
459 % IF ¢CODEC@X<‘A“> OR (CODECEIZ Z) ¢
THEM DO; C
161 4 E=E + 1; i
162 4 CALL ALFHACLF, 16, . ¢ ##% LABEL FIELD ~»3; i
162 4 CALL ALFHACLF, L. . CODE>; i
164 4 CALL ALFHACLF. 45, . <7 DOES MOT BEGIN “. }
“WITH AM ALFHAEETIC CHARARCTER. “2); i
165 4 CALL EOL: :
16g 4 ENCx ;
167 3 I =8 i
168 = DO WHILE €CODECTIN<C> 07y AMD CI<L) AMD CI<SH f
162 4 IF CCCODECTIC A . QR CCODECTIIZ 2733 AND
CCCODECIM 87 OF CCODECINE 3700
THEN [:0: ;
a7 S E=E + 1; 5
1472 5 CALL ALFHACLF. 4G, . (“#+# LABEL FIELD “3); {
] s CODECI> = ~%77; i
~ ied. 5 CALL ALPHACLF. L, . COGE D :
' 475 5 CALL ALPHACLF. Z7.. ¢ COMTRINS MOM--. i
ALFPHANUMERIC CHARACTER. “ 3. §
i&7a 5 CALL EOL: ]
At AR END: :
178 4 LAEL:I» = CODECIN; !
k. 178 4 I =1+ 4; f
; iza 4 ENL; i
I 5% 3 IF CODECIs=":" THEMW [ ;
182 4 SUFFIA = & i
E 124 4 SUFFIHMLENGTH = & {
‘ 185, 4 RETLRN; {
~ 186 4 END: |
127 3 IF CCODECIH S ¢ 3 Of (CODECL-31 0I5 370
THEN [
189 4 E=E+ 1
! 198 4 CALL ALPHACLF. 16, . “#+s LABEL FIELD <)
191 4 CALL ALFHACLF. L. . CODE
192 4 CALL ALFHACLF, 42, . 7 DOES NOT HAVE 7,
‘PARAMTHESIS WHERE ENFECTED ).
123 4 CALL EOL:
i%a 4 SUFFIN = BFFH;
125 4 SUFFIHMLENGTH = GFFH.
-94-
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PLAsM—2C COMPILER FRSS I OF
198 4

197 4

Lo 2

123 s

ZEA e

281 -

283 8

284 5

289 5

=8
23
25
20
21
24

£ el Lt g B O 0GR L R

- Y
e 3
718 3

L.._ e st ST ——— et A e R A

G=-20 MICROFPROGRAM ASSEMELER 250CT 77 .FPRGE

RETURN:
EML

I =1 -4 A% STEP OYER £ */
Lo o= o A% STEP IWER ). #/
oy 7 AR S (N 1 [

IF CCAODECIXC>7872 AND (CODECJII<D> 17D

THEM [
CALL ALPHACLF. 16, . 9w LAREBEL
CALL ALFPHRCLP. L+2, . CODE>;
CALL ALFHACLF, 43, ¢ CONTRINMNS CHAREACTER
"OTHER THRM © ORF 1 IN SUFFIX. 732;

* CALL ECL:

SUFFIx = GFFH:
SUFFIHLENGTH = 9FFH
RETLIFM:
BN

FIELD ~33:

EML:

— LA

F -~ ADEC T4+ Ta="
THEN CRLL SETRITK

=L

FETLREM:

END EXTRACTLABEL:
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PL/M-88 COMPILER PASS 1 OF Q-8@ MICROPROGRAM ASSEMBLER 25 OCT 77 PRAGE 8

$EJECT
220 2 E =@
221 2 SYMBTREFTR = 8;
222 2 E@OF = @
222 2 BUFFPTR = 25%5;
224 2 CALL BUFFADV:

e

I —
.




PL<M-88 COMPILER PRSS I OF Q-8& MICROPROGRAM AZSEMELER 25 OCT 77 PAGE S

$EJECT

/ A-mm*mmwa*m'j

o BUILD SYMEQOL TRELE */

(I < 3 > /
225 a CALL NEWWORD;
22¢€ 2 DO WHILE NOT EGF:
227 2 CALL EXTRACTLABEL:
222 2 IF ¢ MEMORY+SYMETREFTR> > BFCSEH

THEM DO:
236 4 CALL ALFHACLP, 41, . ¢ *+444 FRATAL ERROR: SYMBOL 7,
“TRELE QVERFLOW. “33;

231 4 CALL EOL:
2322 4 CALL PRGECLP»;
222 4 CALL FAGECLP);
224 4 CALL EXIT;
235 4 END:
226 2 CALL MOVECES. . LABL. . MEMORY+SYMETABFTR )
237 32 MEMORY (SYMETABFPTR+2x = SUFFISLENGTH:
228 32 MEMORY CSYMETREFTRE+3Y = SUFF LA
239 = SYMETREFTR = SYMETREFTR + 12
240 3 CALL MNEWMWORD;
241 2 END:
242 2 ENDSYMETHE = SYMETABFTR - 1;

/ [T RS PRV UL VUV PRV RN Uy vyY Ry vpy ) PEY LT LS Uy Y b4 /l

ok AEBORT IF AMY ERRORS S0 FAR #o

P Aok sub ook bbbk b b b bk
242 2 IF E > 6

THEN [D0:
24S 3 CRLL ALFHACLP. 47, . et ASSEMELY REORTED 7.
“BECAUSE OF LREEL ERRORS. <))

24¢€ 3 CALL EOL;
247 2 CALL PAGECLP3;
242 3 CALL PRIGECLF;
242 3 CALL EXIT:
2Se 3 EMD;

97-
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FLAM-88 COMPILER FASS I 0OF A-2@ MICROPROGEAM FHSSENMELER 25 0CT 77 PRGE 18
SEJECT
: Pt T T SR R SR R SR SR TR v T p B CB o CE SR A S SR S S SR S s RN
o CHE CORFEECTHNESS OF S4YMEH TREL *
PAE T CEs L TR 1P C S R NP R R SRS A B TR LD R R R S R e TR R S B R O
231 & D
2952 = DECLARE <I..Jx RACDRESZS
253 = DECLARE oL L. M M2 BYTE:
254 = DECLARE ELSZERR EYTE:
3 255 = I = &
7 25: = SLESTERR = &
257 X 0D WHILE I < EMDIYMETRES
258 < Moo= MEMORY OISR A SUFFIN LENGTH +/
259 e IF (M85 AMD CPliAd BND CMIRED BRND CM<S34 AND OMK3T D
THEMN DO
2&e1 5 E=E + 1;
2E S ELSZERRE = BLSEERRE + 4.
253 2 CRALLL ALFHACLF, &2, | “ssdax ILLEGAL SUFFISLEMGTH
SORCTCL FRRESUER TR HSES TN BEOEKAL REELLED: 73]
3 ) =] CHLL RALFHACLF, 8. . MEMORY+T 3
2ES S CRLL EQL:
: 266 S ENCY
2E7 4 IF M8
THEH L = SHLBLH. Mo S OF WORDS IM BLOCKE +/
9 ELSE L = 9dH:
z J =1 + 42

(NN
b )
=
FON A A

IF MOT EQUALS, MEMORYC TS, . O TR
THEM DO MHILE EGUAL Y. MEMORYCI N, . MEMORY (T3, 83; 1
J =T e F
EMC
IF CJ=-I2x/42 <3 L
THEN D
ELSZERR = BLSZERR + 1.
E=E + 1;
CALL ALFHACLF. 13, . 7@ BLOCK LABELLED “)):
CALL ALFHACLF. 2. MEMORY+TI 3
CALL ALFHACLF, 25.. 07 IS TOO SHORT OR TOOC,
< LOMG. 2
CALL EOL;
EMD
ELSE DO K = 0 TD (L-15;
IF CMEMDRYCI+10 +Ey Cx MEMORYCI+E2D GR
CMEMORY ¢ T+13#k 430 < Kb
THEM [0 |
ELSZZERR = BELSZERR + 1
E =&+ 1;
CALL ALFHRCLPF, 94, . O “ssee JLLEGRL
SEUFFIE USE Ik BLOCKE LABELLED “)>3;
CHLL RULPHRCLF, 2, MEMOREY+I 2
CHLE Bl
B

N )
0 =~
8] ‘0
ALA anada Had

| 287
' 2e8
1 229
|
l

(LR

294
291
23z
29z
294
295

EMD;
= T;

EMD:

RN N I R

98- { §
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PLAM-88 COMFILER FRSS 1 OF 0-3@ MICROPROGRAM RZZEMELER 25,0CY 27 FAGE 13

FEJECT

/**:&:*&:&:'—&-m*:i:MM::Q:-#N:@:»:#‘-:&:»:*#:#:s::o:#:&:-*:*#:**»:a:/
o AEORT IF AMY ERRCGRS S0 FAR */
LY TEY T E TPV SI R TR SRR R SRS TR T A SR B TR O S SR S SR R A S T

IF BELSZERR > @

THEN DO:

CALL ALFHALLF. S2. .  “#+¥% RSSEMELY AREBORTED -,
“BECAUSE OF SUFFIX USE ERRORZ. 723;

CALL EOL:
CALL FAGECLFY;
CALL PAGECLF>;
CALL EXIT:
END:

Wh phbdh &
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FL/M-88 COMPILER PRSS 1 OF Q@-S8 MICROPROGRAM ASSEMELER 25 OCT 77 PRAGE 12 3

$EJECT
P ' /
/%  COMPRESS SYMEOL TABLE  #/ 1
P /
s 2 DO
30€ 32 DECLARE <I.J> ADDRESS:
@7 3 DECLARE K BYTE:
e 3 I.J = &
209 2 DO WHILE J < ENDSYMEBTRE:
210 4 CALL MOVECA2, . MEMORY+J, . MEMORYC(I)D;
21 4 IF MEMORY(J+2Y = @
THEN K = @1H;
3z 4 ELSE K = SHLC(O1H. MEMORY (J+83);
314 4 I =T+ K* 12;
215 4 I =1+ 12
26 4 END:; ]
M7 = ENDSYMETRE = 1 - 12;
218 2 END;




r-\-wﬂw - vt o e e e

i
; PL/M-88 COMFILER PASS I OF Q-89 MICROFROGRAM RSSEMBLER 25 OCT 7?7 PRGE 13
| 1
; $SEJECT ;
; /%  FASSIGN ADDRESSES  #/
| / B okl _.(/
219 2 DO;
320 = DECLARE ADGR RADDRESS: -
‘ 221 2 DECLARE I ADDRESS:
i 322 B ADDR = @;
: e 1 = @;
224 3 DO WHILE I <= ENDSYMETRE:;
225 4 IF MEMORYCI+E) = 7
THEN DOD:
W7 5 CALL MOWEC(2.. ADDR, . MEMORY+I+16);
228 S ACDR = ADDR + 128; |
323 S END; |
220 4 I =1+ 12; !
321 4 END; |
3 3 I = o; .
ez % DO WHILE I <= ENDSYMETAB:
: 2324 4 IF MEMORY(I+2) = 4 ;
THEN DO |
26 S CALL MOVE<(Z,. ADDR, . MEMORY+1+163; |
2?7 5 ADDR = ADDR + 16;
228 S END:;
] 229 4 I =1+ 12;
240 4 END;
i 241 =2 1 =0
242 = DO WHILE I <= ENDSYMBTAB;
242 4 IF MEMORY(I+8) = =
THEN DO;
245 S CALL MOVEC(2.. ADDR,. MEMORY+I+1@);
246 S ADDR = ADDR + 8;
247 S END:
242 4 I =14+ 12;
349 4 END;
250 2 1 = 0;
351 2 DO WHILE I <= ENDSYMBTAB:;
352 4 IF MEMORY(I+8) = 1 :
THEN DO:
354 S CALL MOVE(2.. ADDR, . MEMORY+I+10);
35S - ADDR = ADDR + 2;
256 S END:;
2S7 4 1 =1+ 12;
S8 4 END;
259 3 1 = 0
260 = DO WHILE I <= ENDSYMBTAB:
361 4 IF MEMORY(I+S) = @
THEN D0;
%2 S CALL MOVECZ2: . ADDR. . MEMORY+I+185;
264 5 ADDR = ADDR + 1:
2SS END;
266 4 1 =1+ 12; ;
€7 4 END; 3

-101- ;

o - - - O, - —




FLAM-28 COMPILER FRSZ 1 OF @-2@ ﬂIC"x;UPROGRRI'i ASSEMELER 25 OCT 2?7 PRGE 14

Ieg 3 FIRSTAVAILADDRE = ADDR:
359 X END:

et s Bt ——— A R

e

s e

e

v

-102-
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PLAM-28 COMPILER FRSS 1 OF 0-29 MICROFPROGRAM ASSEMELER 25 OCY 77 PRGE 1%

B T R R st Bt SR T L AR e R R S S SR S
p ALLOCATE SFACE ON DISK */
B o T T TR T S T8 R TR S e PO S S e ey

378 DO;
o § CECLARE I FPODRESS:
372 DECLARE <¥. M, N> BYTE;

DECLARE Xig> BYTE:

CALL MOVE Cas . C0L 9, 8, 0, 80, B0, HK+205

v
Ny
E

BEW W WKW

7S CO I =9 T ENDEYMETRE BY 12;
IPE K o= MEMORYCI+8);
r 277 ITK >0

THEM M = SHLOO1H. KD

372 4 ELSE M = 31H:

280 4 DO M =98 TO M-1:

321 = oy = MEMORYCI+18) OF Hs
222 - MOy = MEMORYCI+113;

38Z 5 CHRLL ALPHACBOD. 8., X

Iad S ENC

285 4 Enl;

225 Z E M




PLAM-80 COMPILER

387
388
289

390
291
392
392

294
395
396

298
293
400
401
402
40z

405
406

408
4@9
410
411
412
412
414

41¢€
417

419
420
421
422
423
424
425
426
427

429
420
421
422
422
424
425

AL &0 QO 2000000 AN &L L8bd LW WWWW WWN

$EJECT

PASS I OF @-80 MICROPROGRAM RSSEMELER 25 OCT 77
/9 okokoobohe
Ve SYMEOL TABLE LISTING */
% bAoA /
DO;

DECLARE <Ii,12, I3> ADDRESS:
DECLARE L BYTE;

11 = O;

12 = 52 % 12;

I2 = 2 % 52 % 12;
L =4

DO WHILE I1 <= EMNDSYMETAE:
CALL SPRCECLP, 2);
IF EQUALC. (7 “%: . MEMORY+11, &>
THEN CALL ALFHACLP, &, . ("NQ LABEL " »1;
ELSE CALL ALPHRACLP, £.. MEMORY+I41);
CALL INTEGDCLP. MEMORY{IL+2));
CALL SPRACECLF. 2,
CALL HEX <LP.2,. MEMORY+I1+11);
CALL HEX <LP.2,. MEMORY+I1+1G);
IF 12 <= ENDSYMBTRE
THEN DO;
CALL SPACECLPR. 8);
IF EQUALC. ¢ ‘%, . MEMORY+I2., 8>
THEN CALL ALPHACLP.&.. (MO LABEL”>);
ELSE CALL ALPHACLP. S, . MEMORY+I2);
CALL INTEGDC(LF. MEMORY(IZ+E)>);
CALL SPACECLP, 2);
CALL HEX <LF.,2,. MEMORY+12+11);
CALL HEX <(LP,2,. MEMORY+12+160);
END:
IF 12 <= ENDSYMETRE
THEN DO;
CALL SPACECLP, 2);
IF EQUALC. ¢~ 7). MEMORY+IZ, 8>
THEN CALL ALFHACLP. 8.,. (N0 LABEL”)>);
ELSE CALL ALPHACLP.: 2.. MEMORY+IZ);
CALL INTEGDCLP. MEMORYCIZ+8)):
CALL SPRCECLP. 2);
CALL HEX <LP,2.. MEMORY+IZ+11);
CALL HEX <LF.2.. MEMORY+IZ+18);

END;
CALL EOL;
L=L 4+ 1;
IF L = 57
THEM DQ;
L = 8;

11 = I2 + 12;
12 = 1 + 57 % 12
IX = 12 + 57 % 12;
END;

ELSE DO;
11 = 14 + 12;

- —— e~y

PRAGE 16




PL/M-88 COMPILER PRASS 1 OF Q@-28 MICROFROGRAM RSSEMELER 25 OCT 77

; 4326
, 437
, 438
r 439

440

442
i 443
444
445
446

12 = 12 + 12;
I3 = IX + 12;
END;
END:
IF L>@ THEN CALL HERDERC®);

END:

CALL SEEK(SI. 2.. €@, 03, <8.@)>,. STATUS);
CALL SEEKC(ED. 2.. <@, 0),. (@, 8>, . STATUS);
END PASS1;

END MICROL;

PRNNDRNW WaAAOON

MODULE INFORMATION:

CODE AREA SIZE = BEC1H IFPD
VYARIABLE ARER SIZE = G248H 576D
MAXIMUM STRCK SIZE = 0DACH 1zD

552 LINES RERD
@ PROGRAM ERRORCS)

END OF FLA/M-58 COMFILATION

PAGE

17




FLAM-28 COMFILER

FASS II OF @-80 MICROFROGRAM RSSEMELER 27 0CT 77 PRAGE

ISIS-II PLAM-2@ V3. 8 COMFILATION OF MODULE MICROZ2
QBJECT MOIDULE PLACED IN :F1:MICROZ. OEJ
COMRILER INVOKED BY:

BONMALWRN B

e

MEPMNMREPRNNPNREPRNPEPROEPNREPRONE RDEPRORNP R R R PR PR PR R R

LN I O T {1 U NI (O U T (T T A I I

PLMEB F1:MICROZ. FLM DATEC2T OCT 77>

$FRINTCLP: > PAGEWIDTHC2a)
$TITLEC'PASS 11 OF G-8@ MICROFROGRAM ASSEMELER-)

MICROZ:

00

$FINCLUDE ¢ INCLUD. DCL >

QFEN:

CLOSE:

RERD:

WRITE:

SEEK:

DELETE:

ERROR :

EXIT:

ALPHA

BINARY

HEX :

INTEG:

INTEGD:

PHRGE

FFAGE :

SKIF:

FROCEDURECAFTFTR, FNFTR. ACCCO0DE, ECHOAFT, STATUS)> EXTERNAL;:
DECLARECAFTFTR. FNFTR. ACCCODE. ECHOAFT. STRATUS» RADDRESZ:
END OFEN:
PROCEDURECAFT. STATUS) EXTERMAL:
DECLARECAFT. STATUS)> RODRESS:
END CLOSE:
FPROCEDURECAF T, BUFFTR. LENSTH. COUNTFTR. STATUSY EXTERNAL:
CECLARECAFT. BUFF TR, LENGTH, COUNTPTR., STATUS» ADDRESS:
EMC» RERL:
FROCEDURECAFT, BUFFTR. LENGTH. STRTLIS} EXTERMAL:
DECLRRECAFT, BUFPTE. LENGTH. STATLS) ADLFESS:
END WRITE;
PROCEDURE(AFT. OPER. BLOCKMNORTR. BYTEMDRTE. STRATUSY EXTERNAL,
DECLARECAF T, OFER, BLOCENOPTE, BYTENCGFTR. STRATUS)» ADDRESS,
END SEEK:
FPROCEDURECAFT. STATUSY EXTERMAL:
DECLARECAFT. STATUS) RLDRESE
END DELETE:
PROCECURE CERFND. STATUSY EXTERMAL:
DECLARECERFRMD. STATUS> ADDRESS:
END ERROR;
PROCEDURE EXTERNAL:
END EXIT;

PROCEDURECAFT. LENGTH. BUFFTR) EXTERMAL.:
DECLAREC(AF T, LENGTH. BUFFTR> ADDRESS:
END ALFPHA:
PROCEDURECAFT. LENGTH. BEITE> EXTERNAL:
DECLARE AFT ADDRESS. (LENGTH.EITE> BYTE:
END EINARY:
PROCEDURECAFT., LENGTH. BUFPTR) EXTERNAL:
DECLARECAFT. LENGTH. BUFFTR> RDORESS:
END HEX:
FROCEDURECAFT, BITE> EXTERNAL;
CDECLARE AFT ADDRESS. BITE EYTE:
END INTEG:
FROCEDURECAFT, TMOBITESY EXTERNAL;
DECLARECAFT, THOBITES ACDDRESS;
END TNTEGC:
FPROCEDURECAFT» EXTERNAL
DECLARE AFT RDDRESSS
END FPAGE:
FROCEDURECAFT» EXTERMAL;
DECLARE AFT ADDRESS:
END FPAGE:
FROCEDURECAFT 2 EXTERNAL:
DECLARECAFT» ADDRESS:

-106-
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PLA/M-88 COMPILER

48
43
Sa
51

S2
S2
S4
SS
Se
S7
538
59
€0

PREPNORNDENONE DNPEPR

SPARCE.:

EQUAL :

SETBIT:

EQUBIT:

PRSS 11 OF @-8& MICROPROGRAM ASSEMBLER

END SKIP:;

PROCEDURECAFT. LENGTH>» EXTERMNAL;
DECLARECAFT, LENGTH> RDDRESS:

END SFRCE:

PROCEDURECF1. P2, L> BYTE EXTERMNAL;
DECLAREC(P1. F2>» RADDRESS, L BYTE:

END EQUAL:

PROCEDURECP. I. L. V> EXTERMAL; \
DECLRRE P ADDRESS. (I.L.Y> BYTE;

END SETBIT:

FROCEDURECP. I. L, V> BYTE EXTERNAL;
DECLARE P ADDRESS. <I.L.¥> BYTE;

END EQUEIT:

27 OCT 77 PRGE




PL/M-8@ COMPILER

€1
62
63
€4
€5
66
67
€8
&9
70
71
v

NRNNPRRRARBRRRR

PASS 11 OF @-8@ MICROPROGRAM ASSEMELER 27 OCT 7?7 PARGE 3
$EJECT
/ 7/
/% */
Pa.s DECLARATION OF EXTERNAL VARIAELES AND FROCEDURES */
ok */
& 7/

DECLARE
DECLARE
DECLARE
DECLARE
DECLRRE
DECLRRE
DECLARE

EQL :

<SI1.BQ, LP, KB, CRT> ADDRESS EXTERNAL;

C(CR: LF, TRE> BYTE EAXTERMAL;
E EBYTE EXTERMAL;
ENDSYMETAE RDDRESS EXTERMAL:

FIRSTAYAILADDR ADDRESS EXTERNAL;

PRAGENO ADDRESS EXTERMAL:
LINENO BYTE EXTERNMAL:
HEADER : FROCEDURE(SW» EXTERMAL;
DECLARE SW EYTE:

END HERDER:

FROCEDURE EXTERNAL;

END EOL:

-108-
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PL/M-80@ COMPILER PASS Il OF @-8@ MICROFPROGRAM RSSEMBLER 27 OCT 77 PRGE 4
$EJECT
" oh b b o o oo o b oo b o ol b o b skobe ke ke * */
e */
¥ TRANSLATION OF MICROCOCE */
o */
/ " beobesde vepregTopen o o 'I
SordobarakkDECLARATION OF VAR IABLESH %tk dikokdr
PRSSZ: FROCEDURE FUELIC:
LECLARE BUFF (256> BYTE: /% 1 BLOCK AS READ FROM SI. */

7S
e
7

79
ea
81
82
az
a4

VI N OV (VI VT VI VI ST OV VI (S

DECLARE LINE < 2@)> BYTE: #% 1 LIME FOR LP. =/

DECLARE CODE (256> BYTE: A4 1 MICROWORD WA0 BLANKS. */

DECLARE FHRASEC 2> EBYTE: /# 1 PHRRASE */
DECLARE ADDR RDDRESS:

DECLARE (EBUFFFTR.CODEFTR> ADDRESS. LINEPTR BYTE:
DECLARE FA1EBDIPHRASEFRESENT BYTE:

DECLARE P2EREGPHRASEFREZENT BYTE:

DECLARE DOALCFHRASEFPRESEMT BYTE:

DECLRRE NOTRD1 EYTE;

DECLARE 1 BYTE:

P
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FLAM-2& COMFILER

$EJECT

P

FRSS II OF @-8@ MICROFROGRAM ASSEMELER

DECLARE PHWECTC 18> EYTE:
DECLARE TYPE EYTE:

## PHRASE TYFE */

THE FOLLOWING TRELE GIVES THE MEAMING OF “TYPE~’
AND IS ALSO USED TO INTERFPRET THE SUBSCRIFT FOR

o

WONOALEIWMW

L I | (O T O T T O T

GOTO - PHRASE.
REG{R» - FHRRSE.
FiE — PHRASE.

FZE - PHRASE.

LD - PHRASE.

ALC - PHRASE,
SHIFTER - FHRASE.
MALBOUT - PHRASE.
MALIOUT - PHREASE,
MRHaDUT - FPHRERASE.
MAH10UT - FHRASE.
CO - PHRASES.
MFLAGS - FPHRASE.
CoOuY - PHRRZE.
HOLORD - FHRASE.
I1-/0 - PHRASE.

GUA - FHREASE,

E - PHRRZE.
INVALIC PHRASE.
ENC: OF MICROWMORD.
UNMRECOGNIZED FHRASE

-110-
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% PHRASE PRESEMCE FLAGS */

“PHVECT

2 e e

|
|
4
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PL/M-g8& COMFILER FRSS 11 OF @-38 MICROPROGRAM ASSEMELER 27 OCT 77 FPRGE

FEJECT
av 2 DECLARE FIELD < 22> BYTE: S+ FIELD WRITTEN Y&N */
o THE FOLLOWING TRELE IS USEDR TO INTERFRET THE
SUBSCRIPTS FOR THE RARFAY “FIELDS
@ = RS
i1 =
2 =0C1
2 =Ca
4 =
5 =
& =
¥ = H1i
2 = [
3 =
ig =
11 = S1
12 =
12 = R
14 = T
15 =
18 = M2
17 = Ml
12 = M@
13 = [2
| 28 = D1
| 21 =
i
"
|
|
| -111-
|
|
i
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PL-M-88 COMFILER PRSS 11 OF Q@-26 MICROFROGRAM RSSEMELER 27 OCT 77 FPRAGE 7
$EJECT
88 2 DECLARE MWORD ¢ &> BYTE: A4 1 MICROWORD =/
o MICROMORD FORMAT IS AS FOLLOWS:
i Rz ¢ R2 Y RL ! RE ! RS ' T2 Y T4 ¢ TO 1
CBOE Y M2 & Mt ¢ Ma o PRt ey b G4 b Ca Y
Y AL Y Ag b %3 ! 3 1 [T T L RS 5 LR o7 SR
! SCY4 ! SCy8 ' CI1 ! CIe ! 1.0 ! I/02 ! I/04 ! 1/08 !
' GUAL Y GUAR ! E VOESTE v ESS VRG] L ESE L HDBRS
' ADDRE! ADDRT! ADDRE! ADDRS! ADDRY4! ADDRE! ADDRZ! ADDRL!
_____ #

|

{

|

|

i

|

£ |

|

|
l -112- !




$EJECT

Pa

aoH. caH.
SaH, SBH.
aaH. 2BH.
GSH. SBH,
B8H. &6H,
S8H. 2aH,
BaH. 2aH.
a4H, 2oH.
@aH. SaH.
SEH, SBH.
aaH. SaH.
BSH. SaH.
89H, 26H.,
28H, ZaH.
aiEaH, SEH,
aoH. caH.

PLSM-8@ COMFILER PRSS I1 OF Q-88@ MICROPROGRAM ASSEMBLER 27 0CT 77 PAGE 8

DECLARE
RDDRESS
BIT ¥ =
BIT & =
BIT & =
BIT 4 =
BIT X =
BIT 2 =
BIT 1 =
BIT 6 =
EITS OF
BIT 7 =
BIT & =
BIT S =
BIT 4 =
EIT = =
BIT 2 =
EIT 1 =
BIT @ =

S6H, SaH.
2@H. S8H.
SEH. S8H.
S6H, SEH.
SEH, S8H.
SEH, 28H.
SaH, 26H.
SiEH. SaH.
ZEH, 2aH.
SEH. 29H.
SEH, 28H.
SEH. SaH.
S8H. 28H.
SEH. 28H.
SEH, 26H,
S, SaH.

TELC25E> BYTE DATRC

EITS ARE INTERFRETED RS FOLLOWS:
FZB - REGC(T> - FHRASE FRESENT,

A - BITS NOT EQUAL TO &iE.

S1 SET EY A PHRASE.

VALUE OF S1.

A1 SET EY A FHREASE. d
A8 SET BY A PHRRASE.
YALUE OF A1,

VALUE OF A9.

ERCH TRELE ENMTEY ARRE INTERFRETED RS FOLLOWS:

UNFORSEEN CIRCUMSTAMCE. {1
MOT USED, !

NOT USED.
HOT USECD.
CONFLICT CAM NOT BE RESOLVELD.
VALUE OF <1,
VALUE OF RA1l. i
YALUE OF AQ. £
SEH. 26H. 20H, 20H. 9aH. 28H, 29H. 2BH. BaH. 8SH, 62H, 83H.
SBH, 2EH. S9H, 29H. 26H. 28H, S84, 26H, 26H, 26H, 29H, 86H.
SEH, S6H. S8H, SeH, BaH. S5H, 20H. S0H, BeH. 81H. 82H, 83H,
SEH. S8H. 20H, 29H. BSH. S0H, 28H. S8H, g+H. B5H. BEH, 8FH.
SEH. SEH, 26H. SEH, BEH, SEH. 28H, S6H, 88H, aDH. 62H, 83H,
2EH. 26H, S0H, 20H. S6H, S8H, S04, 28H, 20H. 28H. S8H, S0H,
SEAH, 29H, S8H, SaH. 98H. 20H, SN, S0H, 8aH. B9H. B2H. B3H.
SEH. SOH, S8H. 28H, @4H, 26H. 29H, S0H. a4H. O0H. B&H. 87H,
SEH. SEH, SEH, S8H, BaH, 28H, 28H, 28H, 88H, aSH., 862H. 83H. ]
SEH. S0H, S9H, S0H, S8H, 20K, 28H, 26H, 28H. S0H. S0H. 8aH,
SEH. SEH, S@aH, 28H, BaH. 28H, S8H, 80H, BaH. 8lH, G2H, 83H.
SEH. SEH, S8H, 20H. BSH, 28H. 26H, 20H, BCH. 8SH. BEH. BFH,
SBH, 20H, S8H. S8H. BEaH, S9H, 28H, 20H. 88H. e0H. 82H, 83H,
SEH, S9H. 28H, 20H, 26H, 20H, 28H, 26H, 86H. 28H. S8H, SaH.
SEH, SEH. S89H. 28H, B8H, 26H. 20H, S0H, 8eH. 83H. 82H, 8ZH,
SEH, S0H. 29H. 29H, B0H. 29H, 20H, 38H, BCH. BSH, BEH, 6FH>;
-113-
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PLAM-S8 COMFILER PRZS

oa
91
a2
a9z

a5
95
32
29
186
181
18z
163

Lef Wy L )

o B NNN B s

FEJECT

IT OF Q@-8@ MICROPROGRAM RASSEMELER

btk DECLARATION OF SUBROUT THES##kkotsobtokon

A% SUBRDUTIMNE ADMANCES BUFFFTR 1 BYTE. */
% REFILLS EBUFF IF REQUIRED. */

BUFFRDY : PROCEDURE:

DECLARE CHCHAR. STATUS) ADDRESS:
EUFFFTR = BUFFFTR + 1;
IF BUFFPTR=25&

THEM DO

CALL RERDCSI.. BUFF, 25&, . NCHAR. . STATUS);

IF NCHAR=G THEM DO
CALL EOL;
CALL EXIT;
END;
BUFFFTR = &;
ENL:
EMD ELUFFADY:
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164
185
18&
i1av

ie2
169

111
112
113
114
115
115

117
112
119
121

i1zz
122

124

12¢
i1zv
122
129

121
1z2
13z

1z4

125
136

1z7

-
1
o

B R
£ 5l
| RO

AANA L&) SRBL REAANERE RN WWWR

B bW & n o

i}

B L

i i, b eniie gasA A .:H‘,f“.'_':.""._.;.‘..-«...;u_.'.m

$EJECT

o
e
e
e
e
o
e

FRSS II OF @-2 MICROFPROGRAM RSSEMELER 27 0CT 7?7 PARGE

EXTRACTS. PRINTS AND COMPRESSES CODE FOR 4 MICROWORD
TERMIMATES FROGRAM IF A “ J°-CHARACTER IS ENCOUNTERED.
RESETS CODEFTR. FHVECT, AMD FIELD

INITIALIZES MWORD TO THE YALUE CORRESFPOMNDING TO THE
NULL MICROINSTRLUCTION

RESETS THE DELAYED RESOLUTION FLRAGS

INITIALIZES FHRASEC®> TO R YALUE OTHER THAMN 7 7.

NEWWORD: : PROCEDURE:

DECLARE <I.CHARR> EYTE;
DECLARE <L, ST» ADDRESS:
DECLARE NEXTRADDR ACDDRESSS

LINEOUT : FROCEDURE:
IF LINEFTR>8
THEM CALL ALFHACLP, LINEFTF.. LINEJ;
CALL EOL;
LO T =8 TO 79
LINECTID = 7 75
END;
LINEFTR = 8;
END LINEOUT:

LINERDY . FROCEDURE:
LIMEFTR = LINEFTR + 41,
IF LIMEFTR=26G THEM CALL LINECUT;
END LINERDY:

CODEADY : FROCEDURE:
CUODEPTR = CODEPTRE + 1:
IF CODEFTR=256&
THEN {:Cu
CALL SKIFPCLP:
CALL SKIFCCRT>;
E=E+ 1;
CALL ALFHACLF , 2Z.. (“MORE THRN
“296 EYTES IN -,
“MICRCOMORD, <32
CALL ALFPHACCRT, 33, . C"MORE THAM
“256 BYTES IMN .
“MICROMORLD, <23
CALL SKIFCCRT:
CALL EXIT:
ENC:
EMD» CODERALDNY:

DO I =& TOo 255
CODECIY =
EMD;

CODEFTR = @:

LGOI =8 TO P
LIRECED = &, 7
END
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| 142 2 LINEPTR = @;
143 3 CHAR = B@H; |
144 2 DO WHILE CHARS>?; “; |
145 4 CHRR = EUFF¢BUFFPTR); {
146 4 CALL BUFFADY; |
147 4 IF CHRR=CR |
THEN DO:; ;
1482 5 CALL LINEOUT; |
1@ S IF BUFFC¢BUFFPTR>=LF THEN CALL BUFFADV;
152 S5 END:; 1
152 4 IF CHAR=TAB 4
THEN DO; |
155 S CALL LINERDY; 3
i 15¢ 5 DO WHILE <LINEFTR MOD 8><>@; |
. 157 € CALL LINERDV;: x
15¢ & END;
159 5 END; |
160 4 IF CHAR=‘ “ THEN CALL LINERDY:
162 4 IF CHAR=/%‘ OR CHAR="; *
THEN DO;
164 S LINECLINEPTR> = CHFR;
165 5 CALL LINEADV;
; 166 S DO WHILE BUFF(BUFFPTR><ICR;
167 & LINECLINEFTR} = EUFF(BUFFPTRJ;
3 168 € CALL LINERDY:
1 169 6 CALL BUFFADY;
- 170 € IF LINECLINEPTR-1)>=TAE
THEN DO:;
172 7 LINECLINEFTR-1)> = < *;
17z 7 DO WHILE <(LINEPTR MOD 8><>©:;
174 8 CALL LINERDY;
175 8 END;
176 7 END;
177 6 END:
4 178 S END;
! 179 4 IF CHAR="; *
THEN DO:
181 S CALL LINEOUT:
182 5 CALL EUFFADY; /# STEF OVER CR. */
182 S IF BUFF<BUFFPTR>=LF THEN CALL BUFFRADVY;
185 S CODECCODERTRY = 75 7
186 S CALL CODERDY;
187 S END:
188 4 IF CHRAR<DCR AND CHARCOTRE AND CHARSS® *
AND CHARCS “%* AND CHARLS> 7 ; ¢
THEN DO
3 199 S LINECLINEFTR), CODECCODEPTRY = CHAR:
194 S CALL LINERDVY:
192 S CALL CODERADY;
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194 4 IF CHAR=“1" THEN DO
186 S CALL EOL:
1497 S CALL EOL;
198 S I = HIGHCFIRSTAYARILADDR);
b 199 S CALL HEXCLF. 2.. 1)
200 S I = LOMCFIRSTAVRILADDR)Y;
2014 S CALL HEXCLP, 2,. I);
282 S CALL ALFHRCLP, 27.. ¢~ IS NEXT ~,
‘AVAILAELE ADDRESS. “));
L 202 S CALL EOL:
204 S CALL INTEGCLF. E);
205 S CALL INTEGCCRT,ED;
| 206 S CALL RLPHACLF. &.. ¢ ERROR’)>);
207 S CALL ALPHACCRT.6,. ¢* ERROR’>);
208 S IF E<>1
THEN DO;
b 218 6 CALL ALPHACLP, 1.. ¢’S”)3);
i 211 6 CALL ALPHACCRT,1,.<¢’S“>);
212 & ENC
21T S CALL PARGECLF);
214 S CALL PAGECLFJ;
218 S CALL SKIPC(CRT);
216 S CALL EXIT:
217 5 END;
212 4 END;
219 = CODEFTR = ©;
220 = 0O I =08 TO 17;
221 4 PHVECTCI> = B;
222 4 EMD;
222 =2 DO I =@ TO 21;
224 4 FIELDCIY = ©;
225 4 END:
226 = MWORDC@? = OOH;
287 3 MWORD(1> = SCH:
228 3 MWORD(2> = BOH;
229 3 MWORDCZ> = O6H;
2z0 3 MWORDC4Y = QEOH;
£ 222 3 MWORDC(S) = @@H;
: 232 2 CALL READCBO.. ADDR. 2,. L,. STY;
232 2 NEXTADDR = ADDR + 1
224 3 IF (NEXTADDR AND G081H> = ©001H
THEN CALL SETEITC. MWORD. 35, 4, @001ED;
226 = ELSE CALL SETEITC. MWORD. 35, 4, OO0OE »;
227 3 NEXTADDR = SHRCNEXTADDR. 1)
238 3 MUWORDCSY = LOWMCHEXTADDR>;
239 3 IF CNEXTADODR AND 9180H) = 9166H
THEN CALL SETEITC. MWORD. 9. 1, 1B);
241 = ELSE CALL SETEBITC. MWORD. 39, 1, ©B);
242 3 P1EDIPHRASEFRESENT = GOH;
242 2 P2EREGFHRASEFRESENT = 0OOH;
244 2 NOTACL = @aH;
245 32 DOALCFHRASEPRESENT = QOH;
246 3 PHRASECB)> = “97;
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247 3 END MEWWORD:
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272
274

27S

2ve
arv
27

2va
2ea

221
282
28z
224

USRI (V]

L TS S )

1)

Ll

& 1) Lot

o an

R N R

bbb bs 2 W

LU S |
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$EJECT
% EXTRACTS NEST FHRASE FROM MICROWORD IN ARRAY CODE #+/
NEWFHRRAZE : FROCEDLURE:

DECLARE I EVYTE:
IF CODECCODERPTRY = 75 7

THEN [0: A% EMD OF MICROWORD */
FHRASE<G>» = “; 7;
RETURN:
EMC
CALL MOVECZEE. . 7 5

“3,. FHRASEM;

4 MOVE CODEFTR OMER 7. 7 #/
IF CODECCODEPTRI=". “ THEW CODEFTR = CODEFTF + 1

A+ TRAMSFER MEAXT FHRASE TO ARRAY FHREAZE +-
I = @
DD WHILE CODECCODERPTRIC: ;7
FMD COCECCODERTR» >, 7
AND T<EZ;
IF CODECCODEFTRY = 77

THEN D0;
I = &
CODEPTR = CODEPTR + 1:
CALL MOVE(ZZ.. (7 B
= <2, . FHRASE 2;
END:
ELSE [:

FPHRASECI> = CODECCODEPTRY;
CODEFTR = CODEFTR + 1:

I =1 + 1:
END:;
EMND:
/% IS PHRASE LONGER THAM =X CHRARACTERS 7 %/
IF I=Z2Z=
THEMW DO:

E=E+ 1;

CALL ALPHACLF, 23, . "+ FHRASE IGNORED, <.
S TOO LOMNG: <2

CALL ALFHACLF. 23, . PHRASE»;

CALL ALFHACLF. S, . <7 .. 72k

CALL EQL;

FHREAZELG> = ° 7

CODEFTR = CODEFTR + 1
EML:
EMC
EN( MEWFHFAZE:
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$EJECT

/% THIS SUBROUTINE. GIVEN THE RRRAY PHRASE. DETERMINES
/% THE TYPE OF THE PHRASE. IT THEN CHECKS THE ARRAY

/% PHVECT TO SEE IF THIS TYFE OF PHRASE HAS OCCURED YET
/% IN THE CURRENT MICROINSTRUCTION. IF NOT, THEN IT SETS
/% THE CORRESFONDING ENTRY IN PHVECT

285 2 IDENTIFY : PROCEDURE:
286 3 IF EQUALC. PHRASE, . < GOTO”>, 4)
, THEN DO:
i 288 4 TYFE = @
f 289 4 GOTO L;
f 296 4 END;
i 291 3 IF EQUALC. PHRASE .. ¢“REG(”)>, 4> AND
f CEQUALC. PHRASECSY, . €“3=* ),2) OR
i EQUALC. PHRASECS)Y, . ¢ +13="),4))
£ THEN DO
29 4 TYFE = 1;
284 4 GOTO L;
] 295 4 END;
296 2 IF EGQUALC. PHRASE, . ¢“P1B="), 4)
THEM D0O;
298 4 TYPE = 2;
293 4 GOTO L;
200 4 END:
01 3 IF EQUALS. FHRASE, . < P2B="), 4)
THEM DO
2032 4 TYPE = 3
W4 4 GOTO Ls
205 4 EMD;
206 = IF EQUALC. PHRASE, . < D0="), 2
THEN DO
1 208 4 TYFE = 4;
@9 4 GOTO L:
310 4 END:
241 3 IF EQUAL<. FHRASE, . <“ALC="), 4)
THEN DD;
U2 4 TYFE = S;
214 4 GOTO L;
315 4 END:;
216 2 IF EQUALC. FHRASE. . ¢ SHIFTER="3, 3)
THEN DQ:
218 4 TYFE = 6;
: 219 4 GOTO L;
] 20 4 END:;
' 221 3 IF EQUALC. PHRASE, . ¢ MALGOUT=">, 8)
; THEN DO
3 2z 4 TYFE = 7;
224 4 GOTO L;
225 4 END:
326 2 IF EQUALY. FHRASE, . < MALL1OUT=" 3, 8)
THEN DO:
28 4 TYFE = &;
229 4 GOTO L
226 4 END;
331 3 IF EQUALC. FHRASE, . ¢ “MXHOOUT="), §)
-120-
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THEN DOQ:

TYFE = 9:

GOTO L

END;
EQUAL <. PHRRSE. .
THEM DO:

TYFE = 14

GOTO L

END:
EQUARL S, FHRASE. .
THEN DO

TYFE = 14:

GOTO L

EMNL
EQUAL Y. PHRASE. .
THEMN DQ:

TYPE = 12

SOTO L

EMD
EQUALY. PHRASE. .
THEM Dl

TYPE = 13;

GOTo L

EML:;
EQUALY. PHRASE. .
THEM [a2:

TYFE = 14:

GOTO L

EMD;

EQIAL . PHREASE. . ©

THEM [0
TYPE = 15:
GOTO L
EMD;
EQUALC. PHRASE. .
THEM DO
TYFPE = 46&:
GOTO L
ENL;

EQUAL <. PHRASE. . ¢

THEH Db
TYFE = 17
GOTO L
END;
EQUAL . PHRASE. .
THEM [0
L i O L
GOTO L:
END:

ECUALY PHRASE. . «

THEMN [
TYFE = 153G
GOTO L
ENC,

NONE OF THE REOVE THEM */

TYFE = 2
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$EJECT

## CHECK AND SET PHRASE FRESEMNCE INDICATOR */

IF TYFE<18
THEN IF FPHYECT(TYFE>

THEN [0Q;
396 4 E=E + 1;
391 <+ CALL ALPHACLP. 2@, . (“#+* DUFLICAT”,

“E PHRASE IGHORED: “>3;

392 4 CALL ALFHACLF. 22, . FHRASED;
39z 4 CALL EDL:
394 4 TYPE = 18;
395 4 END;
39 3 IF TYFE<13 THEN FHVECT(TYPE> = OFFH;
392 3 END IDENTIFY:
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3393
400
401
482
403

485
407

409
410
411
412
413
414
415
416

WWWWr

WWEEAWSEE & &

$EJECT

ASCIIZEIN: PROCEDURECDIGIT>» RDDRESS:
DECLARE DIGIT EYTE;
DECLARE <VALUE. BRD>» BYTE:
DECLARE CUMMY ADORESS AT VALUEDS
IF DIGITH>=Z8H AND DIGIT<=ZFH OR
DIGIT>=41H AND DIGIT<=4cH
THEN DD
IF EQUBITC. DIGIT. 1. 2. 811ED
THEM YALUE = DIGIT AND @FH:
IF EQUEBITC DIGIT, 4, 2, 10862
THEM YALUE = <(DIGIT AND 8FH> + S

BAD = @@H;
END;

ELSE DO:
YALUE = B@06H;
BAD = @FFH:
EMD:

RETURM DUMMY:
END ASCIIZBIN;
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447
418

4412

446
441
442
443
444
445
44¢
447
442
443
45@
4s1
452
453
454
455
456

457
452
459
4£8
4€1
462

PR O

1)

LSS T O Y O T % O D S

el e 1)

S B PR PSSP PN I T PN P Y B L P SR PR P I P P Y I N}

LS PN TN PN I P

II OF @-28 MICROPROGREAM ASSEMELER

A I

FRINTROUT INE : FROCEDURE:

CECLRARE Z BYTE:

St WRITE INTQ BINARY FILE

CALL ALFPHACED. & . MWORLE ) ;

S FRINT CONTENTS OF MICROMWORD #+

CRLL EOL:

IF LINENDOZSE THEMN CALL HERDERCS;

CALL RALFPHACLF:, 14, (= ——m e e @ gb
CHLL EOL:

CARLL ALFHACLF. 2. ¢ ADDR = “22;

Z2 = SHLOHIGHCRDDR D, 42

CARLL HE= <LP. 1.
CALL HEx <LP.2.. AC
CALL ALFHACLF. 2. 0~
CALL EQL;

CALL ALPHALLF. S8,  { ——————————— —-—

27 OCT 77 PRGE 19

CALL EOL:
CALL ALFHACLF. &, . ¢V R = a3
IF EQUEITC. MWORD. 4. 1. 1B
THEM CALL ALFHACLF. 1. &5 20
ELSE CALL HEX  cLF. 1. MUORDD:
CALL ALPHARCLF. 2, . ¢ ' M = g
Z = MWORDCL> RMD FoH:

v D=
AMC 28H OF 18-

Z = SHLCMWORDEL ), 3 =
CALL HEXLF.1. Z

CALL ALPHACLF. 7. . C7 ' A = “33;
£ = SHRECMWORDCZ), 23 AMD Z8H:
CALL HEXCLP. 1.. 23

CALL ALFHACLF. 18, . ¢ ! SCY
E = SHROMMORDCZH, 25 AMND Z6H;
CALL HEX<CLF, 1., Zh;

LY GUR =
2 = SHRECHMWORD 4, 20 AND ZOH;:
CALL HEXCLP.1.. 23
CALL ALFHARCLF, 14, . <7 ! ADDR = ")),
2 = (SHLCMUORDC42, S AND 2aH» OR
CEHRCMWORDCS ) 23 AND 1@H»;
CALL HE=CLF. 1., 22
Z = SHLCMWORDCS, 15 AND BFEH:
CALL HEXCLFP. 2. . Z2;
CALL ALFPHACLF. 2., ¢ Y2 a3
CALL EOL:
CALL ALFHACLF: 28, . -

s
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525
42 = CALL EOL:
4 e CALL ALPHACLF. &, 7V T = “2);
425 = Z = SHLCMWORDCE , 420 AND TEH:
GEs = IF EQUBITC MMORD, 4. 4. 1B
THEHW CALL RLFHACLF. 1. i
4£2 = ELSE CHLL HE- LLF 1. ;
43 = CRLL ALFPHRCLF S, € ! DUE ==
478 i+ 2 = SHECMWIRDCL AMD 18H;
471 B < CALL HE=CLF. 1.
472 iCs CALL ALFHACLF, e =
47 = z = EHl(HNDFDa AME ZEH;
474 3 CALL HE=CLF. 1. . i
475 = CALL ALPHAXLP: F.. ¢~ ' S = 7))
47 3 IF EQUEBIT, MMORD. 12, 1. 1E>
THEM £ = 26H:;
3 ELSE & = 14H:
= CRLL HESCLP. 1, . S
2 CALL ALFHAYLF. 1 11 o = )
= £ = SHL« nHHFD- HMD 16H
i CALL HEXCLF. 1., 2
= CHALL HLFHH LR, B, B = Ok
=3 Z = SHLCMMORD: O
= CALL HEXCLP.1.. 22
3 ZALL FILFHACLF. * e = B
= Z = SHRECHMWORD S, AMD 18H;
: 2 CALL HESCLP: 1. . &
E X 4 CALL RALLFHACLF. 1: YEDFLAG = 70
< 2 = SHLOMUORDC S AMD GFaH;
3 CALL HE@=CLFP. 1. . Z
2 CHLL ALFHRCLFE. Uiy
= CRLL EdL:
i CHLL ALFHACLP. 28, . (" ———— e ‘e
——————————————————————————— Bl
495 2 CALL EOL:
435 = CALL ALFHACLF. & . 7 " aa;
437 = CALL HEx  CLF. 12, . MWORD
428 - CALL ALFHACLF. 23 S
4399 3 CALL SFACECLP. 120,
{ Saa = CALL ALFHACLF: 3, . ¢! DM = "3
i S = 2 = SHLCMWORDCZ 2, 4 AMNE 18H:
i Saz % CALL HE=CLP. 1., 22
Saz & CAHLL RLFHACLP. 2. <7 Y F = b
! S64 - Z = SHLOMWORDCZ ., 40 AND Z8H:
Sas = CALL HEX <LP.1.. 22
| See & CALL ALFHACLF. 2, . <7 ' RS = “2oa;
Sav > Z = SHLCHMWORDCEY 10 AMD 168H:
i S8 = CHLL HEx <LF.1.. &3
] Sa9 4 CAHLL ALPHACLP. Z, . <7 11700
S14 - CALL ECL.
511 3 CALL ALFHACLF, 18, ¢ = Py
e = CALL SFACECLF. 130;
512 3 CALL ALFHACLF, 33, <7 ‘s

ALl BOL;
EOL:

N
-
A
LR S
el
I
=
-
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$EJECT
i
|
|

R ———————— -
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$EJECT
517 2 RODRE = &;
bk RS 2 E = &:
519 2 BUFFFTR = 2S5; '+ INDICRTES EUFF EMFTY #/
S28 2 CALL BUFFALCY: % FILLS BUFF #¢
Stttk CODE . TRANSLATION  LOOF #4 sk dopsbodopsop o
521 2 DO WHILE ©FFH: o+ UNTIL EOF GETS LS OUT #/
v OME MICROWORED TRANSLATED EACH ITERATION +
S INITIALIZE FOR NEST MICROMORD
222 2 CHLL MHERMORDS
S+ PROCESS ALL FPHREAZES OF THE MICROMORD #.
523 =< DO WMHILE FHEARSECEM 70 7 i
2 4 CALL MEWNFHREAZE:
525 4 CALL IDENTIFY:
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$EJECT
% TRANSLATE FHRASE. CHECK FOR COWFLICTS #*/

Sae 4 DO CRSE TWYFE:

/ +:4 + -\L-A-ww.,’

S @0 GOTO-FHRASE *

pa RIR I R R R
sav DQ;
Sa8 DECLARE <I.ADDR} ACDDRESS

DECLARE LAEBLCZY EBYTE:

o
r
L]
00 N W

DECLARE CSUFFIE. SUFFIKLENGTH? EBYTE:
S24 DECLARE <K.L» EYTE:
532 & IF PHRASEC4> = {7
THEM DO:
534 r IF ERUALC. 7 <aa8+@: 73,  FHRASE(4), 83
THEN [0
S2€ e CALL SETEITC. MWORD, 2S5, 4, 1111EB);
Sz7 =3 CHLL SETEITC. MWORD. 33, 1, @B
528 =] MUWORDCSY = &
539 = GOTD EMDE;
S4a e ENCy;
S41 v IF EQURLC. 7C258+@2 70,  FHRASEC4), &3
THEM [0Q;
S4z 2 CALL SETEITC. MWORD. 2S5, 4, 1111E;
S44 = CALL SETEITC. MWORD, 33, 1, 6B
545 2 MHUORD S = S6H;
S4a = GOTO ENDG;
47 = ENC:

IF EGQUALC. ¢ -LS12+0@> 7). . PHRASEC 43, 85
THEMW D0;

ssa 8 CALL SETEIT(. MWORD. 35, 4, 1111E5;
ss1 8 CALL SETEITC. MWORD., 3%, 1, 1B
ss2 & MHORDCS) = &
552 8 GOTO ENDE;
ss4 = EMD:
ss5 7 IF EQUALS. ¢“<TES+E: -3, . PHRASEC4), S
THEN [
ss7 2 CALL SETEITC. MMORD. 35, 4. 1414E0;
52 8 CALL SETEITC. MWORD. 35, 1. 1B
ss2 3 MHORDCSY = SEH:
i s6@ 2 GOTO EMDG;
s61 2 END:;
| s62 7 EML:
| S6Z & CALL MOWECSE. . o S, LAEL
sc4 £ L = &
SES & D0 WHILE <FHRA! BT AND
CFH “3 AND
(4% e
S66 T L= L + 1;
s67 7 ENL
S62 & IF <L=%3 AND <FHRASES A
AMG PHRASE © & AR
| THEM D
f s T E=E 4+ 1,
| sP4 7 CALL ALFHACLF, 2. . ¢ “#++ ILLEGAL LRAEBEL. ~.
1
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STOO LONG. 72);

5P2 7 CALL EOL:
SP2 7 GOTO ENDO:
57 7 END:
57S & IF (PHRASEC4I< A3 OF CFHRAZEC4ID 24D
THEM DO;
L E=E + 1;
s72 7 CALL ALPHACLF, 5. ¢ ##+ ILLEGAL LABEL. -,
“DOES MWOT EBEGIN MWITH AN ALFHREETIC -,
CHARACTER.  “ 3
s7a 7 CALL EnL:
sea 7 GOTO END&;
s81 7 END;
ss2 & LARBLCAY = PHRASECS);
582 ¢ K = S;
s24 € DO WHILE K < CL+40;
s8s 7 IF CCPHRASECKIC A OR CFHRASECKIZ“Z733 AND
CCPHRASECKIC @3 OR (PHRASEC K373 %)
THEN [i;
ss7 = E=E + 1;
se3 2 CALL ALFHACLF, S6. ¢ +#+ ILLEGAL LABEL. ~.
COMTAIMS NOM-FLFHANUMERIC CHARACTER. <1 3;
s8e = CALL EaL:
S92 GOTO ENDE;
s91 = ENDs
s92 7 LABL(K-43 = PHRASECK
s9z 7 END:
s94 & 1 = &
S95 & DO WHILE <I<=EMDEYMETAED AND
NOT EGUALS. LREL. . MEMORY+1, S0
S9s 7 I =1 + 13;
se7 7 END:
sa3 & IF I > ENDSYMETAE
THEN DoO;
608 7 E=E + 1;
€m1 7 CALL FALPHAECLP. 34, . ¢~k NO SUCH LABEL IN *.
“SYMEOL TABLE. “)>;
€2 7 CALL EOL:
: ez 7 GOTO ENDE;
604 7 END;
‘ Ens & SUFFINLENGTH = MEMORYCI+S),
! ens & CALL MOVECZ, . MEMORY+I+18. . ADDRD;
| €07 & IF ¢SUFFIXLEMGTH=GY AND (PHRRSECL+43<37 <3
E | THEN [;
k| con 7 E=E + 1
| €18 7 CALL ALPHACLF, 28, . ¢ “w#% ILLEGRL SUFFIX. ~3);
i 611 7 CALL EOL;
{ &2 2 GOTO EMCE:
1 613 7 EMD;
614 & IF SUFFINLENGTH = @
i THEN Di;
| €16 7 IF (ADDR AND Q8E1HY = @oo1H
THEN CALL SETEITC. MUORD, 5. 4, QOG1E);
618 7 ELSE CALL SETEITC. MUURD. I5. 4, G3Q0E);
4 ADDR = SHECADDR, 10,
20 7 MUWORDCS s = LOWCARDDE o
624 7? IF ¢ADDR AND G100H) = G100H

B |
i 619
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€23
€24
€28
&2¢€

&zg
€29
&3¢
€21
€32
€33
€24
€35
€36
637

832
641

€45
€58
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£55
€56

(3t
[
ED
&£el
€52
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## SUFFIXLENGTH
Z# SUFFIXLENGTH

.
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A

FRSS II OF Q-8B MICROFROGRAM ASSEMELER 27 OCT 77 PRGE 2ze

THEN CALL SETEITC. MWORD, 29, 1. 1B
ELSE CALL SETEITC. MWORD. 39, 1, OB »;
GOTO END&;
END;
IF (PHRASECL+43<{>" (") OR (PHRASECLASUFFIRLEMGTH+S3<{>7>7)
THEM DO:
E = E+ 1;
CALL ALFHACLP. 28, . (“#** ILLEGAL SUFFIX. “)>);
CALL EOL:
GOTO EMDE:
EMD:;
DO CASE SUFFIHLEMNGTH:
3 *s
1 */ DO
L =L + 5
IF PHRASEC(L>="8B"
THEM CALL SETEITC. MWORD. 2S5. 4, O000E ) ;
IF FHRRSELL»="
THEM CALL SETEITC. MUORD. 25, 4. 90018 ;
IF PHERSEIL»="5"
THEN CHLL SETEITY. Miwombn 25, 4. 00916E
IF PHREARZECL»="27
THEN CALL SETEITC. MWOrD. 2S5, 4, 981185,
IF FHRASECLI="F"
THEM CALL ZSETEITC. MWORD. 25, 4, 916808 >,
IF CFHERSECLY < 7873 AnND

\F'HF r1"EfL) LT AMD
4 CLa I 75 AN
'PHFHEE Lx < 290 AND
CPHRASECL Y <2 "F72
THEM [0
= E + 1;
CALL ALFHACLF. 28.. « “#++ [LLEGAL
TSUFFIN. Can
CALL EQL:
GOTO ENDES
EML

ADOR = SHROADDR. 1033
MUORDCS Y = LOMCRDOREY;
IF CADDR AND B8168H> = @looH
THEW CALL SETEITC MWORD. =3, 1. 1BY:
ELSE CALL SETEITC. MUMORD. 23, 1. @82
ENL
SUFFIXNLENGTH = & #.°
SUFFIALEMGTH = Z 4. DL
= L + 5;
F COFHRASECL  »="@"2 OR
CPHRASECL  :=7"1"23 RAND
COFHREASECL+1y="8"2 OF
CRHREASECL+10="1723) AND
COFHREASECL+20=""» 0Of
CPHRASECL+Z0="1"2)

THEN D
SUFFIX = SHLCPHRASECL » AND 1. 23
OF SHLCPHRASE<L+12 AND 1.1
OF: CPHRASECLAZY AND 1)
ADDR = ADDR OR SUFFIXN:
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PRSS II OF @-83 MICROFROGRAM RSZEMELER

SUFFIXLENGTH

EMLELAY
= . s

IF CADDR AMD
THEM CHLL

ELSE CARLL

L M S o 5 A b

27 0CT 77

BaRIHY = @aaiH
SETEITC MUWORD,

35 4, GOOL1E);
SETEITC MUMORD.

35, 4, DOBGE);

RODR = SHRECADDR. 13
MWORDCS) = LOWCADDRY;

IF C{ADDFE ANMD
THEMN CHLL

ELSE CHALL

B1868H> = BlaaH

SETEITC. MWORD.
33,1, 1B;

SETEITC. MWORD.
5.1, 4B

GOTO EMDEMWAY;

END:

IF EQURL <. FHFEASE+L. .
THEN [

CALL

SETEITC.

CHHI 2, 3>

MUORD. 25, 4, 1881E>;

ADDE = SHRCADDE. 13
MWGREC Sy = LOkCADDR 2

1F CADDRE AND
THEM CALL

ELSE CHLL

H1aaHy = gl1o6H

SETEITC. MWORD.
9.1, 1B5;

SETEITC. MMWORL:
39,04, @B

GOTO EMDEWAY:

END:
IF MONE OF THE AEOVE
E = E + 1;

THEM *o

o U7k TLLEGHL

“CUFF T ¥. by 3
CALL EOL:
EHD
Coilbi
L =L + S
IF COPHRERSECL  »="@"» OF
CFHREASECL =71 AHD
COPHRERSECL+L="3" 1 OR
LFHRASECL+1x="1" HND
CORPHRASECL+Zy="8" 2 OF
uF‘HR SELL+20="4") IR

CCPHRERSECL+Z3="a" ]

» Ok

(PHRASECL+Zy="1" 1)

THEN [l

SUFFIX = SHLOPHRA

ECL 2 AND 1. 32

OF SHLOFHRASECL+1) AND 1. 20

OF SHL
1R

AODF = ALDR QR

IF CHRDDE HMD
THEM CHALL

ELZE CALL

FHFF W OAND 1.1
CFHRASE L4350
SUFF I
QLEEHY = @106H
SETEITC. MWORD.

IS, 4. DODLE
MIWORL:.

35, 4. OOEDE

FNLe Lo

SETEITC.

ADDR = SHECADDR. 13;
MWORD Sy = LOWMCADDR>;

IF CADDFR ANC
THEN CHALL

Q0E1HY = aaelH

SETEITC(. MWORD.

FAGE 27
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25, 1. 1B,

rag 2 ELSE CALL SETEITC. MWORD.
29,1, 8B

vas Q GOTD EMDAEMAY:

Tas 9 EMD

var ] IF EQUALY. PHRASE+L. . « "RHHI 3. 43

THEM D0
CALL SETEITC. MHUORD. 25, 4. 10EGE ) ;
HODE = SHROADDE, 13,
MWORDCSY = LOMCRADDR
IF CADDR AMD 91aGH = al6eH
THEM CHLL ZETEITC. MWORLD.
33,1, 1B
ELZE CALL ZETEITC. MMWORD.
D= i I | = 0

vag
7ia
712
7i2

RRYs Y Y ()

vi4

Y]

GOTO EMDLERAY
EML
S# IF WONE OF THE REOY !
E = E+ A;
CALL ALFHACLF: 13, . « “#++ ILLEGHL .
TSUFFIA. TG

71S
g 1

viv
rig

CALL EOL;
EMCAekAY . EMD

719
vaa

DW= O 0o Y

Fg=s A% SUFFISLEMGTH = S &
T2z A4 SLUFFISLENGTH = £ #
T2z S SUFFISLENGTH = 7 o' Dl
72 L =L + S
vas IF CC(PHRAZECL »="@"3 0OR
CPHREASECL »=71723 AND
CCPHREASECL+12="8"1 OF
CPHEASECL+1L2="1"113 AND
CCPHRASECL+Zy="a" ) 0OF
CPHREASECL+E2="1"122 AND
COPHRASECL+Z2="8"1 OF
CPHEARSECL+Z0="1" 32 AND
COFHREASECL+ga="8"3 OF
CPHEASECL+30="1"31 AND
CCPHEASECL+S =873 OF
CPHERASECL+Sa="1"13 AND
CUPHREASECL+S2="8"12 0F
CPHREASECL+S =100
THEM [0
vev a SUFFIx = SHLCFPHREASECL > AND 1. &2
CF SHLCFHR CL+lx ANGe 1050
R SHLCFHE DR P T o 1 2 | R W
OF SHLCFHRASE . = ANLe L. =2
OF SHLOPHRAZECL+3 s AMD 1. 22
OR SHLOFHREAZECL+SY AND L. 42
[l CFHREASECLHES Y AMD 1
vas 2 ADCE = ARDE OF SUFF -
'; 729 ] IF CADDRE AND ©1@aH: = a1aaH
‘ THEM CHLL SETEITC. MMORD.
| 5. 4, OQ1E
71 > ELZE CALL SETEIT«. MWORC.
35, 4, OOBE >, |
732 aQ AHDDR = SHRECADDR. 10 | 3
X 9 MUMORDCS Y = LOMCRDDR 2 i
|
|
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T34 9 IF <ADDR AND @oaiH> = 0801H
THEN CALL SETBITC. MWORD,
39,1, 1B);
7€ 9 ELSE CALL SETEITC. MWORD,
39,1,0B);
737 g GOTO END1ZEWAY.
728 = END;
739 =) IF EQUAL<. PHRASE+L, . ¢ EOFCODE” >, 7>
THEN DO:
741 S CALL SETEITC. MWORD, 35S, 4, 1166B2;
74z S ADDR = SHR(ADDR, 43;
3 74z S MWORDC(S> = LOWCADDR>:
744 g IF CACDR AND 91968H> = ©106H
THEN CALL SETEITYC. MWORD,
39, 4,1B5;
746 S ELSE CALL SETEITC. MWORD.
39,1, 68);
vav 9 GOTO EMDA1Z22WAY:
v4g 9 EMD:;
/4 IF NONE OF THE REOVE THEN #/
749 & E=E + 1
758 g CALL ALFHACLP, 13, . < #*% ILLEGAL 7.
TSUFFIA: 720
751 8 CALL EOL;
vs2 (=) ENDAZ2SWAY . END;
752 7 END;
754 ] ENDO : END:

"

27 OCT 7?7 PRGE 29

B I G

be




o e

F=2=]
=1
sy

voe
TED

TE2
TEX

vEd
vES
TEE
VET
Te2
TES
e
771
yre

Cili

T
it
77E

vre
7T

720
7Sl
rez
vaz
7e4
785
vee
Ter
728

van
g 8
7oz
7oz
a4
795

e ld
Tas
o
200
co1
202

204

DR

~J

MY HNODONDO-0 N Mo

TN ANOODNOODO WD

[ R R R A

-3

FLAM-S8 COMPILER FRSS II OF Q-30 MICROFFROGRAM ASSEMELER 27 0CT 77 PRGE O
$EJECT
Ao b bR b b b ok
S 1 REGUTI-FHRASE +/
P R e T I S R Sy
0Q:
DECLARE (REGNOD. BADREG) EYTE:
DECLARE REGDECODE ADDRESS AT REGMOM:
IF EQUALC. < #70,  PHRASE(ED. 1)
THEN [
IF FIELDCEY ANG EQUEITC MWORD. 4.1, 6B>
THEMN DC:
EsE® 4
CALL ALF ACLF. Z7. . (“##% CONFLICTING *,
“SPECIF) STION FOR RS. <20
CALL EQL
GOTO ENC
END;
ELSE [
REGHD = @&;
BADREG = &
CALL SETEITC MWORD. 4. 1. 1E2;
FIELD<(®) = BFFH:
END:
EMC:
ELSE Do:

FREGDECODE = RASCIIZEINCFHRARSE S 0
IF FIELD:G» AND EQUBITC. MWORD. 4. 1. 1B
THEN DO:
X E=E + 1;
CALL ALFHACLF, 37.. “#%x CONFLICTING .
© SFECIFICATION FOR RS, “3);
CALL EOQL:
GOTO END1;
END;
ELSE DQs
CALL SETEITC. MWORD. 4. 1. BE);
FIELDC@>» = GFFH:
END:
END:
IF BACREG
THEN DO:
E=E + 1;
CALL ALPHACLP. 13, . ¢ "% INVALID REG-ID. 720
CALL EOL:
GOTO ENDA:
EMNC:
IF FIELDCAZ)> RHND NOT EQUEITC. MWORD. 9. 4, REGNO >
THEMW [
E=E + 1;
CALL ALPHACLP. 22, . < "% CONFLICTING REG-ID. 73>,
CALL EoL:
GOTD ENLA:
EMC:
IF EQUALS. ¢“ALC “),. FHRASECT », 4)
THEN s
IF FIELD¢1&> AMD NOT EQUBITC MWORD, 9, 1. 1B

/% REG(RY = ALC */
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THEN DO;
eag = E=E + 1:
a7 e CALL ALFHACLF. S3, . ok CONFLICTING 7.

‘SPECIFICATION FOR MZ. PHRASE IGHNORED. “3);
2as 2 CALL EOL:
a3 2 GOTO EMNDA;
g1a S END;
S11 i ELSE DO
812 2 FIELDCAZ Y = BFFH;:
212 =] CALL SETEITC. MWORD. @, 4, REGHO»;
214 2 FIELDCLEY = BFFH.
815 & CALL SETEITC. MWORD. 3. 1, 1BE3;
216 2 GOTO EMDL;:
817 ] END;
218 e END;
219 [ IF EQUALC. C"SHIFTER “»,. PFHRASECT», 82>
THEN DO:

221 v IF FIELDCAZY AND MOT EQUEITC. MWORD. 2. 1. 9B

THEM DO:
22z b cEVEIE L A
24 2 CALL ALFPHACLF, SZ. 0 e CONFLICTING 7.

TSFPECIFICATION FOR M2 FHRASE IGHORED. <3 3;
229 = CALL EOL:
22E ] GOTD EMDAL:
827 =] EN[
228 v ELZE [0:
a23 2 FIELDCAZs, FIELDCLEY = OFFH:
8 8 CALL SETEITC. MMORD. 8. 4, REGMHO;
231 2 CALL SETEITY, MMORD, 9.1, 9B ;
2z2 2 GOTO EMDA:
822 2 EMLG
224 € EML
P IF NOME OF THE HREOWE THEM !
E = b+t

=2
=
237 [
&
=

CALL ALFHACLF. 28, . o s ILLEGAHL PHRERASE: <2 3;
CRLL ALFHRCLE, . FHRRSE 3
CALL EOL:

ENDAL : EMC:
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$EJECT
P TF T T TR SRR AR R AR AR SR R A A R
A% 2. P1B-PHRRSE *.
Pt o S S R R :
g4 S O; i
841 & DECLARE <REGNO. ERDREGY EYTE:
842 6 DECLARE REGDECODE ADDRESS ATC. REGMON
842 & IF EQUALS. C“REGC ), . PHRASEC4), 4) AND 1
EQUALS. €<3“ D, . PHRASECS, 1)
THEN D0:
845 7 IF PHRASE(S)Y = “#° i
THEN [0O;
s47 & IF FIELDCEY AND EQUEIT. MWORE, 4. 1, GE»
THEN D
242 2 E=E + 1;
g8 9 CALL ALFHACLF, 37, . ¢ "k CONC,
“FLICTING SFECIFICATION FOR®,
4 RS, 73
851 9 CALL EQL:
a5z 9 GOTO ENDE.
252 2 EML
854 g ELSE [
855 9 FEGNDO = &
25 9 EADREG = &
257 9 CALL SETEITE. MMORD. 4. 1, 1B
sz 9 FIELDCO) = GFFH;
2sa 9 END;
a2 END::
861 7 ELSE ;i
g2 & FREGDECODE = ASCIIZEINCPHRASECS) X
S62 8 IF FIELGC@» AND EQUEITC. MMORD. 4. 1, 1B
THEN DO
gESs 3 E=E + 1:
S€E 9 CALL ALFHACLF, 37, . ¢ ##% CON-,
FLICTING SFECIFICATION FOR®,
SRS, 7
867 9 CALL EOL:
868 9 GOTD END2;
862 2 END:
: ere = ELSE Do
{ 871 9 CALL SETEITE. MWORD. 4. 1, @B);
| grz & FIELDS®) = GFFH;
| 87z 3 ENC
i - r S END;
8rs 7 IF ERDREG
: THEN Do
! g?? & E=E + 1
' 87 8 CALL ALFHACLF, 15, . ¢ ##+ INVALID REG 107 33;
f 27a 2 CALL EOL:
; 820 S GOTO ENDE;
| 221 £ END;
| gez 7 IF FIELDA13> AND WOT EGQUEITC. MMORD. & 4, REGNO)
THEN [0
@84 =2 E=E + 1 ]
g3s 2 CALL ALFHACLF, 23X, . (“##% CONFLICT?.
“ING REG-ID. “3);
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CRLL EOQL:

GOTO ENDEZ;

ENC:

[$]uH]

FIELDCIZEY = OFFH,

CALL SETEITY. MWORD, 6. 4. REGNO);
ENC

IF FIELDCL1Y AMD NOT EGUEITC. MWORD. 18. 1. 6&>

THEHN

ELSE

EMD:;
IF EDURLC ©7DI
THEN [Cu

Lol

E=E * 1;

CALL ALFHACLF. SZ.
“IFICATION FOR S1. FHRASE IGHORED. <33
CALL EQL:

GOTO END2;

EMC:

D

CALL SETEITC. MWORE. 18, 2. 1083
FIELDCA1Y = BFFH:

GATO EMDE:

EMD:

3. PHRASE (4, 3

IF FIELDCA4)Y AML NOT EQUBITC. MMWORD. 12, 1. 9B

THEM

EMND;

[KInH]

E =E + 1;

CALL ALFHACLF. SZ.. ¢ @ CONFLICTING .
“SPECIFICATION FOR S1i. PHRASE IGNORED.
CALL EOL:

GOTO ENDE:

EMD:

Do

FIELD:11™ = OFFH;

PAEDIFHRASEFRESENT = OFFH;

CALL SETEITC. MMORD. 18, 2. BB

GOTO ENDE:

END;

IF EQUALC. ¢7@ “3, . PHRRZECS). 22

THEN D0s

IF FIELD<14> AMD NOT EQUEITC. MWORD. 12, 1. 8B)

THEM

ELSE

EMD;

0
E=E + 1;
CALL ALFHACLF, 53, . ¢“#4k CONFLICTING <.

JSFECIFICATION FOR 51 FHRAZE IGMORED. 0

CALL EOL:

GOTO ENDE:

EMD;

L2

FIELD¢11> = GFFH:
FL1EDIFHRASEFFRESENT = GFFH;
CALL SETBITC MWORD, 18, 2. Q1B
CALL SETEITC. MMIRD. 29, 1. 1BE):
GOTO EMDE

EMNC

e IF NOME OF THE AEQWVE THEN */
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939
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942
94z
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E=E + 1;
CALL ALFHACLP. 28, . (“#++ ILLEGAL FHREASE: “23;
CALL ALFHACLP. 28, . PHRASE »:
CALL EOL:
ENDE  ENDy
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SEJECT

R S5 B SRR TR R IR SR TE S SR S R T
£ =FHFRSE #.
RS S5 S5 SR EEL TR EEY SR SR N BE BE SR S I Y ”

Lol

23 MICROPROGEAI RSSEMBLER 27 0CT

DECLARE CREGWO, BERDREG) EYTE:

DECLARE REGDEC
CYRZB h. . PHREASECS Y, 40

IF EQUALY

THEM D

1F

E RADDRESS AT REGHO )

CFITLDCILY AND HOT EQUBITC MMORE.
CFIELDY 72 AMD NOT EQUETITC. MMORD.
CFIELDG 2 AND MOT EQUETITC. MMORD.
THEM DO

E = E + 4;

e

CRLL ALFHACLF, S8, . s CONFLICTING
CESPECIFICATION FOR A OR 51 FHERZSE

S IGHOREL. <2
CALL EOL:
GO T EMNDE:
EMD:
ELZE D
FIELD«:T», FIELDZ) = BFFH:
CALL SETEIT.. MEORD. 16, &, 9163
FIELDY11> = GFFH:
CALL SETEIT:. MHUORD. 13, 2. &
GOTD ENDE:
EMD:

LR
ra
B
m

EMD
IF EQUALS. DI <2, PHRASEC43, 20

THEM [ol;

IF

CFIELDCA1: AND NOT EQUEITC. MWORD. 13, 1, AR D

CFIELDCT Y AMD FIELDE:

AMD: EQUEBITC MWORD, Le. & S1gh s

THEM D
Ef= Bt

CHLL ALFHRACLP. S5, . O s CONFLICTING 7.
TEFECIFICATION FOR A OR S1. FHRRASE

CIGHORED., <o
CHLL EOL:
GOTO EMDZE:
EMC:
ELZE Dn
HOTARD1 = GFFH:
FIELD<11Y = GFFH:
CALL SETEITC. MUMORD,. 18, 2, 10E;
GOTO EMDZE:
END:

EMD:.

IF EQUALC. «
THEM [

IF

@ .. FHRASEC4Y, &2

CFIELDCL1> AND MOT EQUEITC MWORD, 13, 1. 1B OR

CFIELD: 73 AND FIELDC2>

AND EQUETITC MWORD, 16, 2. 1B >

THEN [G
E =E + 1:

CALL ALFHACL~, S92, . (“#%% CONFLICTING “,
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MICROFROGRAM ASSEMELER 27 OCT 77 PRAGE

“SPECIFICRTION FOR A OR S1. PHRRSE 7,
TIGNORED. 723
CHLL EOL:
SOTO ENDZ:
END:
ELSE D
HOTADL = OFFH.
FIELDcA1>» = GOFFH:
CRLL SETEITC MMORD. L&
CRLL SETEITC. MEORD. 2€
GOTO ENMDES
EMDG
ENDx:
IF EQURLY. ("REGC b, . PHREASECS D, 42
EQURLY, 72 i
THEM [0
IF PHEARZECZ
THEM D0
IF FIELDeE: RND EQUEITY. MWIRD. 4, 1, gE >
THEM i
Er=CE kg
CRLL ALPHACLE, Z7. . o s CONT,
“FLICTING SFECIFICATION FOR.
s LS g bl
CALL EOL:
GOTO EMNDZ:
BT
Cots
FEGHD [5H
ERCREG (5K
CHLL SETEITY. MMORD. 4. 1. 1B
FIELD G = EFFH.
EMD:
EMD:
ELSE D
FREGDECODE SCITZBEINCFHRAS X
IF FIELDC Gy AMD EQUEITS MWMORD. 4. 10 1B

CALL ALFHACLF. 37, . O “## COM7,
SFLICTING SFECIFICARTION FOR.
" RS, T
CALL EOL:
GOTO ENDE:
EMD:
]
CALL SETEITC MMORD. 4. 1. QB
FIELDw&x = GFFH:
EML

EML

IF BADREG OR CREGHD > Tl
THEN D0
E=E + 1;

CALL ALFHACLF, 18, 74 INVALID REG-ID.

CALL EOL;
GOTD EMDZE:
EML:
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1638
1837
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10408
1941
1842

1843
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1845
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ELSE DiO;
CALL SETEITC. MWORD. S Z. REGHO D
FIELDC14) = OFFH;
EMD:
FZEREGFHFRASEFPRESENT = @FFH;
GOTO EMCZE:

END:
IF MOME OF THE REOVE THEN *
E = E #+ 1;

CALL FLFHACLF. 26, . ¢ s+ ILLEGAL PHRASE: “»);
CALL ALFHACLR. 23. . FHRRSE):
CALL EOL:

ENDZE: EMD:

|
L
i
s
4
%
i
t
i

L AT R
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$EJECT

AR T LI R R I S S S S e
A4 41 DO-FHRASE */
AR S5 T EE E TR R R R B RN S S O
DO
IF EQUARLC, C7OFF 73, PHRASECZ 2. 40
THEMN DoO:

=
b
5
"
M

1951 7 CALL SETEITC. MMORD. 2. 1. 985
1952 7 GOTD EMND4:
185ZE T EML:;
1954 & IF EQUALS. C7ALT 7“3 PHRASECZ . 43
X THEN DC:
1955 7 IF FIELDGAEY AND EQLBITO MMORE. 2. 1. 1B AND
FIELDCAT Y AMD EQUEITC. MUORD. 16, 1. 1B
THEN [0
1Lass a E=E + 1.
1059 2 CALL ALFHACLF. SZ. . ¢ sss COMFLICTING
SEFECIFICATION FOR M. FHREASE TGHORED. <~ a0
19ea 2 CALL EOb:
1251 = GOTO EMODet;
1852 e EMD;
1083 7 ELSE i
10E4 2 CORLCPYRASEFRESENT = GFFH;
1AES g CALL SETEITC. MWORD., 2. 1. 1B,
198 b= GOTO EMODS:
197 & EMLs;
1062 7 EMD:
1865 & IF ESJALY. CP1B < 3. . PHRASECZ), 45
THEM [
1371 7 IF FIELDCAEx AND NOT EGQUEITY MWORC. 3.4, 183 OR
FIELDCAT > AND MOT ERUBITC M 18,1, 18> OR
FIELDCLS) AMD MOT EQUBITS. MWORD. 11. 1. 1E>
THEN [0;
147z = E=E + 4:
1874 = CALL ALPHAGCLF. SZ. . sk COMFLICTING <.
“SFECIFICATION FOR M. FHRASE IGHORED. <2 3;
1075 2 CALL EOL:
187 = GOTO EMD4:
1477 2 EMD:
1672 7 ELSE [,
1879 b FIELDC1E», FIELDCITH. FIELDG1SY = OFFH;
19268 & CALL SETEITY. MMORD. 2. 3. 111E5;
1824, = CALL SETEITC MWORD. 2. 1. 163,
1982 2 GOTO EMD:
1032 2 EMNC:;
1624 7 EMD;
1025 [ IF EQUALY. C“FEB 73, . PHRASECZD, 42
THEN [0
1837 ; IF FIELDGAED AND WOT EQUBITS MWORD, 2. 4. 1E» OR
FIELDCAT AND NOT EQUEITC MWORD. 18, 1. 1B OR
FIELDCLSy AMD MOT EQUEBITC. MWORD. 11. 1. @E>
THEN [0
1829 ] E =E + 1;
1930 ] CALL ALFHACLF, S3, . ¢ w44 COMFLICTING <,
JSFECIFICATION FOR M. FHRASE IGMORED. < »);
1931 = CALL EOL: f
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GATO END:
END:
ELSE D
FIELDC1=)>, FIELDCATY. FIELDC18) = @FFH;
CALL SETEITC MMORD. 9. 3, 118E 3
CALL SETEITC. MWORD. 2. 1. 1B
GOTO ENDE:

EMD:
EMND:
IF HOME OF THE AREOWE THEM *
E=E + 1:

CALL ALFHRCLFP. 2@, . 7wk ILLEGAL FHRASE: 30
CALL ALFHRCLF. 2. PHRASE *;
CHLL EOL:

END : EMD:
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1108
1187
1183
1162
1110

1111
1143

1115
111
1147
1112
1119
1120
1121
1122
112Z
1124
1125
112&
1127
1122
1129
11=6
1121

11z2
1123
11=4
1135
1126
14Z=7

1139
1148
1141
1142

1144
1145
114€
1147

1149
1156
1151
1152

1154

NN oA

T

-4
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TN (LT B IRY |

~

4

$EJECT

gﬁgs II OF @-80@ MICROPROGRAM RSSEMELER

27 OCT 7?7 PRGE 406

/ ¢
% S: ALC-FHRASE #*/
P T TR e T
LQ;
I = 225 /% FOINT TO END OF PHRASE #*/
DO WMHILE FHRASECIM=Z “; /% UNTIL LAST CHAR */
I = F — 4
END;

/% NOW FHRASECIY> IS LAST MOM-BELAMK CHAR IM FHRASE */

IF

IF

IF

IF

IF

EQUALC. ¢ =F2B7),. PHRASE+I-3, 42

THEMN DO;
IF IL25
THEN DO:
FHRASECI-2) = “+7;
PHRASECI-2> = ~. 7
PHRASECI-1> = “MN7;
PHRASECI » = “07;
PHRASECI+1> = “T7;
PHRASECI+2) = 7. 7;
PHRASECI+Z) = “F7;
FHRASECI+4) = “27;
PHRASE:I+S» = "B7;
PHRASECI+EY = “+7
PHRASECI+7> = "C7;
PHRASECI+S) = “07;
I =1+ 3
END:
ELSE DO;
E =E + 4
CALL ALFHACLF, 20, . ¢ #+x% ILLEGAL .
S PHRASE: “»3;
CALL ALFHACLF. 22, . FHRASE
CALL EOL:
GOTO EMNDS
EMD;
END;
EQUALC, ¢“+C07 3,  PHRASE+I-2. 22
THEN DO;
1 =1-3;
CALL SETBITC. MWORD. 26, 2, B1EB;
END:
EQUALS. ¢ "4COUT <>, . PHEASE+I-4. 5
THEN [0;
I = =5
CALL SETEBITC¢. MMORD. 26, 2, 16B3;
END:
EQUALC. <7+ NOT, COUT >, . PHRASE+I-S, 182
THEN [0;
I =1-1&:
CALL SETEITC. MWUORD. &6, 2. 11E);
END:
EQUALTS. ¢ & 2, PHRASE+I. 1>
THEM [0:
IF FIELDC2G> AMD NOT EQUEITC. MWORD. 12, 1, 1ED
THEN [0
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ELSE

END:

FARASS 11 OF Q-850 MICROFROGRAM ASSEMELER

E =E + 1

CALL ALFHACLP. S2.. ¢ “#+x CONFLICTING -,
“SPECIFICATION FOR D. PHRASE IGNORED. “2J;
CALL EOL;

GOTO ENDS:

END:;

DO

FIELD#28> = OFFH:

CALL SETEBITC. MWORD. 1%, 1. 1E);

I =1 - 1;
GOTO EMDRIGHT:
END;

IF EQUALC. ¢7. NOT. P2E" ), . PHRASE+I-7, 23

THEN DO;

IF CFIELDC1S> AMD NOT EQUEITC. MMORD. 12, 1. @E>> OR
CFIELDCZE> AMD NOT EQUBITC. MWORD. 1Z2. 1, @B» >

THEM

ELSE

END:
IF EQUALC. ¢“P2E
THEM [0:

D

E =E + 1;

CALL ALPHACLP. S2.. (“##% COMFLICTIMNG -.
“SPECIFICATION FOR D. FPHRASE IGNORED. i
CALL EOL:

GOTO ENDS:

EMND:

(#]uH]

FIELDC123, FIELDC2G» = gGFFH:

CALL SETEBITC. MMORD, 12, 2. QGE»;

1 =1-28;

GOTO EMORIGHT:

EMND;:

‘3. PHRASE+I-2.

IF CFIELDCAD32 AND MOT EQUEITC. MMORD. 12.1,1B>> OR
CFIELDCZ2@Y AND NOT EQUEBITY. MWORD. 12,1, 0800

THEM

ELSE

Do:

E =E + 1;

CALL ALFHACLP. S2.. ¢ “#+% CONFLICTING “,
“SPECIFICATION FOR 0. FHRASE IGNORED. “ >,
CALL EOL:

GOTO ENDS:

END;

(alnk

FIELD:12b, FIELDCZG> = @FFH:

CALL SETBITY MWORD, 12, 2, 108

b= = o
GOTO ENCRIGHT:
EMD:
EMD
o IF MOMNE OF THE REOVE THEN *
E=E + 1;
CALL ALPHACLF. 29, . "4+ ILLEGAL FHRAZE: "3
CALL ALFHACLF. Z2, . PHERZE»;
CALL EOL:
GOTO ENDSS
ENDRIGHT :

IF EQUALC ¢“FAE 2,  FHREASE 4, 20 AND I1:6
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THEN [O;
1287 v IF NOT FIELDC19) OR EQUBITC. MWORD. 12. 2, 10BE>
THEN DO:
202 8 FIELDCAS> = BFFH:
i121@ 8 CALL SETBITC. MWORD. 12. 1. 1B>;
1211 8 GOTO EMDLEFT:
1212 bS] ENC
1212 v IF FIELDC19> AND EQUEITC. MWORD, 12, 2. 98E)
THEN [O;
% 0K AS IS */
1215 8 GOTO EMDLEFT;
121& ] END:
1217 v EMD
1212 & IF EQUALC. €. HOT. F1B” 2. . FHRASEC4), 8> AND 1211
THENW D[0O;
1226 b IF ¢FIELD19> AND EQUBITS. MWORD. 12, 1. 1E>)> OR
CFIELD: 28> AND EQUEITC. MWORD. 13, 1, 6B >
THEMW D[0;
1222 g E =E + 1;
1222 2 CALL ALFHACLF. 52, . (“#*%& CONFLICT”.
“ING SPECIFICATIOM FOR D. FHRASE.
< IGMORED. “23;
1224 ] CALL EOL;
1225 2 GOTD ENDS:
1226 ] EMD:;
1227 7 ELSE DOs
1228 ] FIELDCA2Y, FIELDCZB) = @FFH;
1223 = CALL SETEITC MWORD. 12, 2, @1B);
1228 =] GOTO ENDLEFT:
1221 =] EMND;
1232 7 EMD:
A IF MNOME OF THE REOVE THEM *
12Z2= & E =E + 1;
12=4 [ CALL ALPHACLF, 28, . < “##+ ILLEGAL FHRASE: “2);
1235 & CALL ALPHACLF, 22, . FHRASE Y
1228 & CALL EOL:
237 & GOTO EMDS:
128 & EMDLEFT :
IF EQUALE. ¢ +“2,  PHRASE+I. 13
THEN DO:
1246 s IF FIELDCT2> AMD NOT EQUEBITC MWORD. 1€, 1. 68>
THEMW [
1242 e E =E + 1:
124z -] CALL ALFPHACLP, S22, . <"k CONFLICTING 7,
“SFECIFICATION FOR A, FHREASE IGHORELD. <2 ).
1244 = CALL EOL:
1245 ] GOTO EMNDS:
1245 = EMD:
1247 e ELSE Di
1242 b FIELDCT» = GFFH;
1242 b= CALL SETEITY. MWORD. 1€, 1, GE 1.
1250 2 GOTD ENDS,
1251 = END;
1252 v ENC
1252 3 IF EQUALC, ¢ "OR7 3, . PHRASE+I-1, 2>
THEN [ids
1255 4 IF FIELDC T2 AMD NOT EQUEITC. MWORD, 1€, 4. 1E> OR
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FIELDCE> AND NOT EQUBITC. MWORD, 17, 1. 1B)
THEN DQ:
E=E + 1;
CALL RLPHRACLF, S2,. (“#*% COMFLICTING -,
“SPECIFICATION FOR A. PHRASE IGMORED. “)>);
CALL EQL:
GOTO ENDS:
END:
ELSE DO:
FIELDC?), FIELDCE> = BFFH;
CALL SETEITC. MWORD. 16, 2, 11B);
GOTO ENDS:;

END:
END:;
IF EQUALC. C7AND >, . PHRASE+I-2, 2>
THEN [0

IF FIELDCT> AND MNOT EQUBITC. MWORD. 16. 1, 1B> OR

FIELDCS> AND NOT EQUEITC. MWORD. 17, 1, BB |3

THEMN DO; E
E=E + 1; &
CALL ALFHACLF. S2.. ¢ “##+ CONFLICTING *,
“SPECIFICATION FOR A. PHRASE IGMORED. “3);
CALL EOL: |
GOTO ENDS; i
END:

ELSE Di;
FIELD(T>, FIELDC(EY = OFFH;
CALL SETEITC. MWORD. 16, 2, 16E);
GOTO EMDS;

EMD:
EMND
IF NOME OF THE AEBOVE THENM #
E=E + 1; i
CALL ALPHACLPR, 29, . ¢ “#*%% ILLEGAL FHRASE: “)>J; 1
CALL ALFHACLF. Z2.. PHRASE »: 1
CALL EOL:

ENDS : EMD:
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1288
1289

1291

1292
1294

1295
129¢&
1297
1253
1299
1386
1251
1z82
1263
1304
1265
1205

1216
1311

1x12
1243
1214
1215
1218
1247
1z12
1213
1228
1z21
1za22

1z24

wo [0 04|

N RN OOW@0 D000 0

0 w0

LT N B R N R

=~J

DO

$EJECT
P el ok
/% &: SHIFTER-FHRASE #*
/7 + * .
DO;
IF EQUALC. <@ “), .  PHRASECS, 20
THEN [O:
IF FIELD<AT> AND NOT ECUBITC. MWORD, 16, 1. B> OR
FIELD<AE? AND NOT EQUEITC. MWORD. 11. 1. 6E> OR
FIELDC11> AND NOT EQUEITC. MWORD. 18. 1, 6E)>
THEN DOQ:
E=E + 1;
CALL ALFHACLF. S7.. (“#*+ CONFLICTING -,
“SPECIFICATION FOR M OR S. FPHRASE IG”.
NORED. “23;
CALL EQL:;
GOTCO EMNDE:;
END;
ELSE DO;
FIELDCA7>., FIELDC1E), FIELDC11> = @FFH;
CALL SETEITC. MWORD. 16, 2, 08B »;
CALL SETEITC MWORD. 12, 2. 1B >;
CALL SETEBITC. MWORD. 2@. 1. 1B>;
GOTD EMNDES:
END;
END:
IF EQUALC. < DI 2., PHRASEC(S), 2D
THEN [0Q:
IF FIELDCATY AND NOT EQUEITC. MWORD. 18. 1. 8B> OR
FIELDCAS)Y AND NOT EQUEITC. MWORD. 11. 1. 6B> OF
FIELDCL14 Y AND NOT EQUEBITC MWORD. 12, 1. 98>
THEN D0O;
E=E + 1;
CALL ALFHACLP. S7, . (“#%x CONFLICTING .
“SPECIFICATION FOR M OR S. PHRASE IG-. 3
“NORED. “2);
CALL EOL:
GOTO ENDE;
END:
ELSE Do
FIELDCAT), FIELDCAS), FIELDCA1> = OFFH:
CALL SETEITC MWORD. 18, 2, 80OE>;
CALL SETEBITC. MWORD. 18, 2, ©1E>;
GOTO EMDS:
EMD;
END:
IF EQUALC. ¢ ALCCE=@2N8 7o, PHRASECS), 12>
THEN Dt ;

IF FIELDCAT» AND MOT EQUEITC MWORD. 18, 1. 2E> OR
FIELDc1S» AND MOT EQUEITC. MWORD, 11. 4, 1E> OR
FIELDC 22 AND NOT EQUBITO MMORD. 14, L AB>Y OR

=
FIELD: Z» ANWND MNOT EQUBITL. MWORD, 45, 1. 180
THEM [0;
E=sE ¥ 1

CALL ALFHACLF. 57, . «“##% CONFLICTING “.
SSPECIFICATION FOR M OR C. PHRASE IG7.
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“NORED. “>);

1228 8 CALL EOL:
1329 8 GOTO EMNDE;
1320 8 END:;
1321 v ELSE [O;
1332 e FIELDC 23, FIELDC 2D,
FIELDC1?7>, FIELDC18> = BOFFH;
1332 8 CALL SETEBITC. MWORD, 10, 2, @1E>;
13z4 8 CALL SETBITC. MWORD. 14, 2, 11E);
1335 2 GOTO ENDE:
1336 & END:;
1337 7 END;
1228 & IF EQUALYC. CYALCCE—@3 N1 ‘0, . PHRRASECS) . 120
THEN D0O;
1348 7 IF FIELDCA?> AND MOT EQUEITC MWORD, 16. 1. @B> OF
FIELDC1S> AND NOT ECUEITC. MWORD. 14. 1. 1B> OR
FIELDC 23 AND NOT EQUEITC. MWORD. 14. 4. 1E> OR
FIELDC 23 AND NOT EGQUEITC. MWORD, 15, 1. BB
THEN DO;
1342 =] E=E+ 1,
1342 =] CALL ALPHACLF. S7.. ¢ “##% COMFLICTING .
“SPECIFICATIOM FOR M OR C. FHRASE IG-.
“NORED. <23
1244 =] CALL EOL:
1245 =] GOTO EMDE:
1345 ] ENL:
1247 i ELSE DO
1242 2 FIELDC 22, FIELDY Zi.
FIELDCAV, FIELDC1E) = BFFH:
1243 2 CALL SETEITC MWORD. 16, 2. @1B>
1359 = CALL SETEITC. MWORD, 14, 2, 1GE >,
1251 2 GOTO EMD:
1252 = END:
1353 v ENC:
1254 = IF EQUALC. ¢ ALCCE—@2“MHELBIN 2. PHRAZECS), 175
THEN DO:
12%¢ 7 IF FIELDCAT? AND NOT EQUEBITC. MWORD. 16. 1. 8B OF
FIELDCA2) AND MNOT EQUEITC MWORL. 11. 1. 1E>
THEN DCu
1252 2 E = £ + 1
1359 = CALL ALFHACLF. S2. . (T CONFLICTING 7.
JEFECIFICATION FOR M. FHRAZE IGNORED. <32
1Ze6 = CALL EOL:
] 1361 2 GOTO EMDE:
| 1262 = EMD:
| 1262 i ELSE Do:
1264 = FIELDGA7 3, FIELDCLSD = GFFH:
1265 a2 CALL SETEITC. MWORD. 18, 2, @18
1266 = GOTO ENDE:
1267 g ENLY
1268 " ENC
1262 & IF EQUALC. ¢ @“MALCOT=1) 7o, FHRASECS). 120
THEN [0
1371 4 IF FIELGCA? S AND NOT EQUEBITC MWORD, 18, 1. 1E> OR

| FIELDCASS AND MOT EQUEITC MWORD. 11. 1. 8B OF
{ FIELDY 2 AWML HOT EQUEITC MWORD. 14, 1. 1E> OR
FIELD: 2» AND NOT EGLEITC MWORD, 45. 1. 1ED
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THEN DOQ;
E=E + 1;
CALL ALFPHACLP. S7, . (“#%% CONFLICTING -,
“SPECIFICATION FOR M OR C. PHRASE IG7,
“NORED. 7>
CALL EOQL:
GOTO EMDE;
END;

ELSE DQ:
FIELDS 2>. FIELDC 23,

FIELDC17>, FIELDC1Z2> = @FFH.
CALL SETEITC. MMORD. 16, 2, 16E>;
CALL SETBITYL. MWORD, 14. 2, 11E3;
GOTO ENDE;
END;
END:

IF EQUALC. C7ANNSALCCTR-13 <0,  PHRASEC(E:, 125

THEN DQ:
IF FIELDCAT) AND NOT EQUEITC. MMORD. 14, 1. 1B OF
FIELDCASY AND WOT EQUEBITC. MWORD. 11, 1. 8B OF
FIELDC 2> AMD NOT EQUBITC. MWORD. 14. 1, 1B>» OF
FIELDC Z» AND NOT EQUEBITC. MWORD. 15, 1. 9B
THEM Di;
E =E + 1;
CALL ALFHACLP. S7.. (“#+k CONFLICTING “.
“SFECIFICATION FOR M OR C. PHRERSE IG-.
“NORED. 23
CHLL EOQL;
GOTO ENDE:
END:;

ELSE DO;
FIELDC 23, FIELDYC 23,

FIELDCATY. FIELDC1&> = OFFH:
CALL SETEITC. MMORD. 18, 2, 16E
CALL SETEITY. MWORD. 14, 2. 10E3;
GOTO ENDeE:
EMD;
EMD:

IF EQUALC. < MEHBINSSALCCT-12 73, . PHRASECE), 172

1':

THENW D
IF FIELDCATY AMD MOT EQUEITC. MWORD. 16. 1, 1B» OF
FIELDCL Sy AMD WOT EGUEITC. MWORD. 11. 1. 9B>
THEM [0;
E =E + 1;
CALL ALPHACLP, S22, .« ## COMFLICTING 7.

SSFECIFICATION FOR M. FHREASE IGMORED. 30

CAHLL EOL:
GOTD EMDE:
EML

ELSE D0
FIELDCAT ., FIELDwi=y = GFF
CALL SETEITC. MMORD. 14, 2. 18
GUTO ENDE

END:
EML:
EQUALY. « @ ALCCT=22 0. PHRASECSH, 130
THEN [0;
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IF FIELDCAT) AND NOT EQUEITC. MWORD. 10,1, 1B> OR
FIELDULS) AND NOT EQUBITC. MWORD. 11,1, 1B> OR
FIELDC 2> AND NOT EQUEITC. MWORD. 14,1, 1B> OR
FIELDC 3> AND NOT EQUEITC MWORD. 15, 1, 1BE)

THEM

EMD:

DO;
E=E + 1;
CALL ALFHACLF. S7,. (“#%x CONFLICTING -,
“SPECIFICATION FOR M OR C. FHRASE IG”.
“NORED. “ >
CALL EOL:
GOTO EMDE:
END:
D0
FIELDC 2>, FIELDC 2).
FIELD:A73, FIELDC1S) = GFFH;
CALL SETEITC. MMWORD. 18, 2, 11B>:
CALL SETEITC. MWORD, 14, 2, 11E3;
GOTO ENDE;
END;

IF EQUAL . CO11wNSALCOT=22 70  FHRASECS Y. 130

THEM [0

IF FIELDCLVY AMD NOT EQUEITC. MWORD, 16,4, 1B> OR
FIELDCLS: AND NOT EQUETITC. MUORC. 11. 1, 1B OR
FIELDC 23 AND MOT EQUEITC. MWORD. 14, 1. 1B> OR
FIELDC =3 AMLe NOT EQUEITC. MWORD, 15, 1, 8B

THEN

ELSE

EML

s
E =& % 1j
CHLL ALFHACLE, S7. . (“##k CONFLICTING -7,
“SPECIFICATION FOR M OR C. PHRRASE 1G7,
THORED. <2
CHLL EOL:
GOTO EMDE:
EMD:
(el
FIELDY 2x. FIELDC 2.
FIELDCAT >, FIELDCA1S)> = GFFH;
CALL SETEITC. MWORD, 18, 2. 11B5;
CALL SETEITC MWORD. 14, 2. 10EB;
GOTO ENDe:
ENCs

IF ERUALC. T MEHLINSSMEHBINSSALCCT=202 ), . FHRASE(S). 240

THEM DO

IF FIELDCAT) AMD MWOT ECUEITC. MWORD. 18, 1, 1B OR
FIELLC12) ANMD MOT EQUEITC. MWORD. 11. 1. 1E>

THEM

ELSE

Cois

E=E + 1;

CALL ALFHACLF. S2, . “#+% CONFLICTING .
TESFECIFICATION FOR M. PHRASE IGNORED. 72 0:
CALL EOL;

GOTO ENDeE;

EMD

Lo

FIELDCAT . FIELDCLEY = GFFH;

CALL SETEITC. MWORCD. 18, 2, 118

GOTO ENCe;
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END .
EMD: )
IF NOME OF THE RECQYE THEN */
E2E + 1

CALL ALFHACLP. 28, . {“#*+ ILLEGAL PHRRASE:

CALL ALFHACLF. 22, . FHRAZE);
CHRLL EOL:
ENDE : END:
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49

Sk T MELOOUT-FHRRSE #+.
Ak ook kb bbb
Do;
IF EQUALY. CTRLCCEY “2, . PHRASECS ), 7)
THEN [Q:
IF FIELDCAEY RAMD NOT EQUEITC MWORD. 2.1, 6E> OR
FIELDCATS AND NOT ESUBITO MUMORD, 16, 1, 1E>
THEM [0
E =E + 1;
CALL ALFHRACLF. SZ, . (%% COMFLICTING .
TSFECIFICATION FOR M. PHRRASE IGNORED. “2);
CALL EOL:
GOTO EMDT:
EML
ELZE Di:
FIELD« 1>, FIELDCAVI = BFFH;
CALL SETEITY. MWORD. 3, 2, G1B;:
GOTD EMGT:
EML
EMD:
ELZE DO
E=E * 1;
CALL ALFHRACLF, 28, . “#++ ILLEGAL FHRASE: “));
CHLL RLPHRCLE. 320 PHRASE
CALL EOL:
GOTO ENDT
END:
EMND? : END;
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$EJECT
/ " e b be 0e s b .**1.‘.****{;
S% 80 MELLOUT-FHRASE +
e epR e BIE S TR R R
1432 S Do;
1433 & IF EQUALY. ¢“ALCCLY 73, . FHRASECZ), 72
THEM [0:
1435 7 IF FIELDCLEY AMD MOT ECLIEITC
FIELDCATY AN MOT EQLEITC
FIELDCASD ANL WOT ECLEIT.
THENW D
14397 a E =B+ 1;
1432 ] CALL ALFHACLF. SZ.. 7
TSFECIFICATION FOR M
1423 2 CALL EOL:
15aa b= GOTO EMDE:
1581 b= EMD:
1562 i ELSE [0
15683 = FIELDASa, FIELD LT b
15684 = CALL SETEITC. MMORD, 3.
1505 =] GIOTCO EMDE:
158 = EML
1567 7 EMC
1583 & ELSE [0
1583 7 = e
1518 il CRLL ALFHACLF. 28, . O ##+ [LLE
1511 v CALL. ALFHACLF. . FHEASE *;
1512 i CALL EOL:
151= 7 EMD
1514 ) EMOE : EMD
-155-

27 OCT ¥7 PRGE 56

. MWORD. 3. 1. 8B OR
CMMORE. 13, 1. 1B OR
CMWORG. 11, 1. 1B

it COMFLICTING -
. FHRARZE IGHORED. <22

FIELDCLE:
e N =

GRAL PHRASE: “»J;




FLAM-8& COMPILER

FRASS II OF Q-2 MICROFROGRAM ASSEMELEFR

S T AT ST S A OB O P T S O S SR P

MAHEOUT-FHRASE *.

PRt R IE T L SR R SRR R R T R R SR AR N SR A O

$EJECT
S
1515 S
151% =
151¢& i
15z2a =
1524 2
1522 2
152% =
1524 2
152S 7
1528 =
1527 2
1528 =
1523 =
1538 7
1531 =
1522 v
4532 v
1534 7
1525 ri
15Z2& v
15Z7 3 END=:

[0;
IF EQUALC. CYALCCTY <D . FHRASEC(S), 72
THEN [:0:

IF FIELDCAED AND NOT EQUEITC. MWORD.

27 OCT 77 PRGE 51

9,1.08B> OR

FIELDCAT D FMD NOT EQUBITC MMORD. 16, 1, 9B> OR
FIELDCLS2Y AMD NOT EQUEITC. MWORD. 14, 1, 1E>

THEM [0
E=E + 1:
CHLL ALFHACLF. S, .
“SPECIFICATION FOR M.
CALL EOQL:
GOTO EMD=;
EMD

ELSE Di:
FIELD A, FIELDCAT 2.

GOTO EMNDE;

EML::
EMC:
ELSE [aQ:
E =E + 1;

CALL ALFHACLF. 28, .
CRALL ALPHACLE. 22, . PHRASE 1
CALL EdL:
EMND

EMD;

-156-

¢k CONFLICTIMNG 7,

FHRASE IGMORELD. “33;

FIELLEASY = GFFH;

CHLL SETEITC. MWORD. 3. 2. B@1E

Ot JLLEGAL FHRRASE: 702
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L) 120
oo

o e
nin

154Z
1544

1545
1545
1547
1542
1543
1556
1551
1552
159%
1554
1555
1556
1557

1952

T

=~

D e e Bt M BB N B w N« M I R X

$EJECT

o s o s o b o b b
A% 180 MEHLOUT-FHEASE */
P T S S S S N AN 3 S
[l
IF EQUALS. €“0FL “ 2. . FHRASECS ., 43
THEN [0y

el NS L TN A S P S AL B S 5 A

FAGE

IF FIELD:2» AND MOT EQUEITC. MWORD. 14, 1. 1B

THEM D0
ES=2E + 1
CALL ALFPHACLF. SZ. . sk CONFLICT

ING”,

Sz

“SPECIFICATIOM FOR C. FHRASE IGMNORED. 72X

CHLL EOL:
EMD:
ELSE [0
FIELDCZ = BFFH;
CAHLL SETEITC. MWORD. 14, 1. 1ED>;

EMD:
EML::
ELZE Do
& =E =+ 1;

CALL ALFHACLFE. &
CALL ALFHACLP.
CALL EdL:
EMNC:

EMDAE : END

0 wser ILLEGAL FHRASE:
2, . PHRASE 3
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1552 S
158 )
1552 7
1563 v
1554 T
1565 &
15:7 v
15e2 7
1569 £

M T H OO

FLAM-286 COMFILER

$EJECT

g R R TR A

/

4 11: CO-FPHRRASES *

END11 : ENC::

FASS IT OF @-20 MICROFROGRAM ASSEMELER 27 OCT 7?7 PRGE S3
0O;
IF EQUALC. < GRUCQUT <), . FHRASECZE), 82
THEN [:0;
CALL SETEITC. MMWORD. 21. 1, 6E>;
GOTO ENC11;
EMD:
IF EQUALS. L2 7>, . PHRASECZE), 322
THEMN [0
CALL SETEITC. MWORD. 21, 1, 1BH;
GOTO EMCL4:
END;
: IF MOME OF THE ABOVE THEN #/
E L =E #
CALL ALFHACLF. 26, . ¢ “#++¢ ILLEGAL FHREASE: 722,
CALL ALFHACLF. 22, . FHRASE
CALL EOL:
PR i
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$SEJECT

/ B b b b bbb b ‘****’.3
/% 12: MFLAGS-PHRASES #.
PP T TE TR R R R T R R A 2R N R Y SRR A T B e

1575 S D0:
E 157& & IF" EQURL . C“DISARBLE ). . FHRASECT ). 82

THEM [

1578 v CALL SETEIT. MWORD. 22, 2, BOEY

1579 7 GOTO EMDAZ:

15289 v EML::

1581 = IF EQUALC. ¢ EMABLECOUTY <3,  FHRASEC(T 2. 113
THEM [0

1582 v CALL SETEITC MWORD. 22, 2. 84B>;

1524 v GOTO EMLAE:

1585 7 EMD;

158e & IF EQUALC CTEMRBLECSERY 73, PHRARSECTS, 110

THEM [0

1528 7 CALL SETBIT. MWORD. 22, 2, 18E);
1529 T GOTO EMDAZ:
1536 Fis EML
1591 =2 IF EQUALC. < "EMABLECAHLL)> <. PHRASECT . 113
THEM [l
1592 s CALL SETEIT:. MWORD. 22. 2. 11E2;
1534 v GOTO ENDLE:
1535 i EML
A+ IF NOME OF THE AREOYE THEM #+/
1595 = E =E + 1;
. 1527 = CALL ALPHACLP. 2o, . <+ ILLEGAL FHRASE: <23
: 1592 < CALL ALFHACLF. Z2. . PHRASE»;
1599 = CHLL EOL:
1ea8 = END12 : ENC:
"
|
i
| -159-
! it |




E 1501
102

1204
1685
1£a8
1687

1£83
1616
1511
1612

1514
1215
1816
117

1842
1€2a
1821

1822
182z
1224
1625
1528

FLAM-E8 COMFILER

T4~ A

NS BN BN

T T Mmn

FRSS II OF @-28 MICROFROGRAM ASZEMELER

$EJECT

PSR SRR RS SRR R R
LT COUT-FHRRZES +
R R R R R R

[«n K
IF EQUALS. < COUT <o, FHRASECS Y. S
THEM [:0:
CALL SETEITC MUORD. 24, 2, Q3BX;
GOTO ENDALE;
EMD
IF EQUALC. ¢ "GPUCOUT < h. . PHRASECS). 2
THEN [i0;

CALL SETEITC. MWORD. 24, 2. 1B>:
GOTO EMDAZ:
EML::
IF EQURLY, o [0
THEM [0
CHLL SETBITC MMWORDL 24, 2. 18>
GOTO EMLAZ:
EML
IF EQURLY. ¢ Dadc@n
THEM [0
CALL SETEITC MWORD. 24, 2. 11E>:
GOTO EMDLE;

"3 PHRASECSH, €2

T re L PHREASECS), &0

EMD:
S+ IF MOME OF THE RBOWE THEMN #.
E =E + 4;

CALL ALFHACLF. 28, .
CALL ALFHACLF. 22, . FHRASE X
CRLL EQL:

ENDAZ  EMD

¢ owkd TLLEGAL PHRASE:

27 OCT 77

Tab

FRGE

S5
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$EJECT
B R T U R R I R o S e O
A% 14 NOLORD-FHRASE

P el

1627 5 DO;

1628 [ IF FIELD<C1EY AMD NOT EQUEITC. MUORED. &.1.18» OR
FIELDCAT Y AND NOT EZUEBITC. MWORD. 16. 1, 88> OR
FIELDCASy AMD NOT EQUEBITC MWORD. 11. 1. @B
THEN [Q:

1628 s Er=SE 4 1

1631 r CALL ALFHACLF. 52, . 4k CONFLICTING SFECIFIZ.

SCATION FOR M. PHRASE IGHORED. < 2a;

16322 I CALL EOL:

1822 v EML:

1634 & ELSE [0

16=S £ CALL SETEITY. MUORD, 2. 2, 168E;

1638 v FIELD«1Sy, FIELDCATY, FIELDo1Z) = @FFH:

15ZE7 ra END;

1538 & END4d 4 : ENC

-161-
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$EJECT

P e S R SR SR e U
% 15 I/0-FHRASES */
Sokkokobobokobok bk kbbb bk

1629 S 00;
1640 & IF EQUALS. <. NOT. MEMR “ 3, . PHRASECS). 183
THEM
1642 7 CALL SETEIT<. MWORD, 28, 4, GOG1E);
1642 7 GOTO EMDLS:
1544 7 END:
1645 & IF EQUALC. <. NOT. MEMK “). . PHRASEC43, 1)
THEM DD;
1647 7 CALL SETEITC. MWORD. 28. 4, GO10E;
: 1643 T GOTO EMDAS;
1648 7 END:
1658 S IF EQUALC. <. NOT. IOR <3, . PHRASE(4), 91
THEN ©0;
| 1652 7 CALL SETEITC. MWORD. 28, 4. GOL1ED;
: 1653 7 GOTO ENMCAS:
1654 7 END:
1655 6 IF EQUALC. <. NOT. I0W “>.. PHRFASECHD, 95
THEN DO:
1557 T CALL SETBITC. MUCRD. 22, 4. GLOSE -
1652 7 50TO ENDLS:
1653 7 END;
1666 & IF EQUALC. C7HLDA 3. PHRASECS Y, S5
THEMN 3.
? CALL SETEITC. MMORD. 25, 4. B101E "
? GOTO ENDLS,
ri END:
5 IF EGUALS. ¢ MAIT 73, PHRASEC4:, 50
THEM D0
1667 7 CALL SETEITC. MMORD. 28, 4. B11883;
1568 7 GOTO ENCAS;
1669 7 END:
1670 S IF EGUALC. < INTES “2.. PHRASECS ). &)
THEM G
1572 7 CALL SETEITC. MHORD. 2. 4, G14463;
1867 7 GOTO ENDLS:
1674 ¥ END:
4 1675 & IF EQUALC. €7, NOT. INTA. NOT. IFCH 7). . FHRASECD ), 19)
; THEN DO;
2 CALL SETEITC. MWORD. 25, 4. 10G8E;
i ? GOTO EMDLS:
; 7 END:
‘ - IF EGUALE. < HLDA. MAIT 7). . FHRASEC(4), 160
THEN D0 :
7 CALL SETEITC MWORD. 28. 4, 18916); 1
7 GOTO EMDAS; -
7 END:
8 IF EQUALS. < INTER “).. PHRRSEC4), 63
THEN ©i
» CALL SETEITC. MWORD. 28, 4. 1810E
| 7 GOTO ENDLS:
| v END: 3
16 6 IF EQUALS. ¢7. NOT. MEMR. HOT. IFCH “ .. PHRASEC4). 19) ]
, THEN D0
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1692 7 CALL SETEITC MWORD. 22, 4. 1011E )
1693 7 GOTO ENCLS:
1594 7 END;
1635 & IF EQUALS. ¢°. NOT. MEMR. NOT STRCK <. FHEASEC4), 200
THEN D
16897 7 CALL SETEITE MMORD. 7. 4, 110@E
1898 7 GOTO ENDLS:
1698 7 END
: 1708 £ IF EDUALC. ¢ NOT. MEMM. NOT. STACK “2. . PHRASEC4Y, 283
THEN [0
1702 7 CALL SETEITC. MWORD. 22 4, 14616
1703 7 GOTO ENDAS:
1704 7 END
1795 € IF EQUALC. <“EI “),. PHRASEC4), 30
THEN DO;
17e7 7 CALL SETEITC. MWORD. 28. 4, 111885
iTes 7 GOTO ENCS:
1ves 7 END:
17180 & IF EGUALC. ¢“DI “3. . PHRASEC4Y, 35
THEN [
1742 7 CALL SETEITC. MWORD. 28 4, 1114E;
1712 7 GOTO ENDAS:
744 P END:
S# IF NOME OF THE ABOVYE THEM #.
1715 E=E+ 1;

CALL ALPHACLP. 26, . 744 ILLEGAL PHREASE: <33
CALL ALFHARCLF, 32, . FHRASED;
CALL EOL:

ENCAS : EMO:

[N
-]
-
-

B P




PL/M-8@ COMFILER PRSS

172a
1721

17az
1724
172S
1728

ivase
1729
172a
1731

173Z
1724
1735
1736

1738
173239
1746

1741
1742
1742
1744
1745

GORAHO NNV A NN AN BNNN 6O

I1 OF @-&a MICROPROGRAM RSSEMBLER 27 OCT

$EJECT
/ + 9 2 \l--h:lu&-/
A+ 1€: GUA-FHRASES ./
rs ook
DO;
IF EQUALC. (“EMABLECCE? “).. PHRASE(4),11)>
THEN DQ: ,
CARLL SETEBITI MWORD, 32, 2. 6GB;
GOTO EMC1&E;
EMD:
IF EQUALC. (“ENMABLECLELY> “),. PHRASE{(4)>,42)
THEN DO
CALL SETEITC. MWORD. 32, 2, 91B)>;
GOTO EMD1s;
END:
IF EQUAL S, (“ENABLECLEZ> 73, . PHRASE(4>, 12>
THEM [0O;
CALL SETEITC MWORD. 2. 2, 160E;
GOTO END1S;
EMND:
IF EQURLL. ¢“ENABLECLEZ)> “3,. FHRASEC(4 3, 12>
THEM [0
CALL SETEITC. MUMORD, 22, 2, 11E3;
GOTO EMDALE:
EMNL;
A% IF NONE OF THE RAEOYE THEM #/
E=E + 1;
CALL ALFHACLF, Z8. . (“+#++% ILLEGAL FPHREAZE: “2>3;
CALL ALFHACLF. Z&. . PHRASE;
CALL EOL;
END1E  END:

7?7 PARGE 59
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$EJECT

P o e e
A% 17 E-PHRASES #*.°
&

iR 2 R R SR R S R R

N —————

1746 S (o B
1747 & IF EQUALE. <& “ Y. . FHRASE:2), 2
THEM [n:
1749 7 CALL SETEITC. MUORD. 34, 1. BE);
1i7se 7 GOTO EMDLT:
1754 7 ENC:
1752 6 IF EGUALE. <1 <3, PHRASECZ2). 23
f THEM Do
1754 7 CALL SETEITC. MMORD, 34, 1. 1B
1785 7 GOTO EMDLT:
1756 7 END:
A+ IF NOME OF THE REOVE THEM #.
1757 & E =E + 1;
1758 & CALL ALFHACLF, 26, . (“#++ ILLEGAL FHRASE: ~ 3
1753 & CALL ALFHACLF. 2. . FHRASE 3
1760 & CALL E0L:
1761 & ENDAT : ENDv
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$EJECT
's

FASS 11 OF Q-8 MICROFROGRAM ASSEMELER

P +

/% 18:
e

FHRASEC@EY = 7 7 */

1ve2 S

27 OCT 772 PARGE 61
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$EJECT

v s e b b b b o ok ok S
/% 19: FHRASECAY = 75 7 #/
7 bbb b o s o

f A61- 1
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$EJECT
P 22 R SRR R R R
% 28 QTHER #*
AbabbooboRok kbbb ok
1764 5 Da:
17ES & IF NOT EQUALC. (“A=).. PHRASE. 23 AND
NOT EQUSLY. (“C=7), . FHRASE RM:
NOT EQUALC. <“D="2,. FHRRZE RN
NOT ECQLIRALC C“M=7), . FPHRAZE HHD
NOT EGURLC, £<S=7), . FHRAZE OF
FHRASECZ Y < ZOH OF FHRASE > ZTH OR
MOT EQUALY. ¢7 73, PHREASECZ2, 10
THEN [0:
17&7 7 B S E
1762 7 CAHLL ALPHACLF. 26, . ¢ #+% ILLEGAL FHRASE: 7))
1752 v CALL ALFHACLF. 22, . FHRASE);
1776 T CHLL EOL;
1771 I EMD:
1772 [ ELSE [O:
1772 [ DECLARE Z BYTE:
1774 T 2 = FHRERASECZ) RNDr B7H;
1775 i IF EQUARLC. < A >, . FHRASE. 12
THEN [0
1277 b= FIELD: 7>, FIELDCZ3 = @FFH:
1 1772 = CALL SETEITC. MMORD. 16, 2. 22
b e =] EMD
1729 v IF EQUALC. < C7», . PHRASE. 12
THEM [0:
i7ez =] FIELDCZy, FIELDCZE» = GFFH:
1782 a CALL SETEITC. MWORD, 14, 2. 23;
174 a8 END;
1785 s IF EQUALC. <7073, FHRASE. 12
THEM [0
1787 a2 FIELD<133, FIELDCZE) = @FFH:
172 2 Z = SHRECZ, 15:
i7ea e CALL SETEITC. MWORD. 12, 2. Z3;
1794 =3 END
3791 7 IF EQUIALY. <M~ 2, PHRASE. 13
THEM [40:
17932 a FIELDO1E, FIELDCAIV ., FIELDC1SX = @FFH;
1794 a CALL SETEITC. MWORD. 2. 20 255
1795 a EMNDs
1794 I IF EQURLY. &7, FHRASE. 10
THEN DO:
1732 2 FIELD:¢112>», FIELDC12> = OFFH:
1799 8 CALL SETEITC MWUORD. 18. 2. 20;
12646 2 EML:
12861 @ EML
1862 & ENL
-168-
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$EJECT

1803 S END: /4 OF 0O CASE TYFE +/ e
1804 4 END: /% OF DO WHILE PHRASECEICH ;¢ #/

-169-




- =
PLAM-20 COMFILER FRASS Il O
$ETECT
S+ DELAY
1285 = (&lnp
13808 e DECLRRE
A4 COMPOSE
12Q7 4 INDES =
1862 e IF FZEREE
1819 4 IF HNOTHD
1812 4 IF FIELD
1214 4 IF EQLET]
1815 4 IF FIEL.[:
1248 4 IF FIELL
1224 4 IF ECURT
1822 4 IF EQUET
A4 FETCH T
1824 4 TEILENTRY
4 DECODE
1225 4 IF <TELE
THEM
1887 2
1223 5
1223 i
1228 o
1831 =
1822 b
1832 4 IF <TELE
THEM
1825 =
1836 D
18Z=7 S
18=8 S
1839 4 ELSE
1240 -
1841 o
1242 =
184% 0
1244 9
1845 -
124% i)
1247 4 ENDREZILYE  EMD.

F -2 MICROFROSGRAM ASZEMELER a7 OCT 77 FAGE &3

ED RESOLUTION OF 51 AMD A BITS +

CINDER, S1. A TELENTREY ) EYTE:

THELE INDE:
(%K

GFHERZEFEESENT THEM
1. THEM
% ) THEM
T, MWORD 12 1. 1B THEM
‘ THEN
THEH
T MWORDG 45, 1018 THEN
T MMWORDG A7 1 4By THEWN INDEX

W OR S6H:
CIF aH:
QR 2EH;
OR 16H:
S OF BEHS

INDE: QR &iH:

AELE EHMTRY .
= TELCINDER »;

TAELE EMNTEY

NTRY AML SEH 5

[,

E =E + 1:

CALL ALFHACLF, 47, © "4t UNFORZSEEM CIRCUMSTENCE .
“HAS ARISEN, IMDES = “ o2

CAHLL HEACLP. 20 INDER

CALL EOL:

GOTD ENDRESDLMWE:

BN

NTEY AN B2H 8
Lol

E = + 1

CALL ALFHACLF. &1, . ¢ “#++ SFECIFICATION FOR H AND -,
CS1 COMFLICT. MICROMORD NOT WALID. < 2 );

CHLL EOL:

EMC:

D

21 = SHRECTELEMTREY. 22 AHD 81H:

CALL SETEITC MWORD. 12, 4, S13;

FIELD 14y = GFFH:

H = TELENTREY FAND 83H:

CALL SETEITC MWORD. 468, 2. A3

FIELC: T, FIELDCZ) = GFFH:

EML+:
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1362
1854
1265
1888
1267
1262
1865

1&8va

1271
ieva

R
B b

B
DONDOCN S )

DD

=)

PLAM=-S0 COMPILER

a

MM

Ty M T

RSN R B B N P Bt B |

1)

£

on

i m

LA By )

)

RN IR

~ =4

FRSS I1 OF Q-8 MICROFROGREAM RSSEMELER 27 OCT 7?7 PRAGE 66

SEJECT

S+ DELAYED RESOLUTION OF M BITS. #/

IF DORLCFHRASEFRESENT

THEHN D:
IF FIELGCAEY AMND EQUEITC. MWORD. 9, 1, 1B
THEN L0 :
IF FIELDNAT? ANWND MOT EQUEITC MWORD. 14, 1. 6ED
THEN [0
E =E + 4;
CALL ALFHACLF. S7. . « “##4 CONFLICTING
"SPECIFICATION FOR M. MICROMORD <,
THOT SALIC. <3
CRLL EdL
EMND:
ELSE D
CALL SETEITC. MHORD. 16, 1. 6B ;
FIELDCA7T Y = BFFH:
IF MOT FIELDC1SD
THEMN 00
FIELDC1S) = GFFH:
CALL SETEIT:. MWORD. 11. 1. 1B
=MD
EMNL;
EML:
ELSE Do
CALL SETEITC MUORD. 2. 1. @B
FIELDC1EY = @FFH:
EMC
EMD:

IF PAEDIFPHRASEFRESENT

THEM D0O:
IF EQUEITC. MUORD, S 2, QE3EE
THEM [0
IF FIELDCASEY AND FIELLCAT» AMD FIELDC 1S
THEM [
e N R S

CALL ALFHACLF. 57, . sk COMFLICTING -

TERECIFICATION FOR M. MICROWORD “.
THOT WALID. b
CHLL EQL.

EMLG
ELZE [0
S SINCE M2=1 BY DEFAULT. #*

% FIELDCILEY MUST BE SET IF M=@. ¢
IF HOT FIELD AT
THEM [Z;
FIELD:17» = GFFH;
CALL SETEITC. MWORD. 1@, 1, 16
EML:
ELSE D
S FIELDCAS) IS NOT SET #-
FIELD 1Sy = OFFH:
CALL SETEITC MWMORD, 14. 1, 183,
EHND:

-

,

’
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1893 & EMC:

1294 S
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PLAM=-28 COMFILER FRZS 1T OF 0-26 MICROFROGFA ASSEMELER
FEJECT

189 5 CHLL FRINTFEOUT INE:

1897 = OECODED  EMD: % 0OF DO MHILE 8FF .

1833 2 EMND FA 40

13299 L END MICROEZ:

MODULE IMFORMATION:

CODE ARER SIZE = SCCEH 13EE2D
YARIAELE AREA SIZE = : raah
MASIMUM STRCE SIZE = @QGACH 120

2428 LINES FERD
8 FROGRAM ERFEORCS)

ENC OF FLAM=-29 COMPILATION

27 OCT 77

FAGE g&&

o




§.1.2 Q-80 Simulator

5.1.2.1 User’s Reference

Inputs

The Q-80 Simulator reads input from 3 disk files:
® the object code file,
® the schedule file, and

® the data input file.

The object file contains object code produced by the Intel 8080/8085
Macro Assembler V2.0 (an Intel product). The schedule file specifies the
behavior of the HALT, HOLD, INT and RESIN inputs of the Q-80 during
the execution of the program contained in the object file. The 3 bytes
to be jammed in case of interrupt are also specified in the schedule file.
This file may be omitted. The data input file specifies a stream of bytes
that is read whenever a Q-80 IN-instruction is executed. This file may
also be omitted.

Function

The Q-80 simulator is implemented in principle as a finite automaton and
the possible state transitions are shown in Figure 5.1-13. The state tran-
sitions are determined by input read from the object file (opcodes) and
by input read from the schedule file (HALT, HOLD, INT, RESET, op-
codes of instructions jammed at interrupt). For each state transistion
one 6-byte record is written on the disk. For each state visited a line
of printed output is generated. Simulated execution ends when an HLT-
instruction is executed and none of the following is specified:

HALT=1, HOLD=1, INT=1 or RESET=1.




e

I Sl

. Saderiass e wesderq 1§ Jojemuig 08O £1-1°s 2mSig

e THI4I

-175-




0-7

8-15

16-23

24-31

32-39

40-47

- v aacd - A, g ¥ S

D A .
.~ . T e il

Output

The binary file created on disk by the Q-80 simulator contains a complete
trace of the dialog between the Q-80 and its environment (which will be
simulated by the MDS-800 at execution time). Each record contains a set
of stimuli sent by the environment to the Q-80 and the corresponding set

of responses from the Q-80. The last byte serves a different function.

This byte indicates when certain Q-80 outputs are in a ‘“don’t care” state and
whether the data bus is transmitting data to or from the Q-80.

Figure 5.1-14 shows a map of one record of the binary file. Bits 0-7
and 8-15 represent the value of the Q-80 address output (address bus).

Bits 0-7 are the least significant bits and bits 8-15 are the most signifi-
cant.

ADDR.BUS (LSB)
ADDR.BUS (MSB)
DATA BUS
RESIN INT INTE INTA HOLD | HLDA HALT WAIT
SYNC oFL | sTack IFCH 10R 10w MEMR MEMW
neso | vauo vALID WRITE VALID

Figure 5.1-14 Binary File Record Format




Bits 16-23 represent the value on the data bus (which may be a stimulus
or a response since this bus is bidirectional). Bits 24, 25, 28 and 30

are the stimuli RESIN, INT, HOLD and HALT, respectively. Bits 26, 27,
29, 31, 33 are the responses INTE, INTA, HLDA, WAIT and OFL, respec-
tively. Bits 34-39 are the memory and I/O status signals STACK, IFCH, IOR
IOW, MEMR and MEMW. Bits 43 and 46 indicate when the data bus is
used for a read or a write operation, respectively. If both bits are 0

the value on the bus is of no consequence (don’t care). Similarly, if

bit 47 is 0, the value on the address bus is of no consequence. Bits

44 and 45 indicate whether INTE and OFL have yet been initializcd

(i.e. 0 means don’t care).

The listing created by the Q-80 Simulator also represents a complete trace
of the dialog between the Q-80 and its environment. Here each line
represents a set of responses from the Q-80 and the next set of stimuli

sent to the Q-80. This is different from the definition of a record in the
binary file and thus individual lines of the listing are not in a one-to-one
correspondence to individual records in the binary file. These two different
approaches were necessary for the following reason. The disk file is to be
used by an exerciser program to simulate the Q-80’s environment and check
its proper operation. Such an exerciser applies a set of stimuli, then checks
if the Q-80’s response was as expected. This leads to the address part of

a memory access and the data read to be in two consecutive records. A
listing organized along the same principles is hard to follow. For that reason,
stimuli and responses are paired for the listing such that the memory request
(a Q-80 respense) and the memory response (a Q-80 stimulus) are on the
same line.

Date File

A file called :FO:DATE is read by the Q-80 Simulator. The first 11 bytes
in this file are assumed to be the current date. The file must be edited
daily by the user. The format of the date is shown in the following example:

12 FEB 1978. 13
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Calling

To call the Q-80 Simulator from ISIS-II (which prompts with a — )
enter:

Q80SIM :Fl:name.OBJ

on the keyboard. This implies that :Fl:name.OBJ is the object file,

that :Fl:name.SCH is the schedule file (may not exist), that :F1:name.IN
is the input file (may not exist) and that :Fl:name.DIN will be the binary
file.

States and state transitions.

The Q-80 Simulator has 24 states. Each of these states corresponds to a
wait-loop in the microprogram of the Q-80.

Transitions between states are caused by the arrival of new stimuli from the
environment of the Q-80. A state transition corresponds to the execution
of microcode between two wait-loops. It begins with the exit from one
loop, continues with the execution of non-iterative code and ends with
entering another (prehaps the same) loop.

8 The state RESET
This state is entered from any state if RESIN=1. Every simulation run
starts out in this state.

The program counter is set to 0 and the address and data buses are floated.
Depending on the value of the stimulus RESIN, the next state is RESET or
IFCHI.

® The state IFCHI.

In this state the opcode of the next instruction to be executed is fetched
from memory. The value of the program counter is placed on the address
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bus and IFCH and MEMR are set to 1. After the opcode is received,
the program counter is incremented and OFL is cleared.

If the opcode fetched indicates that the instruction is a 2 or 3 byte
instruction the next state is IFCH2. If it is a l-byte instruction which
requires an operand to be popped from the stack, the next state is

POP1 or COND*. If it is an instruction which requires an operand to
be fetched from memory (other than pop from the stack) the next state
is OFCHI. If the instruction is the IN-instruction, the next state is INPUT.
If it is a l-byte instruction which does not require any sort of operand
fetch, the instruction is executed at this point by a transition to the
pseudo-state EXEC.

8 The state JFCH2.

In this state the 2nd byte of a 2 or 3-byte instruction is fetched from
memory. The value of the program counter is placed on the address bus
and IFCH and MEMR are set to 1. After the 2nd byte is received, the
program counter is incremented.

If the opcode, fetched in IFCHI, indicates that the instruction is 3 bytes
long the next state is IFCH3. Otherwise the next state is EXEC, OFCHI,
POP1 or INPUT depending on the opcode (as in state IFCHI).

®  The state IFCH3.

In this state the. 3rd byte of a 3-byte instruction is fetched from memory.
The value of the program counter is placed on the address bus and IFCH
and MEMR are set to 1. After the 3rd byte is received, the program
counter is incremented. The next state is EXEC, OFCHl! or POPI. depending
on the opcode (as in state IFCHI).

* The 8 conditional return instructions are a special case. The condition
must be examined first, to determine whether to pop the stack. This
is done in the pseudo-state COND.
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m  The pseudo-state COND

This pseudo-statc does not cause output to the binary file or to the listing.
It is only an intermediate step in the execution of conditional return instruc-
tions which serves to decide the next state after IFCH1. If the condition
is true, the next state is POPIl, otherwise it is the pseudo-state EXEC.

® The state OFCHI.

In this state single-byte operands and the 1st bytes of 2-byte operands are
fetched. Depending on the opcode one of the following is placed on the
address bus:

— the register pair BC
— the register pair DE
— bytes 2 and 3 of the instruction
— the register pair HL,

and MEMR is set to 1. Depending on the opcode, the next state is either
OFCH2 (2-byte operands) or EXEC (1-byte operands).

8  The state OFCH2.

In this state the 2nd byte of a 2-byte operand is fetched. The address
used in OFCHI is incremented and placed on the address bus. MEMR is
set to 1. The next state is always the pseudo-state EXEC.

® The state POPI.

In this state the 1st of 2 bytes (the LSB) are popped from the stack.
The stack pointer (SP) is placed on the address bus and STACK and
MEMR are set to 1. After the byte is received from memory the stack
pointer is incremented. The next state is always POP2.
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®  The state POP2.

In this state the 2nd of 2 bytes (the MSB) is popped from the stack.

As in POPI, the stack pointer is placed on the address bus and STACK
and MEMR aic set to 1. After the bvte is received from memory the
stack pointer is ‘acremented. The next state is always the pseudo-staie

EXEC.

a  The state INPUT.

In this state a byte is read from the port indicated by the 2nd byte of
the instruction. The port number (2nd byte of the instruction) is placed
on the address bus, padded with leading zeros. IOR is set to 1. The
Q-80 simulator will supply the input byte, reading the next byte from the
file :Fl:name.IN. If the file does not exist or if the end of file has
been reached the simulation is aborted. The next state is always the
pseudo-state EXEC.

®  The pseudo-state EXEC

The pseudo-state EXEC represents the execution phase of the 256 Q-80
instructions. Direct transitions from the states IFCHI, IFCH2, IFCH3,
OFCH1, OFCH2, POP2, and INPUT to the states STOREl, PUSHI,
OUTPUT, HALTE, HOLD, HHOLD, HALTI, HALTIE, IHHOLD, IEHHOLD,
INTJAMI1 and IFCHI all pass through this pseudo-state. The pseudo-state.
The pseudo-state EXEC does not cause any output to the binary file or to
the listing. The next instruction is determined as follows. If the opcode
indicates that 2 bytes must be pushed onto the stack then the next

state is PUSH1. If a 1 or 2-byte result must be stored in the memory
(not on the stack) the next state is STOREIL. If the instruction is

the OUT-instruction the next state is GUTPUT. If the instruction is an
HLT-instruction the next state is one of HALTI, HALTIE, IHHOLD,
IEHHOLD or INTJAMI1 (see Table 5.1-8).
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Table 5.1-8. Next state at end of execution for HLT-instructions

HALT HOLD INT.NTE NEXT STATE
0o 0 o HALTI
(o} o 1 INTJAM1
0 1 X IHHOLD
1 0‘ X HALTIE
1 1 X IEHHOLD

For all other instructions the next state is one of IFCHI, INTJAMI,
HALTE, HOLD or HHOLD (see table 5.1-9).

Table 5.1-9. State transition at end of
instruction execution (except HLT)

HALT HOLD INT.INTE NEXT STATE
0 0 (o] IFCH1
0 0 1 INTJAM1
o 1 X HOLD
i) 0 X HALTE
. 1 X HHOLD
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® The state STOREIL.

In this state single-byte results and the Ist byte of 2-byte results are stored
stored in the memory. Depending on the opcode one of the following is
placed on the address bus: ;

— the register pair BC
— the register pair DE
— bytes 2 and 3 of the instruction

— the register pair HL.

The byte to be stored is placed on the data bus. MEMW is set to ke
For 1-byte results the next state is one of IFCHI, INTJAM1, HALTE, J
HOLD or HHOLD depending on the value of HALT, HOLD and of

INT.INTE (see Table 5.1-9). For 2-byte results the next state is STORE2.

» The state STORE2. y

In this state the 2nd byte of 2-byte results is stored in memory. The
address used in STOREI! is incremented and placed on the address bus.
The byte to be stored is placed on the data bus. MEMW is set to 1. ‘
The next state is one of IFCH1, INTJAM!, HALTE, HOLD, or HHOLD ’
(see Table 5.1-9).

® The state PUSHI.

In this state the lst of 2 bytes (the MSB) is pushed onto the stack.

The stack pointer (SP) is decremented first and the decremented value is
placed on the address bus. The byte to be pushed is placed on the data
bus. STACK and MEMW are set to 1. The next state is always PUSH2.

® The state PUSH2.

In this state the 2nd of 2 bytes (the LSB) is pushed onto the stack. The
stack pointer (SP) is decremented first and the decremented value is placed
: ! on the address bus. The byte to be written into memory is placed on the
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data bus. STACK and MEMW are set to 1. The next state is one of IFCH1.
INTJAM1, HALTE, HOLD or HHOLD (see Table 5.1-9).

s The state OUTPUT

In this state a byte is written to the port indicated by the 2nd byte of
the instruction. The port number (2nd byte of the instruction) is placed
on the address bus, padded with leading zeros. The byte to be written
is placed on the data bus. IOW is set to 1. The next state is one of
IFCH1, INTJAM!, HALTE, HOLD or HHOLD (see Table 5.1.9).

s The state HALTE

This state is entered at the end of the execution of any instruction other
than HLT if HALT=1 and HOLD=0. WAIT is set to 1. The next state
is one of IFCH1, INTJAM1, HALTE, HOLD or HHOLD (see Table 5.1.9).

®m  The state HOLD.

This state is entered at the end of the execution of any instruction other
than HLT if HOLD=1 and HALT=0. The address bus and the data bus
: are floated and HLDA is set to 1. The next state is one of IFCH1,

P INTJAM1, HALTE, HOLD or HHOLD (see Table 5.1-9).

s The state HHOLD

This state is entered at the end of the execution of any instruction other
than HLT if HALT=1 and HOLD=1. The address bus and the data bus
| are floated. HLDA and WAIT are set to 1. The next state is one of
" IFCH1, INTJAM1, HALTE, HOLD or HHOLD (see Table 5.1-9).

E | " The state HALTL

This state is entered at the end of an HLT-instruction if HALT=0 and
HOLD=0. WAIT is set to 1. The next state is one of HALTI, HALTIE,
[HHOLD, IEHHOLD or INTJAMI (see Table 5.1-8).
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®  The state HALTIE.

This state is entered at the end of an HLT-instruction if HALT=1 and
HOLD=0. WAIT is set to 1. The next state is one of HALTI, HALTIE,
IHHOLD, IEHHOLD or INTJAMI1 (see Table 5.1-8).

® The state ITHHOLD.

This state is entered at the end of an HLT-instruction if HOLD=1 and
HALT=0. HLDA and WAIT are set to 1 and both the address bus and
the data bus are floated. The next state is one of HALTI, HALTIE,
IHHOLD, IEHHOLD or INTJAMI1 (see Table 5.1-8).

® The state IEHHOLD.

This state is entered at the end of an HLT-instruction if HALT=1 and
HOLD=1. HLDA and WAIT are set to 1 and both the address and

data buses are floated. The next state is one of HALTI, HALTE, IHHOLD,
IEHHOLD or INTJAMI (see Table 5.1-8).

®  The state INTJAMI.

In this state the first of 3 bytes (opcode) is jammed into the Q-80 as a
result of the recognition of an interrupt. Further interrupts are disabled
by setting INTE to 0. The value of the program counter is placed on
the address bus and INTA and IFCH are set to 1. After the first jammed
byte is received, OFL is set to 0. The next state is IFCH2.

® The state IFCH2

In this state the 2nd of 3 bytes is jammed into the Q-80 as a result
of the recognition of an interrupt. The value of the program counter
is placed on the address bus and INTA and IFCH are set to 1. The
next state is INTJAM3.
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® The state INTJAM3.

In this state the 3rd of 3 bytes is jammed into the Q-80 as a result
of the recognition of an interrupt. The value of the program counter
is placed on the address bus and INTA and IFCH are set to 1. The
next state is one of EXEC, OFCH1, POP1 or INPUT depending on the
opcode (first byte jammed).

Format of the Schedule File

The value of the Q-80 stimuli RESIN, HALT, HOLD and INT may be
specified by means of the schedule file. The schedule file is normally produced
with the aid of the Intel ISIS-II Text Editor (an Intel product) and is thus
an ASCII file. Each line in the this file refers to a specific instance of the
execution of a specific instruction. The first four characters on each line

are interpreted as hexadecimal digits (ASCII 0-9, A-F) and specify the memory
address where the opcode of the instruction is located. These four digits are
followed by a TAB (control-I) character. The next 1-5 characters represent
the count, a decimal number between 1 and 65536. If the count is 1, the
line refers to the first time the specified instruction is executed. If it is 2,
it refers tothe 2nd time the instruction is executed, etc., etc. The count
field is terminated by a TAB (control-I). For example:

03DC 35 ......

indicates that this line refers to the 35th time the instruction located at
address

The next field specifies the value of the stimuli RESIN, HALT, HOLD and
INT (RHHI for short). There are two ways to specify the value of RHHI.
If the specification refers to one of the states listed below, the format is:

<RHHD> @ <state>

where <RHHD> is a string of four O-s and 1-s and where <state> is the
name of the state in which the stimulus is to be applied. For example:

1000@OFCH2
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indicates that RESIN=1, HALT=0, HOLD=0, INT=0 are the stimuli to be !
applied in state OFCH2 of the instruction execution specified. Specifications E
of the format described above may be used only for the following states: '

IFCH1, IFCH2, IFCH3

OFCH1, OFCH2

POP1, POP2

INPUT

STORE!, STORE2

PUSH1, PUSH2

OUTPUT

INTJAMI, INTJAM2, INTJAM3.

i

For the remaining states RHHI-stimulus values are specified by use of the
second format. These are states entered at the end of the execution of
an instruction and sequences of state transitions of arbitrary length may
occur before the execution of the next instruction commences. For this
reason a sequence of up to 8 RHHI-values can be specified for an instruc-
tion execution:

TAB

: .‘<RHHI>, <RHHI>, <RHHD>, . . . , <RHHD> { o

CR

Note that no state is specified. Application of stimuli from this sequence
begins as soon as one of the states i
RESET
HALTE, HOLD, HHOLD |
HALTI, HALTIE, IHHOLD, IEHHOLD

is entered and continues until a transition to either IFCH1 or INTJAMI is 3
made. If the end of the sequence is reached the next RHHI-stimulus will
be 0000 which will cause a transition to IFCH1 or ends the simulation run.
(The reader will recall that the simulation run ends if RHHI=0000 in state
HALTIL)
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CR (carriage return).

The following are examples of valid lines in a schedule file:

03DC @ 35‘ 1000@0FCH2
20A3 @ 16.01000, 0100, 0110, 0010

If an RHHI-stimulus specifies INT=1, the RHHI-specification field of the
respective line may be followed by another TAB (control-I), the word JAM=,
and six hexadecimal digits, which specify the 3 bytes to be jammed, and a

For example:

anywhere in the file.
schedule file on the listing.
of the simulation run.
of the lines applies, RHHI=0000 is assumed.
te. :Fl:name.SCH does not exist, RHHI=0000 is assumed at all times.

2794 2 0001@STORE1 JAM=C30008 -

The schedule file may contain at most 50 lines.
The Q-80 Simulator echoes the lines read from the

No blanks may occur

Any errors in the schedule file cause aborting

For any state of the simulation run where none
If there is no schedule file,
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5.1.2.2 Q-0 Simulator Computer Program Documentation*

Environment

The Q-80 Simulator is written in the language PL/M-80 and is designed
to run under t.¢ ISIS-II operating system (PL/M-80 V3.0 and ISIS-II
V2.2 are Intel products). In addition to the features of PL/M-80, a
number of external library routines are used as primitives in the pro-
gram. A brief functional description of these routines follows.

OPEN - This subroutine opens a file. Given a pointer to the filename
and an access code (l=read, 2=write, 3=read & write) this subroutine
returns an index into the Active File Table (AFT) to be used when
accessing the file and a status word.

Argument 1 = pointer to location where AFT index is to returned
Argument 2 = pointer to filename

Argument 3 = access code

Argument 4 = AFT index of echo file or O if no echo

Argument 5 = pointer to location where status word is to be returned.

This subroutine is declared in lines 24 of the source listing.

CLOSE — This subroutine closes a file.

Argument 1 = AFT index of file
Argument 2 = pointer to location where status word is to be returned.
This subroutine is declared in lines 5-7 of the source listing. 1

READ — This subroutine reads from a file. Given the AFT index of a file,
a pointer to the read buffer and the number of bytes to be read, this sub-
routine will fill the buffer, return the number of bytes actually read and the
status word.

* Familiarity with the ISIS-II operating system and PL/M-80 compiler is assumed. ]
It is also assumed that the reader has read the previous section describing ‘
the operation and use of the Q-80 Simulator.
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Argument 1 = AFT index of file

Argument 2 = pointer to buffer

Argument 3 = number of bytes to be read

Argument 4 = pointer of location where actual number of bytes read
is to be returned

Argument S = pointer to location where status word is to be returned.

This subroutine is declared in lines 8-10 of the source listing.

WRITE - This subroutine writes into a file. Given the AFT index of the
file, a pointer to the write buffer and the number of bytes to be written,
this subroutine will write the buffer contents into the file and return the
status word.

Argument 1 = AFT index of file

Argument 2 = pointer to buffer

Argument 3 = number of bytes to be written

Argument 4 = pointer to location where status word is to be

returned.

This subroutine is declared in lines 11-13 of the source listing.

SEEK — This subroutine allows the repositioning of the file pointer, i.e.
facilitates skipping around in the file. Many modes allow a variety of
ways to move the file pointer, but some modes do not work correctly
(Intel will fix in next release of ISIS-II). For this reason only two
modes (modes 0 and 2) are used in this program. In mode 0 SEEK
returns the block number and byte number where the filepointer is
pointing (1 block = 128 bytes). In mode 2 the filepointer is set based
on a blocknumber — bytenumber pair supplied as arguments.

Argument 1 = AFT index of file
Argument 2 = mode (0 or 2)
Argument 3 = pointer to blocknumber
Argument 4 = pointer to bytenumber
Argument 5 = pointer to status word

This subroutine is declared in lines 14-16 of the source listings.
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DELETE — This subroutine deletes a file.

AFT index of file to be deleted

Argument 1

Argument 2 pointer to status word.

This subroutine is declared in lines 17-19 of the source listing.

ERROR — This subroutine displays a standard error message on the CRT.
It is to be used when an abnormal status word was returned by another

subroutine.
Argument 1 = error number
Argument 2 = pointer to status word.

This subroutine is declared in lines 20-22 of the source listing.

EXIT — This subroutine terminates a program and returns to ISIS-II.  There
are no arguments. This subroutine is declared on lines 23-24 of the source
listing.

ALPHA — Simplified version of WRITE. It is mostly used to display alpha-
numeric data on the CRT or on the printer.

Argument 1 = AFT index of file

Argument 2
Argument 3 = pointer to buffer.

number of bytes to be written

This subroutine is declared in lines 25-27 of the source listing.

HEX - Converts the contents of a buffer to its hexadecimal representation
in ASCII and writes those characters into the file indicated (mostly CRT
or LP).

Argument 1 = AFT index of file
Argument 2 = number of hexadecimal digits to be displayed
Argument 3 = pointer to buffer.

This subroutine is declared in lines 28-30 of the source listing.
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INTEG — This subroutine converts a byte (considered as an 8 bit 2’s
complement interger) to signed decimal in ASCII and writes those charac-
ters into the file indicated (mostly CRT or LP).

Argument 1 = AFT index of file
data (1 byte).

Argument 2

This subroutine is declared in lines 31-33 of the source listing.

INTEGD — This subroutine converts a two-byte unsigned binary number
(type ADDRESS) to its 5-digit decimal equivalent in ASCII and writes
those characters into the file indicated (mostly CRT or LP).

AFT index of file
data (2 bytes)

Argument 1

Argument 2

This subroutine is declared in lines 34-36 of the source listing.

PAGE — Sends the form-feed character (hexadecimal OC) to the file
indicated. If the file is the printer, the paper is advanced to the top
of the next page. The only argument is the AFT index of the file.
This subroutine is declared on lines 37-39 of the source listing.

PPAGE — Like PAGE, except the vertical-tab character (hexadecimal OB)
is sent. The Centronics 306 printer equipped with a vertical format unit
(VFU) can be programmed to skip in response to this character to either
the first or second top of page, such that the face of first page folds
on top of the listing (not the back of the first page). This subroutine
is declared in lines 4042 of the source listing.

SKIP — Sends a carriage-return and a line-feed character (ODOA) to the
file specified. The only argument is the AFT index of the file. This
subroutine is declared in lines 4345 of the source listing.
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SPACE — This subroutine sends a specified number of blanks to the file
indicated.

Argument 1 AFT index of file
Argument 2 = number of blanks.

This subroutine is declared in lines 4648 of the source listing.

EQUAL - This function compares two given bit strings and returns the
valne FF if they are equal, or 00 if they are not.

Argument 1 = pointer to first string
Argument 2 = pointer to second string i
Argument 3 = number of bytes to be compared

This function is declared in lines 49-51 of the source listing.

SETBIT — This subroutine can set up to 7 bits in a bit string.

Argument 1 = pointer to string

Argument 2 = start-bit number (O-origin)

Argument 3 = number of bits to be set

Argument 4 = data (1 byte). The least significant bits are used

to change the bit string.

This subrovtine is declared in lines 52-54 of the source listing.

EQUBIT — This function compares a given bit string to a substring of
a longer bit string and returns the value FF if they are equal, or 00
if they are not.

Argument 1 = pointer to ling bit string

Argument 2 = start-bit number (0-origin)

Argument 3 = number of bits to be compared

Argument 4 = short bit string (I byte, number of least signifi-

cant bits to be compared is indicated by argument 3).

This subroutine is declared in lines 55-57 of the source listing.




SUBSTR — This function returns part of a given bit string.

Argument 1 = pinter to given string
Argument 2 = stari-bit number (0-origin) where substring begins
Argument 3 = length of substring

The substring is returned right justified. This subroutine is declared in lines
58-60 of the source listing.

The computer program description, which follows, describes a program with
deep nesting of blocks and loops. Accordingly, the discussion begins at
the highest level and proceeds to deeper levels of nesting and at the same
time to levels of increasing details. To make the relationship of the various
sections that follow as clear as possible, the sections are numbered like the
Dewey Decimal System. Thus for a dection numbered 3.1.8, further details
can be found in sections 3.1.8.1, 3.1.8.2, . . . etc., to find the relation-
ship of section 3.1.8 to sections 3.1.1, 3.1.2, . . . etc., read section 3.1.

The main program consisting of the outermost block is labelled Q80SIM
and represents the global environment. It contains

1.) Declaration of external global procedures used as primitives
in the remainder of the program (described above, lines 2-60).

2.) Declaration of global constants and variables (lines 61-129).
3.) Declaration of internal global constants and variables (lines 69-129). |
4) The “Prologue Activities” block (lines 130-170).
5.) The “Read Object File” block (lines 171-200). |
6.) The “Read Schedule File” block (lines 201-393).
7.) The “Q-80 Simulation” block (lines 394-2700).

5.1.2.2.1 Declaration of external global procedures.

These procedures were described in detail above.

ey gy e
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§.1.22.2 Declaration of global constants and variables.

Global constants and variables are declared in lines 61-68. These global
declarations fall into the following categories:

®  AFT-indexes for the object file (BI), the binary output file
(BO), the line printer (LP), the Q-80 input file (Q80IN), the
schedule file (SCH), the console keyboard (KB) and the con-
sole CRT (CRT).

®  Special ASCII character constants for carriage return (CR) and
tab (TAB).

®  Paging counters: PAGENO and LINENO.
E ®  An array holding the name of the object file (FN).

8 The structure COMM holding the information read from the
schedule file in compact internal format.

® The variable INSTATUS which indicates the existence of the
file :Fl:name.SCH.

§1.2.2.3 Declaration of internal global procedures.

There are two global internal procedure both related to page formatting
of the output listing: HEADER and EOL (which stands for end-of-line).

T TR Ty =

Subroutine header (lines 69-122) has one parameter, SW, which should be
1 when the first page is printed, and O for all other calls of HEADER.
Figure 5.1.24 shc.s two headers produces by calls of subroutine HEADER
with SW=1 and SW=0 respectively.

Subroutine EOL (lines 123-129) is called anytime a line is ended. It

increments LINENO and sends a carriage return character to the line printer.
If LINENO exceeds 61, HEADER is called from EOL.
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5.12.24 The “Prologue Activities” Block.

This block is located in lines 130-170. In this block the object file, the
Q-80 input file and the line printer are opened.

First, the remainder of the command line, entered on the keyboard when
Q80SIM was called from ISIS-II, is read into array LINE. After skipping
over leading blanks, only the characters forming the name of the object

file are copied to array FNand any trailing characters are filled with blanks.

Next, the object file is opened. If the file can not be opened (STATUS+0)
the message “sx+ CAN NOT OPEN FILE. STATUS=xxx” is displayed

on the CRT and the simulation run is aborted. If the object file was
successfully opened, the line printer is opened next, PAGENO is set to 1
and HEADER is called to print the first page header (argument=1).

The 3-character file extension of the file name in FN is changed from

.OBJ to .BIN and then to .IN as the binary output file and the Q-80
input file are opened. The global variable INSTATUS is set to indicate i
the existence of the Q-80 input file (INSTATUS=13 indicates that the file |
does not exist).

5.1.2.2.5 The “Read Object File” Block.

This block is located in lines 171-200. The contents of the object file
are loaded into the array MEMORY which is located between the end
of the program and the physical end of the MDS-800 memory. The
size of this array may vary as future changes are incorporated into the
Q-80 Simulator. Currently with 64K bytes of memory in the MDS-800,
over 19K bytes are available for simulated Q-80 memory.

The object files produced by the Intel 8080/8085 Macro Assembler are
organized in blocks (Figure S5.1-15), The first byte identifies the type
of block in question. Only blocks where this byte contains the value
6 are object code blocks. The next two bytes indicate the length of
the block (see Figure 5.1-15 for a more precise understanding of the
meaning of these two bytes). The byte following the length is of no
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interest and the next two bytes indicate the address where the 1st
true object code byte of this block is to be loaded. The next
“length”-3 bytes are true object code.

The “Read-Object File” block reads files of the above described organi-
zation into array MEMORY. Any attempt to write past the end of
array MEMORY is trapped and the simulation run is aborted after printing
the message: “sxx ATTEMPT TO LOAD OUT OF BOUNDS MEMORY
LOCATION.” When the end of the object file is reached, the file is
closed.

(LENGTH-3) BYTES

LENGTH ADDRESS OBJECT CODE

q

T ] a T T T A T8 T T
A E | 1 1 PR A 1 1

NO. OF BYTES INDICATED BY “LENGTH”

Figure 5.1-15. Format of blocks in object code file.
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5.1.22.6 The “Read Schedule File” Block.

This block is located in lines 201-393, The function HEX, which con-
verts an ASCII hexadecimal ‘digit to the corresponding binary value, is
nested within this block, at lines 208-219. If the argument of HEX is
not a hexadecimal digit the simulation run is aborted after displaying the
message “s«x+ NON-HEX DIGIT.” on the CRT.

The schedule file :Fl:name.SCH must be opened first. The 3-character
file extension of the filename in array FN is changed to .SCH. The
schedule file is opened in line-edit mode with no echo (i.e. the bit-bucket
file :BB: is opened and assigned as echo file).

The structure COMM (global, declared line 67) is an array of 50 structures.
Each line in the schedule file (max. 50 lines) corresponds to one of these
structures (COMM(0) through COMM(49)).* The hexadecimal address

and the decimal number which specifies the particular instance of execution
of the specified instruction are converted to binary representation and are
stored in the elements LOC and TRIGGER of the corresponding structure.
TRIGGER=0 indicates that the respective structure COMM(i) is unused.
(Since fewer than 50 lines may be specified in the schedule file some
structures will remain unused in most cases). The element COUNT in
each structure is initialized to zero and is incremented and compared with
TRIGGER every time the instruction located at address LOC is executed.

The element FIXED, an 8-byte array, provides 16 four-bit slots for RHHI
specifications explicitly tied to one of the 16 states:

IFCH1, IFCH2, IFCH3
OFCHI1, OFCH2

POP1, POP2

INPUT

STORE1, STORE2

PUSH1, PUSH2

OUTPUT

INTJAMI1, INTJAM2, INTJAM3

by specifications of the form
<RHHI>@<STATE>

* It may be helpful if the reader would review the subsection titled “Format
of the schedule file”, in section 5.1.2.1, at this point.
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The element SEQU, an array of 4 bytes, can hold up to 8 RHHI speci-
fications to be used at the end of the execution of instructions to specify
transitions from the states:

HALTE, HOLD, HHOLD
HALTI, HALTIE, IHHOLD, IEHHOLD.

The element JAM, an array of 3 bytes, holds the 3 bytes to be jammed
in case of interrupt.

Thus the remainder of the “Read Schedule File” block is dedicated to
translating the contents of the schedule file to the format of the struc-
ture file to the format of the structure COMM. If any syntax error is
detected the simulation run is aborted. All lines read from the schedule
file are displayed on the CRT and printed on the line printer. Error
messages are displayed on the CRT. When the end of the schedule file
is reached the file is closed.

51227 The “Q-80 Simulation” Block.

Starting with line 394, the remainder of the program is taken up by the
“Q-80 Simulation” block. This block contains the following:

1.) Declaration of variables and tables.

2.) Subroutines MEM and MEMW.

3.) Subroutine PRINT.

4.) Subroutine SCHEDULE.

5.) Start-up of simulation.

6.) Code implementing states and state transitions.

5.1.2.2.7.1 Declaration variables and tables.

These declarations are in lines 394429, The 7-byte array V contains all
the information to write one record of the binary file. It conjunction
with the identically structured array OLDV it contains the information
for one line of listing. The first 6 bytes of V (and of OLDV) are
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structured like the binary file records. The supplemental 7-th byte keeps
track of which Q-80 registers are uninitialized. Figure 5.1-16 shows the
organization of V and OLDV. The last two bytes of V and OLDV can
also be referenced by the name DEF and OLDDEF, respectively.

The following Q-80 registers are declared as 1-byte variables: B, C, D, E,
H, L, A. The 2-byte variables BC, DE and HL are overlayed on the
respective registers and thus facilitate register pair access. The Q-80 reg-
isters PC and SP are represented as 2-byte variables. The Q-80 flags

S, Z, P, CY, OFL and INTE are represented by 1-byte variables. The
Q-80 stimuli RESIN, HALT, HOLD and INT are represented as 1-byte
variables (HALT is represented by the variable HLT).

A 3-byte array INTJAMWORD is provided to hold the 3-bytes to be jam-
med into the Q-80 in case of interrupt.

The variable OPCODE holds the first byte fetched during instruction fetch

or the first byte jammed during interrupt jams. The 2-byte variable ADDR
holds the 2nd and 3rd byte of instruction (fetched or jammed). The 2
bytes in ADDR are individually addressable by the variable names DATABYTE
(least significant half) and ADDRH (most significant byte).

The 2-byte variable MDATA2 holds operands fetched from memory or popped
from the stack. The 2 bytes are individually addressable by the variable
names MDATA (least significant half) and MDATAH (most significant half).

The 2-byte variable SDATA2 holds results to be stored in memory or pushed
onto the stack. The 2 bytes are individually addressable by the variable
names SDATA (least significant half) and SDATAH (most significant half).

The 2-byte variable MADDR is overlayed on the first two bytes of array V.
The 1-byte variable LASTMEMTOQS80 holds the last byte sent from the
memory, from an I/O port, or jammed to the Q-80. The 2-byte variable
INSTRADDR holds the location of the opcode of the currently executed
instruction. (Note that PC is incremented 1, 2 or 3 times and thus no
longer points to the opcode). The variable SEQUCOUNT is used in sub-
routine SCHEDULE and must be (relatively) global to that subroutine. Its
use will be discussed in the description of subroutine SCHEDULE.
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Figure 5.1-16  Organization of arrays V and OLDV.
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The table TBL contains 256 bytes, one for each possible opcode. The

2 most significant bits specify whether it is a 1, 2 or 3-byte instruction
(00=1 byte, 01=2-byte, 10=3-byte). The next 2 bits indicate the type of
operand fetch (00=no operands to fetch, Ol=fetch operand from memory,
10=pop operands from stack, 1l=input operand from input port). The
next bit indicates for operand fetches from memory, whether 1 or 2
bytes are to be fetched (0=1-byte, 1=2-byte). The following 2 bits indicate
the type of store operation (00=no store, Ol=store to memory, 10=push
onto stack, 1l=output to output port). The least significant bit indicates
for stores to memory whether 1 or 2 bytes are to be stored (0=1 byte,
1=2 bytes).

The table DEFTBL is used in establishing which registers or flags of the
Q-80 are still uninitialized. For each of the 256 possible opcodes there

is a 2-byte mask containing a O in the position corresponding to any
register or flag which is not deterministically set by the respective in-
struction. It should be noted that the converse is not necessarily true.

For example, in the case of the instruction MOV B,E there is a l in

the position corresponding to the B register. If however E was uninitialized,
B will be uninitialized even after execution of this instruction (i.e. it will
contain a random value).

MSB B C D E H L SP A

LSB SZP | CY V/V/ INTE OFL7

Figure 5.1-17 Bit assignment in an entry of table DEFTBL.

512272 Procedures MEM and MEMW.

The function MEM and the subroutine MEMW are located in lines 430-451.
MEM simulates memory-read accesses, while MEMW simulates memory write
accesses.
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The function MEM has one parameter ADDR. If ADDR points to a loca-
tion past the end of simulated memory the simulation run is aborted after
printing the message “«x«ATTEMPT TO ACCESS OUT OF BOUNDS
MEMORY LOCATION”., If the address is within the simulated address
space the function returns the value of the respective simulated memory
location.

Similarly, subroutine MEMW has 2 parameters ADDR and VAL. If ADDR
is outside the simulated address space, the simulation run is aborted after
printing the message “++*ATTEMPT TO WRITE OUT OF BOUNDS MEMORY
LOCATION”. Otherwise the respective simulated memory location is set

to the value VAL.

§.12.2.7.3 Subroutine PRINT.

This subroutine is located in lines 452-583. It prints one line containing
the hexadecimal value of PC, the data bus coming into the Q-80, RESIN,
INT, HOLD, HALT, the address bus, the data bus going from the Q-80,
STACK, IFCH, IOR, 10W, MEMR, MEMW, INTE, INTA, HLDA, WAIT,
the registers B, C, D, E, H, L, SP, A, the flags S, Z, P, CY, OFL.
Wherever the corresponding bit in DEF or OLDDEF (which ever may be
applicable) is O indicating a random value, blanks are sent to the printer.

5.12274 Subroutine SCHEDULE.

This subroutine is located in lines 584-658. It sets the Q-80 stimuli
RESIN, HALT, HOLD and INT according to the contents of the structure
COMM based on the location of the opcode of the current instruction,
the current state and the count that is kept in applicable cells of the
structure COMM.

Execution of SCHEDULE begins with the copying of array V to OLDV.
Next for all cells where COMM(i).LOC equals the location of the opcode
of the current instruction (INSTRADDR), COMM(i).COUNT is incremented.
The structure COMM is searched next until a cell COMM(i) is found where
LOC=INSTRADDR and COUNT=TRIGGER.
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If none is found (as is the case most of the time) RESIN, HALT,
HOLD and INT are set to O before returning.

If the current state is IFCHI or INTJAMI then this is the beginning of
a new instruction and SEQUCOUNT, the pointer to the 8 RHHI groups
in SEQU is set to 0. Thereafter it is determined whether the current
state dictates fetching RHHI from FIXED or from SEQU. RESIN, HLT,
HOLD and INT are set accordingly before returning.

Note that SEQUCOUNT must be presrved until the next call of SCHEDULE.
For that reason it had to be made a variable of larger scope than the
procedure SCHEDULE.

5.1.2.2.7.5 Start-up of simulation.

In liner 659-661 the arrays V and OLDV are set to all O’s, except for
the RESIN-bit in V. Subroutine PRINT is called to print the initial line.
It is significant to note that all registers and flags are assumed to have
random values. Execution proceeds into simulation of the RESET state.

§.1.2.2.7.6 Simulation of states and state transitions.

The blocks used to simulate each of the 24 states are quite similar.

In each such block V is set to some value (depending on the state

in question), DEF is set as a function of OLDDEF, V is output to
the binary file by a call of ALPHA, the next set of stimuli is deter-
mined by a call to SCHEDULE, a line is printed on the listing by a
call to PRINT, and the next state is decided. The subsequent state-by-
state description covers only activities supplemental to the ones described
above.

5.1.2.2.7.6.1 Simulation of state RESET.

The state RESET is simulated in lines 662-681. PC and INSTRADDR are
set to 0 and the address bus and the data bus are floated.




The state IFCH1 is simulated in lines 682-713. PC is placed on the
address bus and both IFCH and MEMR are set to 1. INSTRADDR is
set equal to PC, thus indicating the start of execution for a new instruc-

tion. The value read from simulated memory by the function MEM is
assigned to OPCODE. Thereafter the program counter (PC) is incre-
mented and OFL is set to 0. If OPCODE indicates that the instruc-
tion is one of the “return conditional” instructions, the decision of the
next state is left to the pseudo-state COND.

5.1.2.2.7.6.3 Simulation of state IFCH2.

The state IFCH2 is simulated in lines 714-740. PC is placed on the

address bus and both IFCH and MEMR are set to 1. The value read
from simulated memory by a call of the function MEM is assigned to
DATABYTE (which is the least significant half of the 2-byte variable

ADDR). PC is incremented thereafter.

5.1.2.2.7.6.4 Simulation of the state IFCH3.

The state IFCH3 is simulated in lines 741-765. PC is placed on the
address bus and both IFCH and MEMR are set to 1. The value read
from simulated memory by a call to the function MEM is assigned to
ADDRH (the most significant half of the 2-byte variable ADDR). There-
after PC is incremented.

5.1.2.2.7.6.5 Simulation of the pseudo-state COND.

The pseudo-state COND is simulated in lines 766-781. Depending on the
opcode and on the state of one of the Q-80 flags S, Z, P or CY (accord-
ing to opcode) the next state is either POP1 or the pseudo-state EXEC.

The pseudo-state COND deals only with the execution of conditional return
instructions. If the condition is met (e.g. Z=0 meets the condition for
RNZ) the stack must be popped, therefore the next state is POP1. Other-
wise the instruction is treated like a NOP and the next state is the pseudo-
state EXEC.
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5.1.22.7.6.6 Simulation of state OFCHI.

The state OFCH1 is simulated in lines 782-810. Depending on the opcode,
one of the following is placed on the address bus:

— the register pair BC
— the register pair DE
— the register pair HL
— the 2-nd and 3-rd byte of the instruction.

MEMR is set to 1. The value read from simulated memory by a call of
the function MEM is assigned to MDATA (the least significant half of the
2-byte variable MDATAZ2).

5.1.2.2.7.6.7 Simulation of state OFCH2.

The state OFCH2 is simulated in lines 811-829. The value placed on the
address bus. MEMR is set to 1. The value read from simulated memory
by a call of the function MEM is assigned to MDATAH (the most signifi-
cant half of the 2-byte variable MDATA2).

5.1.2.2.7.6.8 Simulation of state POP1.

The state POPI is simulated in lines 830-849. The value of SP is placed
on the address bus. STACK and MEMR are set to 1. The value read
from simulated memory by a call of the function MEM is assigned to
MDATA ( the least significant half of the 2-byte variable MDATA2) and
the stack pointer (SP) is incremented.

5.1.2.2.7.6.9 Simulation of state POP2.

The state POP2 is simulated in lines 850-869. The value of SP is placed
on the address bus.STACK and MEMR are set to 1. The value read from
simulated memory by a call of the function MEM is assigned to MDATAH
(the most significant half of the 2-byte variable MDATA?2) and the stack
pointer (SP) is incremented.
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5122.7.6.10 Simulation of state INPUT.

The state INPUT is simulated in lines 870-896. The second byte of the
instruction (which was stored in the variable DATABYTE when state IFCH2
or INTJAM2 was simulated) is placed on the address bus padded with lead-
ing zeros. IOR is set to 1. The simulated input operation reads one byte
from the Q-80 Input File into the variable MDATA (the least significant
half of the 2-byte variable MDATA2). If the file does not exist
(INSTATUS=13) or if the end-of-file has been reached (L=0) the message:
”«x+«ATTEMPT TO READ PAST END OF INPUT FILE.” is printed.

5.1.2.2.7.6.11 Simulation of the pseudo-state EXEC.

The pseudo-state EXEC is simulated in lines 897-2203. It consists of a
DO-CASE construct which implements the 256-way branch on OPCODE.
Thus each possible opcode is processed separately. The DO-CASE construct
is easy to follow and is thus virtually selfdocumenting. Operands fetched
from memory in other states are in the 2-byte variable MDATA2 and the
2nd and 3rd byte of instructions are in the 2-byte variable ADDR. Re-
sults produced in EXEC which have to be written into the memory or
output on a port are assigned to the 2-byte variable SDATAZ2.

HLT-instructions are simulated with irregular exits from the DO-CASE con-
struct, branching to one of the states HALTL,LHALTIE,JHHOLD,JEHHOLD

or INTJAMI1. All other instruction are simulated via a regular exit from
the DO-CASE construct followed by branches to one of the states IFCHI,
HALTE,HOLD,HHOLD, INTJAMI1,STORE1,PUSHI or OUTPUT.

5.1.2.2.7.6.12 Simulation of state STOREI.

| . The state STOREI is simulated in lines 2304-2340. Depending on the
E i opcode one of the following is placed on the address bus:

— the register pair BC
— the register pair DE
— the register pair HL
— the 2nd and 3rd byte of the instruction.
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The value of SDATA (the least significant half of the 2-byte variable
SDATA?2) is placed on the data bus and MEMW is set to 1. The
value of SDATA is written into simulated memory by a call of sub-
routine MEMW.

5.1.2.2.7.6.13 Simulation of state STORE2.

The state STORE2 is simulated in lines 2341-2367. The value placed on
the address bus in state STORE] is incremented and placed on the address
bus. The value of the most significant half of the 2-byte variable SDATA?2
is placed on the data bus and MEMW is set to 1. The value of the most
significant half of SDATA2 is also written into simulated memory by a call
of subroutine MEMW.

5.1.22.7.6.14 Simulation of state PUSHI.

The state PUSHI is simulated in lines 2368-2387. The stack pointer (SP)
is decremented first and its value is placed on the address bus. The most
significant half of the 2-byte variable SDATA2 is placed on the data bus
and both MEMW and STACK are set to 1. The most significant half of
SDATA?2 is also written into simulated memory by a call of subroutine
MEMW.

5.1.2.2.7.6.15 Simulation of state PUSH2.

The state PUSH2 is simulated in lines 2388-2415. The stack pointer (SP)
is decremented first and its value is placed on the address bus. The value
of SDATA (the least significant half of the 2-byte variable SDATAZ2) is
placed on the data bus and both MEMW and STACK are set to 1. The
value of SDATA is also written into simulated memory by a call of
subroutine MEMW.

5.1.2.2.7.6.16 Simulation of state OUTPUT.

The state OUTPUT is simulated in lines 2416-2441. The 2nd byte of the
instruction, which represents the port number, is placed on the address bus,
padded with leading zeros. The value of SDATA is placed o the data bus
and IOW is set to 1.




5.12.2.7.6.17 Simulation of state HALTE.

The state HALTE is simulated in lines 2442-2465. The WAIT-bit is set
to 1.

5.1.2.2.7.18 Simulation of state HOLD.

The state HOLD is simulated in lines 2466-2495. To simulate the floating
of the address bus and of the data bus the corresponding simulated variables
are set to all 1s. HLDA is set to 1. The value on the buses is stored
in the temporary storage variables OLDADDR and LASTMEMTOQS80 and the
buses are restored to their old value before the state transition.

5.1.2.2.7.6.19 Simulation of state HHOLD.

The state HHOLD is simulated in lines 2496-2525. To simulate the floating
of the address bus and of the data bus the corresponding simulated variables
are set to all 1s. HLDA and WAIT are set to 1. The value on the buses
is stored in the temporary storage variables OLDADDR and LASTMEMTOQS80
and the buses are restored to their old value before the state transition.

5.1.2.2.7.6.20 Simulation of the state HALTI.

The state HALTI is simulated in lines 2526-2554. The WAIT-bit is set to 1.
If the call of subroutine SCHEDULE results in RESIN=0, HALT=0, HOLD=0
and INT.INTE=0 then the simulation run comes to a normal end. The paper
in the printer is advanced two pages by two calls of subroutine PAGE and
the program is terminated by a call of EXIT.

5.1.2.2.7.6.21 Simulation of state HALTE.

The state HALTIE is simulated in lines 2555-2583. The WAIT-bit is set to I.
If the call of subroutine SCHEDULE results in RESIN=0, HALT=0, HOLD=0
and INTE.INTE=0 their the simulation run comes to a normal end. The paper
in the printer is advanced two pages by two calls of subroutine PAGE and the
program is terminated by a call of EXIT.




5§.1.2.2.7.6.22 Simulation of state IHHOLD.

The state JHHOLD is simulated in lines 2584-2618. Both WAIT and HLDA
are set to 1. To simulate the floating of the address bus and of the data
bus the corresponding simulation variables are set to all 1’s. The value on
the buses is stored in the temporary storage variables OLDADDR and
LASTMEMTOQ80 and the buses are restored to their old values before the
state transition.

5.1.22.7.623 Simulation of state IEHHOLD.

The state IEHHOLD is simulated in lines 2619-2650. Both WAIT and HLDA

are set to 1. To simulate the floating of the address bus and of the data

bus the corresponding simulation variables are set to all I1s. The value on the
buses is saved in the temporary storage variables OLDADDR and LASTMEMTOQS80
and the buses are restored to their old values before state transition.

5.1.2.2.7.6.24 Simulation of state INTJAMI.

The state INTJAM1 is simulated in lines 2651-2671. First INTE is set to
0. PC is placed on the address bus and both IFCH and INTA are set to
1. The jamming of the lst byte is simulated by assigning INTTAMWORD(0)
to OPCODE. OFL is set to O.

5.1.2.2.7.6.25 Simulation of state INTJAM2.

The state INTJAM2 is simulated in lines 2672-2683. Again, PC is placed
on the address bus, without having been incremented, and both IFCH and
INTA are set to 1. The jamming of the 2nd byte is simulated by assign-
ing INTJAMWORD(1) to DATABYTE (the least significant half of the 2-byte
variable ADDR).

51.2.2.7.6.26 Simulation of state INTJAM3.

The state INTJAM3 is simulated in lines 2684-2698. Again, PC is placed
on the address bus, without having been incremented, and both IFCH and
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INTA are set to 1. The jamming of the 3rd byte is simulated by assigning
INTJAMWORD(2) to ADDRH (the most significant half of the 2-byte variable
ADDR).

§.1.2.2.7.6.27 Simulation of state transitions.

State transitions are simulated by a series of conditionally executed GOTO-
instructions located at the end of each of the 26 blocks described so far
in this section (5.1.2.2.7.6.1-5.1.2.2.7.6.26). State transitions are described
in the Q-80 Simulator — User’s Reference (5.1.2.1).
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PL/M-88 COMPILER

Q-88 SIMULATOR PAGE

ISIS-11 PL/M-80 VI © COMPILATION OF MODULE QS@SIM
OBJECT MODULE PLACED IN :F1:Q80SIM. OBJ
COMPILER INVOKED BY:

WONOUNIPWN »

NNEPNNPRNVNEPRONERPRNNEBENNRPRONEPNNE NRPRRNNPNNDREPONPRONMEPNNDRERORNRPRPDN R

nonnnnnRnnN RN wnwnwnnnwnnnnnnn

PLM3SB :F1:G88SIM. PLM

$PRINTC:LP:)> PRAGENIDTH(S@> TITLEC’Q@-80 SIMULARTOR’)

Q2BSINM:

DO

$INCLUDECINCLUD. DCLD)

OFEN:

CLOSE:

RERD :

WRITE:

SEEK:

DELETE:

ERROR :

EXIT:

ALPHA:

HEX:

INTEG:

INTEGD:

PAGE :

PPAGE :

SKIP:

SPACE :

PROCEDURE(AFTPTR, FNPTR. RCCCQDE, ECHOARFT, STATUS) EXTERMAL:
DECLARECAFTPTR. FNPTR, ACCCODE, ECHOARFT, STATUS> ADDRESS;
END OPEN;
PROCEDURECHFT, STRTUS)> EXTERMAL:
DECLARECAFT. STATUS> RDDRESS:
END CLOSE;
PROCEDURECAF T, BUFPTR, LEMGTH, COUNTPTR, STATUS)> EXTERMAL;
DECLARECAF T, BUFPTR, LENGTH, COUNTPTR, STRTUS> RODDRESS:
END RERD:
FROCEDURECAFT, BUFPTR., LENGTH, STRTUS)> EXTERMAL:
DECLARECAFT, BUFFTR, LENGTH., STATUS> RDDRESS:
END WRITE;
PROCED'URE{AFT, OPER, BLOCKMOPTR, BYTEMOPTR, STATUS> EXTERMAL;
DECLARECAFT, OFER, ELOCKNOPTR, BYTENOFTR, STATUS)> ADDRESS:
END SEEK:;
PROCEDURECAFT, STRTUS> EXTERMAL;
DECLARECAFT, STATUS> ADDRESS:
END DELETE:
PROCEDURECERRMNO. STATUS)> EXTERNAL;
DECLARE (ERRND, STRTUS> RADDRESS;
END ERROR;
PROCEDURE EXTERNAL;
END EXIT;

PROCEDURECAFT, LENGTH, BUFPTR> EXTERMAL;
DECLARECAFT, LENGTH, BUFPTR> RDDRESS:;

END ALPHRA;

PROCEDURECAFT, LENGTH, EUFPTR> EXTERMAL;
DECLARECAFT, LENGTH, BUFFTR> ADDRESS:

END HEX;

PROCEDURECAFT, BITE> EXTERNAL;
DECLARE AFT ADDRESS, BITE BYTE;

END INTEG:

PROCEDURECAFT, THOBITES)> EXTERMAL;
DECLARECAFT, TWOBITES> ADDRESS:

END INTEGD:

PROCEDURECAFT> EXTERMNAL;
DECLARE AFT ADDRESS;

END PRGE;

PROCEDURECAFT> EXTERNAL;
DECLARE AFT ADDRESS:;

END PPAGE;

PROCEDURECAFT)> EXTERNAL;
DECLARECAFT> ADDRESS;

END SKIP; ;

PROCEDURECAFT, LENGTH> EXTERNAL;
DECLARECAFT, LENGTH> ADDRESS:

END SPACE;
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=

49 i1 = EQUAL: PROCEDURECF1, P2, L) BYTE EXTERNAL;
So 2 = DECLARECF1, P2> RDDRESS, L BYTE:
S1 2 = END EQUAL;
s2 1 = SETBIT: PROCEDURECP. I.,L.V> EXTERMNAL;
S3 2 = DECLARE F ADDRESS, <I.L.V> BYTE;
54 2 = END SETBRIT:
S5 i = EQUBIT: FROCECURECP., I.L.V)> BYTE EXTERMNAL;
56 2 = DECLARE F APDRESS, <I.L.,Y> BYTE;
57 & = END EQUBIT:
se 1 = SUBSTR: PROCEDURECF, I.L> BYTE EXTERMAL;
S9 2 = DECLRRE F ADDRESS, <(I,L> BYTE;
€0 2 = END SUBSTR;
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$EJECT

61 1

62
63
64
65
66
67

PRPRRR

NWWWW WWWWWWWWWW RN DRONROMPRNRMDOVRONRNRNDNNRNNRE R

Q-88 SIMULATOR

/
/% DECLARATION OF GLOBAL VARIABLES AND PROCEDURES. */
4

N

DECLARE <BI. BO, LP, @8@IN. SCH> RADDRESS.,

KB ADDRESS DATACL),
CRT ADDRESS DRTAC@);
DECLARRE CR BYTE DATACODH);
DECLARE TAB BYTE DATACBIHD;
DECILARE FAGEMO RDDRESS:;
DECLARE LINENO BYTE;
DECLARE FNC1S)> BYTE:;
DECLARE COMM(S@> STRUCTURECLOC

RADDRESS.,

TRIGGER RDDRESS.

COUNT

ADDRESS.,

FIXED(8> BYTE,

SEQU(4)>

JAMC3)
DECLARE INSTATUS ADDRESS;
HEADER : PROCEDURE (SWJ ;
DECLARE SW BYTE;

DECLARE <DATERFT.,L.,S> ADDRESS:

DECLARE DATE<11)> BYTE;

IF SW THEN CALL PPRGECLP);
ELSE CALL PRGECLP);

CALL ALPHACLP, 20,. (BEH, *

CALL SKIPCLP);

CALL SKIPCLP);

CALL ALPHACLP. 24,. COEH,

CALL SKIPCLP);

CALL SPACECLP, 70>;

CALL ALPHACLP, 4,. C“PAGE”));

CALL INTEGDCLP, PRGENO>;

CALL SKIPCLPY;

BYTE,
BYTE);

QUESTRON”>)>;

@-88 SIMULATOR?)>);

CALL ALPHACLP. 41,. COEH,

72

CALL SKIPCLP);
CALL SKIPCLPY;
IF SHW
THEN DO;
CALL SPRCECLP. 8);

CALL ALPHACLP, 14,. FN>;

CALL SPACECLP, 20)>;

CALL OPEN<. DRTERAFT., .

CALL READCDATEAFT, .

CALL SKIFPCLP);
CALL SKIPCLP);

CALL ALPHACLP, 41, . (BEH, “
7’

¢’DATE “>,1,0,.5);
DATE. 14.. L.,. S>;

CALL CLOSECDRTEAFT,.
CALL ALPHACLP, 11, . DATE>;

CALL SKIPCLP);
CALL SKIPCLP);
GOTO ENDHERDER:;
END;

CALL ALPHACLP, 78,. ¢/
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7 ’

. 335
105 2 CALL SKIP(LP);
106 2 CALL ALPHACLP, 78, . ¢! ! RIHH S,
.1 IIHW “
. ' 14335
107 2 CALL SKIP(LP);
108 2 CALL ALPHACLP, 78,. ¢! ‘' ENORA! T/,
‘F NNL A R,
EGISTERS ! FLAGS !>);
109 2 CALL SKIP(LP);
118 2 CALL ALPHACLP, 78,. ¢~ ! ' osTLL A’,
“CI/QOMEM T T D I! ”
. ! 0!/
111 2 CALL SKIPCLP);
112 2 CALL ALPHACLP, 78,. ¢*! .14 D C’%
‘H EAAT! -
. ' C F!oy);
113 2 CALL SKIP(LP);
114 2 CALL ALPHACLP, 78,. (‘! PC !'DB N 'ADDR DB K*,
© RWURMW ' BC D’»
‘E HL SP R IS ZPY LI
115 2 CALL SKIP(LP);
116 2 CALL ALFPHACLP, 78, . ¢~ ! ' ' oy
o 1] I’
‘ ! 123);
117 2 CALL SKIP(LP);
118 2 ENDHEADER: IF SW THEN LINENO = 9;
120 2 ELSE LINENO = 12;
1214 2 PAGENO = PAGEND + 1;
122 2 END HEADER;
123 1 EOL:  PROCEDURE;
124 2 LINENO = LINENO + 1;
125 2 CALL SKIP(LP):
126 2 IF LINENO <= 61 THEN RETURN; ‘
128 2 ELSE CALL HEADER(@);
129 2 END EOL; i
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$EJECT

/7

4 ¢
/% PROLOGUE ACTIVITIES */
7/ 7

/

130 1 DO;
131 2 DECLARE LINEC256) BYTE;
132 2 DECLARE (LENGTH, STATUS) RDDRESS:
133 2 DECLARE (LINEPTR, FNPTR, I> BYTE:
/% READ REMAINDER OF COMMAND LINE */
134 2 CALL READCKEB;, . LINE, 255, . LENGTH, . STATUS);
135 2 IF LENGTH=2 THEN CALL EXIT;
/% 1GNORE LEADING BLANKS */ i
97 2 LINEPTR = @;
138 2 DO WHILE LINECLINEPTRY=’ *;
133 3 LINEPTR = LINEPTR + 1;
148 3 END;
/% COPY FILENAME FROM LINE TO FN %/
141 2 FNPTR = @
142 2 DO WHILE LINECLINEPTR><>Z ¢ AND LINECLINEPTR)<>@DH
AND  LINEPTR<44;
143 3 FNCFNPTRY = LINECLINEPTRY;
144 3 LINEPTR = LINEPTR + 1;
145 3 FNPTR = FNFTR + 1
146 3 END;
/% FILL IN REMAINDER OF FN WITH BLANKS #/
147 2 DO I = FNPTR TO 14;
148 3 FNCI> = 7 75
149 3 END;
/% OPEN SOURCE FILE AND CHECK FOR ERRORS */
| 150 2 CALL OPENC. BI,.FN,1,0,. STATUS);
a 151 2 IF STATUS <> ©
| THEN DO;
i 153 3 CALL ALPHACCRT, 32,. ¢/##% CAN NOT OPEN FILE. -,
| *STATUS = *>);
‘ 154 3 CALL HEX (CRT,2,. STATUS+1);
! 155 3 CALL HEX (CRT,2,.STATUS);
' 156 3 CALL SKIP (CRT);
157 3 CALL EXIT;
158 3 END; ;
; /% OPEN :LP: FILE AND PRINT FIRST HEADER */
k1
‘ 159 2 CALL OPENC. LF,. ¢7:LP: “),2,@,. STATUS);
160 2 PAGENO = 1;
161 2 CALL HEADER(1);
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/% OPEN OUTPUT FILE RAND Q80-INPUT FILE »/ ]

162 2 1 =41,
163 2 DO WHILE <I<=18> AND CFNCI> <> “. “> AND (FNCI> <> 7 7); :
164 3 I1=1+1; .
165 3 END;
166 2 CALL MOVEC4,. ¢“. BIN“),. FN+I);
167 2 CALL OPENC. BO,. FN, 2, @,. STATUS);
b 168 2 CALL MOVEC4,. <7, IN “),.  FN+I);
169 2 CALL OPENC. @8OIN,. FN, 1, 08,. INSTATUS);
i7e 2 END;
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$EJECT
7

/ ) ;
/% READ OBJECT FILE #/
2 . /

(4

171 1 DO;
172 2 DECLARE <L, S> ADDRESS:;
172 2 DECLARE BUFF(256> BYTE;
174 2 DECLARE TYPE BYTE;
17?5 2 DECLARE LEMGTH ADDRESS:;
176 2 DECLARE P RDDRESS:
17?2 2 P =@
178 2 CALL READCBI.,. TYPE.1..L.,. S>;
179 2 DO WHILE L>@;
180 3 CALL RERDCBI,. LENGTH. 2,.L,. 5$;
ie1 3 IF TYFE = 6
THEN DO;
i83 4 CALL RERD(BI.. BUFF.4,.L.. S>;
184 4 CALL RERDCEI,.P,2,.L.. S);
185 4 IF . MEMORY + P + LENGTH - 4 > GF6B@H
THEN DO;
18?7 S CALL .ALPHACLP. 50, . ¢“#*+x ATTEMPT TO LORC‘.
7 OUT OF BOUNDS MEMORY LOCATION. <))
ies8 S CALL EOL;
189 S CALL EXIT;
190 S END;
191 4 CALL READCEI,. MEMORY+P, LENGTH-3,. L,. S,
192 4 P = P + LENGTH - S;
192 4 END;
194 " ELSE DO;
195 4 CALL READCBI,. BUFF, LENGTH.. L.,. S);
196 4 END;
197 3 CALL READCBI.,. TYPE,1..L.. S);
198 3 END;
199 2 CALL CLOSECBI,. S);
200 2 END;
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Pe ]

/x

/%
/%

Q-80 SIMULATOR PRGE 8

4 /
/% RERD SCHEDULE »/

/ 7/

DO;
DECLARE BB RDDRESS:;
DECLARE LINECS8OG> BYTE:
DECLARE PRLINEC(S1)> BYTE:
DECLARE RHHI BYTE.
DECLARE <L.S> ADDRESS:
HEX: PROCEDURECR> RDDRESS:
DECLARE A BYTE:;
IF ¢¢<CA < “A’> OR <A > ‘F“>> AND
CCA < 787> OR <R > ‘975>
THEN DO:;
CALL ALPHACCRT, 17,. (“#%% NON-HEX DIGIT >>:
CALL SKIP (CRT»;
CALL EXIT;
END;
IF <A AND BFBH> = 48H THEN RETURN (A AND BFH) + 9;
ELSE RETURN (A AND BFHY;
END HEX;

OPEN SCHEDULE FILE */

1 =1,

DO WHILE <I<=18> AND <(FNCI> <> “. 7> AND (FNCI> <> 7 7);
I =1+4;

END;

CALL MOVEC4,. ¢“. SCH’),. FN+I);

CALL OPENC.EB,. ¢“:BB: 75,2,0,.5);

CALL OPENC. SCH..FN,1.BB,. S);

SET ALL COMM-TABLE ENTRIES OFF */
DO I =8 TO 49;

CALL MOVE(21,. (6FFH, 6FFH. 8, 0,0, 6. 0,0,08,0, 0, 0.0, 08, 0, 0, 8, 6,
6,8, 9>,. COMM+I*21):

END;
THE FOLLOWING LOOP PROCESSES ONE LINE OF THE SCHEDULE */
FILE IMN ERCH ITERATION. */
CALL RERDCSCH.,. LINE,20,.L,. S);
I =0
DO WHILE <L > @8> AND <S <> 13> AND <I < S0)>;
CALL MOVE<E®8,. ¢” ‘.
o 7%,. PRLINE);
K= 0;

DO J =8 TO L-3;
IF LINECJ> = TAB THEN K = K + 8 = (K MOD 8>;
ELSE DO;
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239 S PRLIMNECK)Y = LINECJ);
24a S K=K+ 41;
241 S END;
242 4 IF K > 88 THEN K = 806;
244 4 END:;
245 2 IF K > 79 THEN K = 88;
247 X ELSE K = K + 1;
248 K3 CALL ALFHACCRT. K. . PRLINE);
249 2 CR..L SKIP <(CRT>;
250 3 CALL ALPHARCLP, K., . PRLINE);
251 b CALL EOL:;
252 > COMMCID. LOC = SHLCHEXCLINECAY), 12> OR
SHLLCHERCLINECL>)>, 8> OR
SHLCHERCLINELZY), 4) OR
HEXCLINECZD) )
252 3 IF LINEC4)> <> TRE
THEN DO,
255 4 CALL ALFHACCRT. 15,. (“#% MISSING TARR”))D;
256 4 CALL SKIP (CRT>:
257 4 CALL ERXRIT;
258 4 END;
2538 2 J = S; /4% FPOINT 7O BEGIMMING OF TRIGGER FIELD %/
2€8 K DO WHILE <LIMECTY <> TRBE> AND <J < 418);
261 4 IF (LINECI> < 787> OR C(LIMECIY > 797>
THEMN DO;
263 S CALL ALPHARCCRT, 17,. < #*%% ILLEGAL DIGIT’>);
264 S CALL SKIF <(CRT):
265 S CALL EXIT:
266 S END;
267 4 ELSE COMMCI)>. TRIGGER = COMMCI)>. TRIGGER * 16 +
CLINECTD> AND GFH);
268 < J=J + 1;
269 4 END;
270 3 IF LINECT) <> TARE
THEN DO,
272 4 CALL ALPHRACCRT, 45,. (“#*%%x MISSING TRE’)>);
273 4 CALL SKIP <(CRT>;
274 4 CRLL EXIT:;
275 4 END;
276 3 N = @;
277 3 DO WHILE <M < I) AND NOT EGUALC COMM+I*24., . COMMAN*21, 4);
278 4 N=N=+ 1;
279 4 END; 7#* N =1 IF NO MATCHING ENTRY FOQUND */
/# OTHERWISE M POINTS TO MATCHING ENTRY */
280 3 IF LINECI+S) = ‘@7
THEM DO
282 4 RHHI = @;
283 4 DO K = J+1 TO J+4;
284 S IF CLINECKY <> 787> AND <(LINECK) <> 747D
THEN DO;
286 6 CALL RALPHACCRT, 24,. (“**%* ILLEGAL BINARY’,
7 DIGIT >);
287 6 CALL SKIP (CRT);
288 6 CALL EXIT;
283 6 END;
2950 S RHHI = SHLCRHHI, 1> OR C(LINECK)> AND ©1H);
291 S END;
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207
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311
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245
317
319
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325

327
328
329
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331
332
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Q-80

SIMULATOR PRGE
J=J + & /% FOINTS TO BEGINNING OF STATE */
IF EQUALC, ¢7IFCH1),. LINE+J, 5>

IF
1E
IF
IF
iF
IE
IF
IF
IF
IF
IF
IF
IF
IF
IF

IF

DO WHILE <LINECJI> <> TAB> AND (LINECJ> <> CR);

THEN CALL SETEITC. COMM+N*21+6, 8, 4, RHHI>;
EQUALC, <“IFCH27),. LINE+J, 55

THEN CARLL SETEITC. COMM+N*21+46, 4, 4, RHHI);
EQUALC. (“IFCHZ” ). . LINE+J, 5>

THEN CRALL SETBITC. COMM+N*21+E. 8, 4, RHHID;
EQUALC. ¢“OFCHL1"5,. LINE+J, 5>

THEM CALL SETEBITC. COMM+N+21+6. 12, 4, RHHID;
EQUALC. ¢(“OFCHZ7 >, . LINE+J. 5)

THEN CRLL SETEITC COMM+MN*ZA+€, 16, 4, RHHI);
EQUALC. C“FOFL17 2, . LIMNE+J, 42>

THEN CALL SETEITC. COMM+N#21+6, 20, 4. RHHI);
EQUALC. (“FPOFZ7 2, . LINE+J, 4>

THEN CRLL SETEITC COMM+N*21+€, 24, 4, RHHID;
EQUALC. </ INFUT ), . LINE+J, S)

THEM CALL SETEIT(. COMM+N#21+6, 28, 4. RHHID;
EQUALC. (“STOREL"), . LINE+J, &)

THEN CALL SETEIT(. COMM+N#21+6, 32, 4, RHHI>;
EQUALC. (/STORE273.. LINE+J, €2

THEN CALL SETEITC. COMM+MN+21+6€. Z€, 4, RHHID;
EQUALC. ¢(“PUSH4L ">, . LINE+J, 55

THEM CHALL SETEITC. COMM+MN*21+6, 46, 4, RHHID;
EQUAL <. (7PUSHZ2 ), . LINE+J. 5>

THEN CALL SETEITC. COMM+N+21+6, 44, 4, RHHI);
EQUALC. <C7OUTPUT >, . LINE+J, €3

THEN CALL SETBITC. COMM+N¥21+€, 48, 4, RHHI;
EQUARLC. <" INTJAML 3, . LINE+J, 7>

THEM CALL SETRITC. COMM+MN+24+6, S2, 4, RHHI);
EQUALC. (7INTJIAM27 ), . LINE+J, ?>

THEN CALL SETEBITC. COMM+M*+21+6€, S6, 4, RHHI;
EQUALC. (7 INTJAMZ7 D, . LINE+J, 7>

THEN CALL SETEITC. COMM+N+21+6, €8, 4, RHHI);
MOT EQUALC. ¢7IFCHL” ),. LINE+J,S> AND
NOT EQUALC. ¢“IFCH2” >,. LINE+J,S> RAND
NOT EQUALC. (7IFCH2” >,. LINE+J.S> AND
NOT EQUALC. <“OFCH1“ >,. LINE+J, S> HAND
MOT EQUALC. ¢OFCH2Y >,. LINE+J, 5> AND
NOT EGQUALC. <“FPOFL” 2, . LINE+J, 4> AND
NOT EQUALC. C7POPZ” >, . LINE+J, 4> AND
NOT EQUALC. C7IMNFUTZ >, . LINE+J, 5> AND
MOT EQUALC. ¢/STOREL” >,. LINE+J.€> AND
NOT EQUALC. </STOREZZ ), . LINE+J, &> AND
NOT EQUALC. (“PUSHL1” ),. LINE+J, 5> AND
NOT EQUALC. ¢“PUSH2” >,. LINE+J, 5> AND
NOT EQUALC. <7OUTPUT” >,. LINE+J, &> AND
NOT EQUALC. < INTJAML”),. LINE+J, 7> AND
NOT EQUALC. ¢/ INTJAM27),. LINE+J, 7> AND
NOT EQUALC. <7 INTJAM3),. LINE+J, 7>

THEN DO;

10

CALL ALPHACCRT, 47,. ¢(“#%** ILLEGAL STATE’)>);

CALL SKIP (CRT);
CALL EXIT;
END;

J=J 4+ 4;
EMND;
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L
334 4 END:;
335 3 ELSE DO;
336 4 IF NOT EQUARLC. COMM+N*21+14,. €0, 8,8, 08>, 4>
THEN DO;
338 S CALL ALFPHACCRT, 28, . ¢ #%+ RESPECIFIED -,
“SEQU )
339 S CRLL SKIP (CRT)>;
3 340 S CALL EXIT;
341 S END;
342 4 LINECTY> = 7, 7; /% TO MAKE LOOF ERSIER */
343 4 M= 08
344 4 DO WHILE (LINECJI> = 7, 7> AND (M < 8);
345 S RHHI = ©;
346 S DO K = J+1 TO J+4;
347 6 IF CLINECK> <> 787> AND (LINECK> <> 717)
THEN DQ;
349 7 CALL ALPHARC(CRT, 24,. (%% ILLEGAL”,
7 BINARY DIGIT”>>;
350 7 CALL SKIP <CRT);
351 7 CALL EXIT;
352 e END:;
353 € RHHI = SHLCRHHI, 1> OR (LIMNECK)> RND @1H);
354 & END; -
355 S CALL SETBITC. COMM+N+24+14, M*4, 4, RHHI>;
356 S M=HM+ 1;
357 S J=J+ S
358 S END;
359 4 IF CLINECT)Y <> TAB> AND (LINECJI> <> CR>
THEN DO;
361 S CALL ALPHARCCRT, 52, . (“#k SEOU NOT PROP‘.
‘ERLY TERMIMATED. TAE OR CR EX’,
PECTED. 72);
362 =) CALL SKIP <CRT);
362 S CALL EXIT;
364 S END;
265 4 END:;
366 2 DO WHILE LINECJ> = TAB;
367 4 J=J <+ 4
368 4 END; 1
363 2 IF NOT EQUALC <7 JAM=/>, . LINE+J, 4> RND !
NOT EQUALC. CR >. LINE+J, 1> |
THEN DO;
371 4 CALL ALPHARC(CRT, 22,. (“*%x UNRECOGMNIZED 7,
‘TEXT AFTER SEQU7 DY),
372 4 CALL SKIP (CRT);
373 4 CALL EXIT;
374 4 END;
375 3 IF EQUALC. ¢7JAM=">,. LINE+J, 4>
THEN DO;
307 4 J=J+ 4;
37g <4 CALL SETBITC. COMM+N#21+18, @, 4.
HEXCLINECT 32 2;
379 4 CALL SETBITC COMM+MN+21+18, 4, 4.
HEXC(LINECT+1)) 05
320 4 CALL SETBITC COMM+iix21+48, B, 4,
HEXCLINECI+22 30,
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281 4 CALL SETBITC. COMM+N#21+18, 12, 4,
HEXCLINECJTI+3)));

382 4 CALL SETBITC COMM+MN*21+18, 16. 4,
HEXCLINECI+4)));

283 4 CALL SETBITC. COMM+N+21+18E, 20, 4,
HEXCLINECI+5)));

284 4 END;

28S 2 IFN=TI

THEN I =1 + 4;

287 L ELSE CALL MOVECH,. (GFFH. @FFH, @, 8>, . COMM+I%215;

38 3 CALL READCSCH.. L.INE. 8@,. L,. S);

389 = END;

/% CLOSE SCHEDULE FILE */

29@a 2 CALL HERDER(®);

394 2 CALL CLOSE(SCH,. S)>;

392 2 CALL CLOSECBB.. S);

393 e END;




PL/1M-80 COMPILER @-80 SIMULATOR PRGE 13
$EJECT |
/ /
/%  Q-80 SIMULATION */
/ y
394 1 DO; 3
395 2 DECLARE V<7> BYTE; i
396 2 DECLARE DEF ADDRESS AT(. V+5); ;
/%
' ADDRESS BUS (LSB> ' ;
' ADDRESS BUS (MSB) ' |
' DATA BUS ' '
l ! RESIN' INT ! INTE ! INTA ! HOLD ! HLDA ! HALT ' WAIT !
! SYNC ' OFL ! STACK! IFCH ' IOR ! IOW ! MEMR ! MEMW !
1S2ZP ! CY ! PC ! DB ! INTE ! OFL ' DB ! ABUS !
' SET ! SET ! SET ! READ ! SET ! SET ' WRITE! YARLID!
§oF VER dup 1B UOHs R s h
t SET ! SET ' SET ! SET { SET ! SET ! SET ¢ SEY !
e
97 2 DECLARE OLDV(7)> BYTE;
398 2 DECLARE OLDDEF RDDRESS RTC. OLDV+5);
398 2 DECLARE BC ADDRESS:
400 2 DECLARE B BYTE ATC BC+1);
401 2 DECLARE C BYTE ATC. BC);
482 2 DECLARE DE ADDRESS:
402 2 DECLARE D BYTE ATC. DE+1);
404 2 DECLARE E BYTE ATC. DEY;
495 2 DECLARE HL ADDRESS:
486 2 DECLARE H BYTE ATC. HL+1);
407 2 DECLARE L BYTE ATC. HLY;
408 2 DECLARE A BYTE;
a9 2 DECLARE SF ADDRESS;
418 2 DECLARE PC ADDRESS:
411 2 DECLARE (S, 2, P, CY, OFL, INTE> BYTE;
412 2 DECLARE CRESIN, INT, HOLD, HLT> BYTE;
413 2 DECLARE INTJAMWORDCZ) BYTE:
414 2 DECLARE OFCODE BYTE;
415 2 DECLARE ADDR ADDRESS;
416 2 DECLARE DATAEYTE EYTE ATC. ADDRY;
417 2 DECLARE ADDRH BYTE ATC. ADDR+1);
418 2 DECLARE MDATAZ ADDRESS:
419 2 DECLARE MDATA BYTE ATC. MDATA2);
4az0 2 DECLARE MDATAH BYTE ATC. MDATA2+1);
421 2 DECLARE SDATAZ ADDRESS:
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DECLARE SDATA BYTE RATC. SDATAR2);
DECLRRE SDATAH BYTE ATC. SDATA+1);

DECLARE MADDR ADDRESS ATC. V)i
DECLARE LASTHMEMTORSE BYTE:
DECLARE INSTRADDR RADDRESS:
DECLARE SEQUCOUNT BYTE;
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$EJECT

/%00%/
/*10%/
k20
/%30%/
/*40%/
/*S0%/
IHEO*/
/¥?0+x/
/%*80%/
/*90%/
/*A0*/
/*BO*/
/%CO*/
/*DO+/
/HEQ*/

/HFO*/

%

Q-80 SIMULATOR

DECLARRE TBL(256> BYTE DATA(C

O0H.
BeH,
8aH,
@0H,
06H.
B8H.
BaH,
00oH.
B06H.
O6H,
©0H.
GOH,
BBH,
@06H.
02H.
@6H.
0aH,
BOH.
006H.
QOH.
00H,
B0OH,
BaH,
O6H,
B8H,
0aH,
B0H.
0aH,
BeH,
@aH.
QOH,
B0H,

86H.
80H,
80H.,
QOH,
8aH.
B0H,
S0H,
BaH.
QaH,
B6H,
B6H,
B6H,
@BH.
eaH,
62H,
@OH,
agH.
68H,
0aH,
aeH,
@8H.,
aaH,
aaH,
06H,
26H,
26H,
26H,
@aH,
26H.
Q@aH,
28H,
06H,

2H,
10H,
02H,
10H,
83H,
98H,
S2H,
S0H,
QeH,
@OH,
BeH,
O0H,
OOH,
O0H,
@2H,
@GH,
@aH,
QCH,
@OH,
@oH,
oeH,
QOH,
QaH,
0GH,
26H,
S0H,
E0H,
SeH,
E6H,
€aH,
SOH,
86H,

BoH,
@aH,
Q8H,
aaH,
B68H,
G6H,
BeH,
B0H.,
B0H,
@8H,
B0H,
oeH,
B06H,
B0H,
B82H,
@BH.
QaH,
60eH,
Be8H.
B86H,
6aH,
aaH,
B80H.
BoH,
86H,
BaH,
4aH,
46H,
24H,
806H,
©aH,
B8H,

08H,
aoH,
eaH,
@aH,
88H,
00H,
12H,
G0H,
0aH,
O0H,
0aH,
BoH,
BOH,
0eH,
@2H.
8aH,
BaH,
8aH,
6aH,
B0eH,
eaH,
B6H,
8aH,
B0H,
84H,
84H,
&4H,
84H,
E4H,
84H,
84H,
84H,

8aH,
B0H.,
8aH,
aaH,
@06H,
BaH,
12H,
66H,
8aH,
B0H,
8eH,
BoH,
8aH,
BOH,
@2H,
B8H,
BeH,
BoH,
@eH,
oaH,
26H,
B6H,
0aH,
aaH,
B4H,
&4H,
84H,
0eH,
a4H,
B6H,
A4H,
B0oH,

40H,
40H,
40H,
48H,
46H,
40H,
42H,
40H,
16H,
10H,
16H,
10H,
16H,
16H,
B0H,
16H,
16H,
16H,
1@H,
16H,
16H,
16H,
16H,
16H,
48H,
406H,
4aH,
46H,
40H,
46H,
46H,
40H,

BO0H,
BoH.,
B0H,
GOH.,
B0H,
Q0H.,
B0H,
BOH.,
O0H.
00H.,
Q0H,
90H,
@0oH,
BoH,
a2H.,
00H,
B6H.,
G0H,
BBH,
BaH,
BaH,
BaH.,
@aH,
B6H,
B4H,
B4H,
a4H,
B4H,
B4H,
B84H,
B4H.,
B4H);

! IF1

! IF@ ! OF1 ! OFO !

DFC ! ST1

! ST@ ! DST !

IF1L =
IFe =

OF =00
OF=01
OF=10
OF=11

DFC =
ST=00
ST=01
ST=106
ST=11

DST =

3-BYTE INSTRUCTION
2-BYTE INSTRUCTION

2-BYTE OPERAND FETCHED FROM MEMORY <NOT STARCK)>

2-BYTE RESULT STORED IN MEMORY <NOT STRCK>

NO OPERANDS TO FETCH

OPERAND FETCHED FROM MEMORY <(NOT STACK)>

OPERAND POPPED FROM STRACK
OPERAND INPUT

NO RESULT TO STORE

RESULT STORED IN MEMORY <NOT STRCK>
RESULT PUSHED ONTO STACK

RESULT OUTPUT
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PL/M-80 COMPILER

429

$EJECT

/¥00%x/
/%10%/
/x20%/
/¥30%/
/%40%/
/*Sa*/
/*6B*/
/*70%/
/#80*/
/*906%/
/*ABx/
/*B@*/
/*CO*/
/*%Dax/
/*EQ*/
/*FB*/

/%
V(s

veed

Q-88 SIMULATOR

DECLARE DEFTBL<256> ADDRESS DATAC

006GH, BCEABH,

8B68H.
BOGSH,
6068SH.
BEBLH,
80a8H,
B0BSH.
80agH,
BEGAH,
4060H,
2060H,
1066H,
08006H,
8460H.
80eaH,
8100H.
BOCoH,
8OCBH,
BoCaH,
BaCoH.
8aCeH,
BacaH,
eaceH,
8acaH,
@aaaH,
8aaaH,
0QaaH,
80aaH,
aaaaH,
000aH,
0006aH,
eaaaH,

@240H,
3008H,
B240H,
aCeoH.
8346H,
82006H.
©346H,
S000H.
B000H,
206aH.
18606H.
a800H,
6460H.
600BH.
a1806H,
@aCeH,
BBCoH,
B@oCoH,
63CoH,
GB2CeH,
BaCeH.
QaCaH,
8acaH.

6Ce08H,

82a0H,
20066H,
8a6sH,
acaaH.
8aeaH,
81CeH.
8Za80H.

@aaeH, 8CooeH,
81806H, 8COAGH,

6080H.
©1006H.
80a06H,
OCoBH,
@B06H,
8100H,
S080H,
4800H,
8660H,
160006H,
88006H.
848aH,
eaa6H,
0106H,
@BCoeH,
BACHBH.
OaCOH,
DACOH,
aaCeH,
BECaH,
GRCBH,
83CeH,
Be9EH,
GoaoH,
BasaH,
aaaoH,
B8rBaH,
B8a066H,
aaesH,
Gao0H,

|3006H,
3000H,
@CaoH,
OCaaH,
0200H,
010GH,
8008H,
4006H,
2000H,
@o0aH,
@SOGH,
0400H,
@A0aH,
e10eH,
@aCeH,
@aCeH,
9aCEH,
@aCoH,
@ECHH,
9OCEH,
BBCEH,
BOCHH,
BOO0H,
BOB2H,
B0OGH,
81060H,
eCaeH,
3CHOH,
@OGEH,
@0OEH,

8080H.
4080H,
20806H,
10686H,
aseeH,
B480H,
BoSeH,
a126H.
S008H,
400aH,
2006H.,
16066H,
BBBoH,
B408H,
a0aaH,
@106H,
gacaH,
aaCcoH.
@OCoOH,
06CoH,
©ACaH,
BBCoH,
ORCBH,
08CeH,
BVDeH,
BBvaH,
9B6H,
VOBoH,
BBO0H,
ORGeH,
BO06H,
OOOOH,

8080H,
4080H,
2680H,
1080H,
888aH,
B480H,
BOSeH,
@186H,
E0006H,
4000H.
20606H,
1660H,
@800H,
aeaoH.
BOB0H,
2166H,
2aCoH,
@aCaH.
GaCoH.
aeCoH,
eaCeH,
aaceax,
aaCeH.
QaecaH.
BRooH,
200oH,
BOBoH,
BYREH,
2008H,
BoBgH,
YOBBH,
©BOSH,

8680H,
4000H,
2000H,
1060H,
BSO0H,
64606H,
aeaaH,
0166H,
8GB0H,
4066H,
2000H.
16606H,
B80aH.
6460H,
BOGSH,
01006H.
aaCeH,
BaCaH,
@aCoH,
BaCoH,
aacaH,
GaCoN.
oacCeH.
RABCEH,
vBaCBH,
@BCeH,
QBCeH,
eBCeaH,
vaceaH,
2aCeH.
@oCoH,
8acCaH.

PRGE 16

B040H,
0040H,
6a40H,
0046H,
0006eH,
0B06H,
@84aH,
0000H,
SG00H,
4000H,
2000H,
166aH,
B5006H,
0400H,
G000H,
Dee0H,
6eCoH,
BaCoH,
@1CoH.
aacaH.
06CeH,
21CeH.
BOCeH.
aeCoH,
6oooH,
6e0oH,
0aBoH,
eeoH.
0aoeH,
0oBeH,
©B00H,

e WAL it _

0060BH)>;

szpP

cY

PC

! DB/R

INTE

OFL

DB/KW

]

ADDR

!

D

e

H

L

SP

R

v{sH
V(6>

1 := LOWCDEF)
::= HIGHCDEF)>
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430
432
434

435
426
437
428
439
448
441
442
443
444

446

447
448
449
450
451

Wwmn

BN

WWELAERE A WWWNWWWDE LR

$EJECT

@-88 SIMULATOR PAGE 17

MEM:

MEMW :

PROCEDURECADDR)> BYTE;

DECLRRE ADDR RDDRESS:

IF . MEMORY+RDDR > BF6EGH

THEN DOQ:;
CALL ALPHACLF, S2.. (“*x*x ATTEMPT T0 FACCE~“.
7SS OUT OF BOUNDS MEMORY LOCATICM. 72 3;

CALL EOL:
CALL EXIT:
END:

LASTHMEMTOQSE = MEMORY(ADDRY;

RETURN LASTMEMTCOREG;

END MEM; N

FROCEDURECARDDE, YALY;

DECLARE HDDR ADDRESSS

DECLARE VAL BYTE:

IF . MEMORY+ADDR > GF6EGH

THEN DO;
CRLL ALFHACLF, S1,. (“7##%+x ATTEMFT 70 WRITE’,
7 QUT OF BOUMDS MEMORY LOCRTICM. “2);

CALL EOL;
CALL EXIT;
END;

MEMORYCADDR> = VAL;

END MEMW;
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PL/M-80 COMPILER {-8@ SIMULRTOR PRGE 18 ;

$EJECT
452 2 PRINT: PROCEDURE;
453 3 DECLARE T BYTE:;
454 3 CALL ALPHACLE, 1.. ¢ 17));
455 3 IF EQUBITS. OLDDEF, 2, 1, 1B)
THEN DO
457 4 CALL HEX LP, 2,. PC+1)
458 4 CALL HEX <LP.2,. PCYi
452 4 END; ,
4€Q = ELSE CALL SPRCECLP. 4) 1
461 3 CALL RLPHACLFE. 4,. ¢7173);
462 = IF EQUBITS. OLDDEF, 3, 4, 48
THEM CRLL HEX CLP: 25 ASTHMEMTORSG);
464 3 ELSE CHLL SPRCECLP.Z):
465 = CALL SPRCECLP, 1);
466 3 = SHRCY(3D, 3> AND 18H;
467 3 CALL HEX <(LP.4.. T
468 2 CALL SPACECLP, 1);
463 3 T = SHRCW(E), 2) AND 16H; 1
470 3 CALL HEX <LFP.1,. T
i 471 = CALL SPACECLF, 1);
; 472 3 T = SHLCY(ZD, 1> AND 10H;
473 3 CALL HEX <(LP,4,.T); ]
474 2 CALL SFRCECLF, 1);
475 3 T = SHLCYC(Z). ) AND 1aH: :
476 3 CALL HEX <(LP,4,. Ty j
477 3 CALL ALPHACLF. 4.. <7173
478 = IF EQUBITC. OLDDEF, 7, 4, 1E)
THEN DO
488 4 CALL HEX <LF, 2, . OLDVCAD);
421 4 CALL HEX (LF. 2, . 0LDV<CE));
482 4 END;
482 3 ELSE CALL SPRCECLP, 4>;
484 3 CALL SPACECLP, 13;
485 3 IF EQUBIT(. OLDDEF. &, 4, 1B)
THEM CALL HEX <(LP.,2,.0LDV<2));
487 ELSE CALL SPRCECLF.2%;
! 488 3 CALL SFACEC(LF, 1);
. 489 3 T = SHRCOLDYC(4), 1) AND 16H;
1 498 X CALL HEX <LP.4.. 7T
‘ 491 3 CALL SPACE(LP, 1);
i 492 3 T = OLDV<4)Y AND 1@H;
493 3 CALL HEX <(LP.1,.T);
494 3 CALL SPACECLF, 1);
: 495 3 T = SHLCOLDVYC(4),1> AND 10H;
| 496 3 CALL HEX <LP,1,. T
f 437 3 CALL SPACE(LF, 1);
| 498 3 T = SHLCOLDY<4), 2> AND 410H;
g 439 3 CALL HEX (LP,1,.T);
| see 3 CALL SPARCECLP, 1);
| se1 3 T = SHLCOLDYC4)>, 3> AND 10H;
} s02 3 CALL HEX <LP,1,. T
sz 3 CALL SPACECLP, 1);
sae4 3 T = SHLCOLDY(4), 4> AND 10H;
1 505 3 CALL HEX <(LP,1,.T);
l 229.
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PL/M-80 COMPILER

Se6
Se?

569
Si10e
S11
S12
513
S14
515
516
517
Si8
519
S20
S21
S22
523

525
526

S28
S29
S3e

532
S33

S35
536
537

539
S40

542
543
544

S46
547
S4g
549
550
551

553
554
558

557
558
SS9
S60
S64
Se2

PAADDEE WWW WWWARE WWW WW WWW WW WWW WKW WWWWWWWWWWWWARE WW

Q-80 SIMULATOR

CALL SPARCECLP, 1);
IF EQUBITY. OLDDEF., 4., 1, 1B)
THEN DO;
T = SHRCOLDV(3),41> AND 10H;
CALL HEX <(LP,1,.7T);
END;

ELSE CALL SPACECLP, 1);
CALL SPRCECLP, 1);
T = OLDV<C2) AND 10H;
CALL HEX <LP,1,.7T);
CALL SPACECLP, 1);
T = SHLCOLDVC3), 2> AND 10H;
CALL HEX <LP,1,.T);
CALL SPACECLP, 1);
T = SHLCVCZ), 4> AND 10H;
CALL HEX <LP,41,.7T);
CALL ALPHACLP, 4.. (7' 7)),
IF EQUBITC. OLOCEF, 8,1, 18
THEN CALL HEX <LP,2,.BC+1);
ELSE CALL SPRCECLP. 2>;
IF EQUBITC. OLDDEF. S, 1, 1B)
THEN CALL HEX <LP.2,.BC);
ELSE CALL SFACECLFP, 2);
CALL SPACECLP, 1);
IF EQUBITC. OLDDEF., 18,1, 1B>
THEN CALL HEX <LF,2,.DE+1);
ELSE CALL SPACECLP, 2);
IF EQUBITC. OLDDEF, 11, 1, 1B>
THEN CARLL HEX <LP.2,.DEd;
ELSE CALL SPACECLP. 2>;
CALL SPARCECLP, 1);
IF EQUBITC. OLDDEF, 12, 1, 1B>
THEN CALL HEX <LP,2,. HL+1);
ELSE CALL SFACECLP, 25;
IF EQUBITC. OLDDEF, 12, 1, 1B>
THEN CARLL HEX <LP,2,.HL)>;
ELSE CALL SPRACECLP.2);
CALL SPACECLP,1);
IF EQUBITC OLDDEF, 14, 1, 1B>
THEN DO:;
CALL HEX <(LP,2,.5P+1);
CALL HEX <LP,2,.5P);
END;

ELSE CALL SPRCECLP, 4);

CALL SPACECLFPR, 1);

IF EQUBITC. OLDDEF, 45, 1, 1B>
THEN CALL HEX <LP,2,.R);
ELSE CALL SPACECLP, 2);

CALL ALPHACLP,1,. <7'7)>);

IF EQUEITC. OLDDEF, 8, 1, 1B>
THEN DO:;

T =S AND 10H;

CALL HEX <LP,4,.T);
CALL SPACEC(LP, 1);

T = 2 AND 416H;

CALL HEX (LP,1,.7T);
CALL SPACECLP, 1);
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PL/M-80 COMPILER @-88 SIMULATOR PRGE 20

S63 4 T = P AND 10H;

S64 4 CALL HEX <LP,1,.T);

565 4 CALL SPACECLP, 1);

566 4 END;

567 3 ELSE CALL SPACECLP. 6);

Sé8 3 IF EQUBITC. OLDDEF.1.,1,1B>
THEN DO;

S7e 4 T = C¥Y AND 10H;

S71 4 CALL HEX <LP.1,.T7T);

S72 4 CALL SPACECLP, 1);

S73 4 END;

S74 3 ELSE CALL SPRCECLP, 2);

S?S 3 IF EQUBITC. OLDDEF. S, 1, 1B>
THEN DO;

577 4 T = OFL AND 16H;

578 4 CALL HEX <LP.1,.7TJ;

S79 4 END;

S8a 3 ELSE CALL SPACECLP, 15;

S81 3 CALL ALPHACLP,1,. < !7));

582 3 CALL EOL;

S83 3 END PRINT;

]
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PL/M~-80 COMPILER @-80 SIMULATOR PRGE 21
$EJECT
584 2 SCHEDULE : PROCEDURECSTATE;
585 3 DECLARE STATE BYTE;
586 3 DECLARE <I,J> BYTE;
se? 3 DECLARE RHHI BYTE;
588 3 CALL MOVEC?,.V,.OLDV);
589 3 DO I = 0 TO 49;
598 4 IF ¢(COMMCI). LOC = INSTRADDR) AND
CCSTATE = @) OR <STATE = 13))
THEN COMMCI)>. COUNT = COMMCI>. COUNT + 1;
592 4 END;
592 3 1 =0;
594 3 DO WHILE <COMMCI). LOC <> INSTRADDR> OR
CCOMMCI>. COUNT <> COMMCI>. TRIGGERDY;
$95 4 I1=1+4;
596 4 IF ¢I = S@> OR <(COMMCI>. TRIGGER = ©)
THEN DO; %
598 S RESIN, INT, HLT, HOLD = ©;
599 S CALL SETBITC. V, 24, 2, BOB);
608 S CALL SETBITC. V. 26,1, 8B);
601 S CALL SETBITC. V, 20,1, 08B);
€602 S RETURN;
602 S END;
604 4 END;
605 3 IF (STATE = @> OR (STATE = 13>
THEN SEGQUCOUNT = ;.
607 3 IF STATE < 16
THEN DO;
609 4 RHHI = COMMCID. FIXEDCSHRCSTATE, 4));
610 4 IF STATE AND ©1H 3
THEN RHHI = RHHI AND 6FH;
612 4 ELSE RHHI = SHRCRHHI, 4);
612 4 END;
614 = ELSE DO
615 4 RHHI = COMMCI)>. SEQUCSHRCSEQUCOUNT, 1));
616 4 IF SEQUCOUNT AMD ©1H
4 THEN RHHI = RHHI AND OFH;
; 618 4 ELSE RHHI = SHRC(RHHI, 4);
i 619 4 SEQUCOUNT = SEQUCOUNT + 1;
| 620 4 END;
{ 621 3 IF RHHI AND @1H
: THEN DO;
623 4 INT = OFFH;
624 4 CALL SETBITC. V, 25,1, 1B);
625 4 CALL MOVEC3,. COMMCIY. JAM, . INTJAMMWORD;
626 4 END;
627 3 ELSE DO;
628 4 INT = ©;
€29 4 CALL SETBITC. V. 25,1, 0BY;
630 4 END;
| 631 3 IF (RHHI AND @2H> = G2H
| THEN DO;
| 633 4 HOLD = OFFH;
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PL/M-80 COMPILER  @-8@ SIMULATOR PAGE 22
634 4 CALL SETBITC.V, 28,1, 18);
635 4 END;
636 3 ELSE DO
637 4 HOLD = @;
638 4 CALL SETBITC.V, 28,1, @B);
639 4 END;
640 3 IF CRHHI RND @4H> = @4H
THEN DO;
642 4 HLT = @FFH;
€43 4 CALL SETBITC. V, 38,1, 1B); ,
644 4 END; |
645 3 ELSE DO;
646 4 HLT = @;
647 4 CALL SETBITC. V, 30,1, 0B;
648 4 END;
649 2 IF (RHHI AND @8H> = O8H
THEN DO;
651 4 RESIN = OFFH;
652 4 CALL SETBITK. V, 24,1, 1B);
652 4 END;
654 3 ELSE DO;
655 4 RESIN = ©;
656 4 CALL ‘SETBITC. V, 24, 1, 0B);
€57 4 END;
658 3 END SCHEDULE;
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$EJECT

659 2
660 2
661 2

Q-88 SIMULATOR

/ 4
/%  START-UP */
/7 4

CALL MOVE(?.,. (8, 0.0, 80H,8,0,08). V)
CALL MOVE(?.. €8, 0,0,0,0, 8, 8),. 0LDVY);
CALL PRINT;

PRGE 23
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662
663
664
665
666
667
€68
669
670
671
672
673
674

675
676
677

678
€8a
681

WWwW WWwWw WWWWWWWWWWWWN

$EJECT

RESET:

@-80 SIMULARTOR

DO:;
PC =

Zaokokokokokok koK ok S

/% RESET »/
Rkkeopokop ko koK o

a;

INSTRADDR = @;

v(e>
L& D)
V(2>
CALL
CALL
CALL
CALL
CALL
CALL

= OFFH;
= BOFFH;
= OFFH;

SETBITC.
SETBITC.
SETEITC.
SETBITC.
SETBITC.
SETBITC.

DEF = OLDDEF

V, 26, 1, INTED;
V,27,4,08B);

Vv, 23,4, 0B)>;

Vv, 21,1,6B);

Y, 23,4, OFL)>;

V. 34, €, BBEOOOB);

AND GOFFEFH OR BO23H;

CALL ALPHACEQD, 6,. V)i
CALL SCHEDULEC16);

CALL

PRINT:

IF RESIN THEN GOTO RESET;
ELSE GOTO IFCH1;

END;

PAGE
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682
€83
6584
685
€86
€87
688
€89
€9a
€91
€92

€93
€94
695
696
€97

6398
699
700

701
g3
765
rdI'e
7ag
709
7186
711
712
743

WAaRABABAWWWW WWIW WWWWW WWWWWWWWWWN

Q-88 SIMULATOR

$EJECT
A okookopkskokokokok
/% IFCH1 %/
ZRokotoktoRok kokok /4
IFCH1: DOQ;
VCa> = LOW (PCH;
V(1> = HIGHCPCY;
V(2> = LASTHMEMTORESE:

CALL SETEITC. V.26, 1, INTED:
CRLL SETEITC. W, 27. 1. 88>,
CALL SETBITC V. 29,1, GB);
CALL SETEITC V. 34,1, @E);
CALL SETBITC 4. 3R.1, OFL);

PRGE 25

CALL SETEITC. Y. 24, &, a1o@10B);
DEF = OLDDEF AMND @FFFDH OR ©811H;

CALL ALPHACEQ. &, . ¥);
INSTRADDR = PC;

CALL SCHEDULE<®A)>;
QPCQDE = MEMCFC);
CALL PRINT;

PC = FC + 4;
OFL = @
OLDDEF = OLDDEF OR @@@4H;

IF RESIN THEN GOTO RESET:
IF <OFCODE RND BC7H> = GCBH
IF C(TELCOPCODE> AMD BCOH> >

DO CASE SHRCTELCOPCODE> RMND
GOTO EXEC: /%
GOTO OFCHA1; /k
GOTO FOP1; /%
GOTO INPUT; /k

END;

END;
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THEN GOTO COND;
@ THENM GOTO IFCH2;

36H, 4);

OF = a8 */
OF = */
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PL/M-88 COMPILER @G-80 SIMULATOR PAGE 26
$EJECT
oketkooRkokok koK /
/%  JFCHZ #*/
Zokakokokokob kbR /
714 2 IFCH2: DO;
745 2 V(B> = LOW (PCO;
716 3 V1> = HIGHCFCY;
717 2 V(2> = LASTHEMTOQSS;
748 3 CALL SETEITL Y. 26. 1, INTED;
749 2 CALL SETBITC V., 27. 4, @B);
720 3 CALL SETEITC V., 29.4, @B);
el 3 CALL SETBITC. VW, Z1. 4. @BY;
vaz 3 CRLL SETBITC V. 33,1, 8E);
723 < CALL SETEITC. VY. 24, £, 61001068,
va4 3 DEF = OLDDEF;
725 3 CALL ALPHACEQD. €.. Y35
726 2 CALL SCHEDULE<1);
vav 2 DATABYTE = MEMC(FCD;
728 2 CALL PRINT;
729 3 PC = PC + 1;
720 2 IF RESIN THEW GOTO RESET;
732 2 IF (TEBLCOFCODE> AMND 8H> = &8H THEM GOTO IFCHX;
734 3 DO CASE SHRCTELCOPCODE> AND Z8H, 4);
735 4 GOTO EXEC; 7% OF = 66 */
736 4 GOTO OFCH1; /% QF = @1 %/
737 4 GOTO POP4; 7% OF = 18 */
738 4 GOTO INPUT; /% OF = 41 */
739 4 END;
748 3 END;
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1
‘ $EJECT ,
7 Nokopokokotokokok ook /
/% IFCH3 %/
2 kskokskokokkokkok,/
741 2 IFCH3: DO;
742 2 V(B> = LOW (PC)Y;
743 3 V<1> = HIGH(PCY;
‘ 744 2 V(2> = LASTMEMTOQ88:;
3 745 X CALL SETBITC. ¥V, 26, 1, INTE);
746 2 CARLL SETBITC. V, 27.1,6B);
747 2 CALL SETBIT!. V., 29,1,0B);
748 2 CALL SETBITK. ¥, 24,14, 68);
749 2 CALL SETBITC. ¥, 33.1,0B);
75e 3 CALL SETBITC V. 34, 6, 010010B);
751 2 DEF = OLDDEF;
752 K CALL ALPHACBO, €.. V),
753 3 CALL SCHEDULE(Z3;
754 K ADDRH = MEM{FC); ;
755 3 CALL PRINT;
756 3 PC = PC + 4, |
757 3 IF RESIN THEMN GOTO RESET:; |
739 2 DO CRSE SHRCTELCOFCODE> AND Z@H, 4); |
760 4 GOTO EXEC: /% OF = 88 #*/ |
761 4 GOTO QFCH1; /% OF = @1 =/
ez 4 GOTO POP41; /% OF = 16 */
763 4 GOTO INPUT; /% OF = 44 *»/
764 4 END:;
76S 2 END;
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_ PL/M-80 COMPILER  Q-80 SIMULATOR PAGE 28
$EJECT
| ok koK otokok
i /% COND »/
ZRAkoeokkkokkok /S
k 766 2 COND: DO;
767 3 DECLARE T BYTE;
768 3 DO CARSE SHRCOPCODE AND 28H. 2);
769 4 T =<2 = 0);
776 4 T =<2 > 8
q 771 4 T = (CY = @);
v % T = CCY > 0);
77?3 4 T =<CP = 0;
774 4 T=<CP > 8);
7?75 4 T = (S = @);
7?76 4 T =¢S5 > 0
°e? 4 END;
778 x4 IF T THEN GOTO POP1;
780 3 ELSE GOTO EXEC:
781 3 END;




782
7’83
785
7’87
789
791
793
794
79S
796

798
799
=icle]

801
8@2
8ez
804

865
ea?
€09
8ie

WWWW WWWW WWWWWWWWWWWWWN

PL/M-80 COMPILER

$EJECT

OFCH1:

Q-86 SIMULATOR

Zokokokokok kokkok /

/% OFCH1 *x/

Ztkotokokokkorokok
DO;
IF OPCODE = BAH THEN CALL MOVE<2,.BC,. V>
IF OPCODE = 1AH THEM CALL MOVEC2,.DE,. V>
IF OFPCODE = 2AH THEN CALL MOVECZ2.. ADDR.
IF OPCODE = 3AH THEN CALL MOVECZ,. RDDR,

IF <OPCLDE AMD &CFH> <> B8AH THEN CALL MO
V(2> = LASTMEMTORSS;

CALL SETBITC. V¥, 26, 1, INTE);

CALL SETBITC. V, 27,4, 6B);

CALL SETEBITC. V, 29.1,08B):

CALL SETBITC. V, 31,4, 8B);

CALL SETEITC. W, 23,1, 8B);

CALL SETBITC. V, 24, 6, B0BG10E);

DEF = OLDDEF;

CALL ALPHRCBO, 6. . V);
CALL SCHEDULEC(3);
MDATA = MEMCMADDR)D;
CALL PRINT;

IF RESIN THEN GOTQ RESET:

IF (TELCOFCODE> AND B8H> = 88H THEN GOTO
ELSE GOTO

END;
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Vi

VEC2, . HL, .

OFCH2;
EXEC;
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PL/M-80 COMPILER Q-88 SIMULATOR PAGE 30
$EJECT
Rkl kb kokok
/% OFCH2 %/
Zeckkokokobkkokok /
811 2 OFCH2: DO:
812 2 V(0> = LOW C(MADDR+1);
813 2 V<1i> = HIGH(MADDR+1);
814 32 ¥<(2> = LASTMEMTORE®;
815 3 CALL SETBITC ¥, 26,1, INTE>;
816 3 CALL SETBITC. ¥, 27,1, 0B);
817 3 CALL SETBITC. ¥, 29,1, 0B);
818 2 CALL SETBITC V, 21,1, 8B);
819 3 CALL SETBITC. V., 331, 68);
828 3 CALL SETEITC. ¥, 34, 6, 9600168);
821 3 DEF = OLDDEF;
822 3 CALL RLPHR(BO, &, . ¥>;
823 3 CALL SCHEDULE(4);
824 3 MDATAH = MEMCADDR+1);
825 3 CALL PRINT;
826 3 IF RESIN THEN GOTO RESET;
828 3 ELSE GOTQ EXEC:;
829 3 END;
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830
831
832
833
834
835
836
837
838
839
840

841
842
843
844

846
848
845

WWw W Wk WWWWWWWWWWN

PL/M-80 COMPILER a-€3@ SIMULATOR

$SEJECT
Zdekkokkokokkkok /
/% POP1 %/
ZRokakiokdokkokok /
POP1: DO;

v<@> = LOW <(SP);

V<1)> = HIGH(SP);

V(2> = LASTMEMTOQSO;

CALL SETBITC. V., 26,1, INTE):;
CALL SETBITC. V. 27.1,6B);

CALL SETBITC. V, 29,1, 0B);

CALL SETBITC V, 31,1, 6B);

CALL SETBITC. V, 33,1, 068B);

CALL SETEITC. V, 24, 6, 10086168 ;
DEF = OLDDEF;

CALL ALPHACBO, 6.. V);
CALL SCHEDULECS);
MDATA = MEM(SP);
CALL PRINT;

SP = SP + 4;
IF RESIN THEN GOTO RESET;

ELSE GOTO POP2;
END;

242
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PL/M-806 COMPILER Q-80 SIMULATOR PRGE 32
]
$EJECT 4
Zkkokskobskopokik
/% POP2 %/
ZRRkolokkotoRkok /S
850 2 POP2: DO:;
851 3 V(B> = LOW <SP);
852 3 V<4)> = HIGHCSP);
853 3 V(2> = LASTMEMTOQLO;
854 3 CALL SETBITC. V. 26,1, INTE):;
855 2 CALL SETBITC. V., 27,1,0B); 1
856 3 CALL SETEBITC. V,29,1,0B); 4
857 3 CALL SETBITC. V. 31,1,06B);
858 3 CALL SETBITC. ¥, 22.1,8B)>;
859 3 CALL SETBITC. V, 34, 6, 166016B);
860 3 DEF = OLDDEF;
861 3 CALL ALPHACRO, 6,. V)
862 3 CALL SCHEDULE(&);
8623 3 MDATAH = MEMCSP):
864 3 CALL PRINT;
865 3 SP = SP + 1;
866 3 IF RESIN THEN GOTO RESET;
868 3 ELSE GOTO EXEC:
869 3 END:;

e — b
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LASTMEMTOQ@S0 = MDATA;
CALL PRINT;

: 893 IF RESIN THEN GOTO RESET:

ELSE GOTO EXEC;

| PL/M-80 COMPILER R-80 SIMULATOR PAGE 33
$EJECT
ZRokokkokokkok ok
7%  INPUT %/
ZAokookokotokobokok /
870 2 INPUT: DO;
871 2 DECLARE <(L.S)> ADDRESS:;
872 3 V(8> = DRTABYTE:
873 K9 V<) = 6;
874 3 V(2> = LASTMEMTOQSE;
875 3 CALL SETEBITC. WV, 26, 4, INTED;
E 876 2 CALL SETEITC. V., 27,1, 6B);
877 3 CALL SETBITC. V., 29.1,6B);
878 3 CALL SETBITC. V. 31.1, @B);
879 2 CALL SETEBITC. ¥, 33.1,6B);
880 2 CALL SETBITC. V., 34, 6, 801900B);
} s81 3 DEF = OLDDEF;
82 3 CALL RLPHACEOD. &,. V),
883 3 CALL SCHEDULEC?);
884 3 CALL READCQREAIN,. MDATA, 1,.L.. S);
885 3 IF (L=0)> OR J(INSTRTUS=13>
THEN DO;
887 4 CALL RLPHARCLP, 43, . (“#**%¥x ATTEMPT TO READ PAST END”.
7 OF INPUT FILE. 7>);
888 4 CALL EOL;
889 4 CALL EXIT;
890 4 END;
3
3
3
3
3

896 END;
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897

899
Sea
Se1
sg2

S04
985

s86
se7
S68
2a3
S106
511
21z
914
915
916
917
s18
o139
92a
922
924
926
927

928
929

930
921

A WWN

WWW & dadrbQd0NQANEDARDW b

$EJECT

EXEC:

Q-88 SIMULATOR

ZAoRokopokokskokok ok

/% EXEC »/
AAopkkokNokR Rk

DQ;
DECLRRE <DUMMY., RDD, SUB> BYTE:;
DOFL : FROCEDURECOP1, OP2> BYTE:
DECLRRE <OP4, OFP2, RES> ADDRESS;
RES = OP1 + OP2:
IF ROLCOP1 AND QP2 AMD MNOT RES.1)> OR
ROLCHOT OP1 AMND NOT OF2 AND RES, 1)
THEN RETURN OFFH;
ELSE RETURM G;
END DOFL;

OFLCY: PROCEDURECOF1,OP2,CB,OP);
DECLARE <(OP41.0P2, CE. OP)> BYTE;
DECLARE <A, B.C> ADDRESS;
A = OP1;
B = OP2;
IF OP=ADD THEN DO0;
C =R+ B + (CB AND B1iH)>;
CY = NOT (HIGHC(C> = @);
END;
ELSE DO;
C =R - B - (CB AND O1H);
CY = C(HIGHC(C)> = ©8);
END:;
IF ROLCOP1.41> THEN A
IF ROLCOP2,1> THEM B
IF OP=ADD THEN C = A B + <CB AND B1H)>;
ELSEC = R B - C(CB AND @1H);
OFL = (<C RAND OFFSBH> <> OFFSBH> RND
¢(<C AND OFFSB8H> <> ©00BH);
END OFLCY;

A OR OFFBOH:
B OR OFFOBOH;

I+ un

ADD = G;
SuUB = 1;
OLDDEF = OLDDEF OR DEFTBLC(OPCODE);

-245-
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PL/M-80 COMPILER

932

933

934
935S

936

937
938
9338
940
941
942
943
944

945
946
947
948
949
959
951
952

955
956
957

958
953
960
962
964
966

969

g7e
971

Qauaauaag s

» aaanaaqaas

auauaauaus aaaa

a s

$EJECT

Q-88 SIMULATOR

DO CASE OPCODE;

/% 08: NOOP »/

Pe
Pg

Pe

/%

%

Ve

/%

/%

/e

81
ez2:

8x3:

04 :

8sS:

86:

e7:

28:

09:

]

LXI B,DARTR16 */
BC = ADDR;
STAX B #*/
SDATA = A;

INX B */
BC = BC + 1,

INR B */

DO;

puMMY = B + 1;
S = SIGN;
DUMMY = B + 1;
2 = ZERO;
B=B+ 1;

P = PRRITY;
END;

DCR B */

DO;

puMMY = B - 4;
S = SIGN;
DUMMY = B - 1,
2 = ZERO;
B=B - 1;

P = PARITY:;
END;

MVI B, DATAS8 */
B = DATARBYTE:

RLC */
DO;
A = ROLCAR, 1);
CY = CARRY;
END;

HALT »~/
DO;
INTE = OFFH;
IF HLT AND HOLD THEN GOTO IEHHOLD;
IF HLT THEN GOTO HALTIE;
IF HOLD THEN GOTO IHHOLD;
IF INT AND INTE THEN GOTO INTJAML;
ELSE GOTO HALTI:
END;

DAD B */

DO:;
OFL. = DOFLCHL,BC);
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PL/M-80 COMPILER

972
973
974

9?7S

976

977
978
879
Sge
S81
S82
983
984

985
986
o987
sge8
989
99a
991
992

594
995
996
997

998

999
10606
1002
1004
10066
1668
10609

1010

ie11

1012

5 auo

OO 0ns

auuaauaana auaa s & aqaaaaaas

H

Pd

/%

/%

/%

/*

e

/%

Ve

Pe

Ve

eA:

eB:

ac:

aD:

eE :

OF :

16:

11:

12:

13:

Q-88 SIMULATOR

HL = HL + BC;
CY = CARRY;
END;

LDAX B */
A = MDATA;

DCX B »/
BC = BC - 1;

INR C */

DO;

DUMMY = C + 4;
S = SIGN;
DUMMY = C - 41,
2 = ZEROC;
C=C- 1,

P = PARITY;
END;

DCR C %/
DO:
DUMMY = C - 1;

Myl C.DATAS */
C = DATABYTE;

RRC */

DO:;

A = RORCA, 1);
CY = CARRRY;
END;

HALT */
DO:;
INTE = OFFH;
IF HLT AND HOLD THEN GOTO IEHHOLD;
IF HLT THEN GOTO HALTIE:;
IF HOLD THEN GOTO IHHOLD:
IF INT AND INTE THEN GOTO INTJAM41;
ELSE GOTO HALTI;
END;

LXI D,DATAL6 */
DE = ADDR;

STAX D =/
SDATA = A;

INX D »/
DE = DE + 1; 247-




PL/M-80 COMPILER Q-88 SIMULATOR PAGE 37

/% 14: INR D »/

1012 4 DO;
1614 S DUMMY = D + 4;
1615 S S = SIGN;
1016 S DUMMY = D + 4;
1017 S Z = ZERO;
1018 S D =D+ 1;
1619 S P = PARITY;
18208 S END;
/% 15: DCR D */
1021 4 DO;
1822 S ouMMY = D - 4; 3
1822 S S = SIGN;
1824 S DUMMY = D - 1;
1625 S Z = ZERO;
19026 S D=D - 1;
1827 S P = PARITY; :
1828 S END; 1
/% 16: MVI D, DATAS */
1029 4 D = DATARBYTE:
/% 17: RAL */
1038 4 DO;
1631 S DUMMY = OFFH + (CY¥Y AND ©O1H); 3
1832 S A = SCLCA, 1);
1832 S CY = CARRY;
1824 S END;
/% 18: HALT #»/
1035 4 DO;
1936 S INTE = OFFH;
1037 S IF HLT AND HOLD THEN GOTO IEHHOLD:;
1629 S IF HLT THEN GOTO HALTIE:
1041 S IF HOLD THEN GOTO IHHOLD;
1843 S IF INT AND INTE THEN GOTO INTJAML;
1845 S ELSE GOTO HALTI;
1646 S END;
/% 19: DAD D */
1047 4 DO;
18648 S OFL = DOFLCHL, DEY;
1045 S HL = HL + DE;
1858 S C¥ = CARRY;
1851 S END;
/% 4A: LDAX D */
1052 4 A = MDATA;
/% 4B: DCX D */
1053 4 DE = DE - 4;
/% 4C: INR E »/
! 1854 4 DO;
1655 S DUMMY = E + 1;
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1056 S S = SIGN;
1057 S DUMMY = E + 4,
1058 S Z = ZERO;
1059 5 E=E+ 1;
1060 S P = PARITY;
1861 S END;
/% 1D: DCR E */
1062 4 DO;
1063 S DUMMY = E - 4;
1064 S S = SIGN;
1965 S DUMMY = E - 1;
1866 5 Z = ZERO;
1067 S E=E -1,
1868 S P = PARITY;
1069 5 END; 1
/% 1E: MVI E.DATAS */
1070 4 E = DATABYTE;
/% 1F: RAR #*/
1071 4 DO;
1872 S DUMMY = @FFH + (CY AND B1H);
1673 S A = SCRCA, 1);
1074 S CY = CARRY;
1875 S END;
/% 20 HALT */
1076 4 00;
1677 S INTE = OFFH;
1678 S IF HLT FND HOLD THEMN GOTO IEHHOLD:
1080 5 IF HLT THEN GOTO HALTIE;
1882 S IF HOLD THEN GOTO IHHOLD;
1684 S IF INT AND INTE THEN GOTO INTJAML;
1886 S ELSE GOTO HALTI;
1887 S END;
/% 21: LXI H,DATA16 */
1088 4 HL = ADDR;
/% 22: SHLD ADDR #/
1089 4 SDATA2 = HL;
/% 230 INX H %/
1090 4 HL = HL + 4;
/% 24: INR H %/
1091 4 DO;
1992 S DUMMY = H + 1;
19932 S S = SIGN;
1894 S DUMMY = H + 4
1895 5 Z = ZERG;
1096 5 H=H+ 1
1097 5 P = PARITY;
1098 S END;
/% 25. DCR H */ 249.
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1@99
11ee
11061
11@2
1163
1104
11es
1186

1107

11e8

1169
ii1e
1111
1142
1145
1147
1119
1120

1121
1122
1123
1124
1125

1126

1127

1128
14238
1438
1421
1132
1132
11324
113S

1136
1137
1138
1139
1140
1141
1142
1143

UL NS

F N

auuas (LRGN RE RS R I »

H

S

aaaaaaaas

auaaaaan s

s

Ve

Pg

/%

/%

*

s

7k

26:

27:

28:

29:

2A:

2B:

2C:

2D:

Q-88 SIMULATOR PRAGE 39

DO:;

DUMMY = H - 1;
S = SIGN;
DUMMY = H - 1;
2 = ZERO;
H=H - 41;

P = PARITY:
END;

MVYI H, DRTRS */
H = DRTREYTE;

DAR IMPLEMENTED RS SYNC, LOOKS LIKE NOOP */

?

HALT */
DO:
INTE = QFFH;
IF HLT AND HOLD THEN GOTO IEHHOLD:
IF HLT THEM GOTCO HALTIE;
IF HOLD THEM GOTO IHHOLD;
IF INT AND INTE THEN GOTC INTJIFAML;
ELSE GQTO HALTI;
END:;

DAD H */

DQ;

OFL = DOFLCHL, HL)>;
HL = HL + HL;

CY = CARRY;

END;

LHLD ADDR */
HL = ADDR;

DCX H */
HL = HL - 4;

INR L */

DO;

DUMMY = L + 4;
S = SIGH;
DUMMY = L + 1;
2 = ZERD;

L =L + 4

P = PARITY:
END;

DCR L */

DO;

DUMMY = L - 1,

S = SIGN;

puUMMY = L - 1,

2 = ZERO;

L=L - 1,

P = PARITY;

END; -250-
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1144
1145

1146
1147
1148
1156
4452
1154
1156
115°?

1158
1159
1160

1161
1162
1163
1164
1165
1166
1167
1168

1169
1170
1171
1172
1173
1174
1175
1176

1177
1178

1179
1180
1181
1183

A aoaauuausd £

H

auouaaaaad

auauaouaoaana

H

auaad

/%

7k

Fe

/k

/%

e

%k

/%

/%

’*

¥

2E:

2F .

20:

21:

32:

23

24:

35:

26

T

38:

Q-88 SIMULATOR

MV1 L, DATAS */
L = DRATABYTE:;

CMA */
A = NOT RA;

HALT =/
DO;
INTE = OFFH;
IF HLT AND HOLD THEN GOTCO IEHHOLD:
IF HLT THEN GOTO HALTIE;
IF HOLD THEN GOTO IHHOLD:;
IF INT AND INTE THEM GOTO INTJAML;
ELSE GOTO HALTI;
END;

LXI SP,DRTALE */
SP = ADDR;

STA ADDR */
SDATA = A;

INX SP */
SP = SP + 4

INR M */

DO;

puMMyY = MDATA + 4;
S = SIGN;

buMMyY = MDATA + 41,
2 = ZERO;

SDATA = MDATA + 4;
P = PARITY;

END:;

DCR M #/
DO;
DUMMY = MDATA - 1,
S = SIGN:
DUMMY = MDATA - 1;
2 = ZERO:;
SDATA = MDATA - 4;
P = PARITY:
END:;

MYI M, DATAE */
SDATA = DATABYTE;

STC */
CY = OFFH;

HALT */

DO;

INTE = OFFH;

IF HLY AMD HOLD THEM GOTO IEHHOLD;
IF HLT THEN GOTO HALTIE:
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118S
1187
1189
1196

auaaa

e
11941
1192
1192
1194
1195

aauus

/%
1196

H

7%
1187

H

/%
1198
1193
1200
1261
1202
1283
12064
1205

auauaaaa s

/*
1266
1207
12@8
1209
1210
1211
1212
1212

auaanan s

o
1214

H

/%
1215 4

/%
1216 4

/%
1217 4

/%
1218 4

/%
1219 4

/%

39

2A:

S

20:

2E:

3F:

4Q:

41

42

43:

44 .

Q-8@ SIMULATOR

IF HOLD THEN GOTO IHHOLD;
IF INT AND INTE THEN GOTO INTJAMA4;

ELSE GOTQ HALTI;
END;

DRD SP */

DO;

OFL = DOFL<CHL, SPJ;
HL = HL + SP;

CY¥ = CARRY;

END;

LDA ADDR */
A = MDATRA;

: DCX SP =/

SP = SP - 4;

INR A */

DO,

DUMMY = A + 1;
S = SIGN;
DUMMY = R + 1;
2 = ZERO;
A=A+ 41;

P = PARITY;
END;

DCR A */

DO;

DUMMY = A - 4;
S = SIGN;
DUMMY = A - 41;
2 = ZERO;
A=A/ - 1;

P = PARITY;
END:;

MVYI A, DATAS */
A = DATABYTE;

CMC =/
CY = NOT CY¥;

MOY B, B */
B = B;

MOV B, C */
B =C;

MOV B, D */
B = D;

MOV B,E %/
B = E;

MOV B, H *»/
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PL/M-86© COMPILER

] 1220 4
7’k
1221 4
/%
{ 1222 <
/%
1222 4
Ve
1224 4
/%
1225 4
7k
1226 4
Vg
1227 4
%
1228 4
7k
1229 4
/%
1229 4
/%
1231 4
/%
1232 4
P
1232 4
/%
£ 1224 4
7/
1235 4
%
1236 4
e
1237 4
/%
E { 1238 4

7/

45

46

47:

48:

439

4A:

4B:

4C:

4D :

4€:

4qF :

S9.

S1:

S2:

S53:

S54:

SS:

S6:

- T

@-86 SIMULATOR

B = H;

MOV E. L »/
B = L

MOV B, M #/
B = MDATA;

MOV B, A »/
8 = A;

MOY C.B */
C = B;

MOV C,C */
C=C

MOV C.D %/
C =D;

MOY C,E */
C = E;

MOY C,H %/
C = H;

MOY C,L */
C =1L

MOV C, M %/
C = MDATA;

MOV C.A */
C=Hf;

MOV D.B *x/
D =B;

MOV D.C */
D =C;

MOV D, D */
D =D;

MOV D, E #/
D = E;

MOV D, H */
D = H;

MOV D, L %/
D=L

MOV D, M »/
D = MDRTR;

MOV D, A %/
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1239 4

/%
1240 4

]
1241 4

/%
1242 4

/%
1242 4

7%
1244 4

7%
1245 4

/%
1246 4

/%
1247 4

/%
1248 4

/¥
1249 4

/%
12506 4

Ve
1251 4

/%
1252 4

/%
1253 4

/%
1254 4

Ve
1255 4

/h
1256 4

/%
1257 4

%

58:

S9:

SA:

SB:

SC:

SD:

SE :

60:

61:

62:

63

64:

65:

66:

67:

68:

69:

6RA:

Q-80 SIMULATOR

D= AR

MOV E.B */
E = B;

MOV E.C =/
E=20C;

MOV E.D */
E = D;

MOV E,E */
E =E;

MOV E,H */
E = H;

MOV E, L */
E =L

MOV E. M */
E = MDATA;

: MOV E.R */

E = Hf;

MOV H.B */
H = B;

MOV H.C */
H=C;

MOV H,D */
H = D;

MOV H,E »/
H = E;

MOV H.H */
H=H

MOY H.L #*/
H=L;

MOV H, M */
H = MDATA;

MOY H. AR */
H = RA;

MOV L.B */
L = B;

MOV L,C %/
L =C

MOV L, D */

-254-

43




e i et | - . AL o AR - R e

PL/M-80 COMPILER Q-8@ SIMULATOR PAGE 44

1258 4 L =D

/% 6B: MOV L,E »/
1259 4 L =E

/% 6C: MOV L.H »/
1260 4 L =H;

/% €D: MOV L.L »/
1261 4 L=L

7k GE: MOV LM %/
1262 4 L = MDATA;

/% 6F: MOV L.R */

1263 4 L =R
/% 70: MOV M. B */
1264 4 SDATA = B;
/% 71: MOV M. C */
1265 4 SDRATA = C;
% 72 MOV M.D */
1266 4 SDATA = D;
% 73 MOV M, E %/
1267 4 SDATA = E;
% 74: MOV M, H %/
1268 4 SDATA = H;
% ?S. MOV M. L %/
1269 4 SDRTA = L;
/% 76€: HALT */
1270 4 DO;
1271 S INTE = OFFH;
1272 S IF HLT AND HOLD THEN GOTO IEHHOLD:
1274 S IF HLT THEN GOTO HALTIE;
1276 S IF HOLD THEM GOTO IHHOLD;
1278 S IF INT AND INTE THEM GOTO INTJAMA;
1280 S5 ELSE GOTQ HALTI;
1281 S END;
7% ?77: MOV M, A */
1282 4 SDATAR = RA;
/% 78: MOV A, B */
1283 4 A = B;
/% 79: MOV A.C */
1284 4 A=C
/% PA: MOV FLD »/
128S 4 A = D;
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/% 7B: MOV A, E */
1286 4 A = E;
/% ?C: MOV A, H »/
1287 4 R = H;
/% 7D: MOV A, L */
1288 4 AR =L
/% 7E: MOV A, M */
1289 4 A = MDATA;
/% 7F: MOV A, A */
1296 4 A = A;
/% 808: ADD B */
1291 4 00;
1292 S CALL OFLCY<A, B, @, ADD;
1292 S DUMMY = A + B;
1294 S S = SIGN;
1235 S DUMMY = R + B;
1296 S 2 = ZERO;
1237 S A=A +B8B;
1298 S P = PARITY;
1293 S END;
/% 81: ADD C */
13086 4 DO;
131 S CALL OFLCY<A, C, @ ADD);
122 S DUMMY = R + C;
1382 S S = SIGN;
1304 S DUMMY = A + C;
135 S 2 = ZERO;
13@6¢ S A=A+C;
1367 S P = PARITY;
1398 S END;
/% 82: ADD D */
1392 4 DO;
1310 S CALL OFLCY<A, D, @, ADD);
1314 S DUMMY = A + D;
1312 S S = SIGN;
1313 S DUMMY = R + D;
1314 S Z = ZERO;
1315 S R=A+0D;
1316 S5 P = PARITY;
1317 S END;
/% 83: ADD E »/
1218 4 DO;
1319 S CALL OFLCY<R, E, 8 ADD);
1326 S DUMMY = A + E;
1321 S 5 = SIGN;
1322 S DUMMY = A + E;
1323 S5 2 = 2ERO;
1324 5 A=A+E
1325 S P = PARITY;
-256-
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1326
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END;

/% 84: ADD H */

1327
1328
13239
1330
1331
1332
1333
1324
41335

(RO RS RS RO RS RE RGN

DO;

CALL OFLCY<R. H, 8, ADD);
DUMMY = AR + H;

S = SIGN;

DUMMY = R + H;

2 = ZERO;

A=A+ H

P = PARITY;

END;

/% 85: ADD L */

1336
1337
1338
1339
1340
1341
1342
1343
1344

auaaaauans

DO;

CALL OFLCY<A. L., 8, ADD);
DUMMY = R + L;

S = SIGN;

buMMY = A + L,

2 = 2ERQ;

R=ARA+L;

P = PARITY;

END:;

/% 86: ADD M #*/

1345
1246
1347
1348
1349
13506
1351
1352
1353

aaaaaaaa s

DO;

CALL OFLCY<A, MDATA, 8, RDDD;

DUMMY = A + MDATA;
S = SIGN;

DUMMY = A + MDATA;
2 = ZERO;

A = A + MDATA;

P = PRRITY;

ENDs

/% 87: ADD R */

1354
1355
1356
1357
1358
1359
1360
1361
1362

aauaaaans

DO;

CALL OFLCY<A. A, 8, ADD>;
pUMMY = A + A;

S = SIGN;

DUMMY = A + A;

2 = ZERO;

A=A+ A

P = PARITY:;

END;

/% 88: ADC B */

1363
1364
1365
1366
1367
1368
1369
1370
1371

auauauaaaans

DO;

CALL OFLCY<A., B, CY, ADD);
DUMMY = A + B + (CY RND
S = SIGN;

DUMMY = A + B + <(CY AND
Z = ZERO;

B1H)>;

B1H);

A=A+ B + (CY AND B1H);

P = PARITY;
END:;
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/% 89: ADC C »/

1372 4 D0;
1373 S CALL OFLCY<R, C,CY., RDD>;
1374 S DUMMY = A + C + <CY AND O1H
137S S S = SIGN;
1376 S DUMMY = B + C + (C¥ AND O1H)
1377 S 2 = ZERO;
1378 S A=A + C + (CY AND O1H);
1379 S P = PARITY;
1388 S END;

/% 8A: ADC D */
1381 4 00;
1382 S CALL OFLCY<R, D, CY, ARDD);
1383 S DUMMY = A + D + (CY AND O1H);
1384 S S = SIGN;
4385 S DUMMY = A + D + <CY AND BihH)d;
1386 S Z = ZERO;
1387 S A=A+ D + (CY AND B1H);
1388 S P = PARITY;
1389 S END:;

/% 8B: ADC E */
1390 4 DO;
1391 S CALL OFLCY<R.E,CY,RDD);
1392 S DUMMY = R + E + <CY RAND ©1H);
1393 S S = SIGN;
1394 S DUMMY = A + E + (CY AND ©1iH);
1395 S 2 = ZERO;
1396 S A=A+ E + CCY AND B1H);
1397 S P = PARITY;
1398 S END;

/% 8C: ADC H */
1399 4 DO;
1400 S CALL OFLCY<A, H, CY. ADD>;
i401 S DUMMY = AR + H + (CY RND ©1H);
1402 S S = SIGN;
14@3 S pUMMY = R + H + <CY AND @iH)>;
1404 S 2 = ZERO;
140S S A=A+ H + (CY AND @1H)>;
1406 S P = PARITY;
1407 S END;

/% 8D: ADC L »x/
i4e8 4 DO;
1403 S CALL OFLCY<RA, L,CY, ADD>;
1410 S DUMMY = A + L + <(CY AND B1H);
1411 S S = SIGN;
1412 S DUMMY = R + L + <CY AND B1H);
1413 S 2 = ZERO;
1414 S A=A +L + <CY AND O1H);
1415 S P = PARITY;
1416 S END;

/#% 8E: RDC M %/
1417 4 DO;
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1418
1419
1420
1421
1422
1423
1424
1425

1426
1427
1428
1429
1420
1421
1432
1423
1434

1435
1436
1437
1438
1429
1440
1441
1442
14423

1444
1445
144¢
1447
1448
1449
1450
1451
1452

1453
1454
1455
1456
1457
1458
1459
1466
1461

1462
1463
1464

auaaauaunans aauaaaauas auauaaaaaa s auauaaaana

aaaauaaua s

o

Q-80 SIMULATOR

CALL OFLCY<A, MDATA. CY, ADD);

DuUMMY = R + MDATA + (CY AND O1H);
S = SIGN;

DUMMY = A + MDATA + (CY¥ AND O1H);
2 = ZERO;

AR = A + MDATA + (CY AND B1H>;

P = PARITY;

END;

/% 8F: ADC R */

DO;

CALL OFLCY<A. A.CY. ADD)Y;

DUMMY = A + A + C(CY AND @1H)>;
S = SIGN;

DUMMY = R + R + C(C¥ AND B1H)>;
Z2 = ZERO;

R=ARA+ A + (CY AND B1H);

P = PARITY:;

END;

/% 98: SUB B »/

DO;

CALL OFLCY<R, B, 8, SUB)>;
DUMMY = A - B;

S = SIGN;

DUMMY = A - B;

2 = ZERO;

A=A - B;

P = PARITY;

END;

/7% 91: SUB C */

DO;

CALL OFLCY<A,C, 0, SUB>;
DUMMY = R - C;

S = SIGN;

DUMMY = R — C;

2 = ZERO;

A=A -C;

P = PARITY:

EMD;

/% 92: SUB D #/

DO;

CALL OFLCY<A,D, 0, SUB>;
DUMMY = A - D;

S = SIGN;

DUMMY = AR - D;

2 = ZERO;

A=A-D;

P = PARITY;

END;

/% 92: SUB E »/

DO;
CALL OFLCY<R.E.B,5UB);
DUMMY = R ~ E;
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1465 S S = SIGN;

1466 S DUMMY = A - E;

1467 S Z = ZERO;

1468 S AR =A - E;

1469 S P = PRRITY;

1470 S END;

/% 94: SUB H */

1471 4 DO;
1472 S CALL OFLCY<RA, H, 8. SUB);
1473 S ouMMY = A - H;
1474 S S = SIGN;
147S S DUMMY = A - H;
1476 S 2 = ZERO;
1477 S A=A -H
1478 S P = PARITY;
1479 S END;
/% 95: SUB L */
1480 4 DO;
1481 S CALL OFLCY(R, L., 8, SUB);
1482 S buMMyY = A - L;
1483 S S = SIGN;
1484 S DUMMY = R - L;
148S S 2 = ZERO;
1486 S A=Af/ - L
14g7 S P = PARITY;
1488 S END:;
/% 96: SUB M */
1489 4 DO;
1490 S CALL OFLCY<A. MDATA, @, SUB>;
1491 S DUMMY = R - MDATA;
1492 S S = SIGN;
1493 S DUMMY = A - MDATA;
1494 S 2 = Z2ERO;
1495 S A = AR - MDATA;
1496 S P = PARITY;
1497 S END;
/% 97: SUB A */
1498 4 DO;
1499 S CALL OFLCY<R, R, @, SUB);
1500 S DUMMY = AR - A;
i5e1 S S = SIGN;
15@2 S DUMMY = AR - A;
15e3 S 2 = ZERO;
1504 S A=A -HA
150S S P = PARITY;
1506 S END;
/% 98: SBB B */
1Se7 4 DO;
1508 5 CALL OFLCY<R, B, CY¥, SUB);
1509 S DUMMY = A = B = <(CY AND B1H);
1510 S S = SIGN;
1511 S DUMMY = A - B - (CY AND B1H);
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1512 S 2 = ZERO;

1512 b= A =R - B - (CY AND 81H);

1514 S P = PRRITY;

1515 S END; :

/% 39: SBB C */

1516 4 DO;
b £ p g S CALL OFLCY<{A.C.CY, SUB);
1518 S DUMMY = A — C — (CY AND B4iRH);
1519 S S = SIGN;
152@a S DUMMY = R — C — CCY AND 841H)>;
1521 S 2 = ZERQ;
1522 5 A=A - C - (CY AND 81H)>;
1522 S P = PARRITY:
1524 S END;
| /% 9A: SBE D */
i 1525 4 DO;
? 1526 S CALL OFLCY<A.D,CY,SUB)>;
i 1527 S DUMMY = A — D — (CY RND ©O4iH);
| 1528 S S = SIGN;
i 1529 S DUMMY = A — D — <CY AND ©1H)>;
; 1538 S 2 = ZERO;
1521 S A=A -D - (CY AND B1H);
1532 S P = PARITY:
1533 s END;
/% 9B: SBEB E */
1534 4 DO;
1535 5 CALL OFLCY<RA.E,CY,SUB);
1526 S DUMMY = A — E ~ <(CY¥ AND 91H);
1527 o S = SIGN;
E 1538 O DUMMY = A — E ~ <CY¥ AND ©@1H); |
. 1539 S Z = ZERO; |
1540 S A=A - E - (CY¥ AND B61H)>; |
1541 S P = PARITY:
1542 S END;
/% 9C: SEB H */
15423 4 DO,
1544 5 CALL OFLCY<A, H, CY, SUB);
1545 - DUMMY = A - H - (CY RAND B1H>;
1546 S S = SIGM;
1547 S DUMMY = A — H - <CY AND B1H);
1548 S 2 = Z2ERO:; !
1549 S A=A -H - (CY AND B1H)>; i
15506 S P = PARRITY;
1551 S END;
/% 9D: SBB L */
1552 4 DO:;
1552 S CALL OFLCY<A,L,CY,SuUB)>;
1554 - DUMMY = A - L - <(CY¥ AND B1iH);
155S S S = SIGN;
1556 S DUMMY = A - L - C(CY¥Y AND ©1H);
1557 S Z = ZERO; ;
1558 S A=A -L - (CY AND B1H); !
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1559
1560

1564
1562
15623
1564
1565
1566
15€&7
1568
1569

1578
1571
1572
1572
1574
1575
1576
1577
1578

1579
15¢e0
1581
1582
1582
1584
1585
1586
1587

15e8
1589
15906
1591
1592
1532
1594
1595
1596

1597
1598
1599
1600
i€l
1682
1€@3
1604
1605

uau

aauaaaaa s (LGRS NE NSRS R RS R N aaaaauad s oo s

aauaaaaad

Q-88 SIMULATOR

P = PARITY;
END;

/% SE: SBB M */
DO;
CALL OFLCY<A. MDATA. CY, SUB);

bUrMMY = A - MDATA - (CY AND @1H);

S = SIGN;

DUMMY = A — MDATA — (CY RAND O1H);

2 = ZERQ;

A =R — MDATA - (CY AND 01H);
P = PARITY;

END;

/% 9F: SEB A »/
DO;
CALL QFLCY<A, A, CY, SUB);
puMMy = A — A - (CY AND B1HD:;
S = SIGN;
DUMMY = A — R — <CY AND ©41H);
2 = ZERO;
A=A - AR - (CY AND B4H>;
P = PARITY:
END;

/% AB: ANA B */
DO;
puMMyY = AR AND B:
= SIGM;
DUMMY = R AND B;
2 = ZEROQ:;
A = R AND B;
P = PARITY;
CY = 0;
END;

% AL: ANA C *»/
DO;
pUMMY = A AND C;
S = SIGN;
DUMMY = A AND C;
2 = ZERO;
A = A AND C;
P = PARITY;
CY = ©;
END;

% A2: ANA D */
DO;
puUMMY = R AND D;
S = SIGN;
pumMMyY = A AND D;
Z = ZERQ;
A A AMD D;
P PARITY:
C'r’=‘3;
END; 262-
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1606
16a?
1608
1689
1610
1611
1612
1613
1614

1615
1616
1617
1618
1€19
1620
1621
1622
1€22

1624
1625
ie2¢6
1627
1628
1629
163a
1631
1632

1633
1634
163S
1636
1€37
1638
1639
1640
1€41

1642
1643
1644
1645
1€46
1647
1648
1649
1650

aaauaanaa s aoaaauauna s auauaaua s auaaaaunaas

auoaaoauaaau s

@-80 SIMULATOR

/% A3: ANA E */

DO;

DUMMY = A AND
S = SIGN;
DUMMY = A AND
2 = ZERO;

A = A AND E:
P = PARITY;
CY = 6

END;

7% A4: ANA H */

DQ;

DUMMY = A AND
S = SIGN;
DUMMY = A AND
2 = ZERO;

AR = A AND H;
P = PARITY;
CY = @;

END;

/% AS: ANA L */

DO;

DUMMY = A AND
S = SIGN;
DUMMY = A AND
2 = ZERO;

A = A AND L;
P = PARITY;
CY = @6;

END;

/% AE: ANA M */

DO;

DUMMY = A RND
S = SIGN;
DUMMY = A AND
2 = ZERD;

E;

E;

H;

H;

L;

L;

MDATA;
MDATAS

A = A AND MDATA;

P = PARITY;
CY = 0;
END;

/7% A7: ANA A */

DO;

DUMMY = A AND
S = SIGN;
DUMMY = A AND
2 = ZEROG;

A = A AND A;
P = PARITY;
CY = 0;

END;

/% A8: XRA B */

A

A;
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1651
1652
1652
1654
1655
1656
1657
1658
1659

1660
1661
1662
1662
1€e4
1665
1666
1667
1668

1669
16706
1671
1672
1672
i674
1675
1676
1677

1678
1679
1686
1681
16e2
1682
1e84
1685
1626

1687
1e8e
1689
1€9a
1691
1692
16393
1634
16395

1696
1697

auaaaaanad auaaaaauo s auaoaaunuau s aauaauuoauas

aauaoaaans

LIS

Q-80 SIMULRTOR

DO:;

DUMMY = A XOR
S = SIGN;
DUMMY = R XOR
2 = ZERQ;

AR = A XOR B;
P = PARITY:;
CY = @;

END;

/% AS: XRA C */

DO;

DUMMY = A XOR
S = SIGN;
DUMMY = A XOR
2 Z2ERD;

A R XOR C;
P PARITY;
CY = @;

END;

/# AR: XRA D */

DO;

DUMMY = A XOR
S = SIGN;
DUMMY = A XOR
2 = ZERO;

A A XOR D;
P PARITY:
CY = a;

END.

nou

/* AB: XRA E */

DO;

DUMMY = A XOR
S = SIGN;
DUMMY = A XOR
2 = ZERO;

A A XOR E;
P PARITY:
CY = ©0;

END;

/% AC: XRA H #*/

DO:;

puMiyY = A XOR
S = SIGMN;
DUMMY = A XOR
Z2 = ZERQ;

A = A XOR H;
P = PARITY;
CY = @,

END;

/% AD: XRA L =/

DO,
DUMMY = A XOR

B;

B

Ci

C;

Di

E;

E;

H;

H;

L
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1698
1699
1700
17061
i7ez2
i7ez
1704

1785
1766
17a7
ives
1789
i71@
1711
1712
1713

1714
1715
1716
1717
1718
1719
1726
1721
1722

1723
1724
1725
i7z2¢e
1727
1728
1729
172@
1731

1732
173z
1724
173S
1726

aaaaaaand s auauaaunaaaas aauaanaaad nnaaaad

aaoaaaaad s

aans

Q-88 SIMULRTOR

S = SIGN:

DUMMY = R XOR L;

2 = ZERQ;

A = A XOR L;
P = PARITY;
CY = @;

END;

/% AE: XRA M */
DO;

DUMMY = A XOR MDATH;

S = SIGHN;

DUMMY = A XOR MDATA;

2 = ZER0;

A = A XOR MDATA;

P = PARITY:;
CY = ©;
END;

/% AF: KRA R */
DO:

DUMMY = A XOR RA;

S = SIGM:

DUMMY = A XOR A;

2 = ZERO;

A = A XOR A;
P = PARITY;
CY = @;

END:;

/7% B@: ORA B %/
DO;
purMyY = A OR
S = SIGN;
DUMMY = A CR

7% BLA: ORA C */
bo;
pumMmMY = A UR
S = SIGMH;
DUMMY = A OR
Z = ZERO;
A=A OR C;
P = FARITY;
CY = @;
END;

/% Bz2: ORAR D #*/
DO;
puMMY = A OR
S = SIGN/
buMMY = A OR D

E;

C;

C;

D;

PRGE 54
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1745 S Z = ZERO;
1746 S A = A OR D;
1747 S P = PARITY;
1748 S cY = 0;
1743 S END;
/% BR: ORA E */
175@ 4 DO;
1254 'S DUMMY = A OR E;
1752 5 S = SIGN;
1752 S DUMMY = A OR E;
1754 5 2 = ZERQ;
27855 5 A = A OR E;
1756¢ 5 P = PARITY;
1757 5 cY = o;
1758 S END;
/4 B4: ORA H */
1759 4 DO;
1768 5 DUMMY = A OR H;
1761 5 S = SIGN;
762 S DUMMY = A OR H;
176X S Z = ZERO;
1764 5 A = A OR H; §
1765 S P = PARITY; !
1766 5 cY = @;
1767 S EMND; ];
7+ BS: ORA L */
1768 4 DO;
1763 5 DUMMY = A OR L;
1776 S S = SIGN;
1771 5 DUMMY = R OR L;
1?22 5 2 = ZERO;
17¢s 5 AR = A OR L;
1774 5 P = PARITY;
1?75 5 cY = 0; :
1776 5 END;
/% B&: ORA M #/
1777 4 DO;
1778 S DUMMY = A OR MDATA;
1779 5 S = SIGN;
; 17886 S DUMMY = A OR MDATA;
1784 S 2 = ZERO;
i7ez2 5 A = A OR MDATA;
783 S P = PARITY;
1784 5 cY = 0;
1785 5 END;
/% B7: ORA A */
1786 4 DO;
1787 5 DUMMY = A OR A;
1788 S S = SIGN;
1789 S DUMMY = A OR A;
1798 5 2 = ZERO;
1791 5 A=A OR A;
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1792
1793
1794

1795
179¢
1797
1798
1792
1806
1861
iga2
i8az

1864
ieas
1g86
1867
iges
1869
ie1a
1811
ig12

1812
1814
1815
1816
1817
1818
1819
18206
1821

1822
182z
1824
1825
182¢
1827
i82¢
1829
1eze

1831
1ez2
1832
1824
1825
182¢
18237
182¢

aaa

aaunaaauaas auanaananad s aaaaaaaas

aoaaaaaaas

guamoaans

Q-88 SIMULATOR

P = PARITY:
CY = 0;
END;

/% B8: CMP B */

DO:;

CALL OFLCY<R. B, @, SuUB)>;
DUMMY = A - E;

S = SIGN;

DUMMY = A - B;

Z = ZERO;

DUMMY = A - B;

P = PARITY;

END:;

/% B3: CMP C */

DQ;

CALL OFLCY<A,C, 0, sSuUB)>;
DUMMY = A - C;

S = SIGN;

DUMMY = A - C;

2 = ZERO;

bpumMyY = A - C;

P = PARITY;

END;

/% BA: CMP D »/

DO;

CALL OFLCY<A.D,B, SUB)>;
DUMMY = A - D;

S = SIGN;

puMMY = A - D;

2 = Z2ERO;

DUMMY = A - D;

P = PARITY;

END;

/% BEB: CMP E #/

DO;

CALL OFLCY<R.E, @, SUB);
DUMMY = A - E;

S = SIGMN;

DUMMY = A - E;

2 = ZERO;

puUMMY = R - E;

P = PARITY;

END;

/% BC: CMP H #*/

DO;
CALL OFLCY<A. H, 8, SUB)>;
DUMMY = A - H;

S = SIGN:
DUMMY = AR - H;
2 = ZERO;
DUMMY = A - H;
P = PRRITY;
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1829 S END:;
/% BD: CMP L */
is4e 4 DO;
1841 S CALL OFLCY<A.L.8, SUB>;
1842 S DUMMY = R ~ L.
1842 S S = SIGN;
1844 S DUMMY = A - Li
184S S 2 = ZEROQ;
184¢ S DUMMY = A - L
1847 S P = PARITY:
1848 S END;
/% BE: CMP M */
1849 4 DG;
1850 S CALL OFLCY<R: MDATA, 8, SUB>;
1851 S DUMMY = AR — MDATA; 1
1852 S S = SIGN;
1852 S DUMMY = R — MDRATA;
1854 S 2 = ZERO; 1
1855 S puMMyY = A — MDATAS
1856 S P = PARITY:
1857 5 END;
/% BF: CMP A */
1858 4 DO;
1859 S CALL OFLCY<RA.R. 8, SUE>;
1868 S puMMY = A - A;
1861 S S = SIGN;
1862 S DUMMY = A - A;
1862 S 2 = ZERO;
1864 S DUMMY = A — A
1865 S P = PARITY;
1866 S END;
/% CB- RNZ #*/
1867 4 DO;
1868 S IF 2 = 8 THEN PC = MDATAR2;
1870 S END:;
/% Ci: POP B */
1871 4 BC = MDATAZ;
/% C2: JNZ ADDR #/
1872 4 DO;
1873 - IF 2 = @ THEN PC = ADDR;
1875 S END;
/% C3: JMP ADDR */
1876 4 PC = ADDR;
/% C4: CNZ ADDR */
1877 4 DO:; &
1878 S IF 2 = 0 THEN DO; !
1880 6 SDATA2 = PC;
1881 6 PC = RADDR;
1882 6 END:;
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1882 = ELSE DO;
18084 & IF HLT AND HOLD THEN GOTO HHOLD:
188¢ (3 IF HLT THEN GOTO HALTES
1888 & IF HOLD THEN GOTO HELD:
1898 [ IF INT AMND INTE THEN GOTC IMTJAM1:
1892 & ELSE GOTC IFCH4,
189X & EnD;
1894 S END;
/% CS: PUSH B */
189S5 4 SDATARZ = EBC:
/% C&: ADI DATAS */
1896 3 DO;
1897 S CALL OFLCYCA, DATAEYTE. &. ADD
1898 S DUMMY = A + DRTARBYTE: !
1899 S S = SIGN; i
195006 S DUMMY = A + DATABYTE:
1591 S 2 = ZERO;
1902 5 A = A + DATABYTE:
; 19a3 S P = PARITY:
1984 S END;
/% C7: RST @ */
1985 4 DO;
1906 S SDATR2 = PC:
1907 S PC = @;
1508 S END;
/% C8: RZ */
1909 4 DO,
1910 o IF 2 <> © THEN PC = MDATAZ2;
1912 S END:;
/% C9: RET */
1913 4 PC = MDATR2;
/% CR: JZ ADDR */
1914 4 DO;
1915 S IF 2 <> 8 THEN PC = ADDR;
1917 S END;
/% CB: HALT */
1918 4 00;
1919 S INTE = OFFH;
13920 S IF HLT AMD HOLD THEN GOTO IEHHOLD;
1922 ] IF HLT THEN GOTO HALTIE:;
1924 S IF HOLD THEN GOTO IHHOLD;
1926 S IF INT AND INTE THEN GOTO INTJIAMA;
1928 S ELSE GOTO HALTI;
1929 S END;
/% CC: CZ ADDR */
1930 4 DO;
1931 S IF 2 <> © THEN DO;
1933 6 SDATA2 = PC;
1924 € PC = ADDR;
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1935 6 END;
1936 S ELSE DO
1927 6 IF HLT AND HOLD THEN GOTO HHOLD;
1938 6 IF HLT THEN GOTO HALTE:
1841 6 IF HOLD THEN GOTO HOLD;
1942 6 IF INT AND INTE THEN GOTO INTJRMA:
1945 6 ELSE GOTO IFCH1; |
1946 6 END; ;
1947 5 END;

/% CD: CALL ADDR */
1948 4 DO;
1949 S SDATA2 = PC;
1956 S PC = ADDR;
1951 S END;

5 /% CE: ACI DATAS */ |
1952 4 DO; |
1952 S CALL OFLCY<A. DATABYTE, CY. ADD); ?
1954 S DUMMY = A + DATABYTE + (CY AND ©1H); :
1955 S S = SIGN;
195¢ S DUMMY = A + DATABYTE + <(C¥Y AND O1H); {
1957 5 Z = ZERO; ,
1958 S fi = A + DATABYTE + (CY RND B1H); |
1958 5 P = PARITY:

1968 S END; ‘
1
/% CF: RST 1 %/ ;
19614 4 DO; |
1962 S SDATA2 = PC;
1962 S PC = 8;
1964 5 END;
/% DB: RNC */
1965 4 DO;
1966 S IF CY = 8 THEN PC = MDATAZ;
1968 S END;
/% D1: POP D */
1969 4 DE = MDATAZ;
/% D2: JNC ADDR */
1976 4 DO;
19714 S IF CY = 8 THEN PC = ADDR;
1972 5 END;
/% D2: OUT PORT */
1974 4 SDATA = A
/% D4: CNC ADDR %/
1975 4 DO;
1976 S IF CY = @ THEN DO
1978 € SDATAR2 = PC:;
1979 6 PC = ADDR;
1988 6 END;
1981 5 ELSE DO
1982 6 IF HLT AND HOLD THEN GOTO HHOLD;
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1984
1986
1988
1990
1991
1992

1993

1994
1995
1998
1997
1998
1993
2000
2801
2082

2002
2004
2005
200¢€

20607
20088
2010

2011
2012
2013
2015
2017
2019
2021
2022

2e23
2024
2026

2027

2028
2029
2031
2032
20833
2034

& AR N

aaaaauaan

anh aanas

auaaaaaas

H

ARG >

Q-88 SIMULATOR PRGE 68

IF HLY THEN GOTO HALTE:
IF HOLD THEN GOTO HOLD;
IF INT AND INTE THEN GOTO INTJAMA;
ELSE GOTO IFCH1;
END;
END;

/% DS: PUSH D */

SDATA2 = DE:

/% D&: SUI DRTRS */

/*

/%

7%

/%

/%

D?:

D8:

D9:

DA:

DE:

DC:

DO;

CALL OFLCY<(A. DARTABYTE. 8. SUB);
DUMMY = R - DATABYTE:;

S = SIGN;

DUMMY = A - DATABYTE:

2 ZERO;

A A - DATABYTE;

P PARITY;

END:;

RST 2 */

DO;

SDATA2 = PC;
PC = 16;
END;

RC %/

DO;

IF Cv <> @ THEN PC = MDATRAZ;
END;

HALT */
DO;
INTE = BFFH;
IF HLT AMD HOLD THEN GOTO IEHHOLD;
IF HLT THEN GOTO HALTIE;
IF HOLD THEN GOTO IHHOLD;
IF INT AND INTE THEN GOTO INTJAML;
ELSE GOTO HALTI;
END;

JC ADDR #*/

DO;

IF C¥Y <> 8 THEN PC = ADDR;
END;

IN PORT */
A = MDATA;

CC ADDR #*/
DO;
IF CY <> © THEN DO;
SDATAZ = PC;
PC = ADDR:
END;
ELSE DO;
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2035
2037
2833
2041
2043
2044
2045

2846
2047
2848
2050
2852
2054
2056
2857

2058
2059
2066
2861
2862
2063
2864
20865
2066

2067
2068
2069
2070

2071
2a72
2074

2a7S

20876
2877
2079

2020
2021
2082
2083

2084
2085

auauuaaaaa s auaaaaua s AN D

aas aaas aaas

aaa s

a s

Q-88 SIMULRTOR

END;

/% DD: HALT */
DO:;
INTE = OFFH;
IF HLT AND HOLD
IF HLT
IF HOLD
IF INT AND INTE

END;

/% DE: SBI DRTRS */
DO;

PRGE 61

IF HLT AND HOLD THEN GOTQ HHOLD;

IF HLT THEN GOTO HALTE;

IF HOLD THEN GOTO HeLD;

IF INT AND INTE THEN GOTO INTJAMA;
ELSE GOTO IFCH1;

END;

THEN GOTO IEHHOLD:;
THEN GOTO HALTIE;
THEN GOTO IHHOLD;
THEN GOTO INTJAM1;
ELSE GOTO HALTI;

CALL OFLCY<A, DATABYTE, CY, SUB>;
DUMMY = A - DATABYTE - <CY AND ©1HJ>;

S = SIGN;

DUMMY = A -~ DATABYTE - <C¥ AND B1H);

2 = ZERO;

A = A - DATRBYTE - <(CY AND B1H>;

P = PARITY;
END;

/% DF: RST 3 %/
DO;
SDATA2 = PC;
PC = 24;
END;

/% E@: RPO */
DO;

IF P = 8 THEN PC

END;

/% E1: POP H */
HL = MDRATRZ2;

/% E2: JPO RODDR #*/
DO;
IF P =08 THEN PC
END;

/% E3: XTHL */
DO;
SDATAZ = HL;
HL = MDATAZ;
END;

/% E4: CPO ADDR */
DQ;
IF P = 8 THEN 0O

MDATAZ;

ADDR;

i
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2087
2088
2089
2090
2891
2093
2895
20897
2099
210e
2iel1

2102

2182
2164
2165
21086
2187
2168
2463
2110
2111

2442
2142
2114
2115

2116
2117
2449

2120

2121
2122
2124

2125
2126
2127
2428
2129

2130
2431
21323
21x4

aaaa s aans aaas AU Nd aoaoaaan s S AN OO

[
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Q-80 SIMULATOR

SDATA2 = PC;

PC = ADDR;

END;

ELSE DQ;

IF HLT AND HOLD THEN GQTC HHOLD:

IF HLT THEN GOTO HALTE;

IF HOLD THEN GOTO HeLD;

IF INT AND INTE THEN GOTO INTJAML;
ELSE GOTO IFCH41;

END;

END;

7% ES: PUSH H */

SDATARZ = HL;

/% E6: RAMI DATR8 */

7k

/%

%

%

/%

E7:

ES:

ES:

EA:

EB:

EC:

DO;

DUrMMY = R AND DRTABYTE;
S = SIGM;

DUMMY = A RANMD DATABYTE;
2 ZERC;

A A AND DATABYTE;

P = PARITY:

CY = 08

END;

RST 4 */

DQ;

SDATAZ = PC:
PC = 32,
END;

RFPE */

DO;

IF P <> 8 THEN PC = MDATAZ2;
END:;

PCHL */
PC = HL;

JPE ADDR */

DO;

IF P <> @8 THEN PC = ADDR:;
END;

ACHG */

DO;

MDATAZ = DE;
DE = HL;

HL = MDATAZ;
END;

CPE ADDR #/
DO;
IF P <> 8 THEN DO;
SDATA2 = PC;
PC = ADDR;
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2135
2136
2137
2139
2141
2143
2145
2146
2147

2148
2149
2150
2152
2154
2156
2158
2159

2160
2161
2162
2162
21€4
216S
2166
2167
21€8

2169
2170
2171
2172

2172
2474
2176

21727
2178
2179
21886
2182
2183
218S
2186
2188
2189
2191
2192

auauaunaans AN NG

auanaanaas

aamoas

aamas

aauaaaaaaaaan s

Q-88 SIMULATOR

END:;
ELSE DO;
IF HLT AND
IF HLT
IF HOLD
IF INT AND
END;
END;
/% ED: HALT */
DO;
INTE = OFFH;
IF HLT AND HOLD THEN GOTOQ
IF HLT THEN GOTO
IF HOLD THEN GOTO
IF INT AND INTE THEN GOTO
ELSE GOTO
END;
/% EE: XRI DATRAZ */
DO;
DUMMY = A XOR DRTARBYTE:
S = SIGNMN;
DUMMY = A XOR DATABYTE:
2 = ZERO;
R = R XOR UATABYTE;
P = PARITY;
CY = 0;
END;
/% EF: RST S5 #/
DO;
SDATAR2 = PC;
PC = 4@,
END:;

/% FB: RP */

DO;

IF S = 8 THEN PC = MDATAZ2;

END:;

/% Fi: POP PSW */

DO;

A = HIGH(MDATAZ2)Y;

DUMMY = LOW <(MDATAZ);

IF pumMmy THEN CY =
ELSE C¥Y =

IF SHRCDUMMY, 2> THEN P =
ELSE P =

IF SHR<CDUMMY, 6> THEN 2 =
ELSE 2 =

IF SHRCDUMMY, 7> THEN S =
ELSE S =

END;

/% F2: JP ADDR *»/
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HOLD THEN GOTO HHOLD;
THEN GOTO HALTE;
THEN GOTO HeLD;

INTE THEN GOTO INTJARMA;
ELSE GOTO IFCH1;

IEHHOLD;
HALTIE;
IHHOLD;
INTJRAMA;
HALTI;
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2193 4 DO;
2194 S IF S = @ THEN PC = ADDR;
2196 5 END;
/% F3: DI %/
2197 4 INTE = @;
/% F4: CP RDDR */
2198 4 DO;
2199 5 IF S = @ THEN DO;
2201 6 SDRTA2 = PC;
1 2202 6 PC = RDDR;
2202 6 END;
2204 5 ELSE DO;
2205 € IF HLT AND HOLD THEN GOTO HHOLD;
2267 6 1F HLT THEN GOTO HALTE;
2209 6 IF HOLD THEN GOTO HeLD;
2211 € IF INT AND INTE THEN GOTO INTJAML;
2213 6 ELSE GOTO IFCH1i;
2214 6 END:;
2215 S END;
/% FS: PUSH PSW #/
2216 4 DO;
22147 S SDATAH = R;
2218 S SDATA = <(CY AND ©1H> OR
SHLCP RHD @iH, 2> OR .
SHL¢Z AND ©1H.6> OR 4
SHLCS AND @1H, 7> OR
8000001 08;
2219 S END;
/% F6&: ORI DATAS */
2226 4 DO;
2221 S DUMMY = A OR DATABYTE:;
2222 5 S = SIGN;
2223 S DUMMY = A OR DATAEYTE;
2224 S Z = ZERO;
2225 S A = R OR DATABYTE;
2206 S P = PARITY;
2227 S cY = o
2228 S END;
/% F7: RST 6 #/
2229 4 DO; :
2236 5 SDATAZ = PC; :
2221 S PC = 4g; 3
_ 2232 S END;
/% F8: RM */
223z 4 DO;
2234 S IF 5 <> @ THEN PC = MDATAZ;
2236 5 END;

/% F9: SPHL =»/
SP = HL;

»
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%k
2238
22398
2241

(LRSI

/%
2242

H

/%
2243
2244
224¢€
2247
2248
2249
2250
2252
2254
2256
2258
2253
2260

NANOAOAAOANOROONU L

’*
2261
2262
2262
2265
2267
2263
2271
2272

auaaanagas

/%
2272
2274
2275
2276
2277
2278
2279
2280
2281

aaaaaaaa s

/%
2282
2283
2284
2285

2286

2287
2288
2283
2291
2293

aOaLsw & OO

Q-88 SIMULATOR

FA: JM ADDR */

DO;
IF S <> 8 THEN
END:;
FB¢ EI ¥/
INTE = @FFH;

FC: CM ADDR */
DO;

IF S <> 0 THEN

EL

END;

FD: HALT */
DO;
INTE = GFFH;

E

PRGE €S

PC = RDDR;
DO;

SDARTARZ2 = PC;
PC = ADDR;
END;

DO;

IF HLT AND HOLD THEM GOTO HHOLD;

IF HLT THEN GOTO HALTE;

IF HOLD THEN GOTO HeLD;

IF INT AND INTE THEN GOTO INTJAMAL;
ELSE GOTO IFCH1;

END;

IF HLT AND HOLD THEN GOTO IEHHOLD;

IF HLT
IF HOLD

THEM GOTQ HALTIE:
THEN GOTO IHHOLD;

IF INT AND INTE THEN GOTO INTJAM1:

END;

FE: CPI DATRE */
DO;

ELSE GOTO HALTI;

CALL OFLCY<A. DATAREYTE, @, SUBX;
DumMMY = A - DATRBYTE;

S = SIGN;

DUMMY = A - DATRBYTE;

2 = ZERQC;

DUMMY = A - DATABYTE;

P = PARITY;
END;

FF: RST 7 */
DO;
SDATAZ = PC;
PC = S6;
END;

END; /% OF DO CRASE */

DO CASE SHRC(TBLCOFCODE> AND @6H, 1);

DO;

/% ST = 00 */

IF HLT AND HOLD THEN GOTO HHOLD;
IF HLT

IF HOLD

THEN GOTO HALTE;
THEN GOTO HeLD;
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2295
2297
2298
2299
2308
2381
2302
2283

Wwhaablao

Q-0 SIMULRTOR

END;
END;

IF INT AND INTE THEN GOTO INTJAML;
ELSE GOTO IFCHL:

END;

GOTO STUREL: /% ST = 01 */
GOTQ PUSHL; % ST = 168 */
GOTO QUTPUTL; /% ST = 11 */
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2384
2205
2387
23689
2311
2312
2315
2216
2317
2318
2319
2326
2321
2322

2323
2324
2325
2326

2327
2329
2321
2332
2235
2337
2339
2340

WWWWWWWW WWWW WdWWWWWWWWWYNWWN

$EJECT

STORE4L: DO;
IF
IF
IF
IF

SIMULARTOR

£ Askekeorokobok bokok koK
/7% STORE1L */
2Rkt kokoRbok Rk S

OPCODE
OFCODE
OFCODE
OFCODE

92H THEN CALL MQVEC2,.BC,. V>
12H THEN CALL MOVE(2,. DE.. V)
22H THEN CALL MOVECZ,. ADDR, .
32H THEM CRLL MOYEC(2,. RDDR. .

PARGE

VI
Vi

IF C(OPCODE AMD 8CFH> <> 082H THEN CALL MOVECZ2,. HL,. V)
V(2> = SDATH;

CALL SETRITC V. 26,4, INTEX;
CALL SETEITC. V. 27,1, 8B);

CALL SETBITC. V., 29,1, 8B);

CALL SETEITC. V. 31,1, 8B);

CALL SETEITC. V. 33, 1, OFLD;
CALL SETEITC. V. 24, €, 80B0G1E);

DEF

= OLDDEF AMD BFFEFH OR ©BO3H;

CALL ALFHRC(ED, &, . VD
CALL SCHEDULECS);

CALL MEMWCMARDDR, SDATAY;
CALL PRINT;

IF
IF
1F
IF
IF
IF

RESIN THEM GOTOD RESET;
(TELCOFCODE» AMND ©1H> = @41H THEN GOTO
HLT AND HOLD THEN GOTO HHOLD:

HLT THEN GOTO HRALTE;
HOLD THEN GOTO HBLD;
INT AND INTE THEM GOTO INTJRML;

ELSE GOTO IFCH4;

END:;
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$EJECT
: e 7
3 /% STORE2 */
/ /

2341 2 STORE2: DO;
2342 3 V(B> = LOW ¢MADDR+1);
2343 = V<¢1) = HIGHCMADDR+1);
2344 3 V(2> = HIGH(SDRTA2);
2345 3 CALL SETEBITC. V, 26,1, INTE);
2246 3 CALL SETEBITC. W, 27,4, 0B);
2347 3 CALL SETBITK. V, 29,1.0B); |
2348 3 CALL SETBITC. V., 21,1, 08B); \
2243 3 CALL SETBITC. ¥, 33,4, OFL); i
2350 3 CALL SETBITC. V, 34, 6, 0800018 :
2351 3 DEF = OLDDEF; 3
2352 3 CALL ALPHACEOD. 6. . V)i i1
2353 3 CALL SCHEDULE(S); i1
2354 3 CALL MEMWC(MADDR+1, HIGH(SDATA2) ); |
2355 3 CALL PRINT; i1
2356 3 IF RESIN THEN GOTO RESET; |
2358 =3 IF HLT AND HOLD THEN GOTO HHOLD; |
2368 = IF HLT THEN GOTO HALTE; |
2362 2 IF HOLD THEN GOTO HOLD: |
2364 3 IF INT AND INTE THEN GOTO INTJAM1; ;
2366 3 ELSE GOTO IFCH1; !
2367 3 END;

———————————r
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$EJECT
Zaorakookokololokok
/% PUSH1I */
2 Roeokopokokkokokok

DO;

SP = SP - 4;

VCB> = LOW <(SP);

V(1> = HIGH(SP);

V(¢(2> = HIGHC(SDATA2);

CALL SETBITC. V, 26, 1, INTE);
CALL SETBITC. V, 27,1, 0B);

CALL SETBITC. V,29,1,0B);
CALL SETBITC. Vv, 314,1,0B);
CALL SETBITC. Vv, 33,1, 0FL);
CALL SETEITC. V, 34, 6, 100010B);
DEF = OLDDEF AND OFFEFH OR 0OB3H;

CALL ALPHACEO, 6,. ¥J;

CALL SCHEDULE(10);

CALL MEMWC(SP, HIGHCSDATAZ) >;
CALL PRINT;

IF RESIN THEN GOTO RESET:
ELSE GOTO PUSH2;

2
3
3
3
3
3
3
3
3
2
3
3
3
3
3
3
3
3
3

END;
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2388
2389
2390
2391
2392
2393
2394
2395
2396
2397
2398
2399

2400
2401
2402
2403

2404
2406
2408
2410
2412
. 2414

: 2445
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Q-80 SIMULATOR

$EJECT
Zeestopokokfopokkok /
/% PUSH2 =%/
2 estotokokeokskokotonok /
PUSH2: 0DO;
SP = SP - 4;

V(B> = LOW <SP);
¥<1) = HIGHCSP);
V<(2> = SDATA;

CALL SETBITC. V, 26, 1, INTE);

CALL SETBITC. V,27,1,0B);
CALL SETBITC. V., 29,1, 8B);
CALL SETBITC. V. 31,1,08);
CALL SETBITC. V. 33,1, OFL)>;

CALL SETBITC. V. 34, 6, 160016B);

DEF = OLDDEF;

CALL ALPHACBO, 6, . ¥);
CALL SCHEDULE<11);
CALL MEMWCSP, SDATAD;

CALL PRINT;
IF RESIN THEN GOTO
IF HLT AND HOLD THEN GOTO
IF HLT THEN GOTO
IF HOLD THEN GOTO
IF INT AND INTE THEN GOTO
ELSE GOTO
END;
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$EJECT

/ /

/%  QUTPUT =/

ok /
2416 2 OUTPUT4:D0;
2417 3 v<@> = DATABYTE;
2418 3 V1) = 0;
2419 3 v(2> = SDATA;
2420 3 CALL SETBITC. V, 26,1, INTE);
24214 3 CALL SETBITC. ¥, 27,1,0B);
2422 3 CALL SETBITC. V., 29,1, 6B);
2423 3 CALL SETBITC. V., 31,1, 8B);
2424 3 CALL SETBITC. V., 33,1, 0B);
2425 3 CALL SETEITC. V, 24, 6, 0081008B);
2426 2 DEF = OLDDEF AND @FFEFH OR ©GGO3H;
2427 3 CALL RLPHACEO. 6. . ¥);
2428 3 CALL SCHEDULE(12);
2429 3 CALL PRINT; ]
2430 2 IF RESIN THEN GOTO RESET;
2432 3 IF HLT AND HOLD THEN GOTO HHOLD;
2434 3 IF HLT THEN GOTO HALTE:
2436 3 IF HOLD THEN GOTO HOLD:
2428 3 IF INT AND INTE THEN GOTO INTJAM4; ;
2440 3 ELSE GOTO IFCH1;
2441 2 END;
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2442
2443
2444
2445
2446
2447 %
2448
2449
2450

2451
2452
24523

2454
2456
2458
2460
2462
2464
2465
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$EJECT

HALTE:

Q-8 SIMULATOR

Zokotopotorokkokok/

/% HALTE »/
ZRokokorokokokokokok,/

DO;

v<2> = LASTMEMTOQS0O;

CALL SETBITK.
CALL SETBITC.
CALL SETBITK.
CALL SETBITC.
CALL SETBITC.
CALL SETBITK.

DEF = OLDDEF

V. 26, 1, INTED;

Vv, 27,1, 0B);

Vv, 29,1, 6B);

Vv, 21,1,1B);

Vv, 32,1, OFL);

¥V, 24, 6, 000006B>;
AND OFFECH;

CALL ALPHACBO, 6,. V)i
CALL SCHEDULE(1?)>;

CALL PRINT;
IF RESIN

THEN GOTO RESET;

IF HLT AND HOLD THEN GOTO HHOLD:

IF HLT
IF HOLD

THEN GOTO HALTE:;
THEN GOTO HOLD;

IF INT AND INTE THEN GOTO INTJAM1;
END;

ELSE GOTO IFCH1;
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2466
2467
2468
2469
2470
2471
2472
2473
2474
2475
2476
2477
2478

2479
2480
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2483

2484
2486
2488
2490
24952
2454
2495
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$EJECT

HOLD:

Q-80 SIMULATOR

ZRpokoksoKkk S

/% HOLD x/
otttk

DO;

DECLARE OLDADDR RADDRESS:;

CALL MOVE(2,. VY.,. OLDADDR);
V(8> = OFFH:;

V<4) = OFFH;

V(2> = OFFH;

CALL SETBITC, V, 26, 1, INTE);
CALL SETBIT(. V, 27,1, 0B);

CALL SETBITC V, 29,4, 18B);

CALL SETBITC. V. 31.1,0B);

CALL SETBITC. V., 33,1, OFL);
CALL SETRBITC. V, 24, 6, 8608088,
DEF = OLDDEF AND OFFEFH OR OBO3H;

CALL RLPHARCBO, 6,. V¥);
CALL SCHEDULE(18);
CALL PRINT;

CALL MOVE(2,. OLDADDR.. V);
v<2> = LASTMEMTORS80;

IF RESIN THEN GOTO RESET:;
IF HLT AND HOLD THEN GOTO HHOLD;
IF HOLD THEN GOTO HeLD;

IF HLT THEN GOTO HALTE;

IF INT AND INTE THEN GOTO INTJAM4;
ELSE GOTO IFCH1;
END;
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$EJECT
oot okokok oKk /S
/7% HHOLD %/
7 ek opok gk ok /
2496 2 HHOLD: DO;
2497 3 DECLARE OLORDDR ADDRESS:
2498 3 CALL MOVECZ,. V.. OLDRDDR);
2499 3 v<a) = @FFH;
2500 3 V(1> = OFFH:;
2501 3 V(2> = @FFH;
2502 3 CALL SETBITC. V., 26, 4, INTE);
2502 3 CALL SETBITC. V. 27,4, 08);
25064 3 CALL SETBITC. V. 29,41, 1B);
2505 3 CALL SETBITC. V¥, 21,4, 1B);
2506 3 CALL SETBITC. V, 23,4, OFL>;
2507 3 CALL SETBITC. V, 24, 6, 000600B);
2508 3 DEF = OLDDEF RMD OFFEFH OR OO0O3H;
2509 2 CALL ALPHACRO. 6.. V),
2510 3 CALL SCHEDULE(<19);
2511 3 CALL PRINT;
2512 3 CALL MOVEC2,. OLDRDDR. . V>;
2513 3 V(2> = LASTMEMTOQSA;
2514 3 IF RESIN THEN GOTO RESET:
2516 3 IF HLT AND HOLD THEN GOTO HHOLD:;
2518 3 IF HLT THEN GOTO HALTE:
2520 3 IF HOLD THEN GOTO HeLD;
2522 3 IF INT AND INTE THEN GOTO INTJAM1;
2524 3 ELSE GOTO IFCHi1;
2525 3 END;
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2526
2527
2528
2529
2538
2521
2532
2533
2534

2535
2536
2537

2538
2540
2541
2542

2544

2545

2546

2547

2548

3 2549
1 2556
2551

2552

2552

2554

- -

WADADUNMNANOUL UAWW WWW WWWWWWWWN

$EJECT

HALTI:

DO;

v2)>
CALL
CALL
CALL
CALL
CALL
CALL

Q-80 SIMULATOR

ZRkeiooolkokokkok

/% HALTI »/
Zeektokokokootopok

= LASTMEMTOQR8;
SETBITC. V, 26, 1, INTE);
SETBITC. ¥, 27,1, 8B);
SETBITC. WV, 29, 1, 8B);
SETBITC. V, 31, 1, 1B);
SETBITC. ¥, 33,1, 6B);
SETBITC. V, 24, 6, 00B006R)> ;

DEF = OLDDEF AND OFFECH:;

CALL
CALL
CALL

ALPHARCBO, 6, . V)i
SCHEDULEC26);
PRINT;

IF RESIN THEN GOTO RESET;

DO CASE HLT AND 62H OR HOLD AMND ©1H:

END;
END;

DO;
IF INT AND INTE
THEN GOTO INTJAML;
ELSE DO;
CALL PRGECLP);
CALL PAGECLP);
CALL EXIT;
END;
END;
GOTO IHHOLD:
GOTO HALTIE;
GOTO IEHHOLD:;
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$EJECT
/ /
/7% HALTIE »/
/ 4

2555 2 HALTIE: DO;
2556 2 V(2> = LASTMEMTOQRSO;
2557 3 CALL SETBITK. V¥, 26,1, INTE>;
2558 2 CALL SETBITC. ¥, 27,1, 6B);
2559 2 CALL SETBITC. V., 23,1, 08B);
2560 3 CALL SETBITC. V,31,1,4B);
2561 3 CALL SETBITC. V, 33,1, 0B);
2562 3 CALL SETBITC. V., 24, 6, 600000B) ;
2563 3 DEF = OLDDEF AND OFFECH;
2564 3 CALL ALPHACBO, 6,. ¥J;
2565 3 CALL SCHEDULE(21);
2566 3 CALL PRINT;
2567 3 IF RESIN THEN GOTO RESET;
2569 2 DO CASE HLT AND 62H OR HOLD AND ©1H;
2576 4 DO;
2571 S IF INT AND INTE /% HH = 88 */
THEN GOTO INTJAML;
2573 S ELSE DO:
2574 6 CALL PRAGECLP);
2575 6 CALL PRAGECLPD;
2576 6 CALL EXIT;
2577 6 END;
2578 S END;
2579 4 GOTO IHHOLD; /% HH = 81 */
2588 4 GOTO HALTIE; /% HH = 18 *x/
2581 4 GOTO IEHHOLD; /% HH = 11 */
2582 4 END;
2583 3 END;
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2584
2585

2587

2589
2590
2591
2592
2593
2594
2585
2596

2597
2598
2599

2600
2601

2602
2604
2605
26066

2608
2689
2610
2611
2612
2613
2614
2615
2616
2617
2618

WEaABRDUNROANAOU NAWW WW WWW WWWWWWWWWWWWN

$EJECT

IHHOLD: DO;

Q-80 SIMULATOR

7

/

PL

/’

IHHOLD %/
/

DECLARE OLDADDR ADDRESS:;

CARLL
Ve
V<
V2>
CALL
CALL
CALL
CALL
CALL
CALL

MOVE<C2, .

= OFFH;
= BFFH:;
= OFFH;

SETBITC.
SETBITKC.
SETBITC.
SETBITC.
SETBITC.
SETBITK.

DEF = OLDDEF

V., . OLDADDR>;

Vv, 26, 1, INTE);
V,27,1.0B);
V,29,1,1B);

v, 21,14, 1B)>;

Vv, 33,1,08B);

Vv, 34, 6, 6OOBOBE ) ;
AND BOFFEFH OR ©OB3H:

CALL ALPHACBO, 6, . V);
CALL SCHEDULE(22);

CALL

PRINT;

CALL MOVE(2,. OLDADDR, . ¥>;
¥<(2> = LASTMEMTOQ20;

IF RESIN THEM GOTO RESET;
DO CASE HLT AMD ©2H OR HOLD AND B1H;

CALL EXIT;
END;
END;
GOTO IHHOLD: /% HH = 81 */
GOTO HALTIE: /% HH = 10 */
GOTO IEHHOLD; /% HH = 411 */
END:;
END;
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DO;

IF INT AND INTE /% HH = 06 */
THEN GOTQO INTJAML:
ELSE DO;

CALL PRAGECLP);
CALL PAGECLPY;
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PL/M-80 COMPILER Q-8 SIMULATOR

$EJECT

7/ * /
/% IEHHOLD %/
/7 7/

2619 2 IEHHOLD : DO;

2620 3 DECLARE OLDADDR ADDRESS:

2621 2 CALL MOVEC2,. V.. OLDADDR);

2622 2 CALL SETBIT(. V, 26, 1, INTE);

2623 3 CALL SETBIT(. V, 27.1,0B);

2624 3 CALL SETBITC. V., 29,4, 1B)>;

2625 3 CALL SETBITC. V. 31.4,1B);

2626 2 CALL SETBITC. ¥, 33,1, 0B);

2627 3 CALL SETBITC. V, 34, 6, 0000006E);

2628 3 DEF = OLDDEF AND OFFEFH OR O©OG83H;

2629 3 CALL ALPHACBO, 6,. V)i

26306 3 CALL SCHEDULE(C23);

2631 2 CALL PRINT;

2632 3 CALL MOVE<2,. OLDADDR, . V¥>; {

2633 3 v<2> = LASTMEMTOGSG; 5

2624 2 IF RESIN THEM GOTO RESET;

2626 2 DO CASE HLT AND ©2H OR HOLD AND @1H;

2637 4 DO;

2638 S IF INT AND INTE /% HH = 00 */
THEN GOTO INTJAML;

2640 S ELSE DO;

2641 6 CALL PAGECLP);

2642 6 CALL PAGECLP);

2643 € CALL EXIT;

2644 6 END;

2645 S END;

2646 4 GOTO IHHOLD; /% HH = 81 */

2647 4 GOTO HALTIE; /% HH = 1@ */

2648 4 GOTO IEHHOLD; /% HH = 11 */

2649 4 END;

2650 3 END;
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2651
2652
2652
2654
2655
2656
2657
2658
2658
2660
2661
2662

2663
2664
266S
2666

2667
2668

2670
2671

WWW W WWWW WhWWWWWNWWWNWWN

$EJECT

INTJAM1 : DO;
INTE
Ve
V(i
V2>
CALL
CALL
CALL
CALL
CALL
CALL

Q@-80 SIMULATOR PAGE

/ /
/% INTJAML %/
/ */

a;

LOW <PC);

HIGHCPC);
LASTMEMTORE;
SETRITC. V. 26, 1, INTE);
SETBITC. ¥, 27,1, 1B);
SETBITC. ¥, 29,1, 6B);
SETEITC V. 21,4, 8B);
SETBITC. ¥, X2, 4, OFL);
SETBITC. V., 34, €, 6106068 >;

nnun

DEF = QOLDDEF AND OFFFDH OR ©844H;

CALL
CALL

ALPHACBO, &, . V)i
SCHEDULEC1Z);

OPCODE, LASTHMEMTO®S88 = INTJAMWORDC@);

CALL

PRINT;

OFL = B;

IF RESIN THEN GOTO RESET;

END;

ELSE GOTQ INTJIAMZ;
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$EJECT

2672
2673
2674
2675

2676
2677
2678
2679

2680
2682
2683

WWW WWWW WWwWwmn

7 7
/% INTJAM2 */
i .

L4 ¢

INTJAM2:00;

v<2> = OPCODE;
CALL SETBITC. V, 33, 1, OFL);
DEF = OLDDEF;

CRLL ALPHACEOD, 6. . V)i

CALL SCHEDULEC14)>;

DATABYTE, LASTMEMTOR3® = INTJAMMORDC(1);
CALL PRINT;

IF RESIN THEN GOTO RESET;
ELSE GOTO INTJAMZ;
END:;
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2684
2685
2686

2687
2688
2689
2690

2691
2693
2694
2695
2696
2697
2698
2699
27vee
27e1

PRAWAARLAWW WWWW WWN

Q-8@ SIMULATOR

$EJECT
/7 * /’
/%  INTJAM3 =/
4 7/
INTJAM3 : DO;

MODULE INFORMATION:

CODE AREA SIZE
VARIABLE AREA SIZE = 67€3H 18910
MAXIMUM STACK SIZE = OG66EH 14D

3580 LINES RERD

V<(2> = DRATABYTE;
DEF = OLDDEF;

CALL ALPHACBO.: 6, . Vi

CALL SCHEDULEC4S);

ADDRH, LASTMEMTOQS88 = INTJAMWORDC2);
CALL PRINT;

IF RESIN THEN GOTO RESET;
DO CRSE SHRCTEBLCOPCODE> AND 20H, 4);

GOTO EXEC; /% OF = 08 */
GOTO OFCH1:; /% OF = 01 *»/
GOTO POP1; /% OF = 10 */
GOTO INPUT; /% OF = 11 »/
END;
END;

END:; /% OF @-80 SIMULATION BLOCK */
END QSOSIM;

= SFABH 24491D

@ PROGRAM ERROR(S)>

END OF PL/M-80 COMPILATION
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6. Conclusions

ZgThe basic conclusion of this emulation analysis effort is that the GPU

and its supporting devices (GUA, ROM and RAM) constitute a viable
microprocessor 0it slice device family. However, deficiencies were found

in the GPU and its family members that must be rectified to ensure

a truely competitive product line capable of handling Air Force require-
ments. GPU design deficiencies are presently being correct.e_d_y in a reworked
design. More unportantly,ﬁdeﬁcmncnes in the breadth of the device

family wer€ ’found to exist and recommendations for additional part types
for the family are proposed. The most important additional device type
required is a microprogram controller. -~Fhe- recommendation is te build, ,~?

a CMOS/SOS version of the AMD 2910, /s r<cc’ ” ended ~

=

‘A parallel effort was undertaken to define and then desxgn to the

Al

gate level, a particular computer for emulation utxﬁ'im; the device family.
This effort provided a test of the emulation capabilities of the device
family.  Further deficiencies in the devices were found as a result of this
effort. The computer selected for emulation was the 8080. ‘Ph:s mlcro—
processor (was[’/fépresentative« of the higher performance microprocesors

on the market and, as such, was an excellent emulation analysis vehicle.

—_—)

/,A major accomplishment of this program was the detailed design of an

(J“f-k-'

8080 emulator utitizing the device family. , The main conclusion that
was drawn from this effort is that the deyvice family should be augmented

with GUA types with both more capability (gates, pins) and less capability
than the TCS-091.
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As a supplement (P0O0001), Questron undertook a functional testing effort

of the GPU to verify and validate its design. Questron conceived, de-
veloped and proved the concept of low cost functional testing for LSI

design verification. This technique utilizes low-cost test stands designed
specifically to facilitate computer aided test vector generation and func-

tional testing. During this effort, Questron detected, isolated and diag-
nosed a total of seven design flaws in the GPU. The GPU is currently

being reworked to correct the flaws.

To support the efforts, previously mentioned, Questron developed significant
support software capability for the GPU. Microprogram assemblers and a

simulator package exist.

To summarize, the major conclusions and accomplishments of this

program are as follows:

8 A detailed functional specification of the GPU device (Section 1)

that will enable potential users of the device to understand its features

and also its nuances. Such a specification did not previously exist

be-

cause of the newness of the device. This functional specification in-

cludes design details, control techniques and timing information. The

timing specifications take the form of what data paths should be

specified — no timing numbers are included since the device has not

been characterized by the manufacturer.
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An analysis of the emulation effectiveness of the RCA SOS
COS/MOS device family (Section 2). This analysis has resulted
in design modifications being recommended for all devices and
actual changes being made to the GPU which will significantly
enhance its capabilities. In addition, recommendations are made
for additional devices for the parts family to upgrade the
effectiveness and viability of the family in emulating computers
and meeting Air Force requirements.

Development and proof of the concept of the low-cost functional
testing technique for LSI design verification and validation
(Section3). This testing technique resulted in the detection, iso-
lation and diagnosis of seven functional design, logic design,
electrical design, mask layout and process related flaws. These
flaws are currently being ameliorated in a reworked GPU design.

A detailed design of a breadboard 8080 Emulator was completed
(Section 4.) This design is in sufficient detail so that hardware
can be procured and a working 8080 Emulator breadboard fabricated.

T — o i e i i in
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