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1. INTRODUCTION

General Aviation electronies has traditionally used separate,
single-function instruments and avionics, making the cockpit a maze of
dials and gauges. Recently , NASA sponsored two developmental studies
aimed at integrating and improving general aviation avionics. One was
performed at Southern Illinois University under NASA contract
NAS2-9310.[1] Completed in July 1977, this study proposed a complete
integration of all aircraft instrumentation inte a single modular
systen. Instead of using the current single~function aircraft
instruments, computers compile and display inflight information for
the pilot's use. Having all the inflight information available to a
medium capability computer allows many new possibilities in
navigation, inflight diagnositics, autopilots, ete.

A new processor architecture c¢alled the Team Architecture was
also proposed, This is a  hardware/software approach to high-
reliability computer systems. Safety requirements for adlreoraft
require that the system be fault tolerant. The Team Architectufé\gses
hardware and software redundancy, plus state-of-the-art technology\in-
a no-critical element system. The goal is a system that never has a
complete failure.[1].

The research presented is a follow-up study of the proposed Team
Architecture. Some questions arose as to the efficiency and
capabilities of the new architecture, In this study, GASP-PL/I

simulation models are used to evaluate the operating characteristies

1



of the Team Architecture.

Following sections present the problem, model development,
simulation programs and results at length. The appendices contain
program input formats, outputs, and listings, not including the GASP-

PL/I programs.



2 PROBLEM DESCRIPTION

The advent of microprocessors resulted in significant changes in
the way many design problems are approached. Applications from home
computers to automobiles have been found for these inexpensive, small,
and powerful computers. Microprocessors are expanding into many areas
where computer processing has been impractical.

One new application is in general aviation aircraft avionics.
Currently, some systems availabie use microprocessors for frequency
storage and navigation calculationa. Taking & clogser look at the
airoraft, the possibilities for aircraft instrumentation applications
are unlimited. Aircraft are essentially large instrumentation systems
in which everything from airspeed to engine oil temperature is
monitored. Since inflight information i= collected continually, why
not input it to a medium capability computer system? Calculations and
analyses ocould be performed by the computer to present a concise
picture of the aircraft situation to the pilot. This 18 the basic
concept behind the Integrated Avionie System (IAS).[1]

Designed to replace all of the current in~truments and avionies
in general aviation aircraft, the IAS uses microprocessors and state
of the art technology. High reliability is obtained through hardware
redundancy and a unique Team Architecture concept, The Team
Achitecture is a hardware/software system which is designed to prevent
complete failures.[1]

On the hardware side of the Team Architecture is the IAS Central
Pfooessor (CP}). sSince & large amount of computing power is required,

3
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a multieprocessing approach is used, Four miecroprocessor systems
comprise the CP. Using four microprocessors increases both computing
power and reliability. Each microprocessor subsystem in the CP is
called a Central Processor Subsystem (CPS). In the Team Architecture,
every CPS has access to any device in the system and is ocapable of
running the IAS independently of the others. CPSs share Jobs in the
IAS and check each others performance.(1]

The Team Operating System (T0S) is the software half of the Team
architecture, Software for the IAS must be reliable, fast, and
accurate, The TOS must insure that all IAS jobs are performed within
the correct time frame. Aircraft instrumentation is a real-time
problem and the IAS must keep up with the various data rates.
Diagnostics must also be included to insure that the IAS is running
properly.[1]

Reference 1 describes the IAS in detail. The Team architecture
concept is a new approach to high rellability computer systems. On
paper only, much needs to be learned about hardware and software
configurations before a prototype IAS can be built., Many CP
configurations must be studied to obtain the best mix of capability,
reliability, and cost.

The developmental system study (reference 1), proposes a modular
system configuration using the IEEE U488 standard instrumentation bus.
A table-dr;ven operating system was proposed in which the IAS jobs are
executed bj cyeling through a set of table entries by levels., Jobs in
the IAS cover a wide range of execution times, I/0 requirements, and

data rates.
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This research project is a computer simulation of the IAS CP

using GASP-PL/I models. 4 general-purpose simulation model is

developed,

and its use 1s demonstrated by studying the IAS3 CP.

Specifically, four operating characteristic:: of the Team Architecture

are evaluated:

1.

2.

3v

!‘l

The computing overhead required to manage and operate the
Team Operating System, Because the TOS uses four CPS units,
this 1is evaluated for the individual CPS wunits, and the
entire system.

The load on the system bus and how long a CPS must wait to
get a bus.

The time a CPS spends waiting to update the Team Operating
System., This is part of the operating system overhead, but
is directly affected by the system bus load.

The affect of different types of programs on the operating
system. Factors which increase or decrease the operating
system overhead.

Hardware configurations of the CP, CPS, system bus, and the TOS

programs are described in the next sections.



3 THE INTEGRATED AVIONIC SYSTEM

The 1AS is a modular, bus-criented system. The major system
components are the subsystems and the system bus ({(Figure 3.1). Each
subsystem performs one of the functions required in the aireraft, such
a3, navigation, communication, display processing. Four of the IAS
subsystem are called Central Processor Subsystems (CPS). These four
subsystems comprise the Central Processor (CP), which is the
controller for the entire IxS.[1]

The CP wuses a unique approach to high reliability computer
architecture called the Team Architecture concept. This is =&
hardware/software architecture which is designed to provide high
reliability without sacrificing computing power., The main components
of the Team Architecture are the CPS units and the Team Operating
System (TO0S). Each CPS has equal authority in the system., A
dedicated controller is not wused, because this would be a critical
link that could cause the entire IAS to fail.[1]

The TOS is a table-driven operating system which is resident in
all of the CPS units, Each CPS runs the TOS when needed, and all four
share the system workload. IAS jobs are run by cycling through the
TOS tables and running jobs in a specifie order and frequency. The
IAS 1s a real-time application and all Jjobs wmust be run above a
minimum frequency to insure that data is not lost,

The CPS units are Motorola M6800 microprocessor systems. The
main components in each CPS are a microprocessor, a block of memory,
and a Bus Interface Module (BIM)}. The BIM interfaces the CPS to the

6
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8
system bus., The CPS shares a block of memory with the BIM which
contains the TOS tables and a input/ocutput buffer area. All messages
to other subsystems from the CPS are sent through the BIM using a
buffer. This allows the CPS to load a buffer, then let the BIM send
the data to the receiving device(s), leaving the CPS free to perform
other calculations.

The ayatem bus is a triple-redundant IEEE 438 standard
inatrumentation bus. All system communication is transferred over the
bua uaing the interface functions and handshakes specified by the
standard: IEEE U488-1975.[2] Thus each BIM must be capable of
implementing any interface function that is required to transfer
information to and irom the CPS and other subsystems.

The syastem design, as described in reference 1, covers the basic
structure of the IAS and the Team Architecture, However, much of the
CPS organization had to be defined in greater detaill before beling
simulated. A major change was the use of the Motorola M6800
microprocessor instead of the Intel 3000,

A wide range of family devices, widespread use in other
applications, and the 1large amount of documentation and support
software available are the major reascns why the M6800 family was
chosen. The M6800 13 a versatile microprocessor, having asix
addressing modes and 72 instructions. Accessory devices include

parallel I/0 chips, serial I/0 chips, and many others.[3]



3.1 CP3 HARDWARE CONFIGURATION

The CPS is easentially a standard Motorola M6800 microprocessor
system. M6B00 family components are used exclusively, eliminating the
need for special ons-of-a-kind circuitry. The basic CPS is a M6800
mioroprocessor which is connected via an 8-bit data bus, and a 16-bit
address bus to a block of memory and one M6821 peripheral interface
adaptor (PIA) (Figure 3.2). The PIA is used to send commands to the
BIM to control 1/0 on the system bus,

Although the final IAS CPS may have a different :»nfiguration,
the memory was oconfigured as follows (Figure 3.3). Each CPS has 10K
bytes of memory, including 2X bytes of ROM for the TOS programs. The
lower 2K bytes of RAM (address 0000 to O7FF hexadecimal)® are shared
with the BIM and oontaina two of the TOS tableas, status words, input
buffera, and output buffers. Addresses 0800 to 0803 ocontain the CPS
PIA which interfaces with the I/0 processor in the BIM.

The remaining two TOS tables are contained in the block of memory
starting at 0810 and ending at O8FF., This area also includes a group
of working registers used by the TO0S and IAS programs. Standard
locations are picked for storing different information to simplify the
operating system prograums,

The TOS programs are contained in 2K bytes of ROM starting at

®A1l]l memory addresses will be written in hexadecimal from this
point on, as will all commands and messages used in the TOS.

9
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address 0900 and ending at 10FF. The balance of the wmemory is used
for working space for the IAS programs. Memory configuration will be
discussed further in section 3.3 when the TOS is described in detﬁil.

All four CPS unite are configured as shown in Figure 3.2. In the
team architecture, all CPS units have equal capabilities and equal
access to all subsystems. By configuring all four exactly alike, any
of the CPS units can run any of the software. The IAS does not have a

dedicated controller which could cause the entire system to fail.
3.2 THE BUS INTERFACE MODULE

Each CPS is interfaced to the system bus using a stand-alone unit
called a Bus Interface Module (BIM). The BIM is also a microprocessor
controlled system and shares 2K bytes of RAM with the CPS. Using a
microprocessor contrclled interface as an I/b channel allows the CPS
to continue with IAS programs and not handle time consuming I/0.

The system bus is a  triple-redundant IEEE 488 standard
instrumentation bus.[1] The IEEE 488 bus provides a uniform method for
interfacing different devices together in a multi-purpose
instrumentation system. The standard provides not only the hardware
specifications, but also the interface functions required for reliable
operation of the bus., Interface functions are provided for any type
of device requirements.[2] The IEEE 488 bus has a maximum data rate
of one mega-byte per second, although the BIM limits the bus to a
lower rate. A closer look at the BIM requirements and tasks shows

which interface functions are needed to perform every CPS task.
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The BIM has two main subdivisions, the I/0 proceasor and the
interface unit (Figure 3.4). The I/0 processor communicates with both
the CPS and the interface unit. Commands from the CPS and the bus
(via the interface unit) are decoded by the 1I/0 processor which
generates responses.

The interface unit is a hardware implementation of a subaet of
the interface functions described in IEEE standard 488-1975. It would
be possible to implement any interface functions with software using a
microprocessor, if the standard did not specify response to the ATN
and IFC commands be completed in less than 200 nano-seconds. However,
since a microprocessor cannot respond that quickly, a hardware
implementation must be used.

To eliminate confusion, the following convention will be used to
describe measages in the IAS. Messages sent between the CPS and BIM
will be call CPS messages. Data and commands sent over the system bus
will be called interface messages. These ar: defined by the standard.
Messages exchanged between the I/0 processor and the interface unit

will be called local messages.
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The BIM must perform the following tasks on request of either the

CPS or the system:

1.

9.

Clear its internal registers and reset to the idle state.
All current tasks are stopped and any I/0 in process is
loat.

Send the output buffer to one or more receiving devices.
The BIM must first get control of one of the system busses
and then address all the 1listening devices before the
tranafer is performed.

Get control of one of the three system busses to perform any
of the required actions, This includea resetting the
sysatem, addressing devices, servicing requests, running
serial bus polls, and transferring data buffers.

Get control of a system bus and inform the other BIMs that
the TO0S is belng updated. To prevent conflicts in the
operating system, only one CPS may update the TOS at a time.

Send TOS table update information to the other CPS BIMs.

The BIM must be capable of receiving a data buffer from
another CPS BIM or a subsystem.

The BIM must respond to all bus commands and service
requeats from other subsystems.

The BIM must be able to receive TOS table update information
from the other CPS BIMs.

The BIM must send its status and other requested information
to the CPS.

All of the above functions are performed by the BIM on command from

either the CPS or the system bus. It should be noted that all data

transfers across the system bus are performed by the BIM independently

of the CPS. The CPS initiates the transfer by commands, and the BIM

responds with a completion message when through.
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To accomplish the above tasks, the following interface functions
as defined by the IEEE 488 bus standard are required:[2]
1. Source Handshake (SH) function.
2. Acceptor Handshake (AH) function.
3. Talker (T) function including the serial pcll capability.
4. Listener (L) function.
5. Service Request {SRQ) function.
6. Controller (C) function including:
a. Controller service request states.
b. System controller states.
¢. System control interface clear states.
Along with the interface functions listed above, the I/0 processor and
the interface unit must be capable of generating éhe local and
interface messages required. The above list of interface functions is
a subset of the entire set defined in the standard., Table 3.1 lists
the interface functions, the subset numbers (see reference 2), and the
messages required.

For this study, the interface unit will be treated as a black box
which performs the above interface functions. For the final system,
the interface would be a sequential logiec cirecuit capable of
performing the state diagrams as described in reference 2 for the
functions listed in Table 3.1. A detailed sequential logic design is

not required because of the strict definition of the IEEE 488 standard

instrumentation bus.
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Table 3.1: IEFE 488 Bus Interface Functions Implemented in the

Interface Unit.[2]

FUNCTION SUBSETS MESSAGES REQUIRED

SOURCE HANDSHAKE SH1 ATN, RFD, DAC

ACCEPTOR HANDSHAKE AHY ATN, DAV

TALKER#® T6 MLA, STB, DAB, EOS, END,
RQS, IFC, ATN, MTA, SPE,
SPD, OTA

LISTENER L4 IFC, ATN, UNL, MLA, MTA

SERVICE REQUEST SR1 SRQ

CONTROLLER®# C1, 2, 4, T IFC, ATN, ICT, rsc, gts,
tes, sie

% 1Includes the Serial Poll states.
%% Tncludes the System Controller and Service Request states.

The speed at which data is transferred across the system bus is a
function of the I/0 processors and not the interface units. To
conform to the standard, the interface unit must be capable of a one
mega-byte per second data rate.[2] For example, if the I/0 processor
is a Motorola M6800, with a minimum clock cycle-time of one
microsecond and a minimum inatruction execution length of two cycles,
the maximum data rate the processor could generate is less than 500
kilo-bytes per second. Since the interface unit must be capable of
perforning the SH~AH qycle at one mega-byte per second, it is the 1/0
processor and not the interface unit which limits the system bus data
rate.

To perform the BIM tasks listed earlier a set of CPS messages
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were defined., These are one-byte words which request an action to be
taken by the BIM. Table 3.2 is a summary of BIM commands. Most of
these result in the BIM returning completion of task messages (Table
3.3). It should be noted that the messages defined here are software

functions and are not fixed.

Table 3.2: BIM Commands.

MNEMONIC MEANING BIM ACTION

SND SEND DATA BUFFER The BIM will get control of a
system bus and send the buffer
starting at the address specified
in the Output Buffer Starting
Address (OBSA). A 'TRS!
message is sent to the CPS MPU
when the transfer is started and
the *TRC' is sent when the
transfer is complete. The CPS
MPU must not alter the OBSA until
the 'TRS' is received.

GTC GET CONTROL The BIM will get control of a system
bus and inform the other CPS MPUs
that it will be sending TOS update
information,

The 'BSC' message is sent to the
CPS MPU when the BIM is ready to
send the TOS update information.

- STU . SEND TOS UPDATE This message must have been preceded
by a 'GTC.' The BIM, upon receipt
of the 'STU' will send the TOS
table update information
to the other BIMs. The 'TUS'
message is sent to the CPS MPU
when the transfer is started and a
1TUC' is sent when completed.

BCR BIM CLEAR The BIM stops all I/0 in process and
returns to the idle mode. This
command is generally used to reset
the BIM during start-up.




Reference
configurations of the BIM.
and modeled.
in detail.
Motorola M6800 microprocessor ia used as the I/0 processor.

are 2K bytes of RAM shared with the CPS MPU, a block of seratchpad

RAM,

Interrupts are prioritized using a hardware priority cirecuit.
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7 did not specify the exact hardware and software
The following description was developed
Other configurations are possible, but were not studied

Figure 3.5 shows the hardware configuration of the BIM.

and a block of ROM which contains the BIM control programs.

reduces the response time of the BIM to inputs.

Table 3.3:

BIM Responses.

MNEMONIC MEANING

REMARKS

BER

BFE

BSC

DIN

TRC

TRS

TUC

TUS

BUS ERROR
BUFFER ERROR
BUS CONTROL

OBTAINED

DATA BUFFER
RECEIVED

TRANSFER COMFLETE
TRANSFER STARTED

TABLE UPDATE
COMPLETE

TABLE UPDATE
STARTED

During the last operation a system bus
error occurred,

The output buffer was formatted
incorrectly, the data was not sent.

The BIM has obtained control of
one of the system busses.

The BIM has just received a
data buffer from another device.

An output buffer has Jjust been
sent without any errors.

The output data buffer is being sent.
The CPS can now modify the OBSA.

The BIM has just completed transaferring
the system table update information.

The BIM has started sending the
syatem table update.

Included

This
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Interfacing the 1I/0 processor to the CPS MPU is a M6821
Peripheral Interface Adapter {PIA)}. This is connected as shown in
Figure 3.6. On both PIAs, the A-side is used for input, and the B-
side is wused for output. After initialization, both PIAs are
programmed as follows:

A-side: Handshake input mode,
Interrupt on negative transition of CA1.

B-side: Pulse output mode.
Interrupts are disabled,

The interface unit is three identical IEEE 488 bus interfaces.
Each one is connected to the I/0 processor through a PIA. All I/0 on
the system bus, and local messages pass through these three PIAs. The
three interfaces are not interconnected to provide redundancy.

Software for the BIM must be as fast as possible, while still
performing all of the BIM functions reliably. A four-mode software
operating system was proposed for the BIM (Figure 3.7).

During power-up, the BIM automatically starts in the idle mode.
In this mode, the BIM is waiting for a command from either the CPS MPU
or the éystem bus, If the BIM receives a YBCR" command while in any
mode, it will immediately return to the idle mode. All current
operations are lost and the BIM is re-initialized. This allows the
CPS to raset the BIM at any time.

All inputs are processed using interrupts. The BIM knows the
cunrent‘mode, the current interface unit state, and how each input is
to be processed. To execute the input in the fastest possible time a

hardware interrupt priority circuit is used.
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BIM PIA-0 CPS PIA-O
po-08 K _ DO-D8
A-gide CAl CB2 pu.gide
CA2 —»{ CB1
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Interrupt on negative CAl tramsition

B-side:

Pulsge-mode output
Interrupts disabled

Figure 3.6: CPS to BIM PIA Interface Configuration.
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While in the active mode, the BIM will execute any commands
received and return to the idle mode. The BIM commands, "SND" and
"GTC", cause the BIM to enter the active mode. Three local messages
also cause the BIM to enter the active mode. The messages "tac"
(talker active), "spa" (serial poll active), and "srq" (service
request pending)}, all require the I/0 processor to receive or send
messages over the system bus, See Table 3.4 for meanings of each of
the commands.

The "SND" command informs the BIM that a data buffer is ready to
be sent. The starting address of the buffer is in locations 0700 and
0701. Output buffers are formatted according to Figure 3.8, with the
first address containing the number of bytes to be sent. The system

bus addreases of the receiving devices are in the next higher

Table 3.4: Interface Messages Used.[2]

MESSAGE MEANING
ATN attention
DAB data byte
DAC data accepted
DAV data valid
END end of message
IDY identify
IFC interface clear
MLA my listen address
MTA my talk addreass
OTA other talk address
RFD ready for data
RQS request service
SPD serial poll disable
SPE serial poll enable
SQR servioce request
STRB status byte
TCT take control

UNL unlisten
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Buffer start nn nn= number of bytes of data
Dev(0) to be sent (0€ nn€ FF)
Dev(l) Dev(m)= system bus address of the

mth device to receive the
data. (0%dev(m)& FF)
Dev(m)
FFP
start of data
FF
y nn bytes of data.
\ A\ el
o
00 d of data
111
00 ©
Mt P ]

Figure 3.8: BIM Output Data Buffer Format.
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locations. Each address is one byte long, and the last address is
followed by two locations containing FF. This is an invalid
address and is only used to aignify the start of the data. The data
to be sent is next, followed by two 1locations containing the null
value, 00.

When the I/0 processor receives the "SND" command, it will first
get control of a system bus, if it does not already have control of
one (Figure 3.9). Once control iz obtained it will read the buffer
start address, from scratchpad memory. A "TRS" message is sent to the
CPS MPU, and the transfer is started. The CPS MPU must not change the
buffer start address until the "TRS" is received.

Next, the BIM will address all listeners, and go to the output
mode. In the output mode the data buffer 1s sent over the system bus
using the SH-AH handshake cycle. When the buffer has been aent, the
BIM re-enters the active mode, de-addresses all of the listeners, and
sends the "TRC" (TRANSFER COMPLETE) message to the CPS MPU. After
completing all pending commands, the BIM returns to the idle mode.

When a "GTC" (GET CONTROL) command is received, the BIM will
first determine if any CPS is updating its TOS tables (Figure 3.10).
If one is, the BIM will enter a wait loop until the current TOS
updater is finished. The BIM will then get control of a bus, and send
a message to the other CPS BIMs that it is now updating the TOS. Once
a bus is‘ohtained, the "BSCM (BUS CONTROL OBTAINED) message is sent to

thes CPS MPU, and the BIM stays in the active mode, waiting for the
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DE-ADDRESS
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GET CONTROL
OoF
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Figure 3.9: SND Command Execution Flowchart,
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Figure 3.10: GIC Command Execution Flowchart.
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“STU" (SEND TABLE UPDATE) command. The BIM will ignore any other
command from the CPS MPU, except a "BCR."

On receipt of the "STU" command, the BIM sends the TOS table
entries to the other CPS BIMa. When finished, the bus is released,
the "TUC" (TABLE UPDATE COMPLETE) message is sent to the CPS MPU, and
the BIM returns to the idle mode. The "STU" command must always he
preceded by a "GTC," or the BIM will send an error message and reset.

The BIM can only be controller on one bus at a time, and only be
a talker on one bus at a time. However, because all inputs are
specified to be performed under interrupt control, the BIM is capable
of being a listener on more than one bus at a time.

Input data 1is stored in the input buffer area. The first data
byte received ocontains the number of bytes to be inputted, and the
second contains the origin address. The I/0 processor will reserve a
block of the input buffer area for the inputs, and fill it as the data
comes in. Once ocomplete the BIM sends the "DIN" message tc the CPS
MPU. The input buffer uses the same format as the order in which the
data is received (Figure 3.11). The maximum blocksize is 255 bytes,
including the origin address and the number of bytes.

Local messages are sent between the 1/0 processor and the
interface unit. Table 3.5 lists all the local message defined. These
were defined to facilitate the estimation of BIM function execution

times.
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Iriput data buffer format.

-The number of bytes
in the message including .
the ORIGIN address end’
number of bytes word.

~The address of the device
which sent the message.
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Table 3.5: Local Messages.[2]

MESSAGE MEANING
gts go to standby
nba new byte available
rdy ready
rsc request system control
rsv request service
sic send interface clear
tac talker active
tes take control synchronously

3.3 TEAM OPERATING SYSTEM

The Team Operating System (T0S) is a multiprocessing operating
system designed for high reliability. Instead of a dedicated
controller, the TOS allows any of the "team members," the CPS unitas,
to update the operating system when needed. The CPS units share both
system and TOS workload on an equal basis. When a CPS completes a
task, it determines which task it will execute next. Before beginning
execution it schedules the subsequent task, and sends this information
to the other (PSs. The next CPS to complete a task will update the
system again.[1]

A CPS first determines if another CPS is updating the TO0S., If
not, then the CPS sends the "GIC" command to the BIM. While waiting
for the BIM to get control of a buas, the CPS performs diagnostics on
its own system, or doing other low priority jobs.

Data rates in the IAS vary. Fuel =supply, altitude, and engine
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0il pressure change relatively slowly compared to airspeed, and
aircraft atitude. The TQS must run the tasks that update high data
rate parametera at a higher frequency than the low data rate jobs., A
method is needed to assure that all jobs are executed often encugh to
prevent any leas of information.

Reference 1 proposes a table-driven operating system for the IAS.
This operating system, hereafter referred as the TO0S, uses three
tables: The Task Table (TTBL), the Task Queue Table (TQTBL), and the
Level Table {(LTBL). In addition, a Next Task Register (NTR) is used
to indicate the next job to be executed (Figure 3.12). Each CPS has a
copy of the TOS tables and the TOS programs resident in its memory.

The TOS tables were designed for a 16-bit microprocessor.
Implementing them in the M6800, which is an 8-bit machine, requires
some minor changes, but the operation is the same.

The TTBL is a list of the IAS tasks and starting addresses by
task ID numbers. Three memory bytes are required to store each entry.
IAS tasks are given an ID riumber by their position in the TTBL. This
defines their position in both the TTBL and the TQIBL. Each TTBL
entry contains the task number in the least si gnificant seven bits of
the first byte, plus either the starting address of the routine which
ﬁerforms the task or a file number. If the most significant bit of
the first entry is 0, the entry contains an address and the routine is
in memory. 1If it is a t the program 1s not in memory, and the second

two bytes contain the file number under which the task can be found.
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TASK TABLE
number of tasks 0
0 task { 1
2
} address/label
3
1 task 1 4
5
}address/ label 6
2 task 2 7
} address/label 8
3 task 3 p-1
p
m task m
} address/label
n=m¥3
LEVEL TABLE
k number of levels
first ID#
next Ib# Flevello
LLN
LC o
first ID# | 1
next ID# | level 1
LLN
LC
e s 4
A s Figure 3.12:
first ID#
next ID{#
Plevel k
LLN
LC

s = kx3

TASK QUEUE TABLE

succ. ID#

JSW

succ, ID#

JSHW

suce, ID#

JSW

succ. ID#

JSW

e

e e oy |

guce. ID#

JSW

p = mx2

nunber of tasks

task 0

task 1

task 2

task 3

}task m

JSW =Job Status Word

NEXT TASK REGISTER

next task

level number

Team Gperating

System tables.
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The CPS must then get the program from the system mass memory.

The TQTBL requires two bytes per entry, Tasks are 1linked to an
entry in the TQTBL by the ID number as defined by their TTBL entry
poaition. Each TQTBL entry contains the successor ID number in the
firat byte, and a job status word (JSW) in the second byte, The
successor ID points to the job that is to be run after the current
task., Valid 1ID numbers are 00 to TF, with FF in the successor ID
entry signifying that the current task is the end of the chain.

The Job Status Word (JSW) oontains bit flags used by the TOS.
For this study, only the least signifiecant bit will be used. This is
the Operational Status Bit (0SB). When the 0SB is '1' the job is to
be executed when its turn comes up. When the OSB is '0' the job is
skipped. Thus, the 0SB is used to dynamically modify the jobs in thé
system.

The third TOS table is the LTBL. Each entry in the LTBL is a
level containing jobs which have to be run at approximately the same
frequency. The lowest level contains Jobs that must be run at the
highest frequency. Tasks are linked in a chain by levels in the
TQTBL.

Four bytes of memory are required by each LTBL entry. The first
byte contains the task number of the first job to be executed in the
level. The next task to be executed in the 1level is stored in the
second byte. The level limit number (LLN) is stored in the third byte
and the level counter is stored in the fourth. Tasks are linked
together in the TQTBL by levels, the first task entry in the LTBL

contains the ID number of the firat task in a chain of tasks in the
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TQTEL.

Each level is executed LLN times. The level counter (LC) is used
to count how many times a level has been cycled through. When = level
has been executed LLN times, the TOS goes to the next higher level and
executes a job from this level.

Finally, "he Next Task Register (NTR) is two bytes of memory
which contains the ID number of the next task to be executed in the
firat byte and the level of this task in the second byte.

Figure 3.13 is a flowchart of the algorithm wused in the TOS.
Each CPS performs this algorithm every time it finishes an IAS task,
To 1llustrate the algorithm, Figure 3.14 constructs an example of s
hypothetical system, and shows the order in which the tasks are run,
The purpose of the TOS tables is to create a crude order of magnitude
separation between the frequency of execution of tasks in one level

and the next.
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System Configuration:

Number of levels: 3.

Level Number 0 1 2
Task ID Numbers 0,1, 2 5, 6 3, 4
Execution Order 1, 0, 2 5, 6 3, 4
Level Limit Number 2 1 1

Initial System Status: Level 0; Task 1.

Execution Sequence:

Sequeénce  Task ID Tevel Sequence Task ID Level
1 1 0 16 1 e
2 ] 0 17 0 0
3 2 0 18 2 0
4 1 0 19 1 0
5 1 0 20 0 0
6 2 0 21 2 0
7 5 1 22 3 1
8 1 0 23 1 0
9 0 0 24 0 0

10 2 0 25 2 0
11 1 0 26 1 0
12 0 0 27 0 0
13 2 0 28 2 0
14 6 1 29 6 1
15 4 2 4 2

Plgure 3.14; TOS Example.



4  SIMULATION MODEL

The IAS is a complex system, having many subsystems with an
infinite number of interactions possible between them. The lack of a
strict definition of the system configuration and interactions could
make the simulation model toc complex to be studied effectivély. In
an effort to reduce the complexity, the problem was defined and

simplified as the model was developed.
4.1 SIMULATION OBJECTIVES

Basically, the simulation was a study of the Team Architecture
concept . This architecture is not restricted to avionic systems
alone, it could be used in any application requiring high reliability,
Since the purpose was to study the architecture and not spend months
writing programs, actual IAS programs were not written for this
simulation.

To write IAS programs would required a major programming effort.
In addition, models for each of the subsystems would be needed,
requiring even more development time. However, as much information is
gained by writing programs which take less development time, but
represent a wide range of execution times and I/0 requirements, The
obJective 1s to determine what has the greatest affect on the
efficiency.

Instead of writing a simulation program that could only be used

for the IAS alone, 2 multi-purpose simulator was developed. At the

39
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onset it was thought that a simulator might be used for hardware and
software evaluation for a prototype system. To facilitate model
changes, the program was written so that the models are constructed
from inputs. The program allows any of the model parameters to be
specified by inputs. Not only does this concept result in a complex
model initialization prccedure, but model verification becomes more
eritical also. The resulting program is more complex than a single-
use simulator, but also very versatile.

Any Motorola M6800 microprocessor system may be simulated on this
simulator without changing any program code, For specialized devices
which are connected to the 1/0 ports of the M6800s a subroutine must
be written to handle the device model. This follows the concept used
in GASP=PL/I. The basic framework is provided, but the user must

write any specialized models to complete the model.
4,2 MODEL DESCRIPTION

The B8imulation model is a deterministic model of the logiecal
operation of the Motorola M6800 microprocessor and the Bus Interface
Module (BIM). Using standard M6800 components in  standard
configurations eliminates the need for a wire-by-wlre simuleiion. The
actions and responses of all the components used in the asystem are

fixed. These were defined by the manufacturer and cannot be changed.®

#This alsc includes the Bus Interface Module, which was defined for
this study in section 3.2,
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The M680C data and address busses are simulated, since their functions
and operations are defined by the microprocessor.

State changes within the microprdoessor, in the memory, and in
the peripheral interfaces all occur at time intervals specified by a
cloock signal. Any externail inputs or changes are sensed only during
transitions of the clock. M6800 instructions take a finite number of
clock cycles to execute. The entire system 1s digital, and can be
simulated using a discrete model.

GASP-PL/I uses an event-scheduling method for discrete
simulationa, State changes within the model are scheduled as events.
The system is modeled by stepping through time from event to event,
updating model parameters at event times.[12]

At first thought, the microprocessor would seem to be a very
complex aysatem to model. Actually, because of the very strict
definition of the components, the model 18 relatively aimple. The
basic system has three components: the microprocessor unit (MPU); the
memory; and the peripheral interfaces, The M6800 uses memory-mapped
I/0 and the peripheral interfaces could be considered as psrt of the
memory. However, because of their functional complexity, they are
treated separately.

MPU busses do not have to be simulated, the signals sent over
these are defined by the components. Bus timing is handled by the
MPU, and is fixed. Only four input control lines need be modeled:
EEEET, ﬁKET, fﬁa, and NMI. These are negative true input lines to the
MPU which cause a reset, MPU halt, maskable interrupt, and non-

maskable interrupt, respectively.[3}]
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The MPU is actually a sequential logic circuit which goes through
state changes defined by the current state and the next instruction to
be performed, The state at a specific time is a function of the
contents of the int_ nal registers. The model is then reduced to the
MPUI registers and control lines.

Six registers are internal to the M6800 MPU: program counter,
index register, stack pointer, two accumulators, and a condition code
register. The execution of an instruction alters the contents of one
or more of the registers, and possibly a memory location. The four
control 1lines mentioned above also cause state changes within the
MPU.[3]

Entities within the MPU model are the six registers and the four
control lines (Figure U4.1). Attributes which deseribe these entities
are:

1. The contents of the registers or the current status of the
control lines,

2. The instruction set of the MPU including both the operation
performed and the number of cycles reguired to execute each
individual instruction.

The M6800 1s an eight-bit microprocessor and can address up to
65K bytes of memory. Memory is modeled as a block of locations
addressed exactly as they would be in a normal system. Two types of
memory are modeled: random access memory (RAM), and read-only memory
(ROM). These o¢an be configured in any manner in the model. Write
operations can only be performed on RAM, while a read operation is

legal for all types., If the MPU tries to write on ROM, the uata will

be lost.
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Although other standard devices are now available, only two are
modeled: A parallel device, the M6821 Peripheral Interface Adapter
(PIA); and, a serial device, the M6850 Asynchronous Communications
Interface Adapter (ACIA). Both are programmable LSI components which
perform the functions necessary to interface the MPU to many external
systems,

Like the MPU, these devices can also be modeled as registers and
control lines. The functions performed by the device, depend on the
type, the device to which the interface is connected, and the way
connections are made. Responses to inputs vary depending on the way
the devices are programmed.

The PIA is used to interface the MPU to external devices
requiring parallel I/0. Two eight-bit data busses are used, one from
each side of the PIA., Lines may be programmed individually as either
inputs or outputs. In addition, four control lines, two for each
side, are used to handshake with external devices,[3]

Six registers are used, two control registers (CR), two data
direction registers (DDR), and two peripheral data registers (PDR).
Each side of the PIA is configured alike. The CR 1is used to control
interrupts and handshakes. The DDR i8 used to specify whether a data
line is used as an input or an output. Each line can be individually
programmed. All input and output passes through the PDR.[3]

The functional characteristics are deseribed in detail in
reference 3. Both the A-side and B-side function alike except that
the B.side will only handshake during outputs, and the A-side will

only handshake during inputs. Each CR determines how each side
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responds t¢ control line changes, and what types of handshakes are
used. PIAs are programmed by the MPU to perform functions as
required. They must be initialized before they are used, but the
configuration can be changed by reprogramming at any time.

Serial communications are performed by the ACIAs, This device is
set up to communicate with a modem, using request-to-send, clear-to-
send, and data-carrier-detect lines to control the transfers. Like
the PIA, the ACIA is a programmable LSI module.

ACIA® contain four internal registers: transmit data register
(TDR), receiver data register (RDR), status register (SR), and a
control register (CR). To the MPU, the ACIA looks like two memory
locations. The CR and SR share the first location. A read operation
on the first location will read the 3R, which is read only. A write
will access the CR, which is write only. Outputs are transmitted
through the TDR, while inputs are loaded into the RDR. These share
the second location and are write only and read .nly, respectively.

Both the PIA and ACIA are modeled as registers and control lilnes
(Figures 4.2 and 4§,3)., The functions performed by these devices are
modeled by the programs which perform memory read and write operations
in the simulation. Control line state changes and data transfers are
modeled by a program which handles all of the I/0 functions.

Three main categories of events can cccur in the MPU system:

1. Instruction execution.
2. Program interrupts.
3. Input or output teo or from a peripheral device.

Every MPU in the system uses the same instructions, interrupt
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sequences, and 1/0 funections,

Instruction events work within the MPU registers, the memory, and
the peripheral interface registers. The memory contains the program
to be run, and the MPU program counter is incremented from instruction
to instruction. Seventy-two different instructions, each using up to
six different addressing modes can be executed. Instructions may use
up to three memory locations. Execution times vary from two cycles to
twelve cycles depending on the addressing mode and operation
performed. The logic sequence followed by the MPU during instruction
execution is shown in Figure 4.4.[3] The model uses the flowchart
shown in Figure 4.5 for instruction events,

Unlike the MPU, which must be started by a reset, the simulation
model may be started at a specified address. This allows simulation
runs to be made on sections of programs without doing the. entire
program. The two entry points in Figure 4.5 show this.

The M6800 instruction set is very versatile. Immediate, direct,
indexed, extended, relative and inherent addressing modes are all
available. Subroutine calls are also implemented with the stack
pointer. Out of the 256 possible instruction codes, 192 are used.[3]

Four types of program interrupts are possible: halt, reset,
maskable interrupts, and non-maskable interrupts. These are caused by
a logic zero being present on the HALT, RESET, IRQ, and NMI input
lines, respectively.[3] The MPU only executes interrupts at the end of
each instruction cycle, and the simulation model checks for interrupts
after the instruction has been performed. MPU interrupts are executed

according to the flowchart in Figure 4.6. Note that in the simulator
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interrupts are detected during instruction events., However, any of
the four interrupts may be scheduled at any time.

When a HALT signal is true (logic 0), the MPU will complete the
current instructicn and then halt processing. The halt state is an
idle state in which the MPU is walting for the HALT line to go high
again. When this occurs, processing will resume. A halt event is
executed in the model by setting a flag specifying that the MPU is in
the halt state.[3]

MPU reasets are normally used to start the MPU at a specific
location after power-up. The starting address is stored in locations
FFFE and FFFF of the memory. A reset cannot occur until after eight
clock cycles have passed since the power came up on the MPU. Three
clock cycles are required to complete the reset, after which program
execution continues as usual.[3]

Once the RESET line is pulled o a logic zero, the following
sequence of events takes place (Figure 4.6)., The MPU fetches the
interrupt vector from addresses FFFE and F#FF, and loads it into the
program counter. The interrupt mask bit is set, then on the next
cycle the instruction at the address in the program counter is fetched
and program execution begins.[3] In the simulation model, resets are
performed in the same manner and can be used as startlng events for
model execution.

Maskable and non-maskable interrupts both cause the same sequence
of events to occur within the MPU. When an interrupt is detected, the
contents of the MPU registers are pushed onto the stack, and the

interrupt vector is loaded into the progras counter. The interrupt
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mask bit is set in the condition code regiater' and program execution
resumes at the address just loaded into the program counter.[3]

Maskable interrupts are caused by the fﬁa line going low. These
will not be executed when the mask bit, "I," of the condition code
- register is  set. The EEE line 1is connected in a wired-0OR
configuration to the interrupt request outputs of any peripheral
devices. Thus when more than one device requests an interrupt, the
fﬁB line will remain low until all of the interrupts have been
c¢leared. Maskable interrupts use the locatlons FFF8 and FFF9 for the
interrupt vector.[3]

Interrupts are not prisritized on the M6B00 unless the user
deaigns a prioritizing circuit. The simulation model does not
implement any type of prioritizing circuit, however, this could be
done rather easily. In the model, when a peripheral device causes an
interrupt, an interrupt counter is incremented. When the interrupt is
subsequently cleared, the interrypt counter is  decremented.
Interrupts will not be lost, even when the interrupt mask is set,

Non-maskable interrupts are executed and modeled in the same
manner as maskable interrupts. These interrupts cannot be masked,
however, and are caused by the NMI line going to a logic zero. Ncn-
maskable interrupts use the locatlions FFFC and FFFD as an interrupt
vector.[3]

The simulation model executes both types of hardware interrupts
in the same way. It is assumed that any PIAs or ACIAs in the system
cause maskable interrupts only. The capability was not included to

specify the type of interrupt,
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Two types of software interrupts are possible., The SWI (software
interrupt) instruction uses the interrupt vector at locationa FFFA and
FFFB. Execution of the SWI instruction requires 12 clock cycles to
perform the same sequence as the hardware interrupts. The WAL (wait
for interrupt) instruction pushes the MPU registers onto the stack and
then goes into an idle loop until a hardware interrupt occurs. The
WAI is used to provide faster response to hardware interrupts when
they ocecur.[3]

The third ‘event category, called 1/0 events, is the most complex
type to model, although all BIM functions are modeled as I/0 events,
there are only two types of I/0 events possible for the MPU system:
data transfers and control 1line changes. Both must be handled
differently for PIAs and ACIAs. BIM functions modeled as I/0 events
will be discussed in section 4.3.

To simplify the program requirements for the model, I/0 events
are only scheduled for the device on which the state change is to
occur. All state changes are made, and then any further changes on
other devices are scheduled as 1I/0 events. This can be thought of as
outputting u signal (the state change) to another device.

For PIAz, five 1/0 events are possible:

1. Data transfers.
2. CA1(CB1) set.
3. CA1(CB1) reset.
4. cA2(cB2) set.

5. CA2{CB2) reset.
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For both sides of the PIA, the execution of each event is the same.
When CA2 and CB2 are used as outputs, the two sides do not perform
alike,. The A-side will only perform & handshake during a read
operation, while the B.side will only perform the handshake when used
as an output.

The peripheral data registers (PDR) are connected tr the data
lines that interface the PIA to the external device. Wien the data
byte on the lines changes, the value in the PDR changes, This does
not cause an interrupt or change within the control register. .For the
PIA, the data transfer event causez a data byte to be loaded into the
peripheral data register.

The control line set/reset events can result in interrupts, other
control line changes, and bits in the CR being set. The contents of
the CR determines what happens when a control line is set or reset.
Thus, the program must perform the event, then check to see what mode
the PIA has been programmed in and perform any further changes.

Two event types are possible for ACIAs: data transfers, and a
EEg (clear to send) set/reset. Data transfers cause a data byte to be
loaded into the recelver data register if it is empty. If it is not,
the data byte is not loaded into the RDR. If a second data-transfer
oceurs before the data 1is read by the MPU, an overrun occurs and the
first data byte ‘s lost.

The CIS is an input line from the modem which will inhibit
transmit interrupts. When the CTS 18 high, the transmit data register
empty (TDRE) bit of the status register will be forced low, and will

stay low until the CTS signal goes low.[3]
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Unless the user writes external models to interface with the
simulator, all 1/0 events are transparent, MPU trace prints will not
contain I/0 events, however, they will show any interrupts that

result.

4.3 BIM MODEL

For this study, the Bus Interface Module (BIM) was treated as a
black box. Although the BIM, as described in section 3.2, 1is
specified to be a M6800C microprocessor and a hardware interface unit,
it was only simulated functionally. It could have been simulated as
another MPU system, with the interface unit being external, but this
is more detajil than required. BIM functions are 1limited by the
specifications in section 3.2. Response times are a function of how
many bytes of data have to be transferred and the current system bus
activity. It 1is simpler to write a PL/I program which works within
the simuylator, computes response times, manages the system bus,
transfers data, and schedules all responses than to write the assembly
language programs for the BIM.

In the model, all response times for the BIM are calculated
according to the type of operation, how much interaction with the
system bus has to be performed, and how much activity is occurring
within the BIM. Estimations are based on the I/0 processor having a
clock period of one microsecond, and the interface unit always
executing its state changes before the 1I/0 processcor does., This is a

reasonable assumption, considering that the I1I/0 processor must execute
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a number of instructions to change states. With an average execution
time of about 3.5 microseconds, it will stay far behind the interface
unit.

Since the 1EEE 488 bus standard specifies that all I/0 on the bus
is performed using handshakes, the data transfers across the bus will
only occur as fast as the slowest device (that is participating in the
handshake) can operate. IThus, data rates are not only affected by the
talker's capability, but the listeners' also.[2]

BIM timing estimations are based on the amount of time 1t would
take to execute the function required. The following functions were
analyzed to estimate BIM response times:

1. Source handshake timing in which the 1I/0 processor is
sending a data buffer.

2. Acceptor handshake timing in which the 1I/0 processor is
receiving a data buffer.

3. Getting control of one of the system busses.

4, Performing local BIM functions that do not require aystem
bus interaction.

The handshake timing is the most important for the accuracy of
the model. A small error when summed over a large data buffer will be

magnified greatly. This applies to both inputs and outputs.
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Consider the source handshake, which could occur in the following
situations:

case 1: The BIM is sending a buffer and is sequentially stepping

through by incrementing addresses.

cagse 2: The BIM is responding to a serial poll when it has been

addressed and is sending out only one data byte. This
would occur even if the BIM had not sent a service
request (SRQ) message on the bus.

case 3: The BIM 1s currently in control of the bus and is

sendi g messages. For example, when the bus 1s being
set up for a buffer transfer, the BIM will be sending
listen addresses . oross the bus.

Figure 4.7 shows the program steps that would have to be executed
to cause the transfers (case 1). Assuming that the interface unit is
ready before the 1/0 processor (it has 15 microseconds to do so) the
cycle takes 30 micro-seconds. This is a data rate of 30.3 kilo-bytes
per second. Each time the interface unit is not ready, the execution
time increases by ten microseconds. If it was not read on the first
check continually, the data rate would drop to 25 kilo~-bytes per
second. This is a drop of 17.5 ¥. The maximum data rate across a bus
is limited to 30.3 kilo-bytes per second by the I/0 processor.

Figure 4.8 is the sequence that would occur for case 2. Note
that this case is initiated by an interrupt, since all BIM inputs are
handled using interrupts. At the minimum, using a hardware
prioritized interrupt configuration the I/O processor would respond to
the interrupt 14 mnmicroseconds after the current instruction was
completed,

It still must decode the message and perform one source handshake

cycle (case 1) before returning to its original task. The decode
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wouid reguire a skip chain. Since there are 12 1local messages
defined, by putting the most likely mesaages first in the skip chain,
the command would on the average, be deccded before half of the
messages were checked. Ten microseconds are required for each check,
plus the jump requires another four microseconds. The total time is
88 microseconds after the {interrupt has occurred. Including the
interrupt, the response time will be at leaat 102 microseconda.

Case 3 can be assumed to be essentially the same response time as
case 1. The I/0 processor will be reading listener addresses from the
memory and sending them out to the bus.

The acceptor handshake can occur in any of the following cases:

Case 4: The BIM has been addressed as a listener and is inputting
data bytes sequentially into an 1lnput buffer.

Case 5: The BIM is inputting one byte from the interface. The
message 1s expected, and the BIM is in a walt loop.

Figure 4,9 illustrates the steps involved for case 4§, If this
loop i2 performed sequentially without interrupts, it would require 29
microseconds per cycle. Add the 14 microseconds for the interrupt and
the reasponse time is 45 microseconds. This is an input data rate of
22 kilo-bytes per second.

Case 5 represents & situation where the BIM has received a
message from the interface and another message is to follow
immediately (Figure 4.10). The minimum time before the message is
read is 14 microseconds.

From the analyses of cases 1 and 4, when the BIM is sending a
buffer to another device, the maximum data rate possible is 30.3

kilo~bytes per second, worst case is 22 kilo-bytes per second. Case §
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will only occur in special operations.

The BIM will operate in the range from 22 to 30.3 kilo-b; tes
per second, Considering that the IEEE 488 bus 1s a one mega-byte per
second bus, data rates across the bus will be very slow using this
implementation. Table 4.1 1lists the five cases and the timing

estimations. These are the data rates used in the BIM model.

Table 4.1: Summary of Bim timing estimations.

CASE DATA RATE OPERATICN MINIMUM RESPONSE TIME
1 £ 30.3 KB/sec. output 30 microseconds

2 £ 11 KB/sec. output 88 mioroseconds

3 £ 30.3 KB/sec. output 30 microseconds

b £ 22 KB/sec. output 45 microseconds

5 £ 71 KB/3ec. input 14 microseconds
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INPUT ASSEMBLY CODE
PATA CYCLES
BYTE LDAA  PIAORA 4
LDX BUFFAD 5
STAA  $00,X 6
INC BUFFAD 6
READ BUFFER RTT —%
ADDRESS
interrupt 14
l 45 tOtﬂl
STORE DATA
BYTE IN
INPUT BUFFER
INCREMENT
BUFFER
ADDRESS

Figure 4.9: Case 4 Timing sequence,
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YES

NEW BYTE?

ASSEMBLY CUDE CYCLES
LOOP LD4A PIACTA 4
BITA $80 2
BEQ LOOP 4
LDAA PIAORA 4
14 total

Figure 4.10: Case 5 Timing Sequence,



& SIMULATION PROGRAM

The simulation program is written in PL/I. A simulation package,
called GASP-PL/I is used as the framework around which the program was
written. Although PL/I is not considered a simulation language, like
SIMSCRIPT or GPSS, it is a versatile general sclentific programming
language. PL/I has computational facilities for floating point
arithmetic, bit-string handling, and many built-in functions, allowing
any type of computation to be performed. In addition, extensive
input/output facilities are available for use including print editing,
sequential and direct access file management., PL/I is well suited for
simulation programming because of its many capabilities,

GASP-PL/I 1s a PL/I based simulation package (not a language)
derived from GASP-IV (Fortran-based). Discrete, continuous, or
combined discrete-continuous simulations can be performed using GASP-
PL/I.{1] GASP-PL/I was chosen for this study because previous work
on related projects has shown it to be well-suited for digital systems
simulations.{1](16]

Throughout the simulation program, astructured programming
techniques are used. This method of program writing results in a
hierarchial program which has a minimum of redundant coding, and is
easily debugged. Structured programming follows a top-down method of
both development and testing. As a result, by the time the lowermost
programs in the hierarchy are tested the entire simulation is
running.[6]

The model developed in chapter 4 could be implemented in many
64
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ways. However, a table driven environment was found to be the most
efficient. This method uses a group of system tablea, whose size
depends on the number of MPUs, the number of peripherals, and the size
of the memory. Elements in the tables describe the system and control

the simulation execution.

5.1 GASP-PL/I

GASP-PL/I is a package of PL/I1 programs which perform the time
functions, data-file management, and support facilities required for a
simulation. Each GASP-PL/I program performs a unique function in the
simalation, and can be called by any user program.

The simulation problem is divided into two dimensions in a GASP-
PL/1  simulation: the state-space dimension; and, the time
dimension.[12] GASP-PL/I performs the time dimension and the user
writes the state-space dimension., The state-space dimension is the
behavioral model of the simulated system., Discrete, continuous, or
combined discrete-continuous systemgs can be modelled using GASP-
PL/I.[1210131(14]

On closer examination, all of the programs in a GASP-PL/I
simulation can be divided into four main functional areas:[14]

1. Executive.
2. Dynamic behavior description.
3. Data storage.

4. Support facilities.
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The support facilities are a group of specialized single-function
programs which fall into these areas:

1. Initialization of the model.

2. Initialization and run-time error diagnostics.

3. Random deviate generators.

4, Statistical calculations.

5. Event monitoring.

6. Outputs.

Both GASP-PL/I and user-written programs are used in all but the
data storage functions, Figure 5,1 illustrates the division of
programs by functional areas. The GASP-PL/I programs listed here
represent approximately 2,900 1lines of code, a fairly large
programming effort which the user does not have to do.[14]

Probably the biggest advantage in using GASP-PL/I is that the
user is not concerned with the simulation time management, but
concentrates exclusively on the construction of the model. PL/I
allows the user a high degree of flexibility in writing the simulation
model. Combining this with the many support facilities available,
shows that GASP-PL/I is a very powerful simulation tool.[12)[13][14]

Many of the advantages in using GASP-PL/I are a result of the
programming language, PL/T. On the other hand, pany of the
disadvantages are also a result of using PL/I. PL/I is a very high
level language, and thus is very ineffiocient. Programs requiring many
iterations of complex calculations will consume large amounts of CPU
time. PL/I requires large amounts of core to run in. This restricts

any GASP-PL/I simulations to machines with fairly large mailn
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storage even when using overlaying techniques.

| After working with GASP-PL/I for the past year, several
deficiencies were noted. All variables used by GASP-PL/I programs are
declared external, resulting in over 200 external names from the GASP-
PL/1 programs alone. As a result, loader table overflows may occur.
Round-off errors can be a problem, because GASP-PL/I variables are
declared single precision. The GASP-PL/I reference lacked much of the
information needed to write programs which interface with GASP-PL/I
programs. To overcome this, the actual program listing was used

extensively.
5.2 STRUCTURED PROGRAMMING

Structured programming is a technique by which programs can be
written that are concise and easily debugged. Sometimes called Ygo-
to-less" programming, structured programming techniques help reduce
program redundancy and complexity.[6] The final program product is
hierarchial in structure, with all higher-level procedures determining
when to call lower-level procedures.

By dividing the program task into different functions, each leg
of the hierarchy can perform a different function required in the
total task. This makes program errors easier to isolate, and changes
easier to make. The resulting programs are smaller in size, and more
manageable.

Programs written for this project follow structured programming

techniques consistently, except in cases where it was found that a
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considerable amount of execution time could be saved otherwise. Time
is a major disadvantage of structured programming. Program calls,
especially in PL/I with dynamic storage allocation, are time
consuming. A compromise was sought between a strict single function,
non-redundant program structure, and the 1less time-consuming,

sequential programs.

5.3 MODEL REALIZATION

The models developed in chapter § were realized in two parts,
The first and most complex was the M6800 model. Much of the
complexity results not from the M680O, but because a multiprocessing
model was developed. 1In keeping with the general purpose simulator
concept, the model was realized 80 that many of the parameters are
specified by inputs. The BIM model was developed as an external
addition to the general purpose model. In the general simulator, the
entire system configuration is specified by inputs. Inputs are used
to specify the following parameters:
. 1. The number of MPUs in the system.
2. The memory size and configuration for each MPU in the
ayatem. Memory may be specified as any combination of RAM

or ROM up to the maximum 65K addressible by the M6800.

3. The number of peripheral units used with each MPU in the
system, and the connecthions used.
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Every MPU in the system is a Mb6800, and thus wuses the same
inatruction set, same typea of registers, and functiona. Because of
this, a table structure was found to be an efficient means of modeling
a number of identical MPUs at once. Tables are used for three
purposes:

1. To model the registers in the MPUs, PIAs, and ACIAs.

2. To describe the system configuration.

3. To control the execution of the simulator.
Tables are allocated during initialization to have an entry for each
MPU in the system.

All of the MPU registers are modeled in the tables. If there are
three MPUs in the system, then there are three program counters, three
stack pointers, etec. Figure 5.2 shows the format of the tables which
model these MPU registers: program counter (PC), stack pointer (SP),
~ accumulator-A (AcCA), accumulator-B (ACCB), the index register (INR),
and the condition code register (CCR).

Peripheral devices are modeled using a multi-function structure,
PERTBL (Figure 5.3). The PERTBL is allocated to have one entry for
each ACIA and two for each PIA in the system. All of the peripheral
registers in the system are modeled, plus the interconnections between
devices are described in PERTBL.

Two tables are used to describe and control model execution:
SYSTBL and TRCE (Figures 5.4 and 5.5). The basic description of each
MPU system is contained in SYSTBL plus two elements are used for run-
time diagnostics. The TRCE table is used to control trace prints.

Four trace options are used: disabled, address range, branch only,
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MPU O MPU 1 MPU 3 MPU
PC
416 BITS—Pp
MPU O MPU 1 MPU_ 2 MPU
SP
4 16 BITS =P
MPU O MPU 1 MPU 2 MPU
INR
BITS
MPU O MPU 1 MPU 2 MPU
ACCA
4 8 BITS ¥
MPU O MPU 1 MPU 2 MPU
ACCB
4= 8 BITS —p
MPU O MPU 1 MPU 2 MPU
CCR
4—8 BITS ~p
Figure 5.2: MPU Register Tables.




PMPU
PADDR

PASSGC
PASADD
PCODE

CTYPE
UNUSED
c2

cl
DDR

PDR

Figure 5,3:

CONTROL
MEMORY SIZE
BASE ADDRESS
WORKING SPACE
WORKING SPACE
WORKING SPACE
PERIPHERALS

MPU CONDITIONS
MPU ERRORS

MASKABLE INTERRUPTS
NON-MASKABLE INTERRUPTS

Figure 5.4:

72

MPU O MPU 1 MPU n
\_
N
PERTBI, Structure.
MPU O MPU 1 MPU n

I

b_J;,J-J“—~—J\\\;iJ-

SYSTBL Structure.
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time, and enabled.

The table structure just described provides an efficient method
for initializing and controlling the simulation model. During
initialization, each input alters an element in one of the tables.
During the execution phase, the programs work within the tables to
perform model functions. All of the programs have access to the
tables, allowing complete conirol of the model.

Up to 65K of memory can be specified for each MPU. Four types of
memory locations are possible:

1. RAM.

2. ROM.

3. Peripheral devicg first location;

4, Peripheral device second location.
ACIAS require two locations and PIAs require four, two per side. Two
PERTBL entries are required per PIA, one for each side. Because of
this, PIA sides are treated separately. However, to be consistent
with hardware requirements, PIAs must occupy four contiguous memory
locations.

The M6800 is an eight bit machine and thus each memory location
must be 8 Dbits wide. To simulate the different types of memory,
another eight bits is used. Peripherals require a link to the PERTBL,
and this is stored in the memory location. Simulated memory location

formaté are shown in Figure 5.6,
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MPU O MPU 1 MPU n

TRACE TYPE {
TRACE START 1

TRACE STOP \

Trace type code:

~disabled.
-address trace.
=time trace.
~branch trace,
~engbled,

W=D

Figure 5.5: TRCE Table Structure.

h—s-hh— 5 lﬁbh[ 8-——--:1

RAM 000 DATA

i3 dl¢—5 ——dlg 8 -
ROM 001 DATA

e-3 e 9 Pie— 4 —>

010 LINK first location
PIA
3 plle——s8 Pl— 4 ——pl
011 CR second location
-3 —Dl¢ 9 Sl 4t —p!
010 LiINK RDR(8-5) first location
ACIA

le-3-ol1je 8 ple— i —

011 " TDR RDR(4-1) | second location

Figure 5.6: Simulated Memory Formats,
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The simulator 1is capable of simulating up to twenty MPUs, all
with 65K of memory and 128 total peripheral devices. Since it takes
two bytes of memory to simulate one, a quick calculation shows that
each MPU requires 2x65,536=131,072 bytes to simulate 65K. With twenty
MPUs all having 65K of simulated memory it would require over 2.6
million bytes of memory. This is why two methods of storing the
simulated memory are bullt iﬁ to the simulator: in core and in a disk
file,

For smaller amounts of memory, using main storage results in a
much faster execution time. Disk files are slower, even when using
direct access data sets, but larger amounts of memory can be
simulated. The method of storage is transparent to all but the
initialization and memory access programs in the simulator, A buffer
i3 used to transfer the contents to the simulation programs.

Memory is allocated as one block for the entire system. Each MPU
is given a base address which is used to locate all memory locations.
This base addressing scheme is used to allow different sizes of
memories to be specified for the MPUs in the system.

The simulator automatically assumes the eight -highest locations
of memory are addressed as FFF8 to FFFF. The MPU uses these addresses
as Interrupt vectors and they must be present. For example, if 10K
(10,240) loocations of memory were specified, the valid addresses are
0000 to 27F7 and FFF8 - FFFF. Note that the simulator also assumes
that all memory is contiguous, except for the interrupt vector
locations.

When a write operation is performed on ROM, the data will be
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lost. When an invalid address 1is accessed, either an indeterminate
number will be read, or the data will be lost if a write ia performed.
In any case, the simulator flags any invalid memory access operations
and prints an error message.

There are three phases to each simulation run: initialization,
execution, and the final summary. Because of the format used in this
simulator, the initialization phase is the most critical. All model
parameters are specified by inputs and the initialization program must
check all of the inputs for validity, and flag any errors. Without
the confidence that all illegal inputs will be flagged as errors, one
can not be sure the simulator is executing a valid model, All of the
inputs which specify model parameters are checked twice. The first
check is to see if the input is valid according to the type of input
expected. A second check is performed to see if the input conflictas
with the previously specified inputs.

There are two parts to the initialization of the system. The
first part contains the GASP-PL/I initialization inputs, as specified
by reference 12. A nminimum value is required by the simulation
program for acme of the GASP-PL/I inputs. These =are specified in
Appendix 1.

The second part of the initialization is the specification for
the M6B00 aystem., This is performed by procedure INTLC, and follows a
format similar to GASP-PL/I (see Appendix 1). Eight card types are
used, two of which are required. The required cards are:

1SYS' = This card specifies the number of MPUs and the system

disposition, It must be the first card to be read after
the GASP-PL/I inputs.
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*END' - This card signals the end of the input deck., It must be
the last card in the deck. If not, any further cards
will be ignored.

The rest of the input cards are optional, since default values
are assumed if the card is not specified. However, a program must be
loaded into memory for the simulated MPU to run. The following is a
list of the cards and there uses:

'MPU' -~ This card contains the specifications for the memory
gize and number of peripherals for each MPU. One 'MPU'
card is used for each mpu in the system.

*START' - This card is used to specify the method of starting an
MPU. An address can be specified, or a reset can be
used.

'TRC' - Used to specify the trace type for a MPU. If no '"TRC!
card is found for an MPU, the default is for trace
prints to be enabled.

'MEM' - Used to specify the memory dispesition and method of
storage for the sytenm. If used, this card must
physically follow all of the 'MPU' cards and precede any
'LOAD' carda in the input deck, .

'LOAD' - Used to configure and input data into the simulated
memory. The 'LOAD' card can be used more than once, but
any that are used must follow all 'MPU' cards, and the
'*MEM' card if used.

'SIM' - Used to specify simulation control parameters. These
are defined by setting bits in a control word.

All cards are free format, starting on any column, 1inputs may be
separated by blanks or commas, and the card may cover any number of
physical cards. Inputs to the GASP-PL/I programs are not read by the
same procedure, and must start on column one to be read correctly.
Appendix 1 contains a complete description of the input formats for
this simulator, including the required GASP-PL/I inputs. A sample

input deck is shown in Figure 5.7,
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GEN,'G. A. BRENT',20,,1,'NO','NO','NO',,*

STA,1,,,.*
LIM.0,1,120,2,6,8,0,6,0,®
PRI, Z,'FIFDY,1,%

toL, i, 'ITIME-Q' ,®
SEEp%ﬂg‘

PRI,3,'FIFO!,1,¥

INI,'TTFIN','Y',’Y','¥',0,0.05,*
ENT, 2, 10,C,0,0,0,0,0,0.8
EKT,1,0,1209,0,0,0,0,0,"
ENT,1,0.0499,100,0,0,0,0,

FIN

*BYS'," 1, 'NEW! ,'KEEP', '#?
'MPU','O','BB“O','E',"'
'MEM', "CORE' , 'NEW' , ' #!
'LOAD!

TMPU','0*, 'ADDR','0000','00",

'06','06',102',100"
'0B','08*,'02','00"
'ADDR','0T04",

00,700, "ADDR','0810','08",'20",*ADDR",

'00','01','00*,'00',102*,'01",

+00',"ADDR® ,'FFF8','09',700", ' ADDR" , "FFFE','h9", 20",
‘4DDR', 0700, '00",'80", 04", 100"

"WDDR', 0800, *P1AA', "1, 7100,

'ADDR', t08501, 108" ,101', 101",
100 ,1011,1057 1011, tFFY, 1017,
'09*,tud! TQB',1C1T,70A, 01",

'ADDR','OBZQ';‘5'.'90','0A'.'00‘

'03','0D','00','04",7 147, 100"
106! ,|161'|00! ,'07','17' '100|
‘08','18' ,'00' ,'09' ’l"gi 'lool
i

'02*,'01','03',

I11’|PIAB!’IOQ,1100|’|1'

rpF!’I01I

,'0A',"1E','00','0B',*1F",'00"

'TRCY,'0',"11,70900",'09FF"' 14"
'SIM','0',0000000000000000000000000000000B, ' #*

'END’

Figure 5.7:

Sample Input Deck.

'0814','08','50','ADDR",

,'01','0B','00','02','0C*,'00"
,105',115%,100"

‘0814

'01','FF','01','07","01",
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A number of optional special functions were built into the
simulator and can be specified by inputs:

1. The initial system may be stored on a sequential file for
further runs. This system may be reused and altered in
later runs.

2. The facility is present to print the entire contents of the
memory for any MPU in a dump format. This requires a large
amount of CPU time and paper, but can be useful in certain
cases. The memory dump can be printed before and after the
execution of the simulation.

3. An echo-check of the 1initialization inputs 1is also
available, providing a method of verifying the model
parameters.

4, Although it is a run-time function, event monitoring can be
specified by inputs as follows:

1. Printing any c¢onditions or errors which ocecur in
the MPU model.
2. Printing MPU status information at each event
time.
The last option is basically a program diagnostic funetion and was
built in for' debugging purposes. The appendices contain examples of
all the print functions.

Once the initialization is complete, the second phase starts:
model execution. As was stated earlier, a discrete model is used.
Events are executed by s%epping from one to the next. Five basic
event type codes were defined (Table 5.1). GASP-PL/I uses FILE(1) as
the events rile and all events are scheduled by piacing them intc the
events file. Filles are accessed using the ATRIB(®) buffer array and

the GASP-PL/1 programs: FILEM and RMOVE. ATRIB{1) is the time at

which the event is to occur, and ATRIB(2) is the event code.
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Table 5.1: Event Code Definitions.

EVENT CODE EVENT TYPE

104 code £ 30 MPU instruction event., The MPU
number is given by CODE~-1{.

1008 code €120 MPU halt event. WPU number is
given by CODE-100,

CODE=300 I/0 event. These are decoded by
procedure IOEVNT (see Table 5.2).

1000< CODE £1020 Maskable interrupt scheduling
event. Thé MPU number is given
by CODE-~-1600.

1100< CODE £1120 Non-maskable interrupt scheduling
event, The MPU number is given
by CODE-1100.

1200< CODE 1220 Reset or restart event. The MPU
nunber is given by GODE-1200.

BEvents are loaded into the event: file in ascending order
according to the contents of ATRIB(1). If two events are scheduled to
oceur at the same time, they are loaded into the events file in first-
in-first-out fashion. Note, an event cvannot be scheduled to occur at
a time ¢that has already past. An error results and the simulation
terminates.

The simulation model must be started in either of two ways. A
reset can be scheduled to occur by storing an entry in the events file
(inputted by GASF-PL/I) or by starting the MPU at a specific address,
specifying the contents2 of all the registers at that time. The latter
method was bullt in to allow parts of M6800 programs to Le executed.

During the model execution, errors and condltions that occur for
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each MPU may be printed if specified by inputs. The most useful run-
time printout is the trace print. This print-out contains the
contents of all the registers as a result of the instruetions
performed. Trace prints can be specified to:
1. Print all the MPU instruetions.
2. Print any instruction executed in a certain address range.
3. Print instructions executed within a certain time range.
4. Print only instructions that result in program branches,
The trace type is specified for each MPU in the system independently.
Two methods are used for stopping the model execution. The first
is to specify a time 1limit for the simulation to GASP-PL/I. The
sscond is to halt all of the MPUs, at which time the final printovts
will start. It is best to still include a time 1limit to insure that
1/0 events will not continue until the default GASP-PL/I time limit
(1.0E+20). The simulation will also terminate on fatal errors in the
MPU or the system, and if all of the MPUs are halted. If a program
error occurs the final printout will be printed, except in extreme

cases.
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Final summary prints include the following:

1'

2.
3.
4.
5.
6.

Any trace entries remailning in the trace files due
buffering.

The final contents of all of the MPU registers.

The final contents of all the peripberal unit registers.
Simulation statistices.

The GASP~PL/I summary report if enabled by inputs.

Any memory dumps enabled by inputs.

to

The BIM was modeled as a black box, using one external procedure,

ODEV, which performs all of the functions specified 1in chapter

This procedure alsc models the system bus,

b,

The bus does not have to

be modeled separately, because only the BIMs and the other subsystems

interact with it.

only the results are transferred.

the timing estimates discussed earlier.

BIMs are monitored for the following:

The time the BIM must wait to get control of a bus.

The number of output bytes sent over the bus.

BIM.

5.4 PROGRAM DESCRIPTIONS

The programs developed follow the hierarchy in Figure 5.8.

are four funciional legs:

1.

2.

Initialization (Figure 5.9}.

Support routines (Figure 5.10),

All bus functiona are transparent to the CPS MPU,

Response times are calculated using

The number of input bytes read from the system bus by each

There
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3. Run-time (Figure 5.11).
4, Final summary outputs (Figure 5.12}.

The highest program :n the hierarchy is MAIN. This procedure
serves as the entry and exit points for the entire program, The
procedure GASP, is called by MAIN to perform the simulation, In
Figures 5.8 through 65,12, all dashed 1line boxes are GASP-PL/I
programs, solid line boxes are programs wrltten for this study, and
double lined boxes are¢ subprograms which are used in more than one
place in the simulation.

GASP is the executive and controller for the entire simulation.
1t decides when to call any of the programs at the top of the four
functional legs., FEach of these is a modular hierarchy and may include
programs used in other legs. Table 5.2 is a complete list of the non-

GASP=-PL/I programs and procedures used in this simulation.
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Table 5.2: Simulation Program Descriptions.

NAME FUNCTION

DESCRIPTION

BBIN(DATA) support

BRANCH run~time

CCRCHK(RESULT,A, run-time
B,CKH,CKI,CKN,
CKZ,CKV,CKC)

CONPRT(STRING) support

ECHO initialization

Function which converts the hexadecimal
parameter to fixed binary. A zero

is returned for any invalid

hexadecimal numbers.

Declaration:
DCL BBIN ENTRY(CHAR(6))
RETURNS(FIXED BIN(16,0));

Used by the conditional branch
instructions to perform the relative
address calculations

required for the branch,

Declaration:
DCL BRANCH ENTRY;

Performs the logical operations to
update the condition code regisior bits
using the following code:

CKx=0: Reset bit x.

CKx=1: Set bit x,

Ckx=2: No operation performed.

CKx=3: The bit x is set or reset
according to the three
operands A, B, and RESULT
using the standard logical
operation.

Declaration:
DCL CCRCHK ENTRY(FIXED BIN(8,0),
FIXED BIN(8,0),FIXED BIN(8,0),
FIXED DEC(1,0),FIXED DEC(1,0),
FIXED DEC(1,0),FIXED DEC(1,0)},
FIXED DEC(1,0),FIXED DEC(1,0));

Used by ERR and TRCPRT to print MPU
conditions that are flagged in
SYSTBL(7,MPU).

Declaration:
DCL CONPRT ENTRY(BIT(31));

Used to print the initial system
configuration.
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Table 5.2: Simulation Program Descriptions (continued).

NAME FUNCTION DESCRIPTION

Declaration:
DCL ECHO ENTRY;

ERR suppert Prints the run-time error
diagnostics for system errors
and conditic.s.

Declaration:
DCL ERR ENTRY;

ERRPRT(STRING)  support Called by ERR and TRCPRT to
print errors that are flagged in
SYSTBL(8,MPU).

Declaration:
DCL ERRPRT ENTRY(BIT(31));

EVNTS run-time Used to decode the event codes
and transfer contrel to the routines
which pei-form the events.
EVNTS alsoc achedules subsequent
instruction events.

Declaration:
DCL EVNTS ENTRY(FIXED BIN(31,0));

HHEX(DATA) support Complimentary of BBIN. HHEX
converts binary inputs to a
hexadecimal character atring.

Declaration:
DCL HHEX ENTRY(FIXED BIN(31,0))
RETURNS(CHAR(6));

INCHK run-time Performs the interrupt checking
and processing for the MPUs in the
syvstem.

Declaration:
DCL INCHK ENTRY;

INSCHD{CODE) run-time Used to schedule interrupts according
to the following code:

CODE=
10xx maskable interrupt.
1ixx non-maskable interrupt.
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Table 5.2: Simulation Program Descriptions (continued).

NAME FUNCTION DESCRIPTION

12xx reset.

where xx is the MPU number. Interrupts
can be scheduled by loading the
above codes in the events flle.

Declaration:
DCL INSCHD ENTRY(FIXED BIN(31,0));

INSTR run~time This program contains all of the
procedures which perform the
MPU instructions. They were
combined in one procedure because
of common variables.

Lesclaration:
DCL INSTR ENTRY;

INTLC initialization Perfroms the system initialization
by reading the inputs and constructing
the system model. See Appendix
2 for the input specifications and
formats.

Declaration:
DCL INTLC ENTRY;

ICEVNT run-time This program performs all of the
I/0 events on ACIAs and PIAs
in the system. ODEV is called to
model any non-MPU devices in the
system. All user-defined events
are scheduled as I/0 events.
The format for 1/0 events is:

ATRIB(1)= event time.

ATRIB(2)= 300.

ATRIB(3)= device number.

ATRIB(Y4)= event code.

ATRIB(5)= data (data tranafers only).
ATRIB(6)= addreas of device,.

The event codes used are:
1 -data transfer event.

2 «PIA C1 set or ACIA CTS set.
3 ~PIA C1 reset or ACIA CTS reset.




87
Table 5.2: Simulation Program Descriptions (continued).

NAME FUNCTION DESCRIPTION

4 -PIA CZ set.
5 -=PIA C2 reset.
>5 ~user-defined events.

DPevice numbers from 0 to 19 are
reserved for MPUs. Any time a

device number greater than 19 is found,
ODEV is called to process the event.

Declaration:
DCL IOEVNT ENTRY;

MAIN entry/exit Used to call GASP to start the
simulation. MAIN cannot be called
by another routine.

MDUMP support When called, MDUMP will print
a hexadecimal format dump of the entire
conteats of the memory for the MPU number
specified in the variable MPU.

Declaration:
DCL MDUMP ENTRY;

}“IND(ADDRESS, run-time This procedure manages the memory
MCODE) model, MFIND returns the location
of the addressed memory location in
the array LOC(0:31). Invalid addresses
return a negative value, MCODE
specifies the following operation:

0 =Test to see if the memory
location address is valid,
but do r2t access the
mnemo.-y.

1 =Test the memory address for
for validity, and access the

Declaration:
DCL MFIND ENTRY(FIXED BIN(16,0),
FIXED BIN(31,9))
RETURNS(FIXED BIN(31,0});

MPHLT(CODE) run-time Halts the MPU specified by code,
MPU halts can be scheduled as events
by using an event code of 100+MPU.
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Table 5.2: Simulation Program Deseriptions (continued).

NAME

FUNCTION

DESCRIPTION

ODEY

OTPUT

READ{ ADDRESS)

TRACE

run-time

summary

run-time

support

Declaration:
DCL MPHLT ENTRY(FIXED BIN(31,0));

Performs all external device
functions in the simulation.
TOEVNT calls ODEV whenever an I/0
event with a device number
greater than 19 is found,

For this simulation, ODEV modeled
the BIMs and the system bus.

Declaration:
DCL ODEV ENTRY;

OTPUT prints the final summary
for the system. USUM is called
to print any external device
resultas,

Declaration:
DCL OTPUT ENTRY;

Read performs all MPU memory read
operations on the simulated memory.
The external variable, MPU, must be
set to the number of the MPU whose
memory is to be accessed before
calling READ. ADDRESS must

be a valid memory address for

the MPU. READ returns the contents
of the memory location.

Declaration:
DCL READ ENTRY(FIXED BIN(16,0))
RETURNS(FIXED BIN(8,0));

Stores the trace print entries for

each MPU. The file which is

used to store the entries is numbered
MPU+3. Trace will call TRCFRT to

print a trace table when the filing
array is full. The file storage

array must be specified large

enough to hold at least 60 trace entries
per MPU to print full page trace prints.
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Table 5.2: Simulation Program Descriptions (continued).

NAME FUNCTION DESCRIPTION

Declaration:
DCL TRACE ENTRY;

TRCPRT support Prints trace prints for the MPUs,
The MPU number is given in
the variable MPU.

Declaration:
DCL TRCPRT ENTRY;

UERR(CODE) support Called by both GASP-PL/I programs
and user programs to print non-GASP-PL/I
error codes. The error codes are
user defined, and must be less than
100. All error codes greater than 100
are reserved for GASP-PL/I1
error codes.

Declaration:
DCL UERR ENTRY(FIXED BIN(31,0));

UMONT(IX) support Prints event monitoring
information during the model
execution if enabled by
scheduling an event with the
event code 0.

Declaration:
DCL UMONT ENTRY(FIXED BIN(31,0));

USuM sunmary Called by OTPUT to print external
device statisties. In this simulation
USUM printed all BIM and system
bus statisties.

Declaration:
DCL USUM ENTRY;

WRITE(DATA, run-time Complement of READ. WRITE performs
ADDRESS) all MPU memory write operations on
the simulated memory, including
peripheral device functions.

Declaration:
DCL WRITE ENTRY(FIXED BIN(8,0)),
FIXED BIN(16,0));




1 ]
L"‘T"'":

MAIN
l"""I'-""1
GASP

INITIALIZATION SUPPORT RUN-TIME FINAL SUMMARY

(Figure 5.9} (Figure 5.10) (Figure 5.11) (Figure 5.12)

=~m=w~— GASP-PL/I programs

programs written by the author

Figure 5,8: Simulation Program Hierarchy.

06



91
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6 METHODS AND RESULTS

The basic purpose of the simulation presented here is to study
and evaluate the characteristics of the Team Architecture described in
the previous chapters. The operating characteristics evaluated were
defined as:

1. The computing overhead required to manage the Team Operating

System (TCS). Included in the overhead are:
a. The time spent waiting to get control of a system

bus.

b. The time spent walting to update the operating
system.

¢. Computation performed while updating the cperating
system.

2. The affect of wifferent program types on the operating
system performance.

3. The system bus load.

Team Operating System programs were written according to the
description given in chapter 3. The program used is simpler than what
would be implemented in the real system, but still performs the
operating system functions. The TOS program listed in Appendix 2 was
used throughout all of the tests. Task programs scheduled and run by
the operating system were varied, however, to exercise the
architecture.

Task programs can be c¢lassified in two basic types: programs
with little or no system bus I/0, or ones with a large amount of I/0.
Since the system bus forms the central element of the Team
Architecture, program I/0 would appear to 1limit system efficiency.
The tests were structured to evaluate the affects of both varying
program lengths and I1I/0 on the system,

98
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With this in mind, three series of tests were run. 1In all three,
each CPS MPU contained identical copies of the TOS and test programs.
Data was collected on bus waits, TOS waits, operating system overhead,
and program execution times.

A major handicap was encountered whichk prevented long test runs.
As with many simulation programs, the ratio of CPU time used to
simulated time is far greater than 1:1. This simulator, depending on
t¥< MPU programs being asimulated, wvaries from approximately 5,000:1
for one MPU to 15,000:1 for four MPUs, This can be attributed to the
program complexity, to the inefficiency inherent in PL/I, and to the
modular program structure. As a result, all tests could only be
performed for very short intervals of simulated time. Tnis severely
limited the evaluations.

The first series of tests contained test programs without any
system bus I/0. The only system bus I/0 resulted from the TOS
updates. Program execution times were varied to determine the affect
on the system. Table 6.1 and Figures 6.1 thrcugh 6.4 show the result
of these tests. The average job execution time was varied from
approximately 200 microseconds to 20 milliseconds. Again the time
restriction limits the lengths. The number of levels was also varied,

The 8second series of tests contained programs which produced
varying amounts of system bus I/0. Again, program execution times and
the number of levels was varied. The results are tabulated in Table
6.2 and plotted as a function of the average execution time in Figures
6.5 and 6.6.

The third series varied system bus 1I/0, program execution times,
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and the number of levels in the system. In addition, the programs run
were constructed to dynamically modify which Jjobs were run by setting
and resetting the Operational Status Bits (0S5Bs) of the programs in

the system tables. The results are tabulated in Table 6.3.



Table 6.1: Series I Test Results.

AVERAGE AVERAGE MEAN MEAN AVERAGE

NUMBER NUMBER TASK 05 TIME BUS TOS SYSTEM BUS

RUN oF OF TIME PER TASK OVERHEAD WAIT WAIT DATA RATE

NUMBER TASKS LEVELS (usec.) (usec.) (Z) (usec.) (ugsec.) (Eb/sec.)
1 110 1 173.8 1667.1 90.5 1194.3 1302.2 14.8
2 107 1 385.6 1498.3 79.5 1027.7 1738.6 14.6
3 105 1 789.7 1085.5 57.9 657.6 774.7 14.3
G 91 1 1383.3 762.6 35.5 304.0 424.0 12.6
5 57 1 2699,.5 648.1 19.4 211.9 335.1 7.8
6 31 1 5323.6 565.5 9.6 156.9 290.3 4.3
7 18 1 9530.0 500.2 4.9 133.3 261.4 2.5
8 107 2 197.6 1645.5 89.3 1230.8 1340.0 22.7
9 104 2 373.5 1510.4 80.2 1i11.1 1223.4 22.2
10 101 2 716.1 1217.1 €£3.0 585.0 881.0 21.7
11 93 2 1326.8 778.1 36.9 313.0 430.4 21.1
12 58 2 2669.4% 653.9 19.6 224.0 344.6 12.5
13 31 2 5258.1 620.0 10.5 172.0 312.5 6.8
14 16 2 10116.8 502.1 4.7 153.5 279.7 3.5
15 97 3 703.5 1315.3 65.2 878.5 1005.7 28.5
16 88 3 1363.6 854.2 38.5 398.0 511.0 25.8
17 57 3 2569.4 850.3 24,6 235.4 354.2 16.8

Tot
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Table 6.2:

Series II Test Results.

AVERAGE AVERAGE MEAN MEAN AVERAGE

NUMBER NUMBER TASK 0S TIME BUS TOS SYSTEM BUS

RUN OF OF TIME PER TASK OVERHEAD WAIT WAIT DATA RATE

NUMBER TASKS LEVFLS (usec.) (usec.) (Z) (usec.) {usec. ) (Eb/sec.)
20 73 1 3460.2 681.0 16.4 547.0 313.0 35.7
21 81 2 3350.8 876.6 20.7 553.0 508.0 43.3
22 96 3 3071.1 1034.6 25.2 592.0 711.0 51.7
23 54 1 5614.1 14907.7 20.0 1084.0 1141.0 47.1
24 55 2 5626.6 1292. 4 18.7 868.0 988.0 53.0
25 52 3 5944.7 1438.9 19.5 1015.0 1156.0 52.0
26 29 1 10716.9 2232.6 17.2 2041.0 2081.0 47.3
27 25 2 10885.4 2627.8 19.4 1789.0 1862.0 50.7
28 31 3 10027.2 1381.0 12,1 1180.0 1034.0 55.8
29 106 1 15341.5 3007.3 16.4 2835.0 2760.0 50.7
30 106 2 15493.3 3049.3 16.4 2964.0 2819.0 50.2
31 58 3 15360.4 2373.5 13.4 2549.0 2112.0 47.9

901



107

*Toaw] U 8S3ITNE’Y]

(*oosm) 9wWr) uog

II §9Taag :G'g 2and1Jg

Inoaxy se] °8vILAY
8 9 ki

-y

...,_ooap

000¢+

{(microseconds)

000¢ 4

0 Mean Bus Wait, Q Mean TOS Wait,
& Average 0S5 Time per Task

000%-

-1 1
L] I

wFH ¥T (4} o1
J

O > Rt -~

. ] L
L | 1 |

.nl.ll.lualloll.ll.l!AV‘.l-\

+o6

oot

© Overhead (%)

+0¢

+
o

LvO@

3
"

X Average System Bus Data Rate.

409

(kilobytes/second)



108

O Mean Bus Wait, O Mean TOS Wait,

A Average 08 Time per Task

(microseconds)

*STOADTT OME

+853IN83Y I S°Taeg

t9*g 2andy]

{"vesW) IW[J UOTINDIXY YSR] 9IvIDAY

(44

0001+

0002+

000t 4

000%-3

L

01
(1
1

-rw

o1
-0z
s
Loy
05
09
0L
~08
06

00T

 Overhead ()

-4 oc

L

Y
o
~F

]
T
(=]
Wy
X Average System Bus Data Rate

'l
L
o
L ~]

T 0L

(kilobytes/second)



Table 6.3: Series III Test Results.

AVERAGE AVERAGE MEAN MEAN AVERAGE
NUMBER NUMBER TASK 05 TIME BUS TOS SYSTEM BUS
RUN oF oF TIME PER TASK OVERHEAD WAIT WAIT DATA RATE
NUMBER TASKS LEVELS (usec.)  (usec.) (Z) (usec.) (usec.) (Kb/sec.)
32 74 2 3556.9 1360.3 34.7 395.0 495.0 31.6
33 62 1 2569.7 1135.6 30.6 374.0 324.0 26.8
34 76 3 2159.2 1185.6 35.4% 398.0 523.0 36.2

60T




7 CONCLUSIONS

The graphs in chapter 6 show the characteristics of the Team
Architecture when programs up to 20 milliseconds in length are run.
Unfortunately CPU time usage prevented longer tests. However, the
graphs do show some interesting trends and system characteristics.

Series I used programs without system bus 1/0, varying the
average task execution time from 200 microseconds to arcund 10
milliseconds. Although the actual system will probably contain very
few programs of this length, they are one of the possible extremes.
Very short programs {(less than 2 milliseconds) increase the system
overiiead greatly. This results from more time being required to
update the operating system than it takes to run each job.

The test programs run in Series I require only operating system
I/0 to be sent over the system bus. This is the minimum possible for
the Team Architecture. The operating system update time stabilizes
between 500 and 600 milliseconds for programs greater than 2
milliseconds in length. This can be expected to continue for longer
programs than tested, since system bus 1/0 decreases asg task execution
times increase. Each CPS sends only a fixed amount of data each time
the operating system is updated.

Series II tests were performed to analyze the affect of program
170 on the operating system. The test programs generated increasing
amounts of system bus I/0 and also had execution times proporticnal to
the amount of I1/0 generated. The maximum data buffer size that can be

110
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sent at one time by the BIM is 255 bytes. The amount of data sent by
each group of test programs was increased until all were sending and
receiving 255 byte buffers.

The graphs for Series II (Figures 6.5 and 6.6) show the average
system bus data rate increasing until about 50 kilobytes per second
vwhere it levels off. The maximum system bus data rate appears to be
between 50 to 55 kilobytes per second. Even at this system bus load,
The system overhead stayed between 15% to 20%. However, the TOS
update time increases with the average execution time as roes the
mean bus wait and the mean TO0S wait.

Series III contalned test programs which varied both execution
time and the number of data bytes sent over the system bus. Also, the
programs executed were altered by setting and resetting the
Operational Status Bits (OSB) during the program run.

The results of Series III runs showed an increase in system
overhead to approximately 30%. This resulted from the TOS skipping
Joba which had the 0SB set to zero. Bus waits were not high averaging
374 to 400 microseconds. Since the system bus data rate was less than
37 kilobytes per second the average operating system update time can
be expected to remain fairly constant 4if the average task execution
time increases. This would result in a decrease in system overhead.

It should be noted that the system characteristics are dependent
on the software. Many software configurations are possible for the
Team Operating System, and the programs used perform the basic
algorithm, In the final system, software would be more complex and

probably require more time to execute. Very little effort was made to
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try to optimize the operating system software, and some efforts in
this area could help.

It was surprising to note that the average system bus data rate
stabilized at approximately 50 kilobytes per second, less than two-
thirds of the theoretical maximum of 90.9 kilobytes per second as
deseribed in chapter 3. This can be attributed to a number of
factors, the most important of which is the softwars configuration.
The CPS Bsoftware was written so that it would obtain control of a
system bus and not release it until completely finished with the
current task. This allows the bus to sit idle while the CPS generates
the data to be sent. A more efficient method might improve the system
bus data rate.

Another area of possible improvement 1is the Bus Interface Module
(BIM). The realization deseribed in Chapter 3 is slow compared to the
capabilities of the system bua. Using a microprocessor with a faster
eclock period than 1 microsecond would increase the system bus data
rate greatly, since it is the microprocessor which 1limits the speed.
Although more expensive in developmental costs, a specialized hardware
BIM that executes the transfer faster than the one used could improve
data rates greatly. If the system could run all the busses at their
maximum data rate of 1 megabyte per second, the system bus load would
not be a limiting factor on efficiency.

The results just discussed represent a detailed study of the
lower end of the task execution times for the Team Architecture. CPU
time usage restricts the size of programs tested and this should be

evaluated to complete the system characteristics. This simulation
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program is not suitable for studying very long programs. A more gross

simulation would be mere appropriate for studying the longer programs.



8 RECOMMENDATIONS

As a result of the major effort required to develop the
simulation model and the programs which implemented it, the tests
performed were limited to Just a few areas, Some further tests came
to mind during the course of the evaluation presented in the previous
chapter. |

The software used in the TOS tests is only one of many possible
configurations. Efficiency could be improved by optimizing the
cperating system programa. Much of the update time was spent waiting
on the BIM to obtain control of a system bus. This time could be more
effectively spent running tasks, instead of in a wait loop. This
would reduce the overhead, plus allow the CPS to do some local
programs such as dlagnostic tests.

Another interesting point which could be investigated further is
the frequency at which the tasks are executed. This depends on the
number of levels, the number of tasks in each level, the length of
time required to execute each task, and the number of times the level
is cycled through before going to the next level. An equation was not
derived for this, and it would be 1interesting to see il one could be.
Obviously, the relationship would not be simple, since the frequency
depends on so many factors and would vary dynamically as the system
ran.

Although the system was designed to utilize a combination
hardware and software, software is almost the sole cause of time
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delays in the asystem. The most noticeable point is the BIM.
According to the IEEE 488 bus standard, each system bus must be
capable of operating at one mega-byte per second. With three busses,
an overall data rate of over two mega-bytes per second should be
easily attainable. However, the 1/0 processor in the BIM limits the
average data rate to around 55 kilobytes per second. Only about 2% of
the maximum. An interesting thought would be to develop an entirely
hardware BIM which could run at one mega-byte per second. The system
would run somewhat faster, but the coat of such a design might be
prchibitive.

Now that the system has been simulated at the instruction level,
further tests could be performed using a higher 1level model. The
basic operating characteristics were found in this study, and these
could be used to create a higher level model. A model which simulates
the system at the subsystem level would execute faster, allowing more

comprehensive tests,
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APPENDIX 1: INPUT FORMATS.

GASP-PL/I uses a '"card" format for inputs, Each "ecard" is used.
to aspecify different control or run-time parameters for the
simulation. Each "ecard” can cover more than one physical card, but
must follow the format specified in reference 12.

To be read correctly, GASP-PL/I inputs must begin on nnlumn one,
Inputs may be Bseparated by a comma, or one or more blanks. All
character string inputs must be surrocunded by single quotes except for
the card type and the asterisk which is the last input on each card.

Default values are assumed for all inputs, but to perform a
simulation many of the inputs are required. GASP-PL/I requires two
cards, GEN and FIN, be included. Sixteen card types may be used as
inputs to the GASP-PL/I part of the simulation.

For this simulation, many of the GASP-PL/I variables must be
initialized to minimum values according to the initial simulation
model configuration. Table A1.1 1lists the minimum values which must

be specified.
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Table A1.1 Minimum initialization values required
for GASP-PL/I variables,.

CARD VARIABLE VALUE
STA NNCLT Number of MPUs in the system.
LIM NNTRY Large enough to handle the evenis

to be scheduled and the trace files.
A good rule of thumb is to make it
100 times the number of MPUs in

the systen.

LIM NNATR Must be at least 8 for the correct
operation of the simulator.

LIM NRFIL Number of MPUs plus two.

COL I,'LABEL' There must be one 'COL' card for

each MPU, 'I' is the MPU number and
'LABEL' is the label to be associated
with this MPU in the final summary.

INI MSTOP This card must be inserted to specify
the method of halting the simulation.

Inputs to the M6800 simulator follow the basic format of GASP-
PL/I inputs. Card types are used to specify various parameters of the
system. All cards are free format. They can start on any column, be
separated by a comma or any number of blanks, and cover any number of
physical cards. Default values are assumed for all but the two
required cards, 'SYS' and 'END.'

The deseription of the cards will follow a common format. Note
that almost all inputs are surrounded by single quotes, and each card
ends in an asterisk ('#')., Any errors found will terminate the

simulation run, although the entire input deck will usually be



processed.
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The following formats are used to describe the inputs:

1.

2.

3.

10.

1.

Inputs that are required in each card, will be surrounded by
single quotes (i. e. 'SYS'),.

Optional inputs are indicated by square brackets [].

Inputs surrounded by bracesii denote hexadecimal numbers.
These are inputted as character strings and must be
surrounded by single quotes.

Inputs surrounded by parenthesis () are decimal numbers.
Like the hexadecimal numbers, they too are inputted as
character strings and must be surrounded by single guotes.

Inputs that are not character strings are not surrounded by
single quotes.

If the default value is desired a comma mnmust be used to
indicate a null input.

All of the cards except the 'LOAD' card have a fixed number
of fields. Errors will result if the right number of fields
is not found.

Two cards are reqguired:

a. 'sys

b. 'END'
All others are optional, but the simulator will generally
use more,

The order of the cards is only specified for a few cases.
This is because some of the parameters in a card rely on
previous inputs on other cards.

Underlined inputs are default values,



1SYS' card. (
Format :

'SYS',[?'(NMPU)
‘l'
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required)
"OLD' 'KEEP'

Number of fields: 5.

' (NMPU)* The number of MPUs in the system. Range: 0< NMPU <20.

'NEW' or 'OLD!'

System initialization specification. If 'OLD' is
specified the system wlll be initialized from the the
file named SIMSYS. The system can b~ updated in any
way when old is specified, including changing memory
sizes, number of MPUs, and number of peripheral
devices, "NEW' causes the system to be initlalized
from inputs only.

'DELETIE' or 'KEEP! Ir 'KEEP' is sapecified the initial systenm

configuration will be stored on the file SIMSYS after
the initialization is complete. However, if an
initialization error occurs, the configuration will not
be kept. 'DELETE! causes the simulatpr to not write
the initial configuration on the file SIMSYS.

]

181 Eni of card.
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'MPU' card, (optional)

Format:

MPU?, ['(MPU number) ] [(memory size)] R [’(peripherals)'] , WY
|.Q-l '2'

Number of input fields: 5,

' (MPU number)' The number of the MPU to which these inputs are to be
applied. If no MPU number is specified, the default is
0.

'"(memory size)' The amount of memory to be allccated to this MPU, If
this field is left out the default 1s 1024 bytes of
memory.

*{peripherals)' The number of peripherals that are to be initialized
for this MPU. This input causes space to bhe allocated
in the tables for the peripherals. The peripherals
must be initialized in the 'LOAD' card to be used. The
default value is two peripherals.

tie End of card.

Notes:
1. MPUs are numbered starting a 0.
2. Maximum memory size is 65536 (64K).
3. The last eight 1locations of memory are automatically
addressed as FFF8 to FFFF to simulate the interrupt vector

locations.

4, All 'MPU' cards must be read before the 'MEM' card, if used.
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'MEM* card, (optional)

Format

'wem' | rcoper | | new |, e
'DISK' 'OLD!

Number of fields: 4.

'BEN' or 'OLD' Specifies if the memory is to be initialized from the
file SIMSYS ('OLD'), or if new inputs will be used only
('NEW').

'CORE' or 'DISK' Speecifies if main storage ('CORE') or the direct
access file MEM1 ('DISK') is to be used to simulate the
MPU memory. Main storage provides faster execution
times, but large memories may not be simulated. Using
the disk file, MEM1, any amount of memory can be
simulated, but the execution will be much slower.

' end of card.

Notes:

1. The "MEM' card must follow any 'MPU' cards and precede any
'*LOAD' cards in the input stream.

2. Memory is initialized to RAM unless specified as otherwise
in the 'LOAD' card.

3. OSpecifying 'OLD' causes the entire memory to be read in from
the file SIMSYS, but changes can be made by using a 'LOAD'
card.



'LOAD!

Format :

'LOAD!
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card, (optional)

T.Mpu.,.(%)' .

YADDR',' address ' ,

'[.PIAA ','édevice address}','(device)','(ctype)'.
PIAB

'ACIA','idevice address}','(device)',
YCONT',! Seontinuation address} ',
'RAM!,

TROM! ,

: idaté} ',

it

Minimum number of fields: 2.

'MPIS?

'ADDR'

The current MPU number is to be set to the value of the
next input. When a 'MPU' keyword is found the current
memory type 1s reset to RAM and the current address is
reset to 0.

The current address is to be set to the value of the
next input. ‘

'PIAA' or '"PIAB' The current location is to be initialized as a PIA

location. 'PIAA' causes the location to be initialized
as an A-side, 'PIAB' causes the location to be
initialized as a B-side. When these codes are found,
INTLC looks for three more inputs:

‘idevice addresq}' This 1is the address of the device
to which the PIA side is connected. The
address must be a valid address if the PIA is
connected to another MPU system.

'(device)' This is the number of the device to which
the PIA side is connected. Device numbers
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between 0 and 19 are reserved for MPU
devices.

t{etype)' This is the connection type used for the
PIA side. If Q0 is specified the devices will
be modeled with C1 and C2 of this device
connected to C1 and C2 of the associated
device, respectively.

If a 1 is found, the PIA side will be modeled
with C1 and C2 of thls device connected to
C2 and €1 of the assoclate device,
respectively,

Both locations that are occupied by the PIA side are
automatically initialized. To be consistent with
hardware requirements, both sides of the PIA unit must
be in two contiguous locations of memory.

*ACIAY The current location is initialized as an ACIA unit,
This must be followed by the device address and device
number £s described for the PIA input key words. Both
locations used by the ACIA unit are automatically

initialized.

*CONT' The current type of memory is to be continued to the
address specified by the next input.

'RAM! All succeeding locations are to be initialized as
random access memory . This is the default memory type.

YROM!? All succeeding locations will be initialized as read
only memory until a 'RAM' keyword is found.

'idata} ' This is a two-digit hexadecimal word which is to be
loaded in the current memory address.

i End of card.

Notes:

1. After a peripheral device 1s initialized, the memory returns
te the previous type.

2. Default specificationsa for the 'LOAD' card are:
Address = 0000.

MPU = 0.
Type = RAM.
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'START' card. (optional)

Format :

'START' , '(MPU)' e
d start addresés

Number of fields: 4.

' (MPU)* The number of the MPU to which this card applies.

'RESET! The MPU is to be started by a reset at the beginning of
the simulation exectuion.

1Jstart address}' The MPU is to be started at this address at the
beginning of the simulation model execution.

1 End of card.

Notes:

1. If the start card is omitted, an entry must be initialized
in the events file (FILE(1)) to start the MPU. Without
this the MPU will not be started.



'TRC* card.

Format :

'TRC , '(MPU)"'

127

(optional)

, [ (trace type)'|, 'istart addresé;' ,
(start time)

(stop time)

'fstop address} '] , T4

Number of fields: 6,

' (MPU)?

'(trace type)!

Number of the MPU to which these inputs apply.

Specifies the type of trace to be performed according
to the following code:

-trace disabled,
-address start and stop.
~time start and stop.
~branch trace only.
~always enabled.

EWN -0

Even if the trace print function is disabled, the
gimulator will record and print trace entries for
instructions which caused MPU errors.

'fatart addresq&' Starting address of the range of addresses to be

traced if an address trace is specified.

'jstop addresé}' Stop address of the range of addresses to be traced

(start time)

(stop time)

(R 1]

Notes:

if an address trace is specifiled.

Time at which the tracing is to be started if 2z time
trace isspecified.

Time at which the trace printing is to be stopped if a
time trace is specified.

fnd of card.

1. Start and stop addresses or times do not have to be
specified if the trace type is 0 or 4. However, two input
fields must be found and two commas will accomplish this.



'SIM' card.
Format :
'SIM' , T(MPU)?
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(optional)

, b0...p31B , '¥

Number of fields: 4.

b0 ... b31B

Notea:

This is a thirty-one bit Dbinary word which specifies
control parameters in the simulation acecording to the
following:

b0=1 =Print 2 memory dump during the initialization
echo check for this MPU.

b1=1 =Print a memory dump for this MPU during the
final summary print.

b2=1 «Print errors and conditions as they occur during
the run.

b3...b31 <=Unused.

A zeroc in any bit location disables the option. The
default value is all zeros.

End of card.

Bit five of the contrel word is used to speecify tracing of
I/0 events only.

The option i8 on when the associated bit set to 1 and off

when

the it is set to 0.
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INPUT ERROR CODES

0 'SYS' card not found.

1 1llegal number of MPUs specified.

2 '#' not found when expected,

3 Illegal card type.

] Illegal MPU number specified.

5 Illegal memory size specified.

6 Illegal address specified.

7 Illegal number of peripheral units specified.

9 End-of-file found on file SIMSYS.

10 Illegal assoclate device specified.

1 Illegal system initialization specification found.
12 Jllegal system disposition specification.

13 Undefined file condition occurred on file SIMSYS.
1 Illegal input.

15 End-«of-file found on file MEMi.

16 'MPU' card found after a 'LOAD' or 'MEM! card.
17 Incorrect file format on file SIMSYS.
18 End-of-file found on file SYSIN,

19 Illegal peripheral associate device.
20 Attempt to initialize an illegal memory address.
21 Illegal memory initialization specification.
23 Illegal trace type specified.
24 NNATR<8. It must be at least 8.
25 Peripheral linked to a nonexistent device.
27 Attempt to initialize more peripherals than specified.
28 Illegal 'CONT' address.
30 Key error occurred on file MEM1.
32 Illegal associate device address,
33 Illegal associate device number.

34 Illegal card type.

35 Attempt to initialize a peripheral when

none were specified.



APPENDIX 2¢: TEAM OPERATING SYSTEM PROGRAMS.

The following is 8 listing of the programs written for the Team
Operating System teats. These programs implement the algorithm
discussed in section 3.3. All of the simulation tests were run using

these programs.
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NAM TOSPROG
NTRID EQU $0000 NEXT TASK REGISTER ID
NTRLVL EQU $0001 NEXT TASK REGISTER LEVEL
NLVLS EQU $0002 NUMBER OF LEVELS
OBSA  EQU $0700 OUTPUT BUFFER START ADDRESS
IBSA EQU $0702 INPUT BUFFER START ADDRESS.
BMSTS EQU $0704 BIM STATUS WORD ADDPESS.
CPSTS wQU $0705 CP STATUS WORD ADDRESS.
PIA10A LU $0800 PIA-1 OUTPUT REGISTER A ADDRESS
PIAICA EQU $0801 P1IA-1 CONTROL REGISTER A ADDRESS
PIA10B EQU $0802 PIA-t1 OUTPUT REGISTER B ADDRESS
PIAICB EQU $0803 PIA-1 CONTROL REGISTER B ADDRESS
STTADD EQU $0810 TTBL STARTING ADDRESS WORD ADDRESS.
TTAD EQU $0812 TTBL ENTRY ADDRESS WORD.
STQADD EQU $0814 TQTBL STARTING ADDRESS WORD.
TQADD EQU $0816 TQTBL ENTRY ADDRESS WORD
LTADD EQU $0818 LTBL ENYRY ADDRESS WORD.
MYTSK EQU $081a CURRENT CPS JOB WORD
INREG EQU $081B INPUT REGISTER.
GTJOB EQU $2000 STARTING ADDRESS OF GTJOB.

ORG $0920
START LDS #$08FF INITIALIZE THE SP.
LDAA  #$FF
STAA  PIA10B SET B-SIDE UP AS OUTPUT
LDAA  #$25 INITIALIZE PIA.

% THE PIA IS INITIALIZED TO THE FOLLOWING:

A-SIDE:
HANDSHAKE JINPUT.
INTERRUPT ON NEGATIVE TRANSITION OF C1.

*
]
#
L]
#
. B-SIDE:
» HANDSHAKE OUTPUT.

. INTERRUPTS ARE MASKED.
*

]

LU RN BB BN B B Y B N
STAA  PIA1ICA

LDAA  #$2C
STAA  PIAICE
LDAA  PIA1I0A CLEAR INTERRUPT FLAGS

LDAA  PIAI0B

LDX #$0900 INITIALIZE MI VECTOR.
STX $FFFB

LDAA  #3$05 SEND 'BCh' TO BIM
STAA  PIAI0B

CLI ENABLE INTERRUPTS



T0S

T2

T3

RUN

T

EQJ

LO

LDAA
JSR
LDAA
BITA
BEQ
JMP
LDAA
STAA
JSR
STX
LDAA
LDAB
CMPB
BEQ
JSR
STAB
CLR
CLRA
JSR
LDAA
STAA
LDX
LDAA
BITA
BEQ
LDAA
STAA
LDAA
STAA
LDAA
JSR
LDAA
BGE
JSR
LDX
JER
LDAA
BITA
BNE
LDAA
STAA
WAl
LDAA
BITA
BNE
BRA
JSR
LDAA

MYTSK
TQCALC
#$01
$01,X
EQJ
RUN
NTRID
MYTSK
TQCALC
TQADD
NTRLVL
$00,X
#$FF
15
LTCALC
$01,X
NTRLVL

LTCALC
$01,X
NTRID
TQADD
#3501
$01,X
TOS
#4$02
PIA10B
#$20
CPSTS
MYTSK
TTCALC
$00,X
T4
GTJOB
$01,X
$00,X
BMSTS
#3$80
EOJ
#3044
PIA10B

INREG
#$09
708

Lo
LTCALC
$00,X
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ACCA=MYTSK.
CALCULATE TQTBL ADDRESS.

0SB=z'1'?
NO, BRANCH TO EOJ.

YES, RUN JOB.

ACCA=NEXT TASK

GET NEW TASK

CALCULATE TQTBL ADDRESS
TQADD=INR

ACCA=NRTLVL
ACCB=SUCCESSOR ID
ACCB=FF?

YES, BRANCH TO T2

NO, FINISH UPDATE.

NEXT TASK=SUCCESSOR ID,
NTRLVL=0,

CALCULATE LTBL ADDRESS.
ACCA=NELT TASK.
NTRID=NEXT TASK

0SB="'1'7
NO, START UPDATE OVER.
YES, SEND 'STU'.

STATUS: RUNING JOB.

IS JOB IN MEMORY?

NG, GET JOB FROM MASS MEMORY.
YES, RUN JOB.

ACCA=BIM STATUS

IS BIM ACTIVE?

YES, BRANCH TO EOJ.
NO, SEND 'GTIC’.

*BSC'?

CALCULATE LTBL ADDRESS.
ACCA=FIRST TASK.
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STAA  $01,X NEXT TASK = FIRST TASK.
INC  $03,% LC=LC4+1.

LDAA  $03,X ACCA=LC.

CMPA  $02,X LLN=LC?

BNE T2

CLR  $03,X LC=0.

INC  NTRLVL  NTRLVL=NTRLVL+1.

LDAA  NLVLS
CMPA  NTRLVL NLVLS<NTRLVL?
BGT T6

CLR NTRLVL YES, NTRLVL=0.
T6 LDAA  NTRLVL ACCA=NTRLVL.

BRA T3
T I BRI B K R BN N B AN NN BN B N

*
®# THIS SUBROUTINE CALCULATES A LTBL

®  ADDRESS.
. INPUT: LEVEL NUMBER IN ACCA.
* OUTPUT: LTBL ADDRESS IN INR.

]
[ N BN BN BN BN B BN BN B SR IR BE B BN BN

LTCALC LDX #$0003 INR=STARTING LTBL ADDRESS.
LTC1 DECA  ACCA=ACCA-1.

BLT LTC2 ACCA<O?
INX NO, INR=INR+4.
INX

INX

INX

BRA LTC1

LTC2 RIS YES,RETURN.
L IE B RE IR BB BN B NN BN 2R BN BN BE A

* THIS SUBROUTINE CALCULATES THE TQTBL
ADDRESS WHEN GIVEN A TASK ID NUMBER.

]

INPUT: TASK ID NUMBER IN ACCA.
OUTPUT: TQTBL ADDRESS IN INR.

BOER N E NN ERRE R
TQCALC LDX STQADD INR=STARTING TQTBL ADDRESS.

INX

TQC1 DECA  ACCA=ACCA-1.
BLT TQC2 ACCA<O?
INX NO, INR=INR+2.
INX
BRA TQCH

TQCZ2 RTS YES, RETURN.
(2R 2N 2 BN B B AR B O B B BN NN
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THIS SUBROUTINE CALCULATES THE TTBL

ADDRESS FROM THE TASK ID NUMBER.

INPUT: TASK ID NUMBER IN ACCA.
OUTPUT: TTBL ADDRESS IN INR.

#*
LK BN BN BE BE BE L BE B BN BN BN AR B BN

- TTCALC LDX STTADD INR=STARTING TTBL ADDRESS.

INX
TTC1 DECA ACCA=ACCA-1.
BLT TIC2 ACCA<O?
INX NO,INR=INR+3.
INX
INX
BRA TTC1
TTC2 RTS YES, RETURN
LA IR BN BN NN B NE R BE SR BE BE BN BE BE B
»
»
* THIS IS THE ROUTINE WHICH HANDLES THE MASKABLE
® INTERRUPTS THAT RESULT FROM INPUTS FROM THE
% PBIM OR OTHER PERIPHERAL DEVICES.
»
*
L BN B BN BN BE B AR BN BN BE BN BE BE BN BN B BN
ORG $0900
LDAA  PIA1ICA
BITA  #$80 IRQA1 SET?
BEQ M1 NO, GO TO M1
LDAA  PIAT0A YES, READ INPUT
STAR  INREG
RTI STORE IN INREG AND RETURN
M1 RTI

END



APPENDIX 3: SIMULATION PROGRAM LISTING.

The following pages contain the entire listing of the programs
written by the author for this project. Twenty-nine programs are
ineluded, although the GASP_PL/I programs are not listed here. The
GASP_PL/I program package is copyrighted material and the source can

be obtained by writing tha address specified in reference 12.
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/% B3IN VERSION-1 10/2/77 &/

BBIN: PROCEDURE(STRING) RETURNS(FIXED BIN(16,0});
I I T e T P Y YT P TS T T TR T L T T Ty

/4 */
/% THIS PROCEDURE CONVERTS HEXADECIMAL 3TRINGS */
/% TO FIXED BINARY. ®/
/e %/

SO 000000 00 000000000 00 0006 00 0 0000 00 U0 O O/

DCL STRING CHAR(6);

DCL STR(0:5) BIT(4);

DCL C(0:5) CHAR(1);

DCL TBL{1:16) CHAR(1) INIT('0Q*,"1',12%,'3", "}t 151 tg?,
|7|’tat’tgt’lnt"B!,ic"IDI’|EI':F|);

DCL BTBL(1:16) BIT(4) INIT('0000'B,'0001'B,'0010'B,'0011'B,
'0100'B,'0101'8,'0110'B,'0111'B,'1000'B,'1001'B,
'1010'B,"1011'B,'1100'B,'1101'B,"1110'B,'1111'B);

DCL BNSTR FIXED BIN(16,0);

DCL (I,J) FIXED DEC(3,0);
/llllllll!llllIil!l!lllli!lll&Ill!!lllll!llll!l!lill/

/* "/
/% 1S THE STRING & LEGAL HEXADECIMAL NUMBER */
/e */

FARLAZA R R e e LT eI 2R ig il sdlilsalll ]y

IF VERIFY(STRING,' 0123456789ABCDEF')\=0 THEN BNSTR=0;
ELSE DO;
STR='0000'B;

DO I=0 TO 5;
C(I)=SUBSTR(STRING,I+1,1);
END;
K=0;
DO I=5 TO 0 BY -1;
IF C(I)\=' ' THEN DO J=1 TO 16;
IF C(I)=TBL(J) THEN DO;
STR(K)=BTBL(J);
K=K+1;
END;
END;
END;
BNSTR=BIN{STR(3)""STR(2)""STR(1)""STR(0),16,0);
END;
RETURN(BNSTR);
END BBIN;
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/% BRANCH VERSION=-1 1/5/78
BRANCH: PROCEDURE;
DCL PC(#*) FIXED BIN(16,0)CTL EXT;
DCL STR BIT(31);
DCL OPRND1 FIXED BIN(8,0) EXT;
DCL SYSTBL(*,*) FIXED BIN(31,0) CTL EXT;
DCL MPU FIXED BIN(31,0) EXT;
DCL 1 STAT(*) CTL EXT,
INST FIXED BIN(31,0),
INPT FIXED BIN(31,0),
OTPT FIXED BIN(31,0),
ERRS FIXED BIN(31,0),
INTS FIXED BIN(31,0),
WARN FIXED BIN(31,0),
BRCH FIXED BIN(31,0),
RTRN FIXED BIN(31,0),
RSTS FIXED BIN(31,0),
HALT FLOAT BIN(31),
RUN FLOAT BIN(31),
RESTRT FLOAT BIN(31),
LSTHLT FLOAT BIN(31);
IF OPRND1>127 THEN
PC{MPU)=PC{MPU}+0OPRND1-256;
ELSE PC(MPU)=PC(MPU)}+OPRND1;
IF PC{MPU)<0 THEN PC{MPU)=PC{MPU}+256;
STR=SYSTBL(8,MPU);
IF PC(MPU)>SYSTBL(1,MPU) THEN
SUBSTR(STR,8,1)='1'B;
SYSTBL(8,MPU)=STR;
STR=SYSTBL(T,MPU);
SUBSTR{STR,7,1)='1'B;
SYSTBL(7,MPU)=STR;
BRCH(MPU)=BRCH(MPU)+1;
RETURN;
END BRANCH;

MR N RN
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CCRCHK VERSION-2 1/5/78
CCRCHK: PROCEDURE(R,A,B,CKH,CK1,CKN,CKZ,CKV,CKC);
DCL (A,B,R)FIXED BIN(8,0);
DCL (CKH,CK_ ,CKN,CKZ,CKV,CKC) FIXED DEC(1,0);
DCL SYSTBL(¥,*) FIXED BIN(31,0) CIL EXT;
DCL STR1 BIT(31);
DCL CCR(®*) BIT(8) CTL EXT;
DCL MPU FIXED BIN(31,0) EXT;
IF CKH>1 THEN
IF CKH=3 THEN

SUBSTR(CCR(MPU),3,1)=(SUBSTR(4,5, 1) "SUBSTR(3,5,1))
&\SUBSTR(R,5,1) "SUBSTR(A,%, 1)&SUBSTR(B,5,1);

ELSE;
ELSE DO;
iIF CKH=1 THEN SUBSTR{CCR{MPU),3,1)='1'B;
ELSE SUBSTR(CCR(MPU),3,1)='0'B;
END;
IF CKI<2 THEN
IF CKI=1 THEN SUBSTR(CCR(MPU),4,1)='1'B;
ELSE SUBSTR(CCH(MPU),4,1)='0"B;
ELSE;
IF CKN>1 THEN
IF CKN=3 THEN
IF R>128 THEN SUBSTR(CCR(MPU),5,1)='1'B;
ELSE SUBSTR{CCR(MPU),5,1)='0'B;
ELSE;
ELSE DO;
IF CKN=1 THEN SUBSTR(CCR{MPU),5,1)='1'B;
ELSE SUBSTR(CCR(MPU),5,1)='0'B;
END;
1F CKZ>1 THEN
IF CKZ=3 THEN
IF R=0 THEN SUBSTR({CCR{MPU),6,1)='1'B;
ELSE SUBSTR(CCR(MPU),6,1)='0'B;
ELSE;
ELSE DO;
IF CKZ=1 THEN SUBSTR{CCR(MPU),6,1)='1'B;
ELSE SUBSTR{CCR(MPU),6,1)='0'B;
END;
IF CKV>1 THEN
1F CKV=3 THEN DO;

SUBSTR(CCR(MPU),7,1)=SUBSTR(A, 1, 1)&SUBSTR(B,1,1)
&\SUBSTR(R, 1,1)"\SUBSTR(A, 1, 1)&\SUBSTR(B,1,1)&

SUBSTR(R, 1,1);
STR1=SYSTBL(8,MPU);
SUBSTR(STR1, 3, 1)=SUBSTR{CCR(MPU),7,1);
SYSTBL(8,MPU)=STR1;

END;

®/
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ELSE;
ELSE DO;
IF CKV=1 THEN SUBSTR(CCR(MPU)},7,1)='1'B;
ELSE SUBSTR(CCR(MPU),T,1)='0'B;
IF CKV=1 THEN DO;
STR1=SYSTBL(8,MPU);
SUBSTR(STR1,3,1)="'1'B;
SYSTBL(8,MPU)=STR1;
END;
END;
1F CKC>1 THEN
IF CKC=3 THEN
SUBSTR(CCR{MPU),8,1)=SUBSTR(A, 1, 1)&SUBSTR(BR,1,1)"
(SUBSTR(A,1,1) "SUBSTR(B,1,1) )&
\SUBSTR(R, 1,1);
ELSE;
ELSE DO;
IF CKC=1 THEN SUBSTR(CCR{MPU),8,1)='1'B;
ELSE SUBSTR(CCR(MPU),8,1)='0'B;
END;
CKH,CK1,CKN,CKV,CKZ,CKC=0;
RETURN;
END CCRCHK;
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A CONPRT VERSION-1

CONPRT: PROCEDURE(STRING);
JERERARNAR N R AR R R R RN R

/4 %/
/% THIS SUBPROGRAM PRINTS CONDITION DIAGNOSTICS #/
/% ON THE MPUS DURING EXECUTION. &/
A */

FALII T A I 222222 12 R dd st sttt altlllll )

DCL STRING BIT(31);
DCL MESSAGE(31) CHAR(50) VARYING INIT(
'NON-MASKABLE INTERRUPT.',
'MASKABLE INTERRUPT.',
'RESET','PROCESSOR HALTED',
*SOFTWARE INTERRUPT','WAIT-FOR-INTERRUPT',
'PROGRAM BRANCH °*,
'RETURN-FROM-INTERRUPT ', 'RETURN-FROM-SUBROUTINE ',
'DATA OUTPUT','DATA INPUT','RESET PENDING',
'SUBROUTINE BRANCH!);
DCL I FIXED BIN(31,0);
DO I=1 TO 31;
IF SUBSTR(STRING,I,1)='1'B THEN DO;
PUT SKIP EDIT((8)'#'""' *t""MESSAGE(I))(A);
END;
END;
END CONPRT;

%/
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/% ECHO VERSION-3 3/25/18 4

ECHO: PROCEDURE;
FALLE AR A R a s d TRl d s il ad ittt iiladiladislilzllly)

/% %/
A THIS PROGRAM PRINTS THE INITIAL CONFIGURATION "/
/* OF THE SYSTEM AFTER INTLC IS FINISHED. &y
/* USED WITH INTLC VERSION-6. */
/" */

FALLLLA AL R AL eI A2 TR d T T dad st itttz izididllln]

DCL SYSTBL(*,*) FIXED BIN(31,0) CTL EXT;
DCL (I,MAX) FIXED BIN(31,0);
DCL (MPU,NMPU,NPER,PL) FIXED BIN(31,0) EXT;
DCL (MDUMP,PDUMP) ENTRY;
DCL MEM1 FILE RECORD XEYED ENV{REGIONAL(1) F(80));
DCL HHEX ENTRY(FIXED BIN(16,0)) RETURNS(CHAR(6));
DCL TYPE(O:4) CHAR(10) INIT(' DISABLED',' ADDRESS !,* TIME °,
'  BRANCH ',' ENABLED!');
DCL TRCE(®,®) FLOAT BIN(31) CTL EXT;
IF LINENO(SYSPRINT)>PL-25 THEN PUT EDIT(' *')(LINE(PL-1),4);
PUT SKIP(3) EDIT('INITIAL SYSTEM CONFIGURATION')
(COL(16),A);
PUT EDIT((28)'#'){COL(16),A);
IF ALLOCATION(SYSTBL)='1'B THEN DO;
DO I=0 TO NMPU-1 BY 4;
IF NMPU-1<I+l4 THEN MAX=NMPU-1;
ELSE MAX=I+3;
1F LINENO(SYSPRINT)>PL=-15 THEN PUT EDIT(' '){(LINE(1),A);
PUT SKIP(2) EDIT('MPU NUMBE..',(MPU DO MPU=I TO MAX))
(CoL(2),A,COL(18),F(3,0),(3){(X(9),F(3,0)));
PUT SKIP EDIT((60)'=')(A);
PUT SKIP EDIT('MEMORY SIZE',((SYSTBL(1,MPU}+1)
DO MPU=I TO MAX))(COL(2),A,COL(17),F(6,0},
(3)(X(6Y,F(6,0)));
PUT SKIP EDIT('PERIPHERALS',(SYSTBL(6,MPU)
DO MPU=I TO MAX)){COL{(2),4,COL(18),F(3,0),
(3)(x(9),F(3,0)));
PUT SKIP EDIT('TRACE TYPE',(TYPE(TRCE(1,MPU))
DO MPU=I TO MAX))(COL(2),A,COL(13),
(4)(X(2),A(10)));
PUT SKIP EDIT('TRACE START')(COL(2),A(12));
DO MPU=I TO MAX;
IF TRCE(1,MPU)=0 " TRCE(1,MPU)>2
THEN PUT EDIT((12)' *)(A(12));
IF TRCE(1,1PU)=1 THEN PUT EDIT(®' *~"
HBEX(TRCE(2,MPU)))(X(2),A(10));
IF TRCE(1,MPU)=2 THEN PUT EDIT(TRCE(2,MPU))
(X(2),F(10,6));
END;
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PUT SKIP EDIT('TRACE STOP'){(COL(2),A(12));
DO MPU=I TO MAX;
IF TRCE(1,MPU)=0 " TRCE(1,MPU)>2
THEN PUT EDIT((12)' ')(A(12));
IF TRCE(1,MPU)=1 THEN PUT EDIT(' '*"
BHEX(TRCE(3,MPU)))(X(2),A(10));
IF TRCE(1,MPU}=2 THEM PUT EDIT{TRCE(3,MPU))
(x(2),F(10,6));
END;
PUT SKIP EDIT('TRACE FILE',((MPU+3) DC MPU=I TO MAX))
(coL(2),4,COL(18),F(3,0),(3)(X(9),F(3,0)));
PUT SKIP EDIT((60)'='}(A);
END;
PUT SKIP(2) EDIT('SIMULATION CONTROL SPECIFICATIONS:')
{COL(10),4);
PUT EDIT((I,SYSTBL(0,I) DO I=0 TO NMPU-1))
((NMPU)(SK1P,COL(15),F(3,0),X(3),B(31))};
CALL PDUMP;
DO MPU=0 TQ NMPU-1;
IF SUBSTR(SYSTBL(0,MPU)},1,1)=t1'B THEN CALL MDUMP;
END;
END;
ELSE PUT SKIP(2) EDIT('SYSTEM INITIALIZATION NOT PERFORMED---',
'SYSTEM TABLE NOT ALLOCATED.')(COL{10),A);
RETURN;
END ECHO;
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/* ERR VERSION-2 1/25/78 */
ERR: PROCEDURE;
JERE RSN AR RUANENRARERE SRR RN RS RERNBRERNER RN RNARRERES N/
/% LV
/% THIS PROCEDURE CALLS THE PROCEDURES ERRPRT AND CONPRT %/
/% TO PRINT DIAGNOSTICS FOR RUN TIME ERRORS AND CONDITIONS.%/
/4 L ¥
Fadad 122 T2 s st i idiadlad izd ettt e tididddidl]y] Ny
DCL SYSTBL(®,%)} FIXED BIN(31,0) CTL EXT;
DCL (CYCLES,MPU,PL) FIXED BIN(31,0) EXT;
DCL EOI FLOAT BIN(31);
DCL (STK1,STR2,STR3) BIT(31);
DCL FLAG BIT(1)INIT(0);
DCL HHEX ENTRY(FIXED BIN(16,0)) RETURNS(CHAR(6)};
DCL 1 STAT(™) CTL EXT,
INST FIXED BIN(31,0),
INPT FIXED BIN(31,0),
OTPT FIXED BIN(31,0),
ERRS FIXED BIN(31,0),
INTS FIXED BIN(31,0),
WARN FIXED BIN(31,0),
BRCH FIXED BIN(31,0),
RTRN FIXED BIN(31,0),
RSTS FIXED BIN(31,0),
HALT FLOAT BIN(31),
RUN FLOAT BIN(31),
RESTRT FLOAT BIN(31),
LSTHLT FLOAT BIN(31);
DCL CONPRT ENTRY(BIT(31));
DCL, ERRPRT ENTRY(BIT(31));
DCL I FIXED BIN(31,0);
DCL TNOW FLOAT BIN EXT;
DCL OPC FIXED BIN(16,0) EXT;
STR1=SYSTBL(8,MPU);
STR2=SYSTBL(T,MPU);
STR3=SYSTBL{0,MPU);
FLAG=SUBSTR(STR3,3,1);
EOI=TNOW+0.000001#CYCLES;

IF FLAG='1'B & SYSTBL(8,MPU)\=C THEN DO;
I I e T Ty T Y T P T O T S R R T T T

MMM

/4 %/
/% PRINT ERROR DIAGNOSTICS */
/4 &/

/ﬁllllll!lllllll!!il!ll!llliIIllllll!lilllilliililll/
PUT SKIP(2) EDIT((8)'®#'"*v MPU ', 6MPU,
' #8##®  FRROR AT TIME=',EOI,'SEC. ADDRESS='""HHEX(OPC))
(A,F(2,0),%(2),A,F(10,6),%X(2),A);
CALL ERRPRT(STR1):
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END;
IF (SUBSTR(STR1,1,1)='1'B * SUBSTR(STR1,8,1)='1'B) &
SUBSTR(STR2,3,1)="0'B THEN SUBSTR(STR2,4,1)='1'B;
SYSTBL(7,MPU)=BIN(STR2,31,0);

IF FLAG='1'B & STR2\=(31)'0'B THEN DO;
FALA LI R IA TR 2 s ddazstadddlatqdlatldszsyt Ny

/4 'Y
/% PRINT CONDITION DIAGNOSTICS. */
/* &/

FALLMAA T I LR AT LR et ideasd it adiiledllslsly

PUT SKIP(2) EDIT('Ws#ueidus Mpy ' MpU,' EWS#E TIMEz?,
EOI,'SEC. ADDRESS='""HHEX(OPC))
(A,F(2,0),%(2),4,F(10,6),X(2),A);
CALL CONPRT(STR2);
END;
FALLIAAL AR L2 et il ad it s d ittt -badlitssdletly)
/% LYV
/%  RECORD STATISITCS FOR THIS INSTRUCTION. */
/% #/
/lll!IlillﬁilllihiillIll!IIllllllGIlIllll!llll!lllll/
DO I=1 TO 31;
IF SUBSTR(STR1,I,1)='1'B THEN DO;
IF I=1 © I=8 THEN ERRS(MPU)=ERRS(MPU)}+1;
ELSE WARN(MPU)=WARN(MPU)+1;
END;
IF SUBSTR(STR2,I,1)='1'B THEN DO;
IF I=1 " I=2 " I=5 " I=6 THEN INTS(MPU)=INTS(MPU)+1;
IF I=3 THEN RSTS(MPU)=RSTS(MPU}+1;
IF I=8 ° I=9 THEN RTRN(MPU)=RTRN(MPU)+1;
IF I=10 THEN OTPT(MPU)=OTPT{MPU)+1;
IF I=11 THEN INPT(MPU)=INPT(MPU)+1;
END;
END;
IF LINENO(SYSPRINT)>PL-5 THEN
IF LINENO(SYSPRINT)<PL-1 THEN PUT EDIT(' ')(LINE(PL~1),A);
RETURN;
END ERR;
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1145

ERRPRT VERSION-1 1/23/18

ERRPRT: PROCEDURE(STRING);

7/
/&
/"
/*

THIS PROCEDURE PRINTS ERROR DIAGNOSTICS ON ERRORS THAT
ARE FLAGGED IN SYSTBL(5,MPU).

DCL STRING BIT(31);
DCL MESSAGE(31) CHAR(50) VARYING INIT(
*ILLEGAL OPCODE (FATAL)',
*NON-EXISTENT MEMORY ACCESSED. (WARNING)',
'OVERFLOW OCCURRED. (WARNING)',
' ' 'YATTEMPT TO WRITE ON ROM (WARNING)',
'BAD PERIPHERAL DEVICE ACCESSED (WARNING)®,
'BAD MEMORY LOCATION ACCESSED. (WARNING)',
'BRANCH TO NON-EXISTENT MEMORY. (FATAL)'):
DCL I FIXED BIN(31,0);
DO I=1 TO 31;
IF SUBSTR(STRING,I,1)='1'B THEN DO;
PUT SKIP EDIT((8)'#*"" +*"MESSAGE(1})
(4});
END;
END;
END ERRPRT;
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/%  EVNTS VERSION-3 1/4/78

EVNTS:
DCL
DCL
DCL
DCL
DCL
DCL
DCL
DCL
DCL
DCL
DCL
DCL
DCL

DCL
DCL
DCL
DCL
DCL
DCL

PROCEDURE(TYPE);

TNOW BIN FLOAT EXTERNAL;

TYPE FIXED BIN(31,0);

(CYCLES,MPU,NMPU) FIXED BIN(31,0) EXT;

ATRIB(*) BIN FLOAT CTL EXT;

FILEM ENTRY(FIXED BIN(31,0));

INSTR ENTRY;

READ ENTRY(FIXED BIN(16,0))RETURNS(FIXED BIN(8,0));

PC(*) FIXED BIN(16,0) CTL EXT;

OPC FIXED BIN(16,0) EXT;

TRACE ENTRY;

SYSTBL(*,*) FIXED BIN(31,0) CTL EXT;

{CODE,OPRND1,0PRND2) FIXED BIN(8,0) EXT;

(ABA,ADC,ADDD, AND, ASL, ASR, BCC, BCS, BEQ, BGE ,BGT ,BHI ,
BITT,BLE,BLS,BLT, BMI, BNE, BPL, BRA, BSH, BVC,
BYS,CLC,CLI,CLR,CLV,CMP,COM,CPX,DAA,DES,
DEX,DECC, EOR, INC, INS,INX,JMP,JSR,LDA,
LDR, LSR, NEG, NOP,ORA, PSH, PUL,

ROL, ROR,RTI,RTS,SBA,SBC,SEC,SEI,SEV,STA,
STR,SUB,SWI,TAB,TAP,TST,TSX)} ENTRY;

FLAG B1T(1);

ERR ENTRY;

INSCHD ENTRY(FIXED BIN(31,0));

(INCHK,IOEVNT) ENTRY;

COLCT ENTRY(FLOAT BIN,FIXED BIN(31,0));

MPHLT ENTRY(FIXED BIN{(31,0));

CODE=0;

CYCLES=-1;

FLAG="'0'B;

OPRND1,0PRND2=-1;

IF TYPE>=10 & TYPE<=NMPU+10 THEN DO;

MPU=TYPE-10;

OPC=PC{MPU);

SYSTBL(7,MPU }=BOOL(SYSTBL(T,MPU),
'000100000001'B""(19)'0'B,'0001'B};

SYSTBL(8,MPU)=0;

FLAG=SUBSTR(SYSTBL(T,MPU),4,1);

IF FLAG='0'B THEN CODE=READ(PC(MPU));

END;

IF TYPE>99 &TYPE<120 THEN CALL MPHLT(TYPE);
IF TYPE=300 THEN CALL IOEVNT;
IF TYPE>=1000 & TYPE<1300 THEN

CALL INSCHD(TYPE);

IF CODE>0 & CODE<32 THEN DO;

IF CODE=1 THEN CALL NOP;
IF CODEz6 * CODE=7 THEN CALL TAP;
IF CODE=8 THEN CALL INX;

%/
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IF

IF
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IF
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IF
IF
IF
1F
IF
IF
IF
IF
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CODE=9 THEN CALL DEX;
CODE=10 THEN CALL
CODE=11 THEN CALL
CODE=12 THEN CALL
CODE=13 THEN CALL
CODE=14 THEN CALL
CODE=15 THEN CALL
CODE=16 “ CODE=17
CODE=22 " CODE=23
CODE=25 THEN CALL
CODE=27 THEN CALL

END;
IF CODE>31 & CODE<48 THEN DO;

CODE=32
CODE=34
CODE=35
CODE=36
CODE=37
CODE=38
CODE=39
CODE=4U0
CODE=41
CODE=#2
CODE=43
CODE=4Y
CODE=z45
CODE=46
CODE=47

END;
IF CODE>47 & CODE<64 THEN DO;

THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

CLY;
SEV;
CLC;
SEC;
CLI;
SEI;

’
THEN CALL SBA;
THEN CALL TAB;

DAA;
ABA;

BRA;
BHI;
BLS;
BCC;
BCS;
BRE 3
BEQ;
BVC;
BVS;
BPL;
BMI;
BGE;
BLT;
BGT;
BLE;

CODE=96 " CODE=112 THEN CALL NEG;

CODE=99 “ CODE=115 THEN CALL COM;

CODE=116 THEN CALL LSR;
CODE=118 THEN CALL ROR;
CODE=119 THEN CALL ASR;
CODE=120 THEN CALL ASL;
CODE=121 THEN CALL ROL;

IF CODE=48 " CODE=53 THEN CALL TSX;
IF CODE=49 THEN CALL INS;
IF CODE=50 " CODE=51 THEN CALL PUL;
IF CODE=52 THEN CALL DES;
IF CODE=54 " CODE=55 THEN CALL PSH;
IF CODE=57 THEN CALL RTS;
IF CODE=59 THEN CALL RTI;
IF CODE=63 " CODE=62 THEN CALL SWI;
END;

IF CODE>63 & CODE<128 THEN DO;
IF CODE=64 “ CODE=80 "
IF CODE=67 "~ CODE=83 "
IF CODE=68 ~ CODE=84 "~ CODE=100 "
1F CODE=70 " CODE=86 " CODE=102 "
IF CODE=71 ~ CODE=87 " CODE=103 "
IF CODE=72 “ CODE=88 " CODE=104 "
IF CODE=73 "~ CODE=89 " CODE=10% "
IF CODE=T4 " CODE=90 " CODE=106 "

CODE=122 THEN CALL DECC;



148

IF CODE=76 ~ CODE=92 "~ CODE=108 "~ CODE=124 THEN CALL INC;
IF CODE=77 " CODE=93 " CODE=109 " CODE=125 THEN CALL TST;
IF CODE=110 " CODE=126 THEN CALL JMP;
IF CODE=79 " CODE=95 ~ CODE=111 " CODE=127 THEN CALL CLR;
END;
IF CODE>127 * CODE<256 THEN DO;
IF CODE=128 " CODE=14Y4 " CODE=160 " CODE=176 "
CONE=192 ~ CODE=208 “ CODE=224 " CODE=240
THEN CALL SUB;
IF CODE=129 "~ CODE=145 ~ CODE=161 " CODE=177 °
CODE=193 ~ CODE=209 " CODE=225 " CODE=241
THEN CALL CMP;
IF CODE=130 " CODE=146 " CODE=162 " CODE=178 ~
CODE=194 * CODE=210 " CODE=226 "~ CODE=242
THEN CALL SBC;
IF CODE=132 “ CODE=148 " CODE=164 " CODE=180 "
CODE=196 " CODE=212 " CODE=228 " CODE=2ul
THEN CALL AND;
IF CODE=133 " CODE=149 " CODE=165 "~ CODE=181 "
CODE=197 ~ CODE=213 " CODE=229 "~ CODE=245
THEN CALL BITT;
IF CODE=134 " CODE=150 "~ CODE=166 ~ COnZ=182 "
CODE=198 "~ CODE=214 " CODE=230 " CODE=246
THEN CALL LDA;
IF CODE=151 " CODE=167 "~ CODE=183 "~
CODE=215 * CODE=231 "~ CODE=z2M47
THEN CALL STA;
IF CODE=136 " CODE=152 ~ CODE=168 ~ CODE=184 ~
CODE=200 " CODE=216 " CODE=232 ~ CODE=z248
THEN CALL EOR;
IF CODE=137 " CODE=153 "~ CODE=169 " CODE=185 "
CODE=201 ~ CODE=217 " CODE=233 “ CODE=249
THEN CALL ADC;
IF CODE=138 " CODE=154 " CODE=170 "~ CODE=186 "
CODE=202 "~ CODE=218 " CODE=234 ~ CODE=250
THEN CALL ORA;
IF CODE=139 " CODE=1%5 "~ CODE=171 " CODE=187 °
CODE=203 " CODE=219 " CODE=235 ~ CODE=251%
THEN CALL ADDD;
IF CODE=140 " CODE=1%6 "~ CODE=172 " CODE=188
THEN CALL CPX;
1IF CODE=141 THEN CALL BSR;
IF CODE=142 * CODE=158 " CODE=174 " CODE=190 "
CODE=2G6 " CODE=222 " CODE=238 " CODE=254
THEN CALL LDR;
IF CODE=159 " CODE=175 "~ CODE=191 °©
CODE=223 " CODE=239 " CODE=255
THEN CALL STR;
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IF CODE=173 “ CODE=189¢ THEN CALL JSR;
END;
IF TYPE>=10 & TYPE<30 & FLAG='0'B THEN DO;
IF CYCLES=-1 THEN SYSTBL(8,TYPE-10)=BOOL(SYSTBL(8,TYPE-10},
'1'B~"(30)'0'B,'0111'B);
CALL INCHK;
CALL TRACE;
CALL ERR;
FLAG=SUBSTR(SYSTBL(7,MPU) ,%4,1);
IF FLAG="1'B THEN DO;
ATRIB(2)=MPU+100;
SYSTBL(4,MPU)=1;
END;
ELSE ATRIB(2)=TYFE;
IF CYCLES>=0 THEN DO;
CALL COLCT(CYCLES,MPU+1);
ATRIB(1)=TNOW+CYCLES*0.000001;
END;
ELSE ATRIB(1)=TNOW+0.000001;
CALL FILEM(1);

RETURN;
END EVNTS;
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/% HHEX VERSION=-1 1072717 */

HHEX: PROCEDURE(BNSTR) RETURNS(CHAR(6));
j!liilli!lllllllll&llilIi*Ill!illll!llllllillllllllI/

/% ®/
/% THIS PROGRAM CONVERTS THE BINARY INPUT TO %/
/% HEXADECIMAL.... */
/* ®/

JHRR AR RSEERERERRRERR RN ERRRERARRERBRRERDRARE BRI RN RN/

DCL BNSTR FIXED BIN(16,0);

DCL (I,J) FIXED BIN(31,0);

DCL STR1 CHAR(6);

DCL C{O:4) CHAR(1);

DCL TBL(16) CHAR(1) INIT(*Q','17,%2' %3, 41 151 tHy 171,
'B','9',‘A‘,'B','C','D','E','F');

DCL BTBL(16) BIT(4) INIT('0000'B,'0001'B,'0010'B,'0011'B,
'0100'B,'0101'B,'0110'B,'0111'B, '1000'B, ' 1001'B,
*1010'B,"1011'B,*1100'B, ' 1101'B,'1110'B, '1111'B);

DCL BSTR(4) BIT(U);

BNSTR=ABS({BNSTR);

c(o)=' ';

DO I=1 TO 4;

BSTR(I)=SUBSTR!BNSTR,U4*1-3,4);
END;
DO I=1 TO U4;
DO J=1 TO 16;
IF BTBL(J)=BSTR(I) THEN C(I)=TBL(J);
END;
END;

STR1=C(0)""C(1)""C(2)""c(3)""C(l);

RETURN(STR1);

END HHEX;
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/%  INCHK VERSION=-1 1/5/78
INCHK: PROCEDURE;
e L T O L T T L T T T T T YT
/% #/
/% THIS PROCEDURE DOES THE INTERRUPT SERVICE CHECK%/
/% AND PROGRAM CONTROL BRANCH IF AN INTERRUPT IS #/
/% PENDING. &/
A */
L T T T T T L L L T T et

DCL SYSTBL(%,%) FIXED BIN(31,0) CTL EXT;

PCL (CYCLES,MPU) FIXED BIN(31,0) EXT;

DCL TPC FIXED BIN(16,0);

DCL (SP(%),PC(*),INR(*)) FIXED BIN(16,0) CTL EXT;

DCL STRING BIT(31);

DCL (ACCA(¥),ACCB(¥)) FIXED BIN(8,0) CTL EXT;

DCL CCR(%) BIT(8) CTL EXT;

&/

DCL READ ENTRY(FIXED BIN(16,0)) RETURNS(FIXED BIN(8,0));

DCL WRITE ENTRY(FIXED BIN(8,0),FIXED BIN(16,0));
L L T T e e T T T T R T T Y YT AT AT 2y R Y

/4 ®/
/%  CHECK FOR INTERRUPTS PENDING &/
/4 %/

JRSRREARRR N URARERAERR AR RN B R RARRREARERB SRR R RRRARS

IF SYSTBL(10,MPU)>0 " SYSTBL(9,MPU)>0 THEN DO;

IF SYSTBL(10,MPU)>0 THEN DO;
/ll&!llill!!lﬁlﬂlll!ll!llll&il!ll!!l!ll!!llllll!iﬂl!/

/ \J
/% NON~MASKABLE INTERRUPT PENDING */
/% 8/

JERBRARR AR ERR AR RER RN RRANERARERRAA RN SRR RN RN ERE /

SYSTBL(10,MPU)=SYSTBL(10,MPU)=1;
TPC=READ{BIN(65532, 16,0) ) #2564+
READ{BIN(65533,16,0));
STRING=SYSTBL(7 ,MPU);
SUBSTR(STRING,1,1)='1'B;
SYSTBL(7,MPU)=STRING;

END;

ELSE DO
JRRRRERARNRER AR RERRE R RN BENRR RS SRR BRI RN
/% */
/% MASKABLE INTERRUPT PENDING &/
/% ®/

JRBRRERRANBEARRRRERRCSERERRRR AR RERN RSN EERRRRRRREDREE

IF SUBSTR(CCR{MPU),%4,1)="1'B THEN RETURN;
SYSTBL(9,MPU)=SYSTBL(9,MPU)-1;
TPC=READ(BIN(65528, 16,0) ) #256+
READ({BIN(65529,16,0));
STRING=SYSTBL(7,MPYU);
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SUBSTR(STRING,2,1)='1'B;
SYSTBL(7 ,MPU)=STRING;

END;
/illllllllllIlll;Illlill!ﬁlliillllllllllllllll!ll!ll/
/% */
/% STACK REGISTER CONTENTS &/
/% ®/

/ﬂI'IIIllIIIIIIIIIIIl'iilll.l.li!!lllll'!lllll!"lll/

IF SUBSTR(STRING,6,1)='0'B THEN DO;
CALL WRITE(BIN(SUBSTR(PC{MPU),9,8),8,0),SP(MPU)};
SP(MPU)=SP(MPU)~1;
CALL WRITE(BIN(SUBSTR(PC(MPU),1,8),8,0),SP(MPU});
SP(MPU)=SP(MPU)-1;
CALL WRITE(BIN(SUBSTR(INR(MPU),9,8),8,0),SP(MPU));
SP{MPU)=SP(MPU)-1;
CALL WRITE(BIN(SUBSTR(INR{MPU),1,8),8,0),SP(MPU));
SP(MPU)=SP(MPU)-1;
CALL WRITE{ACCA(MPU),SP(MPU));
SP(MPU)=SP(MPU)-1;
CALL WRITE(ACCB(MPU),SP(MPU));
SP(MPU)=SP{MPU)-1;
CALL WRITE(BIN(CCR(MPU),8,0),SP(MPU));
SP{MPU}=SP(MPU)~1;
CYCLES=CYCLES+12;
END;

SUBSTR(CCR(MPU),4,1)="1'B;

PC(MPU)=TPC;

END;

STRING=BIT(SYSTBL(T,MPU),31};

IF SUBSTR(STRING,12,1)='1'B THEN DO;
S HEE R R AR AR RN DR AR RRE RN A AN RN R RN/

/% ' Y
/%  RESET QOCCURRED ®/
/® */

/IIl!!IIIIIIIIlIIIHlili'll.fﬁ**ﬁlll'llllll!l!'lll'!l/

SUBSTR(STRING,12,1)="'0'B;
SUBSTR(STRING,3,2)='10"'B;
SYSTBL(7,MPU)=BIN(STRING,31,0);
END;

RETURN;

END INCHK;
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/% INSCHD VERSION-1 1/4/78 #/

INSCHD: PROCEDURE(CODE);
JHERENR RSN E RN RRERE NN RN R RN RN RRRR RN

A &/
/% THIS PROCEDURE SCHEDULES &/
/% INTERRUPTS ACCORDING TO THE FOLLOWING CODE: */
/% &/
A CODE INTERRUPT TYPE 8/
A 10XX MASKABLE */
/% 11XX NON-MASKABLE &/
/ 12XX RESET %/
/% &/
/% WHERE "XX" IS THE MPU NUMBER ®/
/% ./

PRI ETY RIS E T 22 S22 a2 a2 addse st dlisdsdd sty

DCL SYSTBL(#®,%) FIXED BIN(31,0) CTL EXT;

DCL PC(*) FIXED BIN(16,0) CTL EXT;

DCL CCR(*) BIT(8) CTL EXT;

DCL 1 STAT(*) CTL EXT,

INST FIXED BIN(31,0),

INPT FIXED BIN(31,0),

OTPT FIXED BIN(31,0),

ERRS FIXED BIN(31,0),

INTS FIXED BIN(31,0),

WARN FIXED BIN(31,0),

BRCH FIXED BIN{(31,0),

RTRN FIXED BIN(31,0),

RSTS FIXED BIN(31,0),

HALT FLOAT BIN(31),

RUN FLOAT BIN(31),

RESTRT FLOAT BIN{31),

LSTHLT FLOAT BIN(31);

DCL CODE FIXED BIN(31,0);

DCL STRING BIT(31};

DCL FLAG BIT(1);

DCL NXVNT PTR;

DCL NULL BUILTIN;

DCL FIND ENTRY(FLOAT BIN,FIXED BIN(31,0),PTR,FIXED BIN(31,0),
FLOAT BIN) RETURNS(PTR);

PCL RMOVE ENTRY(PTR,FIXED BIN(31,0));

DCL FILEM ENTRY(FIXED BIN(31,0));

DCL ERROR ENTRY(FIXED BIN(31,0));

DCL READ ENTRY(FIXED BIN(16,0)) RETURNS(FIXED BIN(8,0));

DCL INCHK ENTRY;

DCL (MPU,NMPU) FIXED BIN(31,0) EXT;

DCL ATRIB(*) FLOAT BIN CTL EXT;

DCL MFE(®) PTR CTL EXT;

DCL TNOW FLOAT BIN EXT;

MmN D
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IF CODE<1200 THEN

IF CODE<1100 THEN DOQ;
MPU=CODE-1000;
CODE=1000;

END;

ELSE DO;
MPU=CODE~-1100;
CODE=1100;

END;
ELSE DO;

MPU=CODE-1200;

CODE=1200

END;

IF MPU<O * MPU>=NMPU THEN DO;

CALL ERROR{1);

CODE=0

END;
RN R RN RN RN RSN RSN R AR RGN NE/
/8 */
/% RUN ERROR(01)~~~-- ILLLEGAL MPU NUMBER SPECIFIED %/
/¢ %/

/!!lllullllllllllil!*ill!llIi!ilillllllilll!ll!l!lil/
/l

STRING=BIT(SYSTBL(T,MPU),31);

IF CODE<1200 THEN DO;

IF CODE=1000 THEN SYSTBL(9,MPU)=SYSTBL(9,MPU}+1;

ELSE SYSTBL(10,MPU)=SYSTBL(10,MPU)+1;
IF SYSTBL(4,MPU)=0 &

®/

SUBSTR(STRING,4,1)='1'B & SUBSTR(STRING,6,1)="1'B

THEN DO;
CALL INCHK;
STRING=BIT(SYSTBL(7,MPU),31);

IF SUBSTR(STRING,1,1)='1'B ° SUBSTR(STRING,2,1)='1'B

THEN DO;

BALT(MPU }=HALT (MPU)+TNOW~LSTHLT (MPU);

RESTRT(MPU)=TNOW;
ATRIB(1)=TNOW+0.000003;
ATRIB(2)=MPU+10;
CALL FILEM(1);
SUBSTR(STRING,4,1)="'0'B;
END;

END;

ELSE IF SYSTBL(4,MPU)=1 THEN DO;
ATRIB(1)=TNOW+0.000004;
ATRIB(2)=CODE+MPU;

CALL FILEM(1);
END;
END;
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IF CODE=1200 THEN DO;
FLAG='0'B;
IF SUBSTR(STRING,4,1)='1'B THEN DO;
DO WHILE(FLAG='0'B);

NXVNT=FIND(10+MPU,5,MFE(1),2,0);
IF NXVNT=NULL THEN FLAG='1'B;
ELSE CALL RMOVE(NXUNT,1);
END;

HALT(MPU)=HALT (MPU )+ TNOW-LSTHLT(MPU) ;

RESTRT(MPU)=TNOW;

ATRIB(1)=TNOW;

ATRIB(2)=MPU+10;

SUBSTR(STRING,4,1)='0'E;

END;

ELSE DO;

NXVNT=FIND(MPU+10,5,MFEL1),2,0);

IF NXVNT\=NUL. THEN CALL RMOVE(NXVNT,1);

ELSE DO;

ATRIB(1)=TNOW;
ATRIB(2)=MPU+10;
END;

END;
PC(MPU)=READ(655314)%256+READ(65535) ;
SUBSTR(CCR(MPU),l4,1)="11B;
SUBSTR(STRING,12,1)="1'B;
SUBSTR(STRING,4,1)='0'B;
ATRIB{1)=ATRIB(1}+0.000004;

CALL FILEM(1);

END;
SYSTBL(7,MPU)=BIN(STRING,31,0);
RETURN;

END INSCHD;
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/% INSTR VERSION-3 10/8/77 */
INSTR: PROCEDURE;
DCL (ACCA(*),ACCB(%)) FIXED BIN(8,0) CTL EXT;
DCL (PC(*),SP(%*),INR(¥)) FIXED BIN(16,0) CTL EXT;
DCL CCR(*) BIT(8) CTL EXT;
DCL SYISTBL(%,*) FIXED BIN(31,0) CTL EXT;
DCL WRITE ENTRY(FIXED BIN(8,0),FIXED BIN(16,0));
DCL NEXT FIXED BIN(31,0);
DCL ONLOC BUILTIN;
DCL {CYCLES,MPU) FIXED BIN(31,0) EXT;
DCL CCRCHK ENTRY(FIXED BIN(8,0},FIXED BIN(8,0),FIXED BIN(8,0),
FIXED DEC(1,0),IXED DEC(1,0),FIXED DEC(1,0)},
FIXED DEC(1,0),FIXED DEC(1,0),FIXED DEC(1,0));
DCL ADDRESS FIXED BIN(16,0);
DCL BRANCH ENTRY;
DCL (CKH,CKI,CKN,CKV,CKZ,CKC) FIXED DEC(1,0);
DCL STR1 BIT(31);
DCL (TEMP,LHB,MHB,RESULT,TEMP2) FIXED BIN(8,0);
DCL (CODE,OPRND1,0PRND2) FIXED BIN(8,0) EXT;
DCL STRING BIT (8);
DCL READ ENTRY(FIXED BIN(16,0)) RETURNS(FIXED BIN(8,0));
DCL SWIH FIXED BIN(16,0);
NOP: ENTRY;
CYCLES=2;
PC(MPU)=PC(MPU)+1;
RETURN;
TAP: ENTRY;
1F CODE=6 THEN
CCR(MPU)='11'B" "SUBSTR(ACCA(MPU),3,6);
ELSE ACCA(MPU)=BIN(CCR(MPU),B,0);
PC(MPU)=PC(MPU)+1;
CYCLES=2;
RETURN;
INX: ENTRY;
INR(MPU)=INR(MPU)+1;
IF INR{MPU)>65535 THEN INR{MPU)=INR(MPU)-65536;
IF INR(MPU)=0 THEN CKZ=1;
ELSE CKZ=0,0;
CALL CCRCHK(0,0,0,2,2,2,CKZ,2,2);
PC(MPU)=PC{MPU)+1;
CYCLES=4;
RETURN;
DEX: ENTRY;
INR(MPU)=INR(MPU)~1;
IF INR(MPU)<O THEN INR(MPU)=65536+INR(MPU);
IF INR{MPU)=0 THEN CKZ=z1;
ELSE CKZ=0;
CALL CCRCHK(0,0,0,2,2,2,CKZ,2,2);



CLV:

SEV:

CLC:

SEC:

CLI:

SEIL:

SBA:

TAB:
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PC(MPU)=PC{MPU)+1;

CYCLES=l;

RETURN;

ENTRY;

CALL CCRCHK(0,0,0,2,2,2,2,0,2);
PC(MPU)=PC(MPU)+1;

CYCLES=2;

RETURN;

ENTRY;

CALL CCRCHk(0,0,0,2,2,2,2,1,2);
PC(MPU)=PC(MPU)+1;

CYCLES=2;

RETURN;

ENTRY;

CALL CCRCHK(0,0,0,2,2,2,2,2,0);
PC(MPU)=PC({MPU)+1;

CYCLES=2;

RETURN;

ENTRY;

CALL CCRCHKX(0,0,0,2,2,2,2,2,1);
PC(MPU)=PC(MPU)+1;

CYCLES=2;

SETURN;

ENTRY;

CALL CCRCHK(0,0,0,2,0,2,2,2,2);
PC(MPU)=PC(MPU)+1;

CYCLES=2;

RETURN;

ENTRY;

CALL CCRCHK(0,0,0,2,1,2,2,2,2);
PC(MPU)=PC(MPU)+1;

CYCLES=2;

RETURN;

ENTRY;

TEMP=256-ACCB{MPU);
RESULT=ACCA(MPU)+TEMP;

1F RESULT>255 THEN RESULT=RESULT-256;
CKC=0;

IF ACCB(MPU)>127 & ACCA(MPU)<128 THEN CKC=1;
IF £CCB(MPU)>127 & RESULT>127 THEN CKC=1;
IF RESULT>127 & ACCA(MPU)<128 THEN CKC=1;
CALL CCRCHK(RESULT,ACCA(MPU),TEMP,2,2,3,3,3,3);
IF CODE=16 THEN ACCA(MPU)=RESULT;
PC(MPU)=PC(MPU)+1;

CYCLES=2;

RETURN;

ENTRY;

IF CODE=22 THEN ACCB(MPU)=ACCA(MPU);



158

ELSE ACCA(MPU)=ACCB{MPU);

CALL CCRCHK(ACCB(MPU),0,0,2,2,3,3,0,2);
PC{MPU)=PC(MPU)+1;
CYCLES=2;

RETURN;

DAA: ENTRY;
LHB=SUBSTR(ACCA(MPU) ,5,
MHB=SUBSTR(ACCA(MPU), 1,
IF SUBSTR(CCR(MPU),8,1)

IF MHB<=9 THEN
IF SUBSTR({CCR(MPU),3,1)='1'B THEN
ACCA(MPU)=ACCA{MPU)+6;
ELSE IF MHB<9 THEN
IF LHB>9 THEN
ACCA(MPU)=ACCA(MPU)+6;
ELSE;
ELSE IF LHB>9 THEN DO;
ACCA(MPU)=ACCA(MPU)+102;
CKC=1;
END;
ELSE;
ELSE IF SUBSTR({CCR(MPU),3,1)='1'B THEN DO;
ACCA(MPU)=ACCA(MPU)+102;
CKC=1;
END;
ELSE DO;
ACCA(MPU)=ACCA({MPU)+96;
CKC=1;
END;
ELSE IF SUBSTR(CCR(MPU),3,1)='1'B THEN ACCA{MPU)=ACCA(MPU)+102;
ELSE IF LHB<=9 THEN
ACCA(MPU)=ACCA(MPU)+96
ELSE ACCA(MPU)=ACCA(MPU)+102;
CALL CCRCHK(ACCA(MPU)},0,0,2,2,3,3,2,CKC);
PC(MPU)=PC{MPU)+1;
CYCLES=2;
RETURN;
ABA: ENTRY;
RESULT=ACCA{MPU)+ACCB{MPU);
IF RESULT>255 THEN RESULT=RESULT-256;
CALL CCRCHK(RESULT,ACCA(MPU),ACCB(MPD),3,2,3,3,3,3);
ACCA(MPU)=RESULT;
PC(MPU)=PC{MPU)+1}
CYCLES=2;
RETURN;
BRA: ENTRY;
OPRND1=READ(PC{MPU)+1);
PC(MPU)=PC{MPU)+2;

4);
b);
='0'B THEN
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CALL BRANCH;
CYCLES=U4;
RETURN;
BHI: ENTRY;
OPRND1=READ{PC(MPU}+1);
PC(MPU)=PC{MPI})+2;
IF SUBSTR(CCR(MPU),8,1)='0' & SUBSTR(CCR(MPU),6,1)='0'B THEN
CALL BRANCH;
CYCLES=U;
RETURN;
BLS: ENTRY;
OPRND1=READ(PC{MPU)+1);
PC(MPU)}=PC(MPU)+2;
IF SUBSTR{CCR(MPU),8, 1) SUBSTR(CCR(MPU),6,1)="1'B THEN
CALL BRANCH;
CYCLES=4;
RETURN;
BCC: ENTRY;
OPRND 1=READ(PC(MPU)+1);
PC(MPU)=PC(MPU)+2;
IF SUBSTR{CCR(MPU),8,1)='0'B THEN
CALL BRANCH;
CYCLES=U;
RETURN;
BCS: ENTRY;
OPRND1=RiZAD{PC{MPU)+1);
PC(MPU)=PC(MPU)+2;
IF SUBSTR(CCR(MPU),8,1)='1'B THEN
CALL BRANCH;
CYCLES=U4;
RETURN;
BNE: ENTRY;
OPRND1=READ(PC(MPU)+1);
PC(MPU}=PC(MPU)}+2;
IF SUBSTR(CCR(MPU),6,1)='0'B THEN
CALL BRANCH;
CYCLES=H;
RETURN;
BEQ: ENTRY;
OPRND1=READ(PC(MPU)+1);
PC(MPU)=PC(MPU)+2;
IF SUBSTR(CCR(MPU),6,1)='1'B THEN
CALL BRANCH;
CYCLES=U;
RETURN;
BVC: ENTRY;
OPRND1=READ(PC{MPU)+1);
PC(MPU}=PC(MPU)+2;
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IF SUBSTR(CCR(MPU),7,1)='0'B THEN
CALL BRANCH;
CYCLES=4;
RETURN;
BVS: ENTRY;
OPRND 1=READ(PC(MPU)+1);
PC(MPU)=PC(MPU)}+2;
IF SUBSTR(CCR(MPU),7,1)='1'B THEN
CALL BRANCH;
CYCLES=U;
RETURN;
BPL: ENTRY;
OPRND1=READ(PC{MPU)+1);
PC(MPU)=PC(MPU)+2;
IF SUBSTR(CCR(MPU),5,1)='0'B THEN
CALL BRANCH;
CYCLES=4;
RETURN;
BMI: ENTRY;
OPRND1=READ(PC(MPU)+1};
PC{MPU)}=PC{MPU)+2;
IF SUBSTR(CCR(MPU),5,1)='1'B THEN
CALL BRANCH;
CYCLES=4;
RETURN;
BGE: ENTRY;
OPRND1=READ(PC(MPU)+1);
PC(MPU)=PC{MPU)+2;
IF BOOL{SUBSTR(CCR{MPU),5,1),SUBSTR(CCR(MPU),7,1),'0110'Z,='0'B
THEN CALL BRANCH;
CYCLES=4;
RETURN;
BLT: ENTRY;
OPRND1=READ(PC{MPU)+1)}
PC{MPU)=PC(MPU)+2;
IF BOOL(SUBSTR(CCR(MPU),5,1),3UBSTR(CCR(MPU),7,1},'0110'B)="1'B
THEN CALL BRANCH;
CYCLES=4;
RETURN;
BGT: ENTRY;
OPRND1=READ(PC(MPU)+1);
PC{MPU)=PC(MPU)+2;
IF¥ (SUBSTR(CCR(MPU),6,1) "BOOL(SUBSTR{CCR(MPU),5,1),
SUBSTR(CCR(MPU),7,1),'0110'B) )='0'B THEN
CALL BRANCH;
CYCLES=4;
RETURN;
BLE: ENTRY;
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OPRND1=READ{PC(MPU)+1);
PC(MPU)=PC(MPU)}+2;
IF (SUBSTR(CCR(MPU),6, 1) BOUL(SUBSTR(CCR(MPU),5,1),
SUBSTR(CCR{MPU),7,1),'0110'B) }="1'B THEN
CALL BRANCH;
CYCLES=4;
RETURN;
TSX: ENTRY:
IF CODE=4B8 TdEN DO;
INR(MPY, )=SP(MPU)+1;
IF INR(MPU)>65535 THEN INR(MPU)=INR(MPU)-65536;
END;
ELSE DO;
SP(MPU)=INR(MEU)~1;
IF SP(MPU)0 THEN SP{MPU)=SP{MPU)+65536;
END;
PC(MPU)=PC{MPU)+1;
CYCLES=4;
RETURN;
INS: ENTRY;
SP{MPU)=SP(MPU)+1;
IF SP{MPU)>65535 THEN SP{MPU)=SP{MPU)-65536;
PC{MPU)=PC{MPU)+1;
CYCLES=4;
RETURN;
PUL: ENTRY;
SP(MPU}=SP(MPU)+1;
IF SP{MPU)>65535 THEN SP{MPU)=SP(MPU)-65536;
IF CODE=50 THEN ACCA{MPU)=READ(SP(MPU));
ELSE ACCB(MPU)=READ(SP(MPU));
PC(MPU)=PC(MPU)+1;
CYCLES=U;
RETURN;
DES: ENTRY;
SP(MPU)=SP(MPU)=-1;
IF SP(MPU)<O THEN SP(MPU)=65536+SP(MPU);
PC{MPU)=PC(MPU)+1;
CYCLES=4;
RETURN;
PSH: ENTRY;
IF CODE=54 THEN CALL WRITE(ACCA{MPU),SP{(MPU));
ELSE CALL WRITE(ACCB(MPU),SP(MPU));
SP(MPU)=SP(MPU)~1;
IF SP(MPU)<O THEN SP(MPU)=65536+SP(MPU);
PC{MPU)=PC(MPU)+1;
CYCLES=U;
RETURN;
RTS: ENTRY;



RTI:

SWI:
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STR1=SYSTBL(7,MPU);

SUBSTR(STR1,%9,1)="'1'B;

SYSTBL(7,MPUI)=STR1;

SP(MPU)=SP{MPU)+2;

IF SP(MPU)>65535 THEN SP{MPU)=SP(MPU)-65536;
PC(MPU) =256 #READ( SP(MPU)-1)}+READ(SP{MPU));
CYCLES=5;

RETURN;

ENTRY;

STR1=SYSTBL(7,MPU);

SUBSTR(STR1,8,1)=*1'B;

SYSTBL(7,MPU)=8TR1;

SP{MPU)}=SP(MPU}+1;

IF SP(MPU)>65535 THEN SP{MPU)=SP(MPU)-65536;
CCR(MPU)=BIT(READ(SP(MPU)),8);
SP(MPU)=SP(MPU)+1;

IF SP(MPU)>65535 THEN SP(MPU)=SP(MPU)~65536:
ACCB(MPU)=READ{SP(MPU));

SP{MPU)=SP(MPU)+1;

IF SP(MPU)>65535 THEN SP(MPU)=SP(MPU)~65536;
ACCA(MPU)=READ(SP(MPU));
INR(MPU)=256%READ(SP(MPU)+1)+READ(SP(MPU)+2)};
SP(MPU)=SP(MPU)+4;
PC(MPU)=256*READ(SP(MPU)-1)+READ(SP(MPU) );
CYCLES=10;

RETURN;

ENTRY;

PC(MPU)=PC{MPU)+1;

CALL WRITE(SUBSTR(PC(MPU),9,8),SP(MPU));
SP{MPU)=SP(MPU)=1;

IF SP(MPU)<0 THEN SP(MPU)=65536+ SP(MPU);
CALL WRITE(SUBSTR(PC(MPU),1,8),SP(MPU));
SP(MPU)=SP(MPU)-1;

IF SP(MPU)<O THEN SP(MPU)=65536+SP(MPU);
CALL WRITE(SUBSTR(INR(MPU),9,8),SP(MPU));
SP{MPU)=SP{MPU)~1;

IF SP(MP1)<0 THEN SP(MPU)=65536+SP(MPU);
CALL WRIT.(SUBSTR{INR(MPU),1,8),SP(MPU));
SP{MPU)=SP{MPU)~1;

IF SP(MPU)<O THEN SP(MPU)=65536+SP(MPU);
CALL WRITE(ACCA(MPU),SP{MPU});
SP(MPU)=SP(MPU)-1;

IF SP{MPU)<0 THEN SP(MPU)=65536+SP(MPU)};
CALL WRITE(ACCB(MPU),SP(MPU));
SP(MPU)=SP{MPU)-1;

IF SP(MPU)<0 THEN SP(MPU)=SP(MPU)+65536;
CALL WRITE(BIN(CCR(MPU),8,0),S5P(MPU));
SP(MPU)=SP(MPU)~1;
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IF SP(MPU)<0 THEN SP(MPU)}=65536+SP(MPU);
STR1=SYSTBL(T,MPU);
IF CODE=62 THEN DO;
SUBSTR(STR1,4,3)="101'B;
CYCLES=9;
END;
ELSE DO;
SUBSTR(STR1,4,3)="010"B;
SUBSTR(CCR(MPU) ,4,1)="1'B;

CYCLES=12;
PC(MPU)=256*READ(65530)+READ(65531) ;
END;

SYSTBL(7,MPU)=BIN(STR1,31,0);

RETURN;

ENTRY;

1IF CODE=64 THEN DO;

IF ACCA{MPU)\=0 THEN ACCA(MPU)=255-ACCA(MPU);
CYCLES=2;

NEXT=1;

RESULT=ACCA(MPU);

END;

1F CODE=80 THEN DO;

IF ACCB(MPU)\=0 THEN ACCB(MPU)=255-ACCR{MPU);
CYCLES=2;

NEXT=1;

RESULT=ACCB(MPU);

END;

IF CODE=96 THEN DO;

OPRND 1=READ(PC(MPU)+1);
ADDRESS=INR(MPU)+OPRND1;
RESULT=255-READ{ ADDRESS) ;
CALL WRITE{RESULT,ADDRESS);
CYCLES=#;

NEXT=2;

FND;

IF CCDE=112 THEN DO;
OPRND1=READ(PC(MPU)+1);
OPRND2=READ(PC(MPU)+2);
ADDRESS=256%0PRND 1+0PRND2;
CALL WRITE(255-READ(ADDRESS), ADDRESS);
RESULT=READ( ADDRESS) ;
CYCLES=6;

NEXT=3;
END;

IF RESULT=128 THEN CKV=1;
ELSE CKV=0;

IF RESULT=0 THEN CKC=1;
ELSE CKC=0;
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CALL CCRCHK(RESULT,O0,0,2,2,3,3,CKV,CKC);

PC(MPU)=PC(MPU)+NEXT;

RETURN;

ENTRY;

IF CODE=67 THEN DO;

RESULT, ACCA(MPU)=255-ACCA(MPU) ;
CYCLES=2;

NEXT=1 H

END;

IF CODE=83 THEN DO;
RESULT,ACCB(MPU)=255-ACCB(MPU) ;
CYCLES=2;

NEXT=1;
END;

IF CODE=99 THEN DO;
OPRND1=READ(PC(MPU)+1);
ADDRESS=INR(MPU)+OPRND1;
RESULT=225-READ( ADDRESS) ;

CALL WRITE(RESULT,ADDRESS);
CYCLES=7;

NEXT=2;

END;

IF CODE=115 THEN DO;
OPRND1=READ(PC(MPU)+1);
OPRND2=READ(PC{MPU)+2);
ADDRESS=256 *QPRND 1+0PRND2;

RESULT=255-READ(ADDRESS);
CALL WRITE(RESULT,ADDRESS);
NEXT=3;
CYCLES=6;
END;

CALL CCRCHK(RESULT,0,0,2,2,3,3,0,1);

PC(MPU)=PC(MPU)+NEXT;

RETURN;

ENTRY;

IF CODE=68 THEN DO;

TEMP=ACCA(MPU);
ACCA(MPU)=ACCA(MPU)/2;
CYCLES=2;

NEXT=1;

END;

1F CODE=84 THEN DO;

TEMP=ACCB{MPU);
ACCB(MPU)}=ACCB(MPU)/2;

CYCLES=2;
NEXT=1;
END;
1F CODE-100 ° CODE=116 THEN DO;
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OPRND 1=READ(PC(MPU)+1);

IF CODE=100 THEN DO;
ADDRESS=INR(MPU)+0OPRND1;
CYCLES=T;

NEXT=2;
END;

ELSE DO;

OPRNDZ=READ(PC(MPU)+2);
ADDRESS=256"0PRND 1+0PRND2;
CYCLES=6;

NEXT=3;

END;

TEMP=READ( ADDRESS) ;

CALL WRITE(TEMP/2,ADDRESS);

END;

CKC=SUBSTR(TEMP,8,1);

TEMP=TEMP/2;

CALL CCRCHK(TEWMP,0,0,2,2,0,3,CKC,CKC);

PC(MPU)=PC{MPU)+NEXT;

RETURN;

ROR: ENTRY;

IF CODE=70 THEN DO;
CKC=SUBSTR(ACCA(MPU),8,1);
ACCA(MPU)=ACCA(MPU)/2;

IF SUBSTR(CCR(MPU),8,1)='1'B THEN
ACCA(MPU)=ACCA(MPU)+10000000B;

TEMP=ACCA(MPU);

CYCLES=2;

NEXT=1;

END;

IF CODE=86 THEN DO;
CKC=SUBSTR(ACCB(MPU),8,1});
ACCB(MPU)}=ACCB(MPU)/2;

IF SUBSTR(CCR(MPU),8,1)="1'B THEN
ACCB{MPU)=ACCB(MPU)+10000000B;

TEMP=ACCB(MPU);

CYCLES=2;

NEXT=1;

END;

IF CODE=102 ° CODE=118 THEN DO;

OPRND 1=READ{PC(MPU)+1);

IF CODE=102 THEN DO;
ADDRESS=INR(MPU)+OPRND1;
CYCLES=T;

NEXT=2;
END;

ELSE DO;

OPRND2=READ(PC(MPU}+2);
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ADDRESS=256 *OPRND 140PRNDZ ;
CYCLES=6;

NEXT=3;

END;

TEMP=READ( ADDRESS);

CKC=SUBSTR{TEMP,8,1);

TEMP=TEMP/2;

IF SUBSTR{CCR(MPU),8,1)="'1'B THEN
TEMP=TEMP+10000000B;

CALL WRITE(TEMP,ADDRESS);

END;

CALL CCRCHK(TEMP,0,0,2,2,3,3,2,CKC);

SUBSTR{CCR(MPU),7,1)=BOOL(SUBSTR(CCR(MPU),8,1),
SUBSTR{CCR({MPU),5,1),'0110'B)};

PC(MPU)=PC(MPU)+NEXT;

RETURN;

ASR: ENTRY;

IF CODE=71 THEN DO;
TEMP=ACCA{MPU) /2;
CKC=SUBSTR{ACCA(MPU),8,1);
STRING=BIT{TEMP,8);
SUBSTR{STRING, 1, 1)=SUBSTR{ACCA(MPU),1,1);
TEMP , ACCA{MPU)=BIN(STRING,8,0);
CYCLES=2;

NEXT=1;

END;

IF CODE=87 THEN DO;
TEMP=ACCB(MPU) /2;
CKC=SUBSTR(ACCB{MPU),8,1);
STRING=BIT(TEMP,8);
SUBSTR(STRING, 1, 1)=SUBSTR(ACCB({MPU),1,1);
ACCB(MPU) , TEMP=BIN(STRING,8,0);
CYCLES=2;

NEXT=1;

END;

IF CODE=103 ~ CODE=119 THEN DO;
OPRND1=READ(PC{MPU)+1);

IF CODE=103 THEN DO;
ADDRESS=INR{MPU)+OPRND1;
CYCLES=7;

NEXT=2;
END;

ELSE DO;
OPRND2=READ(PC(MPU)+2);
ADDRESS=256*0PRND 1+0PRND2;
CYCLES=6;

NEXT=3;
END;
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TEMP=READ ( ADDRESS) ;
CKC=SUBSTR(TEMP,8,1);
STRING=BIT(TEMP/2,8);

TEMP=BIN{STRING,8,0);

CALL WRITE(TEMP,ADDRESS);

END;
CALL CCRCHK(TEMP,0,0,2,2,3,3,2,CKC);
SUBSTR(CCR(MPU),7, 1)=BOOL(SUBSTR(CCR(MPU),8,1),
SUBSTR(CCR(MPU),5,1),'0110'B);
PC(MPU)=PC(MPU}+NEXT;
RETURN;
ASL: ENTRY;
IF CODE=72 THEN DO;
CKC=SUBSTR(ACCA(MPU),1,1);
TEMP, ACCA(MPU)=ACCA(MPU)#2;

CYCLES=2;

NEXT=1;

END;

IF CODE=88 THEN DO;

CKC=SUBSTR{ACCB(MPU),1,1);

TEMP , ACCB{ MPU )=ACCB(MPU)*2;

CYCLES=2;

NEXT=1;

END;

IF CODE=104 ~ CODE=120 THEN DO;

OPRND1=READ(PC(MPU)+1);

IF CODE=104 THEN DO;
ADDRESS=INR(MPU)+OPRND1;
CYCLES=7;

NEXT=2;
END;

ELSE DO;
OPRND2=READ{PC(MPU)+2);
ADDRESS=256#0PRND1+0PRND2;
CYCLES=6;

NEXT=33
END;.

TEMP=READ{ ADDRESS);

CKC=SUBSTR(TEMP,1,1);

TEMP=TEMP/2;

CALL WRITE(TEMP,ADDRESS);

END;

CALL CCRCHK{TEMP,0,0,2,2,3,3,2,CKC);
SUBSTR(CCR(MPU),7, 1)=BOOL(SUBSTR(CCR(MPU),8,1),
SUBSTR(CCR(MPU),5,1),'0110'B)};
PC{MPU)=PC(MPU)+NEXT;
RETURN;
ROL: ENTRY;
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IF CODE=73 THEN DO;

TEMP=ACCA(MPU)*2;

CKC=SUBSTR(ACTA(MPU),1,1);

IF SUBSTR(CCR{MPU),8,1)='1'8 THEN TEMP=TEMP+1;
ACCA(MPU)=TEMP;

CYCLES=2;

NEXT=1;

END;

IF CODE=89 THEN DO;

TEMP=ACCB(MPU ) ¥*2;

CKC=SUBSTR{ACCB{MPU),1,1);

IF SUBSTR(CCR(MPU),8,1)='1'B THEN TEMP=TEMP+1;
ACCB(MPU)=TEMP;

CYCLES=2;

NEXT=1;

END;

IF CODE=105 "~ CODE=121 THEN DO;

OPRND1=READ(PC{MPU)+1};

IF CODE=105 THEN DO;
ADDRESS=INR(MPU)+0OPRND1;
CYCLES=7;

NEXT=2;
END;

ELSE DO;
OPRND2=READ(PC(MPU)+2);
ADDRESS=256*0PRND 1+0PRND2;
CYCLES=6;

NEXT=3;
END;

TEMP=READ( ADDRESS)*2;

CKC=SUBSTR(READ( ADDRESS),1,1);

IF SUBSTR{CCR(MP1),8,1)="1'B THEN TEMP=TEMP+1;

CALL WRITE(TEMP,ADDRESS);

END;

CALL CCRCHK(TEMP,0,0,2,2,3,3,2,CKC);
SUBSTR{CCR(MPU), 7, 1)=BOOL{SUBSTR(CCR(MPU),8,1),

SUBSTR(CCR(MPU),5,1},'0110'B);

PC(MPU)=PC(MPU)+NEXT;
RETURN;

ENTRY;

IF CODE=T4 THEN DO;

TEMP=ACCA(MPU) ;

RESULT, ACCA(MPU)=ACCA{MPU)-1;

IF RESULT<O THEN RESULT,ACCA(MPU)=RESULT+256;
CYCLES=2;

NEXT=1;

END;

IF CODE=90 THEN DO;
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TEMP=ACCB(MPU);

RESULT,ACCB{MPU)=ACCB(MPU)~1;

IF RESULT<O THEN RESULT,ACCB(MPU)= RESULT+256;
CYCLES=2;

NEXT=1;

EXD;

IF CODE=106 " CODE=122 THEN DO;

OPRND1=READ(PC{MPU}+1);

IF CODE=106 THEN DO;
ADDRESS=INR{MPU)+OPRND1;
CYCLES=T7;

NEXT=2;
END;

ELSE DO;
OPRND2=READ(PC(MPU)+2);
ADDRESS=256%0PRND 1+OPRND2;
CYCLES=6;

NEXT=3;
END;

TEMP=READ{ ADDRESS);

RESULT=TEMP-1;

IF RESULT<0 THEN RESULT=RESULT+256;

CALL WRITE(RESULT,ADDRESS);

END;

IF RESULT=128 THEN CKV=1;

ELSE CKV=0,

CALL CCRCHK(RESULT,TEMP,255,2,2,3,3,CKV,2);
PC(MPU}=PC(MPU)+NEXT;

RETURN;

ENTRY;

IF CODE=76 THEN DO;

TEMP=ACCA(MPU);

RESULT, ACCA(MPU)=ACCA(MPU)+1;

IF RESULT>255 THEN RESULT,ACCA(MPU)=RESULT-255;
CYCLES=2;

NEXT=1;

END;

IF CODE=92 THEN DO;

TEMP=ACCB(MPU);

RESULT, ACCB(MPU)=ACCB({MPU)+1;

IF RESULT>255 THEN RESULT,ACCB(MPU)}=RESULT-255;
CYCLES=2;

NEXT=1;

END;

IF CODE=108 " CODE=124 THEN DO;

OPRND1=READ{PC(MPU)+1);
IF CODE=108 THEN DO;
ADDRESS=INR(MPU)+OPRND1;
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CYCLES=T;
NEXT=2;
END;

ELSE DO;
OPRND2=READ(PC{MPU)+2);
ADDRESS=256%*0PRND 1+0PRND2;
CYCLES=63
NEXT=3;

END;

TEMP=READ( ADDRESS);

RESULT=TEMP+1;

IF RESULT>255 TBEN RESULT=RESULT-256;

CALL WRITE(RESULT,ADDRESS);

END;

CALL CCRCHK(RESULT,TEMP,1,2,2,3,3,3,2);
PC(MPU)=PC(MPU)+NEXT;

RETURN;

ENTRY;

IF CODE=77 THEN DO;

TEMP=ACCA(MPU);

CYCLES=2;

NEXT=1;

END;

IF CODE=93 THEN DO;

TEMP=ACCB(MPU);

CYCLES=2;

NEXT=1;

END;

IF CODE=109 " CCDE=125 THEN DO;

OPRND1=READ(PC(MPU)+1);

IF CODE=109 THEN DO;
ADDRESS=INR(MPU)+OPRND1;
CYCLES=T;

NEXT=23
END;

ELSE BO;
OPRND2=READ(PC(MPU)+2);
ADDRESS=256*0PRND 1+0PRND2;
CYCLES=6;

NEXT=3;
END;

TEMP=READ(ADDRESS);

END;

CALL CCRCHK(TEMP,0,0,2,2,3,3,0,0);
PC(MPU)=PC(MPU)+NEXT;

RETURN;

ENTRY;

OPRND1=READ(PC(MPU}+1);
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IF CODE=110 THEN DO;
ADDRESS=INR{MPU)+OPRND1;
CYCLES=4;

END;

ELSE DO;
OPRND2=zREAD(PC(MPU)+2);
ADDRESS=256*0OPRND 1+0PRND2;
CYCLES=3;

END;

PC(MPU)=ADDRESS;

RETURN;

ENTRY;

IF CODE=79 THEN DO;
ACCA(MPU)=0;

CYCLES=2;

NEXT=1;

END;

IF CODE=95 THEN DO;
ACCB(MPU)=0;

CYCLES=2;

NEXT=13

END;

IF CODE=111 " CODE=127 THEN DO;
OPRND1=READ{PC(MPU)+1};

IF CODE=111 THEN DO;
ADDRESS=INR(MPU)+OPRND1;
CYCLES=T7;

NEXT=2;
END;

ELSE DO;
OPRND2=READ{PC{MPU)+2);
ADDRESS=256*0PRND1+0PRND2;
CYCLES=6;

NEXT=3;
END;

CALL WRITE(O,ADDRESS);

END;

CALL CCRCHK(0,0,0,2,2,0,1,0,0);

PC{MPU)=PC(MPU)+NEXT;

RETURN;

ENTRY:

OPFWD i :READ(PC(MPU)+1);

NEX.-2;

IF CODE=128 * CODE=192 THEN DO:
TEMP=256-0PRND1;

CYCLES=2;

END;

IF CODE=144 " CODE=208 THEN DO;
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TEMP=256-READ(BIN(OPRND1,16,0));
CYCLES=2;
END;

IF CODE=160 " CODE=224 THEN DO;
ADDRESS=INR(MPU)+0OPRND1;
TEMP=256~READ( ADDRESS) ;
CYCLES=5}

END;

IF CODE=176 ~ CODE=240 THEN DO;
OPRND2=READ{PC(MPU)+2);
ADDRESS=256*0PRND 1+0PRND2;
TEMP=256~READ(ADDRESS) ;
CYCLES=3;

NEXT=3;
END;
IF CODE<192 THEN DO;
TEMP2=ACCA(MPU);
RESULT, ACCA(MPU)=TEMP2+TEMP;
IF RESULT>255 THEN RESULT,ACCA{MPU)=RESULT-256;
END;
ELSE DO;
TEMP2=ACCB(MPU) ;
RESULT, ACCB(MPU)=TEMP2+TEMP;
IF RESULT>255 THEN RESULT,ACCB{MPU)=zRESULT-256;
END:

CKC=0;

IF OPRND1>127 & TEMP2<128 THEN CKC=1;

IF OPRND1>127 & RESULT>127 THEN CKC=1;

IF RESULT>127 & TEMP2<128 THEN CKC=1;

CALL CCRCHK(RESULT,TEMPZ,TEMP,2,2,3,3,3,CKC);

PC(MPU}=PC{MPU)+NEXT;

RETURN;

ENTRY;

OPRND1=READ(PC(MPU)+1);

TEMP=0;

NEXT=2;

IF CODE=129 "~ CODE=193 THEN DO;
TEMP=256-~0PRND1;

CYCLES=2;
END;

IF CODE=145 "~ CODE=209 THEN DO;
TEMP=256-READ{ BIN{OPRND1,16,0));
CYCLES=3;

END;

IF CODE=161 " CODE=225 THEN DO;
ADDRESS=INR(MPU)+0OPRND1;
TEMP=256-READ{ ADDRESS) ;
CYCLES=5;
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END;

IF CODE=177 " CODE=241 THEN DO;
OPRND2=READ(PC(MPU)+2);
ADDRESS=256%0PRND 1+0PRND2;
TEMP=256~READ( ADDRESS) ;
CYCLES=U4;

NEXT=3;
END;

IF CODE<192 THEN TEMP2=ACCA(MPU);

ELSE TEMP2=ACCB(MPU);

RESULT=TEMP2+TEMP ;

IF RESULT>255 THEN RESULT=RESULT=-256;

CALL CCRCHK(RESULT,TEMPZ,TEMP,2,2,3,3,3,3);

PC(MPU)=PC(MPU)+NEXT;

RETURN;

SBC: ENTRY;

TEMP=0;

OPRND 1=READ(PC(MPU}+1);

CKC=BIN{SUBSTR(CCR(MPU),8,1),2,0);

NEXT=2;

IF CODE=130 " CODE=194 THEN DO;
TEMP=256-0PRND 1=CKC;
CYCLES=2;

END;

IF CODE=146 " CODE=210 THEN DO;
TEMP=256-READ(BIN(OPRND1,16,0))~CKC}
CYCLES=3;

END;

IF CODE=162 ~ CODE=226 THEN DO;
ADDRESS=INR(MPU)+OPRND1;
TEMP=256-READ{ ADDRESS }-CKC}
CYCLES=5;

END;

IF CODE=178 ~ CODE=242 THEN DO;
OPRND2=READ(PC(MPU)+2);
ADDRESS=256%0PRND 1+0PRND2;
TEMP=256-READ ( ADDRESS )-CKC;;
CYCLES=Y4;

NEXT=3;
END;

IF CODE<192 THEN DO:

TEMP2=ACCA(MPU) ;

RESULT, ACCA{MPU }=TEMP2+TEMP;

IF RESULT>255 THEN RESULT,ACCA(MPU)=RESULT-256;
END;

ELSE DO
TEMP2=ACCB(MPU ) ;

RESULT ,ACCB(MPU}=TEMP2+TEMP;
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IF RESULT>255 THEN RESULT,ACCB(MPU)=RESULT-256

END;

CKC=0;

IF OPRND1>127 & TEMP2<128 THEN CKC=1;

1F OPEND1>127 & RESULT>127 THEN CKC=1;

IF REBULT>127 & TEMP2<128 THEN CKC=1;

CALL CCRCHK(RESULT,TEMP2,TEMP,2,2,3,3,3,CKC);

PC{MPU)=PC{MPU)+NEXT;

RETURN;

ENTRY;

OPRND1=READ(PC{MPU)+1);

RESULT=0;

NEXT=2;

IF CODE=1s2 " COLE=196 TREN DO;
CYCLES=2;

TEMB=OPRND1;
END;

IF CODE=148 "~ CODE=212 THEN DO;
TEMP=READ{BIN(OPEM31,15,0));
CYCLES=3;

END;

IF CODEz=164 "~ CODF=228 THEN DO;
CYCLES=5;

TEMP=READ{ INR(MPU)+0OPRND1);
NEXT=3;
END;

IF CODE=180 “ CODE=244 THEM DO;
OPRND2=READ(PC{MPU)+2);
ADDRESS=256 *OPRND 1+0PRND2;
TEMP=READ{ ADDRESS ) ;

CYCLES=4:
NEXT=3;
END;

1F CODE<192 THEN DO;
TEMP2=ACCA(MPU) ;
RESULT,ACCA(MPU)=BOOL(TEMP2, TEMP, '0001'B);
END;

ELSE DO;
TEMP2=ACCB(MPU) ;
RESULT, ACCB(MPU ) =BOOL (TEMP2, TEMP, '0001'B);
END;

CALL CCRCHK(RESULT,0,0,2,2,3,3,0,2);

PC(MPU)=PC(MPU)+NEXT;

RETURN;

ENTRY;

OPRND 1=READ(PC(MPU)+1)};

NEXT=2;

IF CODE=133 " CODE=197 THEN DO;
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TEMP=OPRND1;
CYCLES=2;
END;

IF CODE=165 “ CODE=213 THEN DO;
TEMP=READ(BIN(OPRND1,16,0));
CYC) &5=3;

END;

1F CODE=165 " CODE=229 THEN DO;
ADDRESS=INR(MPU)+OPRND1;
TEMP=READ( ADDRESS ) ;
CYCLES=5;

END;

IF CODE=181 " CODE=245 THEN DO;
OPRND2=READ(PC(MPG)+2);
ADDRESS=256*0PRND 1+0PRND2;
TEMP=READ( ADDRESS) ;
CYCLES=U;

NEXT=3;
END;

IF CODE<192 THEN TEMP2=ACCA(MPU);

ELSE TEMP2=ACCB(MPU);

RESULT=BOOL(TEMP2,TEMP, '0001'B);

CALL CCRCHK(RESULT,0,0,2,2,3,3,0,3);

PC(MPU)=PC(MPU)+NEXT;

RETURN;

ENTRY;

OPRND 1=zREAD(PC(MPU)+1);

NEXT=2;

IF CODE=134 " CODE=198 THEN DO;
TEMP=0PRND1;

CYCLES=2;
END;

IF CODE=150 " CODE=214 THEN DO;
TEMP=READ(BIN(OPRND1,16,0));
CYCLES=3;

END;

IF CODE=166 " CODE=230 THEN DO;
ADDRESS=1NR (MPU)+OPRND1;
TEMP=READ{ ADDRESS) ;
CYCLES=5;

END;

IF CODE=182 " CODE=2u46 THEN DO;
OPRND2=READ(PC(MPU)+2);
ADDRESS=256%0PRND 1+0PRND2;
TEMP=READ( ADDRESS ) ;
CYCLES=4;

NEXT=3;
END;

s
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IF CODE<192 THEN RESULT,ACCA(MPU)=TEMP;
ELSE RESULT,ACCB{MPU)=TEMP;
CALL CCRCHK(RESULT,0,0,2,2,3,3,0,2);
PC(MPU)=PC(MPU)}+NEXT;

RETURN;

ENTRY;

OPRND1=READ(EC(MPU)+1);

NEXT=2;

IF CODE=151 ~ CODE=215 THEN DO;
ADDRESS=0PRND1;

CYCLES:=H;
END;

IF CODE=167 ~ CODE=Z31 THEN DO;
ADDRESS=INR{MPU)+OPRND1;
CYCLES=6}

ERD;

iF CODPE=183 * CODE=247 THEN DO;
OPRND2=READ(PC(MPU)+2};
ADDRESS=256#0PRND 1+0PRND2;
CYCLES=5;

NEXT=3;
END;

1F CODE<192 THEN
RESULT=ACCA(MPU);

ELSE RESULT=ACCB(MPU)};

CALL WRITE(RESULT,A: DRESS};

¢CsLL CCRCHK(RESULT,O,0,2,2,3,3,0,2);

PC(M2U)=PC{MPU)+NEXT;

RETURN;

ENTRY;

OPRND1=READ{PC(MPU)+1};

NEXT:=2;

IF CODE=136 * CODE=200 THEN DO;
TEMP=OPRND1;

CYICLES=2;
END;

IF CODE=152 * CODE=216 THEN DO;
TEMP=READ(BIN(OPRND1,16,0));
CYCLES=3;

END;

IF CODE=168 ~ CODE=232 THEN DO;
ADDRESS=INR{MPU)+0UPRND1;
TEMP=READ( ADDRESS) ;
CYCLES=5;

END;

IF CODE=184 "~ CODE=248 THEN DO;
OPRND2=READ(PC{MPU)+2);
ADDRESS=256%0PRND 1+0PRND2;

~
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TEMP=READ(ADDRESS) ;
CYCLES=Y;
NEXT=3;
END;
IF CODE<192 THEN DO;
TEMP2:=ACCA{MPU);
ACCA(MPU) ,RESULT=BOOL{TEMP2, TEMP,'0110'B)};
END;
ELSE DO;
TEMP2=ACCB{MPU) ;
ACCB(MPU) , RESULT=BOOL{TEMP2, TEMP,'0110'B);
END;

CALL CCRCHK(RESULT,TEMP2,TEMP,2,2,3,3,0,2);

PC(MPU)=PC{MPU)}+NEXT;

RETURN;

ADC: ENTRY;

OPRND1=READ(PC{MPU}+1);

CKC=SUBSTR(CCR{MPU),8,1);

NEXT=2;

1F CODE=137 "~ CODE=20%1 THEN DO;
TEMP=QPRND1;

CYCLES=2;
END:

IF CODE=153 " CODE=217 THEN DO;
TEMP=READ(BIN(OPRND1,16,0));

CYCLES=3;
END;

IF CODE=169 " CODE=233 THEN DO;

ADDRESS=INR{MPU)+OPRND1;
TEMP=READ( ADDRESS) ;
CYCLES=5;

END;

IF CODE=185 " CODE=249 THEN DO;
OPRND2=READ(PC{MPU)+2);
ADDRESS=256*0PRND 1+0PRND2;

TEMP=READ( ADDRESS) ;
CYCLES=4;
NEXT=3;
END;
IF CODE<192 THEN LG,
TEMP2=ACCA(MPY);
RESULT , ACCA(MPU}=TEMP2+TEMP+CKC;
IF RESULT>255 THEM RESULT,ACCA(MPU)=RESULT-256;
END;
ELSE DO;
TEMP2=ACCB{MPU);
RESULT, ACCB{MPU)=TEMP2+TEMP+CKC;
IF RESULT>255 THEN RESULT,ACCB{MPU)=RESULT-256;

-~
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END;

CALL CCRCHK(RESULT,TEMP2,TEMP,2,2,3,3,3,3);

PC(MPU)=PC(MPU)+NEXT;

RETURN;

ORA: ENTRY;

OPRND1=READ(PC(MPU)+1)}

NEXT=2;

1F CODE=138 " CODE=202 THEN DO;
TEMP=OPRND1;

CYCLES=2;
END;

IF CODE=154 "~ CODE=218 THEN DO;
TEMP=READ(BIN(OPRND1,16,0));
CYCLES=3;

END;

IF CODE=170 " CODE=234 THEN DO;
ADDRESS=INR(MPU)+OPRND1;
TEMP=READ( ADDRESS};
CYCLES=5;

END;

IF CODE=186 " CODE=2%0 THEN DO;
OPRND2=READ{PC(MPU)+2);
ADDRESS=256*0PRND 1+0PRND2;
TEMP=READ( ADDRESS) ;
CYCLES=4;

NEXT=3;
END;

IF CODE<192 THEN DO;
TEMP2=ACCA(MPU);
RESULT, ACCA(MPU)=BOOL{ TEMP2, TEMP,'0111'B);
END;

ELSE DO;
TEMP2=ACCB{MPU) ;
RESULT, ACCB(MPU)=BOOL( TEMP2,TEMP, '0111'B);
END;

CALL CCRCHK(RESULT,0,0,2,2,3,3,0,2);

PC{MPU)=PC{MPU)+NEXT;

RETURN;

ADDD:  ENTRY;

OPRND1=READ(PC(MPU)+1);

NEXT=2;

1F CODE=139 "~ CODE=203 THEN DO;
TEMP=0PRND1;

CYCLES=2;
END;

1F CODE=155 "~ CODE=219 THEN DO;
TEMP=READ{BIN(OPRND1,16,0));
CYCLES=3;
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END;

IF CODE=171 " CODE=235 THEN DO;
ADDRESS=INR(MPU)+OPRND1;
TEMP=READ( ADDRESS) ;
CYCLES=2;

NEXT=3;
END;

IF CODE=187 " CODE=251 THEN DO;
OPRND2=READ(PC(MPU)+2);
ADDRESS=256%0PRND1+0PRND2;
TEMP=READ{ ADDRESS) ;
CYCLES=U;

NEXT=3;
END;

IF CODE<192 THEN DO;

TEMP2=ACCA{MPU) ;
ACCA(MPU) ,RESULT=TEMP2+TEMP;
END;
ELSE DO;
TEMP2=ACCB(MPU};
ACCB(MPU)} , RESULT=TEMP2+TEMP;
IF RESULT>255 THEN RESULT,ACCB(MPU)=RESULT-256;
END;

CALL CCRCHK(RESULT,TEMP2,TEMP,3,2,3,3,3,3);

PC(MPU)=PC(MPU)+NEXT;

RETURN;

ENTRY;

OPRND1=READ(PC(MPU)+1);

LHB,MHB=0;

NEXT=2;

IF CODE=140 THEN DO;
LHB,0PRND2=READ{PC(MPU}+2);
MHB=OPRND1;

CYCLES=3;
NEXT=3;
END;

IF CODE=156 THEN DO;
MHB=READ(BIN(OPRND1,16,0));
LHB=READ(OPRND1+1);
CYCLES=U;

END;

IF CODE=172 THEN DO;
ADDRESS=INR(MPU)+0FPRND1;
MHB=READ(ADDRESS) ;
LHB=READ( ADDRESS+1);
CYCLES=6;

END;
1F CODE=188 THEN DO;
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OPRND2=READ(PC(MPU)}+2);
ADDRESS=256%0PRND 1+OPRND2;
MHB=READ(ADDRESS) ;
LEB=READ(ADDRESS+1);
CYCLZS=5;
NEXT=3;
END;
TEMP=SUBSTR(INR{MPU),1,8);
TEMP2=SUBSTR{INR(MPU),9,8);
LHB=LHB+1;
IF LHB>255 THEN LHB=LHB~256;
LHB=256-~LHB;
RESULT=TEMP2+LHB;
IF RESULT»255 THEN DO;
RESULT=RESULT~256;
CKV=1;
END;
ELSE CKV=0;
IF RESULT=0 THEN CKZ=1;
ELSE CKZ=0;
MHB=256-MHB+CKV;
RESULT=TEMP+MHB ;
IF RESULT>255% THEN RESULT=RESULT-256
IF CKZ=1 & RESULT=0 THEN CKZ=1;
ELSE CKZ=0;
CALL CCRCHK(RESULT,TEMP,MHB,2,2,3,CKZ,3,2);
PC{MPU)=PC{MPU)+NEXT;
RETURN;
BSR: ENTRY;
STR1=SYSTBL(7,MPU);
SUBSTR(STR1,13,1)="1'B;
SYSTBL(T,MPU)=STR1;
OPRND1=READ(PC{MPU}+1);
PC(MPU)=PC(MPU)+2;
CALL WRITE(SUBSTR(PC(MPU),9,8),SP(MPU))};
SP{MPU)=SP{MPU)-1;
IF SP(MPU)<0 THEN £P{MPU)=655364+SP(MPU);
CALL WRITE(SUBSTR(PC(MPU),1,8),SP(MPU)};
SP(MPU)=SP(MPU)-1;
IF SP{MPU)<0 THEN SP{MPU)=65536+SP(MPU);
CALL BRANCH;
CYCLES=8;
RETURN;
LDR: ENTRY;
OPRND1=READ(PC(MPU}+1);
NEXT=2;
1IF CODE=142 " CODE=206 THEN DO;
OPRND2=READ(PC{MPU}+2);
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ADDRESS=256 %OPRND 1+0PRND2;
CYCLES=3;

NEXT=3;

END;

IF CODE=158 * CODE=222 THEN DO;
ADDRESS=256*READ(BIN(OPRND1,16,0))+READ(OPRND1+1) ;
CYCLES=U4;

END;

IF CODE=1TU4 " CODEz238 THEN DO;
ADDRESS=INR(MPU)+OPRND1;
ADDRESS=256%READ( ADDRESS )+READ( ADDRESS+1);
CYCLES=6;

END;

IF CODE=190 " CODE=254 THEN DO;
OPRND2=READ(PC(MPU)+2);
ADDRESS=256%0PRND 1+0PRND2;
ADDRESS=256"READ( ADDRESS)+READ( ADDRESS+1);
CYCLES=5;

NEXT=3;
END;

IF CODE<192 THEN SP(MPU)=ADDRESS;

ELSE INR(MPU)=ADDRESS;

IF ADDRESS=0 THEN CKZ: 1;

ELSE CKZ=0;

IF SUBSTR({ADDRESS,1,1) THEN CKN=1;

ELSE CKN=0;

CALL CCRCHK(0,0,0,2,2,CKN,CKZ,0,2);

PC{MPU)=PC(MPU)}+NEXT;

RETURN;

STR: ENTRY ;

OPRND1=READ(PC(MPU)+1);

NEXT=2;

IF CODE=159 " CODE=223 THEN DO;
ADDRESS=0PRND1;

CYCLES=5;
END;

IF CODE=175 " CODE=239 THEN DO;
ADDRESS=INR(MPU)+0OPRND1;
CYCLES=T;

END;

IF CODE=191 " CO.E=255 THEN DO;
OPRND2=READ{PC(MPU)+2);
ADDRESS=256*0PRND1+0PRND2;
CYCLES=6;

NEXT=3;
END;

1F CODE<192 THEN DO;

TEMP=SUBSTR(SP(MPU),1,8);
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TEMP2=SUBSTR(SP{MPU),9,8);
END;
ELSE DO;
TEMP=SUBSTR( INR(MPU),1,8);
TEMP2=SUBSTR(INR(MPU),9,8);
END;
CALL WRITE(TEMP,ADDRESS);
CALL WRITE(TEMP2,ADDRESS+1);
IF TEMP=0 & TEMP2=0 THEN CKZ=1;
ELSE CKZ=0:
CALL CCRCHK(TEMP,0,0,2,2,3,CKZ,0,2);
PC(MPU)=PC{MPU)+NEXT;
RETURN;
JSR: ENTRY;
STR1=SYSTBL(7,MPU);
SUBSTR{STR1,13,1)="'1'B;
SYSTBL(7,MPU)=STR1;
OPRND1=READ{PC{MF{I)+1);
IF CODE=173 THEN DO;
ADDRESS=INR(MPU)+OPRND1;
CYCLES=8;
NEXT=2;
END;
ELSE DO;
OPRND2=READ(PC(MPU)+2);
ADDRESS=256*0PRND1+0PRND2;
CYCLES=9;
NEXT=3;
END;
PC(MPU)=PC{MPU)}+NEXT;
CALL WRITE(SUBSTR(PC(MPU),9,8),SP(MPU});
SP{MPU)=SP(MPU)-1;
IF SP(MPU)Y<O THEN SP(MPU)=65536+SP(MPU);
CALL WRITE(SUBSTR(PC(MPU},1,8),SP(MPU));
SP(MPU)=SP{MPU)-1;
IF SP(MPU)<0 THEN SP(MPU)=65536+SP(MPU};
PC(MPU)=ADDRESS;
RETURN;
END INSTR;
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/*  INTLC VERSION-6 3/5/78 %/

INTLC: PROCEDURE;
JNRRENNE RN RN RR NN RN RN R ER RN R RN SRR RO NN/

/% %/
/% THIS PROCEDURE PERFORMS SYSTEM INITIALIZATION. ./
/% &/

VALAI IR R ad T2 L2 ad i i d et iddsdddiatit e llsldds ) N

DCL SYSTBL(*,%) FIXED BIN(31,0) CTL EXT;

DCL TRCE(®,®) FLOAT BIN(31) CTL EXT;

DCL ITABL(%,%) CHAR(1) CTL EXT;

DCL (PC("),SP{*),INR(*)) FIXED BIN(16,0) CTL EXT;

DCL (ACCA(®),ACCB(%*)) FIXED BIN(8,0) CTL EXT;

DCL. CCR(*) BIT(8) CTL EXT;

DCL ATRIB(*) FLOAT BIN CTL EXT;

DCL MCT(*) FIXED BIN(31,0) CTL;

DCL BBIN ENTRY(CHAR(6)) RETURNS(FIXED BIN{16,0));

DCL 1IERR ENTRY(FIXED BIN(31,0));

DCL MFIND ENTRY(FIXED BIN(31,0),FIXED BIN(31,0))
RETURNS{FIXED BIN(31,0));

DCL (DATE, TIME,ONKEY,ONSOURCE,ONLOC,ONCODE) BUILTIN;

DCL OLDADD FIXED BIN(31,0) EXT;

DCL ECHO ENTRY;

DCL FILEM ENTRY(FIXED BIN(31,0));

DCL HHEX ENTRY(FIXED BIN(31,0)) RETURNS{CHAR(6));

DCL HEX CHAR(17) INIT(' 0123456789ABCDEF");

DCL DCML CHAR(11) INIT(' 0123456789');

DCL DDATE CHAR(17) EXT;

DCL TTIME CHAR{9);

DcL (I,NTPER,PRCT,J,K,MAX,TEMP) FIXED BIN(31,0);

DCL (MPU,NPER,NMPU,PL) FIXED BIN(31,0) EXT;

DCL (CARD,END_OF_CARD,STR1) CHAR(6);

DCL (FATAL,WARNING,ADDRESS) FIXED BIN(31,0);

DCL MSTOP CHAR(5) EXT;

DCL FLAG BIT(1);

DCL TTBEG FLOAT BIN EXT;

DCL TYPE BIT(3);

DCL 1 STAT(®) CTL EXT,

INST FIXED BIN(31,0),

INPT FIXED BIN(31,0),

OTPT FIXED BIN(31,0),

ERRS FIXED BIN{31,0),

INTS FIXED BIN(31,0),

WARN FIXED BIN(31,0),

BRCH FIXED BIN(31,0),

RTRN FIXED BIN(31,0),

RSTS FIXED BIN(31,0),

HALT FLOAT BIN(31),

RUN FLOAT BIN(31),

NN NN
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2 RESTRT FLOAT BIN(31),
2 LSTHLT FLOAT BIN(31);
DCL 1 CMEM(®) CTL EXT,
2 CMPU FIXED BIN(31,0),
2 CLOC(0:31) BIT(16);
DCL MEMTYPE CHAR(6) EXT;
DCL 1 TMEMREC,
2 UNUSED BIT(16},
2 TMEM_KEY CHAR(10),
2 TLMPU FIXED BIN(31,0),
2 TLOC(0:31) BIT(16);
DCL 1 MEMREC EXT,
2 UNUSED BIT(16),
2 MEM_KEY CHAR(10)},
2 LMPU FIXED BIN(31,0),
2 LOC{0:31) BIT{16);
DCL 1 PERTBL(#*) CTL EXT,
PMPU FIXED BIN(31,0),
PADDR FIXED BIN{(31,0),
PASSOC FIXED BIN(31,0),
PASADD FIXED BIN{(31,0),
PCODE FIXED BIN(31,0),
CTYPE BIT(1),
UNUSED BIT(5),
c2 BIT(1),
C1 BIT(1),
DDR BIT(8),
PDR BIT(8);
DCL 1 TPERTBL(*) CTL,
TMPU FIXED BIN(31,0)},
TADDR FIXED BIN(31,0),
TASSOC FIXED BIN(31,0),
TASADD FIXED BIN(31,0),
TCODE FIXED BIN(31,0),
TCTYPE BIT(1),
TC2 BIT(1),
TC1 BIT(1),
TDDR BIT(8),
TPDR BIT(8);
DCL 1 PERREC,
2 UNUSED CHAR(9),
2 PENTRY(3),

RPN DD

PN NN

3 RMPU FIXED BIN(31,0),

3 RADDR FIXED BIN(31,0),
3 RASSOC FIXED BIN(31,0),
3 RASADD FIXED BIN(31,0),
3 RCODE FIXED BIN(31,0),

3 RCTYPE BIT(1),
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3 UNUSED BIT(5’,
3 RC2 BIT(1),
3 RC1 BIT(1),
3 RDDR BIT(8),
3 RPDR BIT(8);
DCL 1 SYSREC,
2 SDATA(0:19) FIXED BIN(31,0);
DCL MEM1 FILE RECORD KEYED ENV(REGIONAL(1) F(80));

DCL SIMSYS FILE RECORD SEQUENTIAL ENV(F(800,80));
/llIilllllﬂ&llliilllllli!!!llliliillllillllilllll!ll/

/% */
/’ ON UNITS LI B B B O I B R L B BN BB B A '/
/t ./

VALRA AR A TR LA VAR LR e sl ilsaltssllssl]Ng

ON CONVERSION BEGIN;
PUT SKIP(5) EDIT('CONVERSION ERROR....SOURCE='""ONSOURCE™"
'IN PROCEDURE '“"ONLOC)(A);
ONSOURCE='0";
FATAL=FATAL+1;
END;
ON ENDFILE(SYSIN) BEGIN;
CALL IERR(18);
GO TO EOI;
END;
FATAL,WARNING=0;
STR1=DATE;
TTIME=TIME;
DDATE=SUBSTR(STR1,3,2)"""/*"“"SUBSTR(STR1,5,21"""/*""
SUBSTR(STR1,1,2)""* *“"SUBSTR(TTIME,1,2}""t:'""

SUBSTR(TTIME,3,2)""":'""SUBSTR(TTIME,%,2);
R T E T P TR T e Y P Y P P Y S LI T T YL

/% %/
/% READ 'SYS' CARD. &/
/8 74

/l'llllllll!lllllllll.*'IIli'll'l'lllllﬁlllll!'llil'/
CARD="SYS';
GET LIST(STR1);
IF STR1='SYS' THEN CALL ISYS;
ELSE DO;

CALL IERR(18);
/IlIIIlill!IIIﬁ!!llillllllllliillll!!lll*l!lllilllll/

/" L4
/% ERROR{18)-~-~ 'SYS' CARD NOT FOUND. (FATAL) LE)
/® L4
JHRBR RSN R R ARG R RN R RN RSN RN A RR NP RN RN
GO TO EOI;
END;

LOOP: GET LIST(STR1);
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IF STR1="MPU' THEN DO;
CALL IMPU;
GO TO LOOP;
END;

IF STR1="START' THEN DO;
CALL ISTART;
GO TO LOOP;
END;

IF STR1='TRC' THEN DO;
CALL ITRC;
GO TO LOOP;
END;

IF STR1="MEM' THEN DO;
CALL IMEM;
GO TO LOOCP;
END;

IF STR1='LOAD' THEN DO;
CALL ILOAD;
GO TO LOOP;
END;

IF STR1='SIM' THEN DO;
CALL ISIM;
GO TO LOOP;
END;

IF STR1='END' THEN GO TO EOI;

CALL IERR(34);
JORBSERENRNA AR RRRR R RN AR ERE RN NRRRNE

/* %/

/% ERROR(30)~--- ILLEGAL CARD TYPE. (FATAL) &y

/e "/

JRRRRRRE R ERR RN RN R AR RN EER N RRRRRNRER RN/
GO TO LOOP;

EOI: IF ITABL(2,0)='X' THEN DO;
ITABL(2,0)="L";

CALL IMEM;
END;
JERERARRERRRR AR R R RS R RN SRER SRR RN RN R RN N RRNRREN /
/% ®/
/% CALL IVAL TO VALIDATE SYSTEM CONFIGURATION. "/
/" &/
JASERRRESARI AN RN R AR R AR R R AR NN SRR RERRRNE /
CALL IVAL;
JRANBRARRRRR RN R AR RN RN NN NN R RSN/
/% *,
/% CALL ISTORE TO STORE THE SYSTEM INITIAL */
/% CONFIGURATION ON THE FILE: SIMSYS. &/
/% */

JRMAERBRARR AR RRNE RN R RRA RN AR R TR AR AR RS ERERERERERRN /
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IF FATAL=0 & ITABL(5,0)='K' THEN CALL ISTORE;
JRRENERARRENA NN RN NN R R AR ERR NGB RR AR RN RN RRRRRER

/ &/

/% CALL ECHO TO PRINT SYSTEM INITIALIZATION */

/% CONFIGURATION FOR USER VERIFICATION. */

/% LV

JRURERR SRR A HERRNNE RN RER RS RE R RRNN AR R R/
CALL ECHO;

IF LINENO(SYSPRINT)>PL-15 THEN PUT EDIT(' '){LINE(PL-1),4);
PUT SKIP(5) EDIT('ERRORS=',FATAL,'WARNINGS=',WARNING)
(COL(10},A,F(3,0),X(4),A,F(3,0));
IF FATAL\=0 THEN DO;
PUT SKIP(2) EDIT('®#sssss STMULATION NOT RUN BECAUSE '~"
'OF FATAL ERRORS.')(A);
PUT SKIP{2) EDIT('###suusé SYSTEM CONFIGYURATION NOT WRITTEN '""
'ON FILE SIMSYS.')(A);
MSTOP='STOP!;
END;
ELSE DO;
I7 ITABL(5,0)\='K' THEN
PUT SKIP(2) EDIT('SYSTEM CONFIGURATION NOT KEPT.')

(COL(10),A);
PUT SKIP(5) EDIT('wesssn# STMULATION EXECUTION '*"
'BEGINS:')(A);
PUT EDIT(' ')(LINE(PL-U4),A);
END;
/llIIIII!'l!llllll!lll!llll!l!llllll!ll!!lllllllill!/
/* i
/% INITIALIZATION SUBPROGRAMS. :/
/% /

FAZ A AT AT a2 1222 i i 2t litdsdlyg

I1SYS: PROCEDURE;
JHERRNRNRRNRRERE TR R AR RRE RN REARRNR GRS/

/4 ®/
/% ON UNITS. */
/4 %/

FALALA A 22 s I T2 d sl Rt addaliddiz st iallis]] )

ON ENDFILE(SIMSYS) BEGIN;

CALL IERR(9);
/Illlﬁ!lilllil!ﬁllllll&llll!!lllilllll.'lll!llillll/

/% ./
/% ERROR(09)-=-- END-QOF-FILE FOUND ON FILE SIMSYS.#/
/" */

FAdAdd Rt AR Rzl Rqlzalleddzatitetll g

GO TO EOF_SIM;
END;

ON UNDEFINEDFILE(SIMSYS) BEGIN;
CALL IERR(13);
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JHRRBERANRREREHA R R AN R AR UNRERA R RSN BRRERRERERRAS

/0 %/
/% ERROR{13)~=-~ FILE SIMSYS IS UNDEFINED. 74
/% n/

FALIIZTI AT I T i e Pt d a2l Tdqdadifatlsddydl ol

GO TO EOF_SIM;
END;
STR1=' '3
CARD="SYS';
GET LIST(STR1):
NMPU=1;

IF VERIFY{STR1,DCML)\=0 THEN CALL IERR(1l);
/llilll!IIIIIllIIllilll!Illl!llﬁIllllll!llll!llll!li/

/" L
/% ERROR(14)-~~~ ILLEGAL INPUT. ®/
/8 *®/

JRARA AR RN N AR AR NN B R RN R AR RN ERRRARERARRERRARB RN/

ELSE IF STR1\=z' ' THEN NMPU=BIN(STR1,31,0);

IF NMPU<1 ~ NMPU>20 THEN DO;

CALL IERR(1);

NMPU=1;

END;
/llIlilllliil!lI!HIIlIl!II!lI!lll!lllll!lll!llllllll/
/e L
/% ERROR(1)---- ILLEGAL NUMBER OF MPUS SPECIFIED, :/
/" /
/!illllIIIIIIIIIII!!lliilIlIlﬂllIlll!lllllllllllllll/

MAX=NMPU-1;

ALLOCATE STAT(0:MAX),PC{0:MAX),SP(0:MAX),INR((O:MAX),ACCA(O:MAX),
ACCB(0:MAX),CCR{0:MAX),SYSTBL(0:10,0:MAX),
TRCE(3,0:MAX), ITABL(6,0:MAX),MCT(0:MAX)}

CALL DEFAULT;

STR1="NEW';

GET LIST(STR1);

IF STR1\='0LD' THEN

IF STRI\='NEW! THEN CALL IERR(11):
/lilllll!llil!l!ll!llll!|II!!Illlllllllllll!llllllli/

A /
/% ERROR(11)===~ ILLEGAL SYSTEM INITIALIZATION &/
/% SPECIFICATION. DEFAULT ASSUMED. %/
A */
JRBEREEAR RN AR NN R RN NN RARN RO RN RN
ELSE;
ELSE DO;

ITABL(Y4,0)='0";

OPEN FILE(SIMSYS) INPUT;

READ FILE(SIMSYS) INTO(SYSREC);
MAX=SDATA(O);
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DO I=0 TO 10;
READ FILE({SIMSYS) INTO(SYSREC);
DO MPU=0 TO MAX;
IF MPU<NMPU THEN DO;
SYSTBL(I,MPU)=SDATA(MPU);
ITABL(1,MPU)='0";
END;
END;
END;
END;
EOF_SIM: STR1='DELETE';
GET LIST(STR1);
IF STR1\="KEFP' THEN

IF STR1\='DELETE' THEN CALL IERR(12):
/llilll!l!ll&!!lllIlillllillIlll!illllll!lllllll!lll/

/8 */

/% ERROR(12)=----ILLEGAL SYSTEM DISPOSITION 74

/% SPECTIFICATION. DELETE ASSUMED. ny

/% L4

JHEERRRR RN EE R ERREERER R AR CRRR RN R RN BN EB RN NS/
ELSE;

ELSE ITABL{5,0)='K';
GET L1ST(STR1);

IF STR1\='#*' THEN CALL IERR(2};
LI T T Y e T P Y TR E ST LTI LYY

/% #/
/% ERROR(02)=--- '#' NOT FOUND. %/
/% 8/
/'IIIIII'.I!'ﬁIl!II'Il!'"lIllliiﬂilll'!illl.lﬂill.‘/
RETURN;
END ISYS;

DEFAULT: PROCEDURE;
JRNSHESAR RS RN R RN R R R RN R R RN

/8 */
/% THIS PROCEDURE INITIALIZES THE SYSTEM TO */
/% DEFAULT SPECIFICATIONS. “/
/" LY
JURERERERERAE RS NRE RN AR RR TR RE RN RN RN ENE
SYSTBL=0;
TRCE=0;

PO I=0 TO NMPU-1;
SYSTBL(6,1}=2;
SYSTBL(7,1)=00010000000000000000000000000008B;
SYSTBL(1,1)=1023;
TRCE(1,I)=4;
ITABL(1,I)='X"*;
ITABL(6,1)='R';
END;
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ITABL(2,0)="X"';
ITABL(Y4,0)="'N';
ITABL(5,0)='D';
ITABL(3,0)="X"';

INR=0;
INST,INPT,OTPT,ERRS,WARN,BRCH, INTS, RTRN, RSTS=0;
BALT, RUN,RESTRT,LSTHLT=0}
NTPER=0;

PRCT=1;

SP=0;

ACCA,ACCB=0;
CCR='11000000'B;

PC=0;

RETURN;

END DEFAULT;

IMEM: PROCEDURE;
/RN RN RN AR RN UE NNV RN RR RN RN R RN/

/* */
/% THIS PROCEDURE ALLOCATES AND PREFORMATS THE */
/% FILE 'MEM1' SO THAT IT MAY BE INITIALIZED ®/
/% IF OLD IS SPECIFIED, THEN THE FILE 'SIMSYS' IS %/
/* READ AND TRANSFERED INTO 'MEM1.’ */
/* Y]
/% THIS SUBPROGRAM ALSO READS THE 'MEM' CARD. */
/* */
/% 'MEM' CARD FORMAT: %/
/* Y
/® 1. 'MEM! L7
/% 2. '*(INITIALIZATION SPECIFICATION)! #/
/" */

/llllllillllllIl!lillllillilI!Iilllllllli!ll!llllll!/
ON ENDFILE{SIMSYS) BEGIN;
CALL IERR(8);
GO TO ERROR_RET;

END;
/lllIIlllll;i!ll!llllllili!!!ﬁiIl!lllilll!!ﬂl!i!!llI/
/% *®/
/% ERROR(08)---- EOF FOUND IN FILE 'SIMSYS.' L7
T L4

JURARBARNERRURNER R RN RN RN RRR AR AR R RS RN RN RN/

ON UNDEFINEDFILE(SIMSYS) BEGIN;

CALL IERR(13);

GO TO ERROR_RET;

END;
/llIlllllll&llllIIIIII!!illllllilllll!!lll’!'l.lllll/
/® LV
/% ERROR(13)«--- UNDEFINED FILE 'SIMSYS.' LY
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/® 8/
/I!llllllllilIillllllilllllllllllll!ll!lllllllllllll/
ON XEY(MEM1) BEGIN;
STR1=0NKEY;
CALL IERR(30);
GO TO ERROR_RET;

END;
/IlIIIIl!ll‘llllll!!llillllll*llllllli!lll!llllillll/
/* L7
/% ERROR{30)---~ KEY ERROR ON FILE(MEM1). L7
/" */
/llllllllll!ll!!ll*!llll!llll!*llllllllillllllllll!l/
FA */
/% CALCULATE THE TOTAL AMOUNT OF MEMORY AND THE %/
/% TOTAL NUMBER OF PERIPHERALS IN THE SYSTEM. L7
/t uy
/Illllll!tIllllllilﬂllllllllll&!Illlll!lllliillIilll/

MAX==1;

CARD= 'MEM' ;
MEMTYPE='CORE";
IF ITABL(2,0)\='L' THEN GET LIST(MEMTYPE);
IF MEMTYPE\='DISK' & MEMTYPE\='CORE' THEN DO;
CALL IERR(31);
MEMTYPE='CORE';

END;
/Ii!llllIlﬁillll!llllill!llll!lIi!lllllllll!illllll!/
/8 &/
/% ERROR(31)---- ILLEGAL MEMORY FILE TYPE SPEC. */
/* 'CORE' ASSUMED. L7
A 'Y

RN AR RN RS NN RN RN RN RSN RRD NN REERRERERY

DO MPU=0 TO NMPU-1;
SYSTBL{2,MPU)=MAX +1;
MAX=MAX+CEIL( (SYSTBL(1,MPU)+1)/32);
NPER=NPER+SYSTBL(6 ,MPU);
END;
LMPU=0;
IF NPER>0 THEN DO}
/IIi!lll!lll!i#lllilllll!!llill!lll!llIl!!llllllllll/

/® »/
/% ALLOCATE THE PERIPHERAL TABLE. ®/
/ &/

JREBE AR AR SRR ER R AR RRIERRRRER NS RBEARB RSB ERRRRERRRBRG /

ALLOCATE PERTBL(0:NPER);
CTYPE,C1,C2='0";
PCODE,PMPU, PADDR , PASADD , PASSOC=0;
DDR,PDR='0";

END;
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LOC="0'B;
IF MEMTYPE='DISK' THEN DO;
OPEN FILE(MEM1) SEQL OUTPUT;

DO ADDRESS=0 TO MAX;
AR RRRO AR R R R RN R RN

/% L4
/% INITTALIZE THE MEMORY TO ALL RAM. */
/" 74

AL 2 Al gl I a2 22t It ia it ialatsstlilsedlly)

MEM_KEY=DEC(ADDRESS,7,0);
IF LMPUXNMPU-1 THEN
IF ADDRESS=SYSTBL(2,LMPU+1) THEN LMPU=LMPU+1;
WRITE FILE(MEM1) FROM(MEMREC) KEYFROM(MEM KEY);
END;
CLOSE FILE(MEM1};
OPEN FILE(MEM1) DIRECT UPDATE;
END;
ELSE DO;
ALLOCATE CMEM(0:MAX);
CLOC=0;
MPU=0;
OLDADD=1;
DO ADDRESS=0 TO MAX;
CMPU( ADDRESS )=MPU;
IF MPUKNMPU-1 THEN IF ADDRESS=SYSTBL({2,MPU+1)
THEN MPU=MPU+1;
END;
END;
FLAG='0'B;
STR1="NEW';

IF ITABL(2,0)\='L' THEN GET LIST(STR1);
/AR R RN RN RN RN RN NN RN RN AR NRRR Y

/ %/
/% IF 'OLD' IS SPECIFIED THEN THE MEMORY IS TO BE ¥#/
/% TINITIALIZED FROM THE FILE 'SIMSYS.! &/
/* LV

FAAAA RS A R S AL S LR d R I 2l sdizizqligllsy)

1F STR1='OLD' THEN DO;
READ FILE(SIMSYS) INTO(TMEMREC);
IF TMEM _KEY='!'###' THEN DO;
MAX=TLMPU; /® TLMPU= NUMBER OF ENTRIES IN SIMSYS
MCT=0;
DO I=0 TO MAX;
READ FILE(SIMSYS) INTO(TMEMREC);
IF VERIFY(TMEM KEY,DCML)=0 THEN DO;
IF TLMPU>=0 & TLMPU<NMPU THEN DO;
MPU=TLMPU;
J=MFIND{MCT(MPU),1);

%/
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IF J>=0 THEN DO J=0 TO 31;
LOC(J)=TLOC(J);
END;
MCT(TLMPU)}=MCT('TLMPU)+32;
END;
END;
END;
READ FILE{SIMSYS) INTO(TMEMREC);
IF TMEM_KEY='t###1' THEN DO;
MAX=TLMPU;
DO MPU=0 TO MAX;

READ FILE(SIMSYS) INTO(TMEMREC);

K=0;

DO ADDRESS=65528 TO 65535;
J=MFIND(ADDRESS, 1)}
LOC(J)=TLOC(K};

K=K+1;
END;
END;
END;
READ FILE(SIMSYS) INTO(TMEMREC);

IF TMEM _KEY='##&' THEN DO;
JRNBRRERREERR R RE R R RN RSN R R RN

/% %y
/% GET OLD PERIPHERAL SPECS FROM THE FILE 'SIMSYS'#/
/% AND LOAD THEM INTO THE TEMPORARY TABLE ®/
/% VTPERTBL.' */
/® */

JHRRBEESRRRERENNNRRRE RN RN RN RRANRRR RN B RN R RN/

MAX=TLMPU; /% TLMPU= NUMBER OF ENTRIES ®/
ALLOCATE TPERTBL(MAX*3);
K=1;
NTPER=MAX¥3;
TMPU, TCODE=0
TCTYPE="'0"'B;
DO I=1 TO MAX;
READ FILE(SIMSYS) INTO(PERREC);
PO J=1 TO 3
IF K<=NTPER THEN DO;
TMPU{K)=RMPU(J);
TADDR(K )=RADDR(J )
TASSOC{K)=RASSOC(J);
TASADD(K)=RASADD{.});
TCODE(K }=RCODE(J);
TCTYPE(K)=RCTYPE(J);
TC2(K)=RC2(J);
TC1(K)=RC1(J);
TDDR(K)}=RDDR(J);
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TPDR{K)=RPDR(J);
K=K+13
END;
END;
END;
END;

ELSE CALL IERR(17);
JURRRRR R ERE RN RN RRRREE RN RN N RRRERARRERRRRRRRRRAN /

/% */
/% ERROR(17)w=e« INCORRECT FILE FORMAT ON FILE #/
/% 'SIMSYS.! */
/¢ »/

JRRRAABE SR ERS R RN RN R B ERER RS R R AR ARRERARRRARRRNRNRON /

ERROR_RET: END;

ELSE CALL IERR(17);
/SRR R SRR RN NN RS RN RSN RN RE NN

A */
/% ERROR(17)-=-- INCORRECT FILE FORMAT ON FILE L
/* 'SIMSYS.! .,
/ */

JRESRARRRERRRAERNNRABRRRERBRRRRBARARARBRBRERERRRRG RN /

CLOSE FILE(SIMSYS):
END;

ELSE IF STR1\='NEW' THEN CALL IERR(21);
JRHERERRRRRBIIER RN RN R R RN AR NN RREARR R/

/% */
/% ERROR(21)-=--- ILLEGAL MEMORY INITIALIZATION ®/
A SPECIFICATION. &/
/% %/

JERENNRRERRRRRRRERERRER AR DR RRRRERNARTRRRRRBUBEREBEE /

IF ITABL(2,0)\='L' THEN GET LIST(STR1);
ITABL(2,0)="I';

IF STR1\='#' THEN CALL IERR(02);
/I&Ill&!&ll!i!ll!ilil!!lliil!lIllﬂlliill!lllilll!ill/

m . %/
/% ERROR(02)~=~~ '#!' NOT FOUND WHEN EXPECTED. &/
/® &/
P2 T e Ty,
RETURN;
END IMEM;

ITRC: PRNCEDURE;

CARD='TRC';

STR1='X";

GET LIST(STR1);

FLAG='0"'B;

IF VERIFY(STR1,DCML)=0 THEN DO;
MPU=BIN(STR1,31,0);
IF MPU<KO " MPU>=NMPU THEN DO;
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CALL IERR(Y4);
FLAG='1'B;

END;
/iiIlll!ilﬁlllﬂlillﬁl!lii*IlllHII!‘!I!I!I!!I!III!!!I/
/% %/
/* ERROR(OM)~---- ILLEGAL MPU NUMBER SPECIFIED. L7
/% *y
/Illlllﬂtlllllllill!!iilillllll!ll!l!llll!!lllltitll/

END;

ELSE DO;

CALL IERR(14);

END;
/ll!iulll!&ll*!lll!lllll!il!lI**&llﬁlllllll!lli*llll/
/% #/
/% ERROR(14)we--~ ILLEGAL INPUT. &/
/% \J4
/llllll!lﬁ!illtill!l&lllllliull!lllll!lll!ﬂll!llllll/

STR1='X";

GET LIST(STR1);
IF VERIFY(STR1,DCML)=0 THEN DO;
I=BIN(STR1,31,0);

IF I<0 © I>4 THEN CALL IERR(23);
/Ill!lllillllllllllllllil!!llll!Illl!illl!illll!l!l!/

/% %/
/% ERROR(23)---- ILLEGAL TRACE TYPE SPECIFIED. */
/% */

JERERRR RN AR RR R R AR RN R SRR B RN ARG RN B RN RRERUBRNR BN

ELSE IF FLAG='0'B THEN TRCE(1,MPU)=I;
END;

ELSE IF STR1\='X' THEN CALL IERR(14);
JERNBRRRR RN RN SRR SRR R RN RN

/" */
/% ERROR(14)---- ILLEGAL INPUT. “/
/4 &/

JU NI 0000060000 00 00 000000 00 0000 00 00 06 0 00 00 00 0000 30 30 00 30 00 06 00 000 30 06 00 00 0 00 006 20 00 0 /

IF TRCE(1,MPU)\=1 THEN
IF TRCE(1,MPU)\=2 THEN
GET LIST(STR:,STR1);
ELSE GET LIST((TRCE(I,MPU) DO I=2 TO 3));
ELSE DO I=2 TO 3;
STR1=' *;
GET LIST(STR1);

IF VERIFY(STR1,HEX)\=0 THEK CALL IERR{6);
/illllllIl!lllllilll!llllllllﬁ!Illlllllllillllll!!li/

/% %/
/% ERROR(06)w~-- ILLEGAL ADDRESS SPECIFIED. LY
/t %/

/l'lllllll!lilﬂllll!ill'lIIIliillllllﬂil!illllilill!/
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ELSE TRCE(I,MPU)=BBIN(STR1};
END;
GET LIST(STR1);

IF STR1\='#' THEN CALL IERR(2);
/illll!lll!ﬁIllllllll!ll*iiQIII!lllﬁll!lllllllllllll/

/% */
/% ERROR(02)~--~ '#' NOT FOUND WHEN EXPECTED. ®/
/% %/
P T Y T Ty Y T e F Y T Y T Y ey Y
RETURN;
END ITRC;

ISTART: PROCEDURE;
CARD='START';
STR1='X";
FLAG='0'B;
ATRIB(1)=TTBEG;
GET LIST(STR1);
IF VERIFI(STR1,DCML)}=0 THEN DO;
MPU=BIN{STR1,31,0);
IF MPU<O * MPU>=NMPU THEN DO;
CALL IERR(4);
FLAG="'1'B;

END;
/ill!llllili!lll‘!ll!ll!lll!l&lﬂlllllllllllll!llllll/
/% uy
/% ERROR(0Y4)-~-- ILLEGAL MPU NUMBER. 4
/% */
/IlIllllll!lllllllli*Il!il!llllll!llllll!l!lllllll!l/

END;

ELSE DO;

CALL IERR(14);

FLAG='1'"B;

END;
/IIIil&lllll!llllllll!ﬁII&!l*llllllillllll*llilllll&/
/t L7
/% ERROR(14)~w-- ILLEGAL INPUT. "/
/% */

JORRRA ST 05000 0000000000000 OO RN

STR1='RESET';

GET LIST(STR1);

IF STR1\='RESET' & FLAG='0'B THEN
IF VERIFY(STR1,HEX)\=0 THEN

CALL IERR(6);
/!lﬂll"ﬁllll.*lIIIlllllll'*“illlli!ll'.'*lll!!!ll.ﬁ/

/% */
/% ERROR(06)~--- ILLEGAL ADDRESS SPECIFIED. */
/% &/

/IIllllillﬂ!Illlﬁ'lllﬁllllllﬂl!lllllllllllﬂlllllill!/
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ELSE DO;
PC{MPY)=BBIN(STR1);
ATRIB(2)=MPU+10;
END;
ELSE IF FLAG='0'B THEN ATRIB(2)=1200+MPU;
IF FLAG='0'B THEN CALL FILEM(1);
GET LIST(STR1);

IF STR1\='#' THEN CALL IERR(2);
FALALI IR S 1222 222 Raddl s Il adtllsstllsl ¥y

/% "/

/% ERROR(02)--=-« '#! NOT FOUND WHEN EXPECTED. &/

/4 %/

I T L L T T T T Y T T T
RETURN;

END ISTART;
IMPU: PROCEDURE;

CARD='MPU';

STR1="X";

FLAG='0";

GET LIST{STR1);

MPU=0;

IF VERIFY(STR1,DCML)=0 THEN DO;
TEMP=BIN(STR1,31,0);
IF TEMP<O " TEMP>=NMPU THEN DO;

CALL IERR(4);

FLAG='1'B;

END;
JUBERR B RN PR R RN RERRE RN R R ERERE SRR RSN RN/
/" */
/% ERROR(0Y4)---~ ILLEGAL MPU NUMBER SPECIFIED. ®/
/* L7

JURRER RGN RN EN AR RN R R ERRRERRERRERRR RN RERY

ELSE MPU=TEMP;
END;

ELSE CALL IERR{14);
/illl!lllllIllllIllllill!lll!lllllil!ll!l!l!!llllill/

/ L7
/% ERROR(14)---- ILLEGAL INPUT. */
/% %/
L e T Y T P Y T P R T Y T T T YL
STR1=* *;
IF ITABL(2,0)='I' THEN DO;
FLAG='1'B;
CALL 1ERR(16);
END;
RN ARERR RS RN RN RN RN NS RENERY
/¢ &/

/% ERROR(16)---- MPU CARD FOUND AFTER MEMORY &/
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/% INITIALIZED. &/
/% ./
/Ili!ﬂl!!lllllllIll!i!I!Ii!ll!lllllillllll!lllllllll/
GET LIST(STR1);
IF STR1\=' ' & FLAG='0'B THEN
IF VERIFY(STR1,DCML)=0 THEN DO;
TEMP=BIN{STR1,31,0);

IF TEMP<1 * TEMP>65536 THEN CALL IERR(5);
/l!I!i*l&Illllll!illlillllllllllllIlllil!lll!!lillll/

/¥ */
/% ERROR{5)--~-~ ILLEGAL MEMORY SIZE SPECIFIED. */
/* */

JUERBRARRR RN AR R RS R ABERRBERRERERRRRRRRRRERR RN NN/

ELSE SYSTBL(1,MPU)=TEMP-1;
END;

ELSE CALL IERR{14);
/Ii!i!&Illllll*llilllﬂlllIlllniIliillllilliiillli!ll/

/t Y
/% ERROR{14)=~-- ILLEGAL INPUT. LY
/% ®/
JRREAREN R RRRRE RN RN RSN RRR NN RN R RN RN/
ELSE;
STR1=' ';

GET LIST(STR1);
IF STR1\=' ' & FLAG='0'B THEN
IF VERIFY(STR1,DCML)=0 THEN DO;
TEMP=BIN(STR1,31,0);

IF TEMP<0O THEN CALL IERR(7);
/IIIiilll!llllll!lii!Ililll!llll!ilil!llllllllll!ll!/

/% LF)
/% ERROR(07)---- ILLEGAL NUMBER OF PERIPHERALS &/
A SPECIFIED, %y
/ %/

JERERRR RN SRS SRR R RRRRERE RN EER RSN REREERRRR R RN REBR RN

ELSE SYSTBL(6,MPU)=TEMP;
END;

ELSE CALL IERR(14);
/Ilﬁﬂl*&lllill!illllllll!llili!ﬁlll!l!lﬁllll!!lil!ll/

/" ®/
/% ERROR(14)~~-- ILLEGAL INPUT. &/
/8 */

JUREEEERRER B RGN BN B R RN RN AL PR RN SRR EN NN R NN

ELSE;

GET LIST(STR1);

IF STR1\='#" THEN CALL IERR(2);
/Iﬂiilll!!!!i!!!!lﬁilllIIllll!!llllliNlllllil!i!llii/
/" 74
/% ERROR{02)}--«- *'#' NOT FOUND WHEN EXPECTED. L ¥
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/0 8/
JORRERARRSRRBRRAUD RN N R R ER RN E RN RN ROENRRRRR R RN RE RS/
RETURN;
END IMPU;

ILOAD: PROCEDURE;
JHHEBRRRNRRARRRNERER AN RRARERR DR RRRERDRRRRGRNRE SRR/

/* &/
/% THIS PROCEDURE LOADS THE MEMORY FROM THE 4
/% LOAD CARD. %/
/% */

/Ill!lI!Illilﬁ!ll!!llilll*lll!lIlllllllll!l!il!illll/
CARD='LOAD';
IF ITABL{2,0)='X' 1HEN DO;
ITABL(2,0)='L';
CALL IMEM;
END;
MPU, ADDRESS=0;
FLAG='1';
TYPE='000'B;
END_OF_CARD="NO';
DO WHILE(END_OF_CARD='NO');
STR1=' '3
I=1;
GET LIST(STR1);
IF STR1\='MPU' THEN
IF STR1\='ADDR' THEN
IF STR1\='RAM' THEN
IF STR1\='ROM' THEN I=-1;
ELSE TYPE='001'B;
ELSE TYPE='000'B;
ELSE DO;
GET LIST(STR1);

IF VERIFY{STR1,HEX)\=0 THEN CALL IERR(14);
/IlllllIIllIiiII!ll!!!Illll!llllllllllllllllllll!lll/

/% L7
/% ERROR(1U4)=~~- ILLEGAL INPUT. L7
/4 "/
/llll!i!lllll!!!llIIl*l!Ill!llllilill!llillll!lillll/
ELSE DO;
TEMP=BBIN(STR1);
J=MFIND(TEMP,0);

IF J<O THEN CALL IERR(6);
/llllIIIllllII&li!II!II'I!IIII!IHllllill!ll&lllllﬂll/

/% %/
/% ERROR(06)---~ ILLEGAL ADDRESS SPECIFIED. &/
/® %/

JRERANNEER AR RN E AR RN RN RR R RN R RSB RUNRARRRRER
ELSE ADDRESS=TEMP;
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END;
END;
ELSE DO;
GET LIST(STR1);

IF VERIFY(STR1,DCML)\=0 THEN CALL IERR(14);
JRARRERARSERSR NN G R R R RN REERRRNENB RN RRA RS/

A L

/% ERROR(14)-~-- ILLEGAL INPUT. 8/

/% */

JRREERRARRN AR RN AN RBR R RN RR RN RN RN RN
ELSE DO;

TEMP=BIN{STR1,31,0);
IF TEMP<O ~ TEMP>=NMPU THEN CALL IERR(Y4);
/Ilhlllll!llllllllllll!l!llllllillllll!l!lll!ll&*i!l/

/* */
/% EBRROR(O4)---- ILLEGAL MPU NUMBER SPECIFIED. "/
A %/
JUNRE AR RN RN SRR RSN A NN RN RR R RSN
ELSE DO;
MPU=TEMP;

TYPE='000'B;
ADDRESS=0:
END;
END;
END;
IF I<0 THEN
IF STRI\='PIAA' & STR1\='PIAB' THEN
IF STR1\='ACIA' THEN DO;
J ,MAX=ADDRESS;
IF STR1='CONT' THEN DO;
GET LIST(STR1);

IF VERIFY(STR1,HEX)\=0 THEN CALL IERR(14);
ALl I Y e Y e Y P T I T e T T I IT I T W

/¢ %/

/% ERROR(14)---- ILLEGAL INPUT. */

/% ®/

JERREAA R RN AR R RN ER AR BN RN N RN/
ELSE DO;

MAX=BBIN(STR1);

IF MAX<ADDRESS ~ MAX>SYSTBL(1,MPU)-8 THEN
DO;
CALL IERR(28);
MAX=ADDRESS;

END;
/II!III!l!lIIIIll!ll!lllllilll!lllll;lllllll!Il!llll/
/% */
/% ERROR(28)---- ILLEGAL CONTINUATION ADDRESS. &/

/% ®/
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Tem—

/..!Illilll!lllllllll!l'lIlllllii!lll'.l!'llllllll'i/

STR1='000000" ;
END; :
END;
IF srn1\—'!' THEN DO ADDRESS=J TO MAX;
TEMP=MFIND(ADDRESS,1); -

IF TEMP<O THEN CALL IERR(20);
/!lllllllllllIll!lillllIllﬂllI!llﬂllllll!lllllll!lll/

/% %/
/' ERROR(20)~-~~ ATTEMPT TO INITIALIZE AN &/

ILLEGAL MEMORY ADDRESS, %/
/' %/

JERREEBARRERRRRF RN RGN RN NN RN RN RN/

ELSE LOC(TEMP)=TYPE""'00000'B""
SUBSTR(BBIN(STR1),9,8);

END;
ELSE END_OF_CARD='YES';
END;
ELSE Duj

L T R T e E e e R P T YT I Y E I )
/¥ L
/% INPUT ACIA LOCATION &/
/t ®/
/% FORMAT: &/
/" ./
/% 1. 'ACIA! &/
/4 2. '(ASSOCIATE ADDRESS)' (IN HEX) %/
/® 3. '(ASSOCIATE NUMBER)' L
/" */

FALLAI AT A A 2ad R4 R e SR a R iz aladlaatsddadlisdl g

IF SYSTBL(6,MPU)=0 THEN DO;
CALL IERR(35);
GET LIST(STR1,STR1);
END;

IF PRCT>NPER THEN DO;

CALL IERR(36);
/l'lnll&ihl!*nliﬂll&lIllllllllll!llllll!lllllllillﬂ*l!lll/

/% */
/% ERROR(36)---- ATTEMPT TC INITIALIZE MORE PERIPHERALS*/
/% THAN SPECIFIED FOR THE SYSTEM. ®/
/" */
/"ll"l!ll!llll!!l!IIII'.II'IIIII'*III"IIlllllﬂ!ll'llll/

PRCT=NPER;

END;

ELSE DO;

TEMP=MFIND( ADDRESS,1);
IF TEMP<=0 THEN DO;
CALL IERR(20);
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GET LIST(STR1,STR1);

END;
/.liIlilIli!llIIlI!l!!llll;.li!'lilllllllll!’lllllll/
/* ®/
/% ERROR(20)~--- ATTEMPT TO INITIALIZE AN ILLEGAL ®/
/% MEMORY ADDRESS. 5/
/8 .
/.'lﬂlllll'!l!'!lllll"ﬂ.'i"l!lll.l‘ll.'l"llllIﬂl'/

ELSE DO;
LOC{ TEMP)='0100'B""SUBSTR(BIT(PRCT,31),24,8)""

'0000'B;
PADDR(PRCT)=ADDRESS;
ADDRESS=ADDRESS+1;
TEMP=MFIND( ADDRESS,1);

IF TEMP<O THEN DO;
CALL IERR(20);
ZET LIST(STR1,STR1);

END;
/llilllIlIi!!lll'l!l'IlliIIIII';llllll'lll"ﬂlﬂli!ll/
/" .
/% ERROR(20)---- ATTEMPT TO INITIALIZE AN »/
/¥ ILLEGAL MEMORY ADDRESS. */
/¥ "/
/lllII!il!!iIllIiiIlllllllIIIl!llllll!llllili!l’llll/

ELSE DO;

LOC(TEMP)='011'B""(13)'0'B;

ADDRFSS=ADDRESS+1;
JRRRERREEN NN R R RN R ER SRR RARARARERE R RRRREERRENR
/" »/
/% INPUT ASSOCIATE ADDRESS */
/¥ */

JRBRRANRRNEARRRERT R RN R RN N ARG ERRERR RN E BN/

GET LIST(STR1);

IF VERIFY(STR1,HEX)\=0 THEN CALL IERR (32);
/l!llllllli!llllll*!!llllllIﬁl!illllllllllllllllllll!/

A %/
/* ERROR{32)-~-- ILLEGAL ASSOCIATE ADDRESS. &/
/% "/

SOOI 00000 0000600000 OO0 0000000 AR NR

ELSE TEMP=BBIN(STR1);
/llIllllllli!ﬁlllllllll!llll!*il!lllllllllﬂ!lll!llillillll/

/e ®/
/% INPUT ASSOCIATE NUMBER */
/4 %/

/lilllllilIlllllﬂlﬂhlillllllﬁliﬁIllllllilll!lll!ﬁillll!lll/
G2T LIST(STR1);
IF VERIFY(STR1,DCML)\=0 THEN DO;
CALL IERR(33);
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PASSOC(PRCT)=~-1;

END3
/Iillllllllllhllllllllll!llllllII!!!‘!III!IIIIII!IIII/
/* */
/%  ERROR(33)---- ILLEGAL ASSOCIATE DEVICE. */
/ &/

JUERRARSR NN RS RS REE SRR ARG SRR RE NGB R R B R D HERERRRE AR/

ELSE PASSOC(PRCT)=BIN(STR1,31,0);
PCODE(PRCT)=3;

PASADD(PRCT)=TEMP;
PMPU(PRCT)=MPU;

PRCT=PRCT+1;

END;
END;
END;
END;

ELSE DO;
/IIIIIlllilll!IlllililllliilllillIlllllllillllllllll/
/# */
/% INPUT PIA LOCATICNS LV
/% */
/% FORMAT: %/
/" &/
/* 1. 'PIAA' OR 'PIAB!' L7
/" 2. '(ASSOCIAYE ADDRESS)® "/
/" 3. '(ASSOCIATE NUMBER)' L7
/% 4. '(CONNECTION TYPE)! ®/
/% 0: CA1<->CB1 & CA2<->CB2 */
/% 1. CA2<->CB1 & CA1<->CB2 */
/% "/

AL R e R ezt s d il el s disdedidedlillls )

IF SYSTBL(6,MPU)=0 THEN DO;
CALL IERR(35);
GET LIST(STR1,STR1);
ENDj

IF PRCT>NPER THEN DO;

CALL IERR(36);
/NIIllﬂlll!lllilll*iil!llllilllill!lllIllllllllllilI/

/A L7
/% ERROR(36)w=—- ATTEMPT TO INITIALIZE MORE LV
/% PERIPHERALS THAN SPECIFIED. &/
/* */
JURERE RN RN R RN AR AR AR AR R AR RN R RN R RN AR RN

PRCT=NPER;

END;

ELSE DO;

IF STR1='PIAA' THEN PCODE(PRCT)=1;
ELSE PCODE(PRCT)=2;
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TEMP=MFIND( ADDRESS, 1);
IF TEMP<O THEN DO;
CALL IERR(20);
GET LIST(STR1,STR1);

END;
/liIIllllIllllllll!ll;lllll!llIl!l!illlllilllllllllll!/
VA &/
/* ERROR(20)---- ATTEMPT TO INITIALIZE AN ILLEGAL #/
/* MEMORY LOCATION. ®/
/" LV
/llllll&!llllll!ll!lllllllllililiilllllllllli!llllllll/

ELSE DO;
LOC(TEMP)='0100"B" "SUBSTR(BIT(PRCT,31),24,8)
"~ 10000B';

PADDR{PRCT)=ADDRESS;
ADDRESS=ADDRESS+1;
TEMP=MFIND(ADDRESS, 1);
IF TEMP<O THEN DO;

CALL IERR(20);

GET LIST(STR1,STR1);

E .
/!lllllll"'i!l’l!ll*ﬁllge;lllllﬁIllﬂlilllllﬂﬂlllillll/
/" */
/' ERROR(20)~~-- ATTEMPT TO INITIALIZE AN ILLEGAL &/

MEMORY LOCATION. /
/v */
/ﬂllll'lll'Iliﬂlﬂlllliilﬁlﬂﬁllﬁ'ill!Il!llllli!ll"ll'l/
ELSE DO;

LOC(TEMP)='011011'B""{10)'0'B;

ADDRESS=ADDRESS+1;
JHREREARBRERER B RN N IR NN AN NN RN

/8 */
/% INPUT ASSCCIATE ADDRESS */
/4 &/

JRRREERR AR RN RN RN RERRBHE RN RN AR NRR R RN ERANRRRRN

GET LIST(STR1);
IF VERIFY(STR1,HEX)\=0 THEN

CALL IERR(32);
/ill!l!lll!!lllllllllilll]ll!II!llllllllli!!lill!lll!l/

/% ®/
/% ERROR(32)-«~-- ILLEGAL ASSOCIATE ADDRESS. ®/
/% */

/llIlllliﬁilnlllll&ill*i*lllﬂﬂllﬂIllllllllllllllllilll/
ELSE TEMP=BBIN(STR1);
/!!lllllllliIllllI!I&lllll!lllllllllilll!!Illllilllill/
/" ®/
/% INPUT ASSOCIATE NUMBER ®/
/t */
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SRR RSN AR RN RN E RN RSN RN RS A RREENR RN NE

GET LIST(STR1):

IF VERIFY(STR1,DCML)\=0 THEN DO;
CALL IERR(33);
PASSOC(PRCT)=~1;

END;
/illilluiul:ilIunlpaiQuinll*l!|‘|Ilunll§&lll&ulll!llii/
/* ' Y
/% ERROR(33)~--~ ILLEGAL ASSOCIATE DEVICE. L4
/* 'y

JURIRRRE RN RN RN R AR R R R RN N R ERE A RN RS NRREENR RN RN/

ELSE PASSOC({PRCT)=
BIN(STR1,31,0);
PASADD(PRCT)=TEMP;

PMPU(PRCT)=MPU;
JHERE AR NRR SRR RN R R RN RN RN RN RN RN R RN RA RN RN/

/" L4
/% INPUT CONNECTION TYPE. L
/® */

AL AR A I R LAt e Rt s dsd st ditdsfatalitilitdly)

GET LIST(STR1);

IF VERIFY(STR1,DCML)\=0 THEN CALL IERR(14);
JRREERAAAREARRR R RARAREAA R AR R RER R AR RRRRRERRERNRRRER )

/* #/
/% ERROR(14)--=-~ ILLEGAL INPUT. %/
/t &/

FAAA LR 2SI T R dtdse st it laliatilatallizll] N

ELSE IF STR1="'1' THEN CTYPE(PRCT)='1'B;
PRCT=PRCT+1;
END;
END;
END;
END;

ELSE;

END;

END ILOAD;

ISTORE: PROCEDURE;
JREAREREARAA AR NN R RN RR R RRR R B RN ER RN ERRNENRRRRNN

/* 'Y}
/% THIS PROCEDURE STORES THE INITIAL SYSTEM LV
/% CONFIGURATION ON THE FILE: 'SIMSYS.' */
/* L4
I LT T Y Ty Ty Y T T Y T Y T Y
/% %/
/* ON UNITS....o0vvevanceas */
/% */

JREBERREENREERRURRASHBRRRAR R ERARRARRNARRAR BN RN N R RN/
ON KEY(MEM1) BEGIN;



206

CALL IERR(30);
PUT SKIP(2) EDIT('KEY='""ONKEY**'; ERROR CODE='""

ONCODE){COL(20),A);

END;
/lll&!!!il!*lllIIII‘ilil!iliilIIIIlIIlIIIIIIIIII!I!!ll/
/% ®/
/% ERROR{30)---- KEY ERROR ON FILE MEM1. */
/% ./

JERA 000000 00 36 30 0000 00000600 0 0606 0000 000 0 00 00 00 960000 00 00 00 00 0030 00 00 30 35 00 00 00 DO R 00 08

MAX=SYSTBL{2 ,NMPU-1)+CEIL(SYSTBL(1,NMPU=1)/32);

PUT SKIP DATA{SYSTBL(1,NMPU~1)};
JURRERRRRR RGN RRRERERRRN RN R RAE RN RN PR R R/

/4 &/
/% WRITE SYSTEM CONFIGURATION ON FILE 'SIMSYS.’ *y
A */

JERRRARG B RN RN RN RN RN R R AR ERBERERRAR RN TR/

OPEN FILE(SIMSYS) SEQL OUTPUT;
SDATA(0)=NMPU-1;
WRITE FILE(SIMSYS) FROM(SYSREC);
DO I=0 TO 10;
DO MPU=0 TO NMPU-1;
SDATA(MPU)=SYSTBL(I,MPU);

END;

WRITE FILE(SIMSYS) FROM({SYSREC);

END;
/IIIIIIIil!;llllilll!ﬂlliilililIlilll!llllllll!lllli/
/¥ ®/
/% WRITE MEMORY CONFIGURATION ON FILE 'SIM.Y3.' #/
/% */

VAl il R s 2 R R 22 ERd R d R is s ittt dd i ldddlesddsd g

TMEM_KEY:"*";
TLMPU=MAX;
WRITE FILE(SIMSYS) FROM(TMEMREC);
DO I=0 TO MAX;
TMEM_KEY=DEC(I,7,0);
IF MEMTYPE='DISK' THEN DO;
READ FILE(MEM1) INTO(TMEMREC) KEY(TMEM KEY);
END;
ELSE DO;
TLMPU=CMPU(I);
DO J= 0 TO 31;
TLOC(J)=CLOC(I,d);
END;
END;
WRITE FILE(SIMSYS} FROM(TMEMREC);
END;
/iliﬁlﬁilll;illﬁl!!liillﬂlllilll!!i!iilﬁ!!*!i!l!llll/
/% */
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/% WRITE INTERRUPT VECTOR LOCATIONS %/
/% LV
/lllllIllilll'!Illlllllll!l!lll!lillIllll!!ﬂ!i!ll!!l/
TMEM_KEY='###1,
TLMPU=NMPU-1;
WRITE FILE(SIMSYS) FROM(TMEMREC);
DO MPU=0 TO NMPU=1;
J=03
DO ADDRESS=65528 TO 65535;
K=MFIND{ADDRESS, 1);
TLOC(J)=LOC(K);

Jd=J+1;
END;

TLMPU=MPU;

WRITE FILE(SIMSYS) FROM(TMEMREC);

END;
/li!!!lti*i;nIlllIlIIIlli!!li!liillllill!.lllnlillll/
/4 &/
/% WRITE PERIPHERAL CONFIGURATION ON FILE SIMSYS. %/
A */

JERRERRARA RN A G R R R R AR AR URERRBRERARRBRDRN RN R RRE RN/

IF NPER>0 THEN DO;
TMEM_KEY:""‘;
TLMPU=CEIL(NPER/3)+1;
WRITE FILE(SIMSYS) FROM(TMEMREC);
K=1;
DO I=1 TO TLMPU;
DO J=1 TO 3;
RMPU(J)=PMPU(K);
RADDR{J )=PADDR(K);
RASSOC(J )=PASSOC(K);
RASADD(J )=PASADD(K);
RCODE(J)=PCODE(K);
RCTYPE(J)=CTYPE(K);
RC2(J)=C2(K);
RC1(J)=C1(K);
RDDR(J)=DDR(K);
RPDR(J)=PDR(K);
IF K=NPER THEN J=U;
ELSE K=K+1;
END;
WRITE FILE(SIMSYS) FROM(PERREC);
END;
END; :
CLOSE FILE(SIMSYS);
RETURN;
END ISTORE;
1SIM: PROCEDURE;
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STR1='X"';
CARD='SIM';
GET LIST(STR1);
IF VERIFY(STR1,DCML)\=0 THEN DO;

CALL IERR(14);

GET L1ST(TEMP);

END;
/Ililllllll!iilllll&illlIlllllI!liii!llllillu!llllﬁlli/
/% L
© /% ERROR(14)--~- ILLEGAL INPUT. ®/
/% ' LY
/lllli!!llIIIll!IlIll!lililllIll!*ﬂ!lllllll!iillllil*!/

ELSE DO;
MPU=BIN(STR1,31,0);
IF MPUKO * MPU>=NMPU THEN DO;
CALL IERR(Y4};
GET LIST(TEMP);

END;
/!IlIlllIGllinllll!ill!Ilﬂ*!li!Illll!!!lillllllllllll!/
/* %/
/* ERROR{Q4)---~ ILLEGAL MPU NUMBER. L7
/% */

JURRRBRERERN R RN RENNE RN RRN RN R RRRERRR AR ERR RN SRR )

ELSE GET LIST(SYSTBL(O,MPU));
END;
GET LIST(STR1);

IF STR1\='#' THEN CALL 1ERR(2);
RN RSN ERN RN R R RN/

A %/
/% ERROR(02)-~-- '#' NOT FOUND WHEN EXPECTED. */
/8 %y

JUARREBRRRAERB RN RN TR RN R RRARREARERERRRRRRAR RN ERRN

RETURN;
END ISIM;

IVAL: PROCEDURE;
SRR R A R R R E AR RN AR NN

/% 4
/% THIS PROCEDURE TRANSFERS THE PERIPHERALS */
/% READ IN FROM THE FILE 'SIMSYS' INTO THE PERTBL.%*/
/% ONLY PERIPHERALS THAT STILL REMAIN IN THE &/
/% MEMORY ARE TRANSFERRED. %/
/" */

VAR IR LT dd i aa i Tt et aatslizitastlzstlllyl

IF NTPER>0 THEN DO MPU=0 TO NMPU-1;
DO I=1 TO NTPER;
IF TMPU(I)=MPU THEN DO;
1F TCODE(1)\=0 THEN DO;
J=MFIND{TADDR(I)},1);
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IF J>=0 THEN

IF SUBSTR(LOC(J),1,3)='010" THEN DO;

FLAG='0'B;

DO K=0 TO NPER WHILE(FLAG='0'B);
IF TADDR(I)=PADDR(K) THEN
IF TMPU(I)=PMPU(K) THEN

FLAG='1'E;
END;
IF FLAG='0' THEN DO;

IF PRCT>NPER THEN CALL IERR(27);

SRR R R ERNRRRERREA RN RN RSN R RN ERR RN AR AR R ERE NN/

/* %/
/% ERROR{27)---- ATTEMPT TO INITIALIZE MORE &/
/* PERIPHERALS THAN SPECIFIED. */
/% LV

JERBEERARERERS SRR NRERRBR R B AR AR E AR NSRRI RN RR RGN/

ELSE DO,

PMPU(PRCT)=TMPU(1};
PADDR(PRCT)=TADDR(I);
FASSOC(PRCT)=TASSOC(I);
PASADD(PRCT)=TASADD(I);
PCODE(PRCT)=TCODE(I);
CTYPE(PRCT)=TCTYPE(L);
C2(PRCT)=TC2(1);
C1(PRCT)=TC1(1);
DDR(PRCT)=TDDR(1};
PDR{PRCT)=TPDR(1);

SUBSTR(LOC(J),5,8)=
SUBSTR{PRCT,24,8);
PRCT=PRCT+1;
END;
END;
END;
END;
TMPU{(I)=~1;
END;
END;
END;
END IVAL;

IERR: PROCEDURE(CODE);
DCL CODE FIXED BIN(31,0);

PUT SKIP(2) EDIT('INITIALIZATION ERROR: *',CODE,STR1,'IN CARD:

CARD)(COL(10},A,F(3,0),X(3),A,A);

An
1

IF CODE=9 " CODE=z12 "~ CODE=13 " CODE=23 " CODE=26 " CODE=29 THEN

WARNING=WARNING +1;
ELSE FATAL=FATAL+1;
END IERR;
END INTLC;
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/%  I0EVNT VERSION-1 6/16/78 */

IQEVNT: PROCEDURE;
JEEES AR RN R RN R RN R NSRRI R AR NR R R R NN RN

/% */
/% THIS PROCEDURE TAKES CARE OF THE I/0 EVENTS L
/% THAT OCCUR BETWEEN PERIPHERAL DEVICES. %/
/% */

ALAGAIT TR S22t s TR iTasdidalilatlis ilddlsld sl

DCL SYSTBL(%,%) FIXED BIN(31,0) CTL EXT;
DCL ATRIB(*) FLOAT BIN CTL EXT;
DCL 1 PERTBL(*) CTL EXT,
PMPU FIXED BIN(31,0),
PADDR FIXED BIN{(31,0),
PASSOC FIXED BIN(31,0),
PASADD FIXED BIN(31,0),
PCODE FIXED BIN(31,0),
CTYPE BIT(1),
UNUSED BIT(5),
c2 BIT(1),
C1 BIT(1),
DDR BIT(8),
PDR BIT(8);
DCL 1 MEMREC EXT,
2 UNUSED BIT(16),
2 MEM KEY CHAR(10),
2 LMPU FIXED BIN(31,0),
2 LOC(0:31) BIT(16);
DCL TNOW FLOAT BIN EXT;
DCL (MPU,NNATR,NMPU) FIXED BIN(31,0) EXT;
DCL MFIND ENTRY(FIXED BIN(31,0),FIXED BIN(31,0))
RETURNS(FIXED BIN(31,0));
DCL INSCHD ENTRY(FIXED BIN(31,0));
DCL MEM1 FILE RECORD KEYED ENV(REGIONAL(1) F(80));
DCL ODEV ENTRY;
DCL FILEM ENTRY(FIXED BIN(31,0));
DCL SUCPTR ENTRY{PTR) RETURNS(PTR);
DCL (ADDRESS,DATA,J,LINK,SRCE_MPU) FIXED BIN(31,0);
DCL DATASTR BIT(31);
DCL FLAG BIT(1);
IF SUBSTR(SYSTBL(0,0),5,1)='1'B THEN PUT SXIP DATA{ATRIB);

IF ATRIB(4)=1 THEN DO;
AR AR ER R R RN AR RN RN BB RER RN R RNERR )

MR DN

/" */
/* DATA TRANSFER EVENT..... 7
/% */

JRERBEHERERERRERARARRARR RN RE RN ERRRARERREN AN RNRRERRR

IF ATRIB{3)<NMPU THEN DO;
SRR R AR AR RRERARRRR R RN RN E R AR RO RN RN RN RN/
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/% ®/
/% MPU IS RECEIVING DEVICE.... */
/* ¥

JHRRE AR RN RN R R RN RN NN R RN R AR RRNRNR )

MPU=ATRIB(3);

ADDRESS=ATRIB(6);
J=MFIND{ADDRESS, 1};
LINK=BIN{SUBSTR(LOC(J),%,9),31,0);

IF PCODE{LINK)=3 THEN DO;
JHRRRERERRARR A RA R AN E AR AR RRRRE SR BRRRB AR B SR ERN R RO RS

A ®/
/% ACIA IS THE RECEIVING PERIPHERAL DEVICE... */
/4 */

JRRRANBERERRENREAN RN R AR N R AR RERARRRRRRRRRARARE RN/

IF SUBSTR{DDR(LINK),8,1)='1'B THEN DO;
/ll!lllilllllllllﬂllllll!ﬂlllIlllllilllﬁlillllllllll/
/% #/
/% RDRF='1',.. OVERRUN HAS OCCURRED. IF CTYPE=t1'%/
/% THEN THIS IS THE SECOND OVERRUN, AND THE DATA %/
/% 18 LOST. IF NOT, CTYPE IS SET TO '1' AND THE #/
/% DATA TRANSFER IS RESCHEDULED. L7
/% ®/
/I!ll!llll!ll!l!!lll!lllllll!!lllllIllllllilllllilll/

IF CTYPE(LINK)='1'B THEN RETURN;
CTYPE(LINK)='1'B;
ATRIB(1)=TNOW+0.000001%4;

CALL FILEM(1);

END;

ELSE DO;
/III‘l'lllIlllll‘!".lﬂﬁlIIIIIIIIIIIIII'II!'!'I"..‘/
/" */
/% ERDRF='0',.. PDR IS EMPTY. TRANSFER THE DATA #/
/* TO THE RDR AND CHECK FOR INTERRUPTS. */
/* ®/

JRRE RS RN AR ETARAEE RN R NN RN AR R N RN ERAREN /

DATA=ATRIB(5);

DATASTR=BIT(DATA,31);

SUBSTR(LOC(J), 13,4)=SUBSTR(DATASTR,24,4);
J=MFIND( ADDRESS+1,1);

SUBSTR(LOC(J), 13,4)=SUBSTR(DATASTR,28,4);
SUBSTR(DDR(LINK),8,1)='1'B;

IF SUBSTR(PDR(LINK),1,1)='1'B THEN DO;
/IllIllIlilllllllllllllllll!lllIIIIII!IIIIIIII!III!I/

/* %/
/% RIE='1'... SCHEDULE AN INTERRUPT FOR THIS MPU &/
/% AND SET THE IRQ BIT TO '1'. */
/* */

SOOI 000000000000 00 0000 0 000 0000 00 00 000 O 000 0 0 O O O I R/
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CALL INSCHD(1000+MPU);
SUBSTR(DDR(LINK),1,1)z'1'B;
END;

IF CTYPE(LINK)='1'B THEN DO;
JERERERENE RN NG RN R RRE R RN AR RN RSN RN RSN R R/

/% 74
/% OVERRUN OCCURRED OM THE PREVIOUS DATA TRANSFER %/
/% AND THE OVRN BIT MUST BE SET TO '1'. 8/
/% LY
/Qlliililllll!lllll!illllilliil!llllliilllllllllllll/

CTYPE{LINK)='0'B;

SUBSTR(DDR(LINK),1,1)='1'B;

END;

END;
END;

ELSE IF PCODE(LINK)=1 ° PCODE(LINK)=2 THEN DO;
P e L LTI LY,

/* ./
/% THE RECEIVING DEVICE 1S A PIA. */
/% &/

JERRRNRERERERRE RGN RERERRR RN SRR R AR R RS SRR RRC RN NS/

DATA=ATRIB(5);
DATASTR=BIT(DATA,31);
PDR(LINK)=SUBSTR(DATASTR,24,8);
END;

END;

ELSE CALL ODEV;
/I'iﬂl"!l‘!'llll'llIIlll'llli!!!llillll.lll!!.lﬂlli/

/" *y
/% NON-MPU DEVICE IS ACCESSED... CALL ODEV TO %/
/% PERFORM THE EVENT. L)
/* */
JRERREAERRS R RN RN RSN R RN RN RN/
RETURN;
END;

IF ATRIB(4)=2 ~ ATRIB(Y4}=3 THEN DO;
/IIIICIIIIIIIII.'lll"'lI‘.li*llllllil!l.!lll!!lllll/

/% */
/% C1 SET/RESET EVENT. L
/% */

JERNRRNEERENRURE RN RSB R R RN RN R RN AN RRERRERRRN

IF ATRIB(3)<NMPU THEN DO;
AL I e R T Y YT e P Y P YT TR R Y T Y Y T R T

/ %/
/% MPU DEVICE IS SPECIFIED. ' 7
/% &/

/!llll!!llllllllllll!lll!ll!llI!il!!!!lﬁllll!llllll!/
MPU=ATRIB(3);
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ADDRESS=ATRIB(6);
J=MFIND( ADDRESS, 1);
LINK=BIN(SUBSTR(LOC(J),4,9),31,0);
IF PCODE(LINK)=1 * PCODE(LINK)=2 THEN DO;
/Il!llIlIilIQllllIlill!llllllllllllllllllli!illllil‘/
/% %/
/% PIA ACCESSED.... THIS IS THE ONLY VALID MPU */
/% DEVICE FOR THIS EVENT, ALL OTHERS ARE IGNORED. %/
/" L4
/!ill!llllllI!!lilllIlIIIIIIl!!lil!i!llilll!llllllil/
J=MFIND( ADDRESS+1,1)};
FLAG='0'B;
IF C1(LINK)='0'B & ATRIB(4)=2 THEN DO;
C1(LINK)="1'B;
IF SUBSTR({LOC(J),11,1)}="1'B THEN DO;
SUBSTR(LOC(J),5,1)="1'B;
IF SUBSTR(LOC(J),12,1)='1'B THEN
CALL INSCHD(1000+MPU);
FLAG='1'B;
END;
END}
ELSE IF C1(LINK)="1'B & ATHIB(4)=3 THEN DO;
C1{LINK)='0'B;
IF SUBSTR(LOC(J),11,1)='0'B THEN DO;
SUBSTR(LOC(J},5,1)="1"B;
IF SUBSTR{LOC(J),12,1)='1'B THEN
CALL INSCHD(10004MPU);
FLAG='1'B;
END;
END;
IF FLAG='1'B &
SUBSTR(LOC(J),7,3)='100'B THEN DO;
C2(LINK)="1'B;
/lllii!liﬂlliﬂlllll!illillli'l!lilllllllllllll!llill/

/* "/
/% SCHEDULE SET ON ASSOCIATE LINE TO OCCUR NOW. &/
/4 */

JERBARERRE RN AR RS AR RN AN R RN RN R RN RN BN AR R R /

ATRIB(1)=TNOW;
ATRIB(2)=300;
ATRIB(3)=PASSOC(LINK);
IF CTYPE(LINK)='1'B THEN ATRIB(4)=2;
ELSE ATRIB(Y)=l;
ATRIB(6)=PASADD(LINK);
CALL FILEM(1);
END;
END;
END;
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ELSE CALL ODEV;
JURANRSRBBRBRRR AR R R RN RN RERRR N RRRRR RN RN RERRERRAR

/t "/
/% NON-MPU DEVICE.... CALL ODEV TO PROCESS THE  #/
/* */
/llIIIlll.lIllI'IIllllli!llllilliliiﬁilllIII.'.""I/
RETURN;
END;

IF ATRIB(4)=4 " ATRIB(Y4)=5 THEN DO;
LT T YT LT T PP PR TP PR e I T LT YA R T vy

/4 */
/% (2 SET/RESET EVENT..... */
/* */

FAlil i 2 e d Rl Il e T et ittt et ditiztellalidl]ly)

IF ATRIB{3)<NMPU THEN DO;
JRRRRRERRR RN RN RN RSN NN E RN RN AR RN R RN RR R

/4 */

/% MPU DEVICE..... ./

/" Y

/illlIllll!lllllill!lllllllll.IIIIIIIIIIII!!IIIIIkll/
MPU=ATRIB(3);

ADDRESS=ATRIB(6);
J=MFIND{ADDRESS, 1);
LINK=BIN(SUBSTR(LOC(J),4,9),31,0);

IF PCODE(LINK)=1 * PCODE(LINK)=2 THEN DO;
JHEARRRRRNERERRRRR RN R RN RN R AR RN R RN R R RN RN/

/ */
/% PIA IS ACCESSED...CHECK FOR INTERRUPTS. ®/
A ®/

JERRRARARREEEARRERARADARARB R AR RARRBURRRRE RN RN/

J=MFIND(ADDRESS+1,1);

IF SUBSTR(LOC(J),7,1)='0'B THEN DO;
/l!lll!lllll!llllll!l!&!ll!l!il!ll.lllll!l!ll!l&llll/
/% */
/% C2 USED AS AN INPUT...INTERRUPTS ARE POSSIBLE #/
/% IN THIS MODE. IN THE OUTPUT MODE ALL C2 LINE &/
/% CHANGES ARE IGNORED. */
/% */
/lllllll!!illiﬁ!li&il%l*lllllill!llllllllllll*il!ill/

IF C2(LINK)='1'B & ATRIB(4)=5 THEN DO;
L L L T Y T T e T T T e Y P T T Y

/% "/
/% NEGATIVE TRANSITION ON C2. L
A */

Py Y T T T T T T Y Y T YT T YT T Y,
IF SUBSTR(LOC(J},8,1)='0'B THEN DO;
SUBSTR(LOC(J),6,1)="1'B;
IF SUBSTR(LOC/J),9,1)="1'B THEN
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CALL INSCHD(1000+MPU);
END;
LND;
ELSE IF C2(LINK)='0'B & ATRIB(Y4)=4 THEN DO;
/Iil!lﬂlIllllllllIIIillilﬁlllillllllllllllllllllllll;

/% &y
/% POSITIVE TRANSITION ON LINE C2. &/
/* */

FARAL AT IR AT SR R A2 2 A1 aTa e tiadilistsdlls )

IF SUBSTR{L.0OC(J),8,1)='1'B THEN DO;
SUBSTR(LOC(J),6,1)="1'B;
IF SUBSTR(LOC(J),9,1)="1'B THEN
CALL INSCHD(1000+MPU};
END;
END;
END;
IF ATRIB(Y)=4 THEN C2(LINK)='1'B;
ELSE C2(LINK)='0'B;
END;
END;
ELSE CALL ODEV;
/Iilll!!lllll!!IlﬁilI!lll!ll!!lll'lll!!lil!!Ill!!llﬁ/

/t ®/
/* NON-MPU DEVICE..... CALL ODEV TO PROCESS THE %/
/% EVENT. ®/
/* L7
JRRERARRRRERBCHEARRA AR SRR BB R RN AR E R ARBRRRRA RN/
RETURN;
END;

IF ATRIB(4)>5 THEN CALL ODEV;
/lullhllilIlIlIIIIllllltIIlliIiilllliillllll!llllll!/

/" &/
/% ANY 1/0 EVNT NUMBERS GREATER THAN 5 ARE ®/
/% NON-MPU DEVICES...... ODEV IS USED TO PROCESS #*/
/* EVENTS. "
A Y]

JEGRAR AR EEER AR RN RRER NN LR RN RERBARRARBRE RN RERR /

RETURN;
END IOEVNT;
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¢/~ MAIN  VERSION-1 ®/
MAIN: PROCEDURE OPTIONS(MAIN);
DCL GASP ENTRY;
DCL PL FIXED BIN{(31,0) EXT;
DCL (TIME,DATE) BUILTIN;
DCL TTIME CHAR{9):
DCL DDATE CHAR(3);

DCL MEM1 FILE RECORD KEYED ENV(REGIONAL{1) F(80));
/'Ii IllllllllllIll!lllIi*iilI!!l!!llllllllllll!llllllllllll/

/ey 11Ty

ALLL CALL GASP EXECUTIVE TQ START SIMULATION theR/

Junne Ty

AL I T T T e T L e e T L P Y T T T Y T AT T YT YTy,
PL=85;

OPEN FILE(SYSPRINT) PAGESIZE(PL) LINESIZE(120):

PUT EDIT('-*)(LINE{1),A);

CALL GASP;

TTIME=TIME;

DDATE=DATE;

PUT SKIP(5) EDIT('RUN TERMINATED NORMALLY AT '~
SUBSTR{TTIME,1,2)""1:'""SUBSTR{TTIME,3,2)""':*""
SUBSTR(TTIME,5,2),SUBSTR(DDATE,3,2)" "' /**"
SUBSTR(DDATE,5,2)""'/*""SUBSTR{DDATE, 1,2))
(CoL(10),4,%(3),A):

PUT EDIT(' ‘')(LINE(1),A);

CLOSE FILE(MEM1);

END MAIN;
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/% MDUMP VERSION-2 3/25/78 &/

MDUMP: PROCEDURE;
JOHE RN T R S RN BR AR ARG NR B RB RN RN R BARNRRB RN /

/. &/
/% THIS PROCEDURE PRINTS MEMORY DUMPS.... */
/W &/

JRRGHBARREEBR AR RREARBEBRRE AR N RN SR RBAARRERR RN RRARRY /

DCL SYSTBL{*,*) FIXED BIN(31,0) CTL EXT;
DCL (I,d,K) FIXED BIN(31,0);
DCL (MPU,PL) FIXED BIN{(31,0) EXT;
DCL HHEX ENTRY(FIXED BIN(16,0)) RETURNS{CHAR(6));
DCL MFIND ENTRY(FIXED BIN(31,0),FIXED BIN(31,0))
RETURNS(FIXED BIN(31,0));
DCL MEM1 FILE RECORD KEYED ENV(REGIONAL(1) F{(80));
DCL 1 MEMREC EXT,
2 UNUSED BIT(16),
2 MEM_KEY CHAR(10),
2 LMPU FIXED BIN(31,0),
2 LOC(0:31) BIT(16);
DCL 1 LINE,
2 ADDRESS CHAR(Y),
2 DASH CHAR(Z2) INIT('--'),

2 CHEX(0:31) CHAR(2);
P L L T T T T T T P PR T R R YT T YT )

/% ®/
/% PRINT HEADINGS... */
/% »/

JUARRER RS U RARNER RN AR R RRO R ERE R RNE RS RNARARRN N/

IF ALLOCATION(SYSTBL)='1'B THEN DO;
PUT EDIT('MEMORY DUMP FOR MPU',MPU){(LINE(1),SKIP(u4),A,F(3,0));
PUT SKIP(2) EDIT(' ') (A);
DO I=0 TO SYSTBL(1,MPU)-8 BY 32;
J=MFIND(I,1);
ADDRESS=zSUBSTR(HHEX(I),2,4);
CHEX=' ';
DO J=0 TO 31;
IF J+I<=SYSTBL(1,MPU)-8 THEN
IF SUBSTR(LOC(J),2,1)='1'B THEN CHEX(J)='PP';
ELSE CHEX(J)=
SUBSTR(HHEX(SUBSTR(LNC(J),9,8)),4,2);
ELSE J=32;
END;
PUT SKIP EDIT(LINE){A);
1IF LINENO(SYSPRINT)>PL-15 THEN
PUT EDIT('MEMORY DUMP FOR MPU!,MPU,' ')
(LINE(1),SKIP(4),A,F(3,0),5KIP(2),A);
END;
ADDRESS='FFF8!;
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CHEX=' ';
K=0;
DO I=65528 TO 65535;
J= MFIND(I,1);
CHEX(K )=SUBSTR(HHEX({SUBSTR(LOC(J),9,8)),4,2);
K=K+1;
END;
PUT SKIP EDIT({LINE)(A);
END;
ELSE PUT SKIP EDIT('UNABLE TO PEZRFORM MEMORY DUMP')(COL(10),A);
RETURN;
END MDUMP;
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A MFIND VERSION-1 3/6/78 &/

MFIND: PROCEDURE(ADDRESS,TCODE) RETURNS(FIXED BIN{(31,0)});
JEHERRRRRAR ARG RRRRR RN SRR R RSN RN SRR SRR RS RN RRRRAIRREN /

/" 8/
/* THIS PROCEDURE LOCATES A MEMORY LOCATION AND STORE3 IT &/
/% IN THE ARRAY LOC(0:31). %/
/* */

JEREE A 0000 0000 E 0000000000 00 00 0000 36 0000 00 00 000000 00 00 00 0000 00 00 0 36 06 00 00 40 00 00 00 0000 00 0000 0 04 0 48 /

DCL SYSTBL(*,%) FIXED BIN(31,0) CTL EXT;
DCL {MPU,NMPU,OLDADD) FIXED BIN(31,0) EXT;
DCL 1 CMEM(#*) CTL EXT,
2 CMPU FIXED BIN(31,0),
2 CLOC(0:31) BIT(16);
DCL MEMTYPE CHAR(6) EXT;
DCL 1 MEMREC EXT,
2 UNUSED BIT(16),
2 MEM_KEY CHAR(10),
2 LMPU FIXED BIN(31,0),
2 LOC(0:31) BIT(16);
DCL (ADDRESS,JJ,TCODE,TEMP,TADDRESS) FIXED BIN(31,0);
DCL TEMP_KEY CHAR(10);
DCL MEM1 FILE RECORD KEYED ENV{REGIONAL(1) F(80));

DCL (ONKEY,ONCODE) BUILTIN;
/I'lllﬂll&!ilIlilllllli.'l*ﬁ!l!!l.IIIIIIlllllllﬁﬂlﬂﬂI'ﬁ!l"llill/

/% ' Y]
/ ' ON UNITS lllll LN B B R BB B B N N B RN . ,
/% 'Y

JERER R RN R R AR B R AR AR RN RN SRR R AT RRRR RN R AR RN RERR RS /

ON ENDFILE(MEM1) BEGIN;
PUT SKIP(2) EDIT('##&##%#% END-QF-FILE FOUND ON '""
'FILE(MEM1). (FATAL)')(4);
JJ==1;
GO TO EQOP;
END;
ON KEY(MEM1) BEGIN;
PUT SKIP(2) EDIT('W#####s¥% KEY ERROR IN FILE(MEM1):'""
* CODE="""ONCODE""'; KEY='""ONKEY""'.')(A);

Jd==1;

GO TO EOP;

END;
/Illl!ililllliﬁﬂilillIIllllQlI‘il.i'lﬁ!IlllllIlﬂl'llﬂll*lll!lll'/
/t L4
/% FIND MEMORY LOCATION, READ FROM MEMORY, AND PLACE IN L7

/% THE ARRAY: LOC(0:31). THE VALUE RETURNED IS THE VALUE OF - #/
/% THE SUBSCRIPT OF THE LOCATION WHICH CONTAINS THE MEMORY %/
/% LOCATION. A -1 IS RETURNED FOR INVALID ADDRESSES. */
/% %/
JRARBREE RN RN RN RN R RGN RN E RN R SRR R RN R RN ENRRNN /



JJ=0;
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IF MPU>=0 & MPU<KNMPU THEN
IF (ADDRESS>=0 & ADDRESS<=SYSTBL(1,MPU)-8 ) °

( ADDRESS>65527

& ADDRESS<65536) THEN DO;

IF TCODE\=0 THEN DO;
IF ADDRESS>65527 & ADDRESS<65536 THEN
TEMP=SYSTBL(1,MPU)-65535+ADDRESS;

ELSE TEMP=

ADDRESS;

TADDRESS=SYSTBL( 2,MPU)+FLOOR(TEMP/32);
TEMP_KEY=DEC( TADDRESS,7,0);
IF TEMP_KEY\=MEM_KEY THEN DO;

IF MEMTYPE='DISK' THEN DO;

ELSE

END;

REWRITE FILE(MEM1) FROM(MEMREC) KEY(MEM KEY);
READ FILE{MEM1) INTO(MEMREC) KEY(TEMP_KEY);
END;
PO;
DO I=0 TO 31;
CLOC(OLDADD,I)=LOC(I);
END;
DO I=0 TO 31;
LOC(I)=CLOC({TADDRESS,I);
END;
OLDADD=TADDRESS;
MEM_KEY=TEMP_KEY;
END;

JJ=MOD{TEMP,32);

END;
END;
ELSE JJ=-2;
ELSE JJ=-3;
EOP: RETURN(JJ);
END MFIND;



A MPHLT
MPHLT: PROCEDURE(I);

FASIITT I LI SRR {2383 2222 les st idda il iiallilly)

Vi

/% THIS PROCEDURE IS USED TO HALT THE MPU'S

VA ]

SO TRE O O 000 00000000 0000 T 00000 00 00 00000 0600 000 000000 00 00 06 0 00 0 0 0 N0 O/
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VERSION=-1

PCL I FIXED BIN(31,0);

DCL (NNQ(*),SYSTBL(%,%)) FIXED BIN(31,0) CTL EXT;

DCL MSTOP CHAR(5) EXT;

DCL (MPU,NMPU) FIXED BIN(31,0) EXT;

DCL 1 STAT(*) CTL

MR NN NN

DCL UERR ENTRY(FIXED BIN(31,0));

INST
INPT
OoTPT
ERRS
INTS
WARN
BRCH
RTRN
RSTS
HALT

FIXED
FIXED
FIXED
FIXED
FIXED
FIXED
FIXED
FIXED
FIXED
FLOAT

EXT,
BIN(31,0),
BIN(31,0),
BIN(31,0),
BIN(31,0),
BIN(31,0),
BIN(31,0),
BIN(31,0),
BIN(31,0),
BIN(31,0;,
BIN(31),

RUN FLOAT BIN(31),
RESTRT FLOAT BIN(31),
LSTHLT FLOAT BIN(31);

DCL STRT BIT(31);
DCL ERR ENTRY;
DCL TNOW FLOAT BIN EXT;

MPU=I-1

00;

STR7=BIT{SYSTBL(7,MPU),31);

IF SUBSTR(STR7,1,4)='0000'B THEN DO;
MSTOP=*STOP' ;

SUBSTR{STRT,4,1)="1'B;
CALL ERR;
END;

IF SUBSTR(STR7,4,1)='1'B THEN DO;
RUN(MPU)=RUN(MPU)+TNOW-RESTRT(MPU) ;

LSTHLT(MPU)=TNOW;
SYSTBL(Y4,MPU)=0;
END;

SYSTBL(7,MPU)=BIN(STRT,31,0);

DO MPU=0 TO NMPU=1;
1IF SUBSTR(SYSTBL(7,MPU),4,1)='0'B THEN MSTOP='USER';

ELSE IF NNQ(1)\=0 THEN MSTOP='USER’';

END;

RETURN;

END MPHLT;

*/
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/%  ODEV VERSION-1 6/16/78 */
ODEV: PROCEDURE:

/Illl!lllli!llil!l!l&llllllll!i*!ill!!ll!ll!l!!l!lll/
/% */
/% THIS PROCEDURE TAKES CARE OF THE 1/0 EVENTS L4
/% THAT OCCUR FOR THE NON-MPU DEVICES. */
/* */

FAALI R AR a2 R R A a2 d IRl ilsddssd

DCL ATRIB(*) FLOAT BIN CTL EXT;
DCL 1 BUSTBL(0:2) EXT,
2 ACTIVE BIT(1),
2 CONTR FIXED BIN(31,0);
DCL (BASE,BUSS,DEVICE,START_ADDRESS) FIXED BIN(31,0);
DCL NO_BYTES FIXED BIN(31,0);
DCL 1 BIMTBL(0:3)} EXT,
2 BDATA FIXED BIN(31,0),
2 STATUS BIT(8),
2 RBFST FIXED BIN(16,0);
DCL TNOW FLOAT BIN EXT;
DCL (MPU,NMPU) FIXED BIN(31,0) EXT;
DCL UNFRM ENTRY{FLOAT BIN,FLOAT BIN, FIXED BIN(31,0))
RETURNS(BIN);
DCL COPY ENTRY(PTR);
DCL READ ENTRY(FIXED BIN(16,0)) RETURNS(FIXED BIN(8,0));
DCL RMOVE ENTRY(PTR,FIXED BIN(31,0));
DCL FIND ENTRY(FLOAT BIN,FIXED BIN(31,0),PTR,FIXED BIN(31,0),
FLOAT BIN) RETURNS(PTR);
DCL COLCT ENTRY(FLOAT BIN,FIXED BIN(31,0));
DCL MFE(*) PTR CTL EXT;
DCL SNTRY PTR;
DCL NULL BUILTIN;
DCL WRITE ENTRY(FIXED BIN(8,0),FIXED BIN(16,0));
DCL FILEM ENTRY(FIXED BIN(31,0));
DCL UERR ENTRY(FIXED BIN(31,0));
DCL SUCPTR ENTRY(PTR) RETURNS(PTR);
DCL (ADDRESS,DATA,I,J,SRCE MPU) FIXED BIN(31,0);
DCL (SET_UP,TRANS_TIME) FLOAT BIN(31);
DCL DBUF(260) FIXED BIN(8,0) EXT;
DCL FLAG BIT(1);

IF ATRIB(4)=1 THEN DO;
/AR BN RER N RN BN RN DR R R RN R/

/% #/
/% DATA TRANSFER EVENT..... */
/" %/

JRREBRARHERARRER AR RN B R B YRS BB RBRERERRD RN R ERRRRRRR S/

IF ATRIB(3)>99 & ATRIB(3)<200 THEN DO;
e Y T T L L Iy

/* */
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/% BIM ACCESSED. STORE DATA IN BDATA REGISTER. ¥/
/% */
/l.!Ilillilil!lﬁll!!Illlll&!i!ll&llll!lllllil!lll!il/
DEVICE=ATRIB(3)~100;
BDATA(DEVICE)=ATRIB(5);
END;

ELSE;
/llﬂililll!liiillluﬂllIliilliﬂ!!ﬁ!!illl!lll!!ill!ili/
/" */
/% NON-BIM DEVICE ACESSED...... L Y4
/ %/
/ﬂllllll!liﬁlll!!lllllIll*lll&ll!l!llll&lill!ll&iﬂ&l/

RETURN;

END;

IF ATRIB(4)=2 " ATRIB(4)=3 THEN DO;
FALAA AT A A2 a2 ER AR T2 a2 it isteliadlststlsl

/% */
/% C1 SET/RESET EVENT. */
/% »/

JURRREREBEERERRSURERREN RSB R Y SRR B RRABRS R R RRRRSRBBNEY /

IF ATRIB(3)>99 & ATRIB(3)<200 THEN

IF ATRIB(Y4)=3 & ATRIB(6)=0 THEN DO;
JHRBBNERREENRREERRRRRRR AR RN RN RRRRR R RN RN RE RN )

/% */
/* BIM DEVICE... READ AND DECODE THE DATA /
/* PRESENT IN THE BDATA REGISTER... "/
/* »/

JHRRBERRRE RN R RER SRR RN RRR RSN ER RS SRR RAR RN ERRRRANEE

DEVICE=ATRIB(3)-100;
ATRIB( 1)=TNOW+UNFRM(2.5E-05,2.0E-04,1);
ATRIB(8)=TNOW;

IF BDATA(DEVICE)=1 THEN DO;
JHRERRARERRRERRRR RSN BRRRRAR BN AR R TR RRA RN R R AR R A RRS /

/4 %/
/% 'SND' COMMAND,..SCHEDULE SEND DATA EVENT. L7
/% %/

JRRRER SRR AR R RRER RN RSN EEN R RN RN AR R ERERRRE R RN/

ATRIB(4)=6;
CALL FILEM(1);
END;

IF BDATA{DEVICE)=2 THEN DO;
/UlIlﬂ&I!l!!lillQ!!l!llllll!ll!li&l!!il!il*ll!lillil/

/" */
/% 'STB' COMMAND.... SCHEDULE SEND TOS TABLES L4
/% EVENT. */
A L

L T Y T TR T Y Y T T T Y Yy T YT Y Ty
ATRIB(4)=8;
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CALL FILEM(1);
END;
1F BDATA(DEVICE)=3 THEN DO;

FALR LIRS da It dd s dddlssd ittt lattllyly)
/% %/
/% 'RST' COMMAND.. SCHEDULE DATA TRANSFER EVENT %/
/% STATUS WORD TO THE CPS IN 23 MICRO SECONDS. ®/
/% THIS IS INCLUDES THE C1 RESET. LI
/" ®/
JRERAERRAARRARGRERRARFARRE TR RGERRRRRREREDRU SR RB RN RE

ATRIB(1)=TNOW+0.000023;

ATRIB(3)=DEVICE;

ATRIB(4)=1;

ATRIB(5)=BIN(STATUS(DEVICE),31,0);

ATRIB(6)=2048;

CALL FILEM(1);

ATRIB(1)=ATRIB(1)+0.000001;

ATRIB(4)=3;

CALL FILEM (1);

ATRIB(1)=ATRIB(1)+0.000001%;

ATRIB(Y4)=2;

CALL FILEM(1);

END3

IF BDATA(DEVICE)=4 THEN DO;

JHRRERR AR RERARRRRN RN RRRREERERRRRRRRRRSRRRBRRRR S/

/* */
/% 'GTC' COMMAND...SCHEDULE EXECUTION OF THE 'GIC'%/
/% COMMAND. */
/* %/

/RERREERANBESERERRRU RN R AR RGN B AN RRRR RN RN RN RN RS/

ATRIB(#)=11;
CALL FILEM(1);
END;

IF BDATA(DEVICE)=5 THEN DO;
JHERR RN AR AR R RN RN RN RGN R R RN RN

/% &/
/% '3CR' COMMAND.... EXECUTE BIM CLEAR. */
/% %/

JRBNNAE R RN RN RRRRRR RN ERRRERBBER BN RRRRNE /

STATUS{DEVICE)="00000000"'B;
MPU=DEVICE;
RBFST(MPU)=256"READ( 1794 )+READ(1795);
SNTRY=MFE(1);
LOOP: SNTRY=FIND{ 100+DEVICE,5,SNTRY,3,0);

IF SNTRY\=NULL THEN DO;

CALL COPY(SNTRY);

IF ATRIB(Y4)>5 THEN DO;

CALL RMOVE(SNTRY,1);
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IF ATRIB(4)=9 THEN DO MPU=0 TO 3;
SUBSTR(STATUS(MPU),2,1)="'0'B;
CALL WRITE(STATUS(MPU},1796);
END;
END;
SNTRY=SUCPTR(SNTRY);
GO TO LOOP;
END;
Do I=0 TO 2;
IF CONTR{I)=DEVICE+10 THEN ACTIVE(I)='0'B;
END;
END;
ATRIB(1)=TNOW+0.000014;
ATRIB(2)=300;
ATRIB(3)=DEVICE;
ATRIB(Y4)=3;
ATRIB(6)=2050;
CALL FILEM(1);
ATRIB(1)=ATRIB(1)+0.000001;
ATRIB(Y4)z2;
CALL FILEM(1);
IF BDATA(DEVICE)=5 THEN DO;
ATRIB(6)=20u8;
CALL FILEM(1);
END;
END;
RETURN;
END;
IF ATRIB{4)=4 = ATRIB(4)=5 THEN DO;
/llIIIC!IIIl!!llll!ll!!ill!lnlllll!!!llllllllll&ll!l/
/n */
/% €2 SET/RESET EVENT..... */
/% THE BIMS ARE INITIALIZED AS PULSE OUTPUT MCDE. %/
/* THEY DO NOT USE C2 AS AN INPUT...AND THUS THIS ¥/
/% IS AN ILLEGAL EVENT. ®/
/8 ®/
/IIIIIII!!Illlli!!llllll!illll!ll!!li!l!ll*!!l.llill/
CALL UERR(20);

RETURN;

END;
BRSO AR RER AR E RN SRR RN RN/
/" %/
/% THE FOLLOWING EVENTS ARE DEFINED FOR BIMS L4
/% ONLY..... 8
/* &/

JRRRERRRURR SRR R AR NN RN RN R RN R DR R A RN REREIRS/

IF ATRIB(Y4)=6 THEN DO;
JRNRRARRNERRRN RN R RN U RN RRERNR BN RSB RER B URR R/
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/8 &/
/% 15ND* EVENT.... CHECK TO SEE IF BIM IS ACTIVE %/
/¥ %/

VALAAAL A AL A IR LT Rt d i dalatdslddallstisllsssly

MPU=ATRIB(3)-100;
IF SUBSTR(STATUS(MPU),6,1)='0'B &

SUBSTR(STATUS(MPU),1,1)='1'B THEN DO;
JURBERREERAN RN R RN NN NN RN RN RN RN

A */
/% BIM IS ACTIVE... RESCHEDULE 'SND IN 30 MICRO- ¥/
/‘ SECONDS LI I I B ) ' /
A */

ORI 0000000000 0 00 000000600 06000000 00 06 00 0600 0000 0 00 0000 00 000000 00 060000 06 0/

ATRIB(1)=TNOW+0.00003;
CALL FILEM(1);

END;
ELSE DO;
/!'Ill"lllllllll'ﬁll!!lIIIII'IIIIIIIIII!IIIII!II!II/
A ./
/% BIM 1S INACTIVE,..PERFORM EVENT. */
/" */

/iiiil!!!IIIlIilllliliIlll!Iill!&lllllli!*illlli!ilﬁ/
SUBSTR(STATUS{MPU),1,1)="1'B;
BUSS=-1;
DO I=0 TO 2;
IF CONTR(I)=MPU+10 THEN BUSSzI;
END;
IF BUSS=-1 THEN DO I=0 TO 2;
IF ACTIVE(I)='0'B THEN BUSS=I;
END;
IF BUSS=-1 THEN DO;
/!ll!lllli!Illlllllll'llllll!Illllllllillllﬂlllllill/

/% */
/% ALL BUSSES ARE ACTIVE..RECHECK IN 50 MICRO- */
/% SECONDS. "/
/% */

/!IIIIIIIIlIIliiIlii*ﬂlll!llllll!lllll‘!ll!lli!!llll/
ATRIB( 1)=TNOW+0.00005;
CALL FILEM(1);
SUBSTR(STATUS(MPU),6,1)="1'B;

END;

ELSE DO;
/l!&IIIIII!IIIl!llllllll!lllllllllll!lllllllllllll!l/
/" L
/% INACTIVE BUSS FOUND... GET CONTROL, IF NOT &/
/% ALREADY CONTROLLER AND START TRANSFER L#)
/h L4

VAAAAL LA I 2 I Rd eIt e e tezizstzztzsssitlilyy
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CALL COLCT(TNOW-ATRIB(8),MPU+NMPU+1);
CALL COLCT{TNOW-ATRIB(8),13);
ADDRESS=256%READ{ 1792)+READ(1793);
NO_BYTES=READ( ADDRESS) ;
STATUS(MPU)='10011000"'B;
ACTIVE(BUSS)="'1"'B;

IF CONTR(BUSS)=MPU+10 THEN SET_UP=0.000030;

ELSE SET_UP=0.00005;
TRANS_TIME=(NO_BYTES+2)#0.00003;
CONTR(BUSS)=MPU+10;
ATRIB(1)=TNOW+SET_UP+TRANS_TIME;
ATRIB(2)=300;

ATRIB(4)=7;

ATRIB(6)=NO_BYTES;
ATRIB(7)=ADDRESS;

CALL FILEM(1);
/Illlilillllll!l!i&llIIlIIl!il!lllil!lllllll!!ll!lll/

/% %/
/% SEND 'TR3' TO CPS..... */
/% &/

/'I!Illl!!ﬂlll!ﬂllllIllllIiIllliﬁlllll!!llll'illl‘ll/

ATRIB(1)=TNOW+0.000025;
ATRIB(2)=300;
ATRIB(3)=MPU;
ATRIB(#)=1;
ATRIB(5)=1;
ATRIB(6)=2048;
CALL FILEM(1);
ATRIB(1)=ATRIB(1)+0.000001;
ATRIB(Y4)=3;
CALL FILEM(1);
ATRIB(1)=ATRIB(1)}+0.000001;
ATRIB{%)=2;
CALL FILEM(1);
END;
END;
RETURN;
END;

IF ATRIB(Y4)=T7 THEN DO;
/llilill!llilIlli'llIlllilllilﬁll*liiﬁllllllllllll!!/

/® */
/% 'SDC' EVENT...COPY DATA FROM OUTPUT BUFFER TO %/
/% INPUT BUFFERS OF RECEIVING DEVICES. %/
/* "/

L T T T R TR T Y T A Y YT Y YR YT T Y YT Y T )
SRCE_MPU ,MPU=ATRIB(3)-100;
ADDRESS=ATRIB(7);
NO_BYTES=ATRIB(6);
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FLAG='0'B;
1=0;
START_ADDRESS=ADDRESS+13
SNTRY=FIND(10+MPU,5,MFE(2),1,0);
IF SNTRY\=NULL THEN DO;
CALL RMOVE{SNTRY,2);
ATRIB(2)=ATRIB(2)+NO_BYTES;
* ALL FILEM(2);
END;
DO WHILE(FLAG='0'B);
DATA=READ(START ADDRESS);
IF DATA=255 THEN I=I+1;
IF I=2 THEN FLAG='1'B;
START_ADDRESS=START_ADDRESS+1;

IF START_ADDRESS>ADDRESS+NO_BYTES THEN DO;
/AR RN AR AR RN R BN R R RN R RSN

/% %/
/% BUFFER ERROR...SEND CPS ERROR MESSAGE AND 8/
/% DEACTIVATE BIM, ./
A */

JERNREE RSN E R AR RN R RN AR E R RN RN RN RN ERRORE /

ATRIB(1)=TNOW+0.0002;
ATRIB(2)=300;
ATRIB(3)=MPU;
ATRIB(Y4)=1;
ATRIB(5)=T;
ATRIB(6)=2048;
CALL FILEM(1);
ATRIB{#4)=3;
CALL FILEM(1);
ATRIB(1)=ATRIB(1)+0.000001;
ATRIB(4)=2;
CALL FILEM(1);
STATUS(MPU )= '00000000'B;
CALL WRITE(STATUS(MPU),1796);
DO I=0 TO 2;
IF CONTR{I)=MPU+10 THEN ACTIVE(I)='0'B;
END;
RETURN;
END;
END;
DBUF( 1)=MPU;
BASE=START_ADDRESS;
DO I=2 TO NO_BYTES;
DBUF(I)=READ(BASE);
BASE=BASE+1;
IF BASE=1023 THEN BASE=123-I;
END;
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DBUF(I)=0;

I=I+1;

DBUF(I)=0;

DO J=ADDRESS+1 TO START_ADDRESS-3;

MPU=SRCE_MPU;

DEVICF=READ(J};

IF DEVICESXNMPU THEN DO;
/illllllll'l!IIiilllIlliiIIIQ!llllllllllllllil!!lll!/
/% L4
/% CPS 1S THE RECEIVER... MUST GET THE RECEIVER #/
/4 BUFFER START ADDRESS AND STORE IN BIM FOR THIS %/

/% RECEIVER. */

/4 */

P L Ty Ty Y P T e P Y Y P LY Y YT Y T Y,
MPU=DEViCE;

SNTRY=FIND{DEVICE+10,5,MFE(2),1,0);
IF SNTRY\=NULL THEN DO;
CALL RMOVE(SNTRY,2);
ATRIB(3)=ATRIB(3)+NO_BYTES;
CALL FILENM(2);
END;

CALL WRITE(SUBSTR(RBFST(MPU),1,8)},179:)
CALL WRITE(SUBSTR(RBFST(MPU),9,8),1795);

/I'IllQlllllll.lllﬁillllill'ﬁlll*.II.IIIIG'IIII'II'I/

. */
/% SCHEDULE 'DIN' MESSAGE TO BE SENT TO RECEIVING */
/% MPU, "/
/4 */

JRBRBRRENRERR RN BRI RN RRE AR RN RR BB RN BN REE

ATRIB(1)=TNOW;
ATRIB{2)=300;
ATRIB(3)=DEVICE;
ATRIB(Y4)=1;
ATRIB(5)=8;
ATRIB(6)=2048;

CALL FILEM(1);
ATRIB(Y4)=3;

CALL FILEM(1);
ATRIB(1)=TNOW+0.000001;
ATRIB(Y4)=2;

CALL FILEM(1);

PO I=1 TO NO_BYTES;

CALL WRITE(DBUF(1),RBFST(DEVICE));

IF RBFST(DEVICE)=1791 THEN
RBFST(DEVICE)}=1023;
RBFST(DEVICE)=RBFST(DEVICE)+1;
END;
END;
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ELSE DO;
JHREREE R RS R R RSB SR RRRNRR RN/
/% ./
/% NON-CPS DEVICE IS THE RECEIVER.... &/
A L4

VA2 2T A AT TR R T2 R S dd ettt didestlsstly)

ATRIB(2)=300;
ATRIB(3)=SRCE_MPU;
ATRIB(4)=20;
ATRIB(5)=READ{ ADDRESS);
ATRIB(6)=DEVICE;
ATRIB(1)=TNOW+UNFRM(5,0E~5,5.0E~4, 1)+ATRIB(5) %3, 0E-5;
CALL FILEM(1);
DO I=0 TO 2;
IF CONTR(I)=MPU+10 THEN ACTIVE(I)='1'B;
END;
STATUS(MPU)="10000000'8B;
CALL WRITE(STATUS(MPU),1796);
END;
END;
RETURN;
END;

IF ATRIB(4)=8 THEN DO;
JHERRRRR RN R AR R RN RN AN R RN R R R RN ARG RRR A

/" */
/% *STB' EVENT... SCHEDULE TRANSFER START IF 8 &/
/% OR TRANSFER COMPLETE IF 10. CHECK FOR BIM */
/% ACTIVE, SCHEDULE A RECHECK IF IT IS */

/4 %/

JUBUERRRRE RN RGN ERRRRANRRS S RN RN RGNS RN ERD RN ERRR /

SRCE_MPU=ATRIB(3)-100;
IF SUBSTR(STATUS{SRCE_MPU),1,2)=*10'B THEN DO;
ATRIB(1)=7NOW+0,00005;
CALL FILEM(1);
END;
ELSE DO;
MPU=SRCE_MPU;
I=3+READ(2) %4 ;
DO ADDRESSz0 TO I;
MPU=SRCE_MPU;
DATA=READ( ADDRESS);
DO MPU=0 TO NMPU-1;
IF MPU\=SRCE_MPU THEN
CALL WRITE(DATA,ADDRESS);
END;
END;
DO MPU=0 TO NMPU-1;
SNTRY=FIND{MPU+10,5,MFE(2),1,0);
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IF MPU\=SRCE_MPIl & SNTRY\=NULL THEN DO;
CALL RMOVE(SNTRY,2);
ATRIB(3)=ATRIB(3)+I;

CALL FILEM(2);

END;
END;
JEERRRERE RN AR RN NN RNREEE RN RSN ERER RN RN NRE
/% %/
/% SCHEDULE 'STC' EVENT..... */
/t */

/Illl!ﬂllllIlilIlltlllﬁ!l!lﬂ'i!I!lllll!lllﬂl“!l!llll/
MPU=SRCE_MPU;
ATRIB(8)=READ(2);
ATRIB(1)=TNOW+ATRIB(8)%0.000013;
ATRIB(2)=300;
ATRIB(3)=SRCE_MPU+100;
ATRIB(%)=9;
CALL FILEM(1);
SNTRY=FIND(MPU+10,5,MFE(2),1,0);
IF SNTRY\=NULL THEN DO;
CALL RMOVE(SNTRY,2):
ATRIB(2)=ATRIB(2)+1;
CALL FILEM{2);
END;
END;
MPU=SRCE_MPU;
CALL WRITE(STATUS(MPU),1796);
RETURN;
END;

IF ATRIB(4)=9 THEN DO;
JONORE I 0000 0000000000000 00 00 0000 0 3000 00 000 06 0 O 0 0 00 000000 O/

/* 4
/% 'STC' EVENT...SYSTEM TABLE TRANSFER COMPLETE %/
/% &/

JURRRRERBERER RN RANRERNUR SRR RN R GHERRRN SRR ERRR RN N /

SRCE_MPU,MPU=ATRIB(3)~100;

SUBSTR(STATUS(MPU),1,1)='0'B;

DO MPU=0 TO NMPU-1;
SUBSTR(STATUS(MPU),2,1)='0'B;
CALL WRITE(STATUS(MPU),1796);
END;

DO I=0 TO 2;
IF CONTR(I)=SRCE_MPU+10 THEN ACTIVE(I)='0'B;
END;

ATRIB( 1)=TNOW+0.000001;

ATRIB{2)=300;

ATRIB(3)=SRCE_MPU;

ATRIB(Y4)=1;
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ATRIB(5)=6;
ATRIB(6)=2048;
CALL FILEM(1);
ATRIB(1)=ATRIB(1)+0.000001;
ATRIB(4)=3;
CALL FILEM(1);
ATRIB(1)=ATRIB(1)+0.000001;
ATRIB(#)=2;
CALL FILEM(1);
RETURN;
END;
IF ATRIB(4)=11 THEN DO;
/ll!!ll!illlillliilllillli&l!llll!ll!l!!!lll!l!ll!ll/

/% */
/% 'GTC*' COMMAND.... CHECK TO SEE IF BIM IS 4y
/% ACTIVE. IF NOT, SCHEDULE RECHECK AT TNOW + ./
/% 30 US. */
/" */

FALITRI 2222 2R 2 220 a2 2 2R s diTlssds i

MPU=ATRIB(3)~100;

IF SUBSTR(STATUS(MPU),1,1)='1'B THEN DO;
JERRBRRNR AR RN R ARRR R SRR RN RSN ER R RN

/% */
/% BIM IS ACTIVE..,.... */
/% 8/

R AR R RN AR ER AR RA NG RN B RARERARRERRRRRRRRER R AR/

ATRIB(1)=TNOW+0.00003;
CALL FILEM(1);

END;

ELSE DO;
JERAERRNRERRARTRCEANRNRR AR R R RER BN RN SR DR R RN/
/% ®/
/% BIM IS INACTIVE...CHECK TO SEE IF THERE IS AN #/
/% INACTIVE BUSS AVAILABLE. */
/% ¥/
JEHHRE AR E RS R AR A RN RN B RN RN R AR AR RN R ERNREY

BUSS=~1;

SUBSTR(STATUS(MPU),1,1)="1'E;
CALL WRITE(STATUS(MPU),1796);
DO I=0 TO 2;
IF CONTR(I)=MPU+10 THEN BUSS=zI;
END;
iF BUSS=z=-1 THEN DO I=0 TO 2;
IF ACTIVE(I)='0'B THEN BUSS=I;
END;
IF BUSS=-1 THEN DO;
/Il!illllll!lllllll!!illlllllllllll!lllilll!!lll!lll;

/% &/
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/% NO INACTIVE BUSSES ARE AVAILABLE... */
/® RESCHEDULE A RECHECK IN ANOTHER 30 US. */
/* ®/

SRBRRRRASRERAER AN A EERB AR RANRRE AR SRR R RRERER RS /

ATRIB( 1)=TNOW+0.000030;

CALL FILEM(1);
SUBSTR(STATUS(MPU),6,1)="'1'B;
SUBSTR(STATUS{MPU),1,1)=10"'B;
CALL WRITE(STATUS(MPU),1796);

END;

ELSE DO;
JER RN R AN R RN ER AR AR RN ERRR N ERBRRRR RN R R GRS/
/e */
/% INACTIVE BUSS FOUND... CHECK TO SEE IF TOS */
/% TABLES ARE CURRENTLY BEING UPDATED. ./
/% */

JARERREASH AR RER R R RN R R RS RN R R U A BARRR RN RRRENR RGN/

ATRIB(7)=0;
IF SUBSTR(STATUS(MPU),2,1)='1'B THEN DO;
ATRIB(1)=TNOW+0.000030;
CALL FILEM(1);
SUBSTR(STATUS(MPU),1,1)='0'B;
END;
ELSE DO;
/ilIllll!lllll!llllllll!!ll!i!lllll!llilllllﬂlllil!l/
/% »/
/% TOS TABLES ARE NOT BEING UPDATED... GET CONTROL*/
/% OF BUSS AND START TOS TABLE UPDATE. LV
[ ] !/
;II!lllIlllﬁ!Illlll!!llllIIllll!!llllll!ill!llll!ﬂl!/
CALL COLCT(TNOW-ATRIB{(8),MPU+NMPU+1);
CALL COLCT(TNOW-ATRIB(8),13);
ACTIVE(BUSS)="1'B;;
CONTR(BUSS)=MPU+10;
ATRIB(1)=TNOW+UNFRM(2.5E-0%,2.0E=-0l,1);
ATRIB(2)=300;
CALL COLCT(ATRIB(1)=-ATRIB(8),MPU+NMPU45);
CALL COLCT(ATRIB(1)-ATRIB(8),14);
ATRIB(3)=MPU;
ATRIB(U4)=1;
ATRIB(5)=9;
ATRIB(6)=20u8;
CALL FILEM{1);
ATRIB(1)=ATRIB(1)+0.000001;
ATRIB(4)=3;
CALL FILEM(1);
ATRIB( 1)=ATRIB(1)+0.000001;
ATRIB(Y4)=2;
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CALL FILEM(1);
DO MPU=0 TO NMPU-1;

SUBSTR(STATUS(MPU),2,1)='1'B;
CALL WRITE(STATUS(MPU),1796);

END;
END;
END;
END;
RETURN;
END;

IF ATRIB(Y4)=20 THEN DO;
R I I R N R R R BRI NY /

/% &/
/% RETURN DATA EVENT..... &/
/% 4

JRRRERS RN RN RN RN RN NER B RRRERRR RN ERRB RN/

MPU=ATRIB(3);
NO_BYTES=zATRIB(5);
DEVICE=ATRIB(6);
IF NO_BYTES>0 THEN DOj;
SNTRY=FIND(MPU+10,5,MFE(2)},1,0);
IF SNTRY\=NULL THEN DO;
CALL RMOVE(SNTRY,2);
ATRIB(3)=ATRIB(3)+NO_BYTES;
CALL FILEM(2);
END;
CALL WRITE(SUBSTR(RBFST{MPU),1,8),1794);

CALL WRITE(SUBSTR(RBFST(MPU),9,8),1795);
/IllIllll*liilillllll!lll&lllllllllil!llli!iilllllll/

/% &/
/% SCHEDULE 'DIN' MESSAGE TO BE SENT TO RECEIVING %/
/% MPU, Y,
/" &/

FAAA IR 2L R a2 R stttz izllasd] ] Ny

ATRIB(1)=TNOW;

ATRIB(2)=300;

ATRIB(3)=MPU;

ATRIB(4)=1;

ATRIB(5)=8;

ATRIB(6)=2043;

CALL FILEM(1);

ATRIB(4)=3;

CALL FILEM(1);
ATRIB(1)=TNOW+0.000001;
ATRIB(Y4)=2;

CALL FILEM(1);

CALL WRITE(NO_BYTES,RBFST(MPU));
CALL WRITE(DEVICE,RBFST(MPU)+1);
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RBFST{MPU)=RBFST(MPU)+NQ_BYTES;
IF RBFST(MPU)>1791 THEN
RBFST(MPU)=1023 +RBFST(MPU)-1791;
Chow WRITE{OQ,RBFST{MPU)-1);
DO I=0 TO 2;
IF CONTR(I)=MPU+10 THEN ACTIVE(I)='0'B;
END;
END;
STATUS(MPU)= 100000000 ' B;
CALL WRITE(STATUS(MP!'),1796);
RETURN;
END;
END ODEV;
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/%  OTFUT  VERSION-2 2/21/78

OTPUT: PROCEDURE;
JHRRER SRR RR AR RRARR R ANRER RN AR RN GBI RN R NN SRR

/4 */
/% THIS PROCEDURE PRINTS THE FINAL REPORTS ON THE %/
/% MPUS IN THE SYSTEM. %/
/ %/

/l'llll.lllllIlilllllllilI!ll!IlllI"llIlllll'li.'ll/

DCL (SYSTBL(®,%) NNQ(®*)) FIXED BIN(31,0) CTL EXT;
DCL ATRIB(*) FLOAT BIN CTL EXT;

DCL
DCL
DCL
DCL

TNOW FLOAT BIN EXT;
I FIXED BIN(31,0);

(MPU,NMPU,NPER,PL) FIXED BIN(31,0) EXT;

1 STAT(*) CTL

INST FIXED
INPT FIXED
OTPT FIXED
ERRS FIXED
INTS FIXED
WARN FIXED
BRCH FIXED
RTRN FIXED
RSTS FIXED

EXT,

BIN(31,0)},
BIN(31,0),
BIN(31,0),
BIN(31,0},
BIN(31,0),
BIN(31,0),
BIN(31,0),
BIN(31,0),
BIN(31,0),

HALT FLOAT BIN(31),

RUN FLOAT BIN(31),

RESTRT FLOAT BIN(31),

LSTHLT FLOAT BIN(31);

DCL (MDUMP,PDUMP,TRCPRT,USUM) ENTRY;

DCL HHEX ENTRY(FIXED BIN(16,0)) RETURNS(CHAR(6));
DCL (PC(%*),SP("),INR(*)) FIXED BIN(16,0) CTL EXT;
DCL (ACCA(™®),ACCB(*)) FIXED BIN(8,0) CTL EXT;

DCL CCR(*) BIT(8) CTL EXT;
/Illilﬂl*t!iilIl!llll'llllll!ll!ill!llllll.lil!lllll/

NP NN DD

/® ny
/% PRINT ANY TRACE ENTRIES STILL IN THE TRACE */
/% FILES... */
/" ®/

/lIIQI.IllllllIlllll‘lll'l..*I!Q'll!lll!llllllllI'l./

DO MPU=0 TO NMPU-1;
DO WHILE(NNQ(MPU+3)\=0);
CALL TRCPRT;
END;
END;
PUT EDIT(' ')(LINE(PL-1),A);
PUT SKIP(3) EDIT('#### SIMULATION RESULTS ####1)
(COL(16),4);
PUT SKIP(3);
DO MPU=0 TO NMPU-1;

®/
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IF LINENO(SYSPRINT)>PL-10 THEN PUT EDIT(' ')(LINE(PL-1},A);
PUT SKIP(2) EDIT('FINAL STATUS REPORT---- MPU NUMBER',
MPU,*:')}(A,F(3,0),A);
PUT SKIP(2) EDIT('PC='""HHEX(PC(MPU))""' SP='""HHEX(SP(MPU))
““t INR='""HHEX(INR{MPU))""* ACCA=z'""HHEX(ACCA(MPU))
"7t ACCB='""HHEX(ACCB(MPU)})""' CCR='""CCR(MPU})(A);
END;
CALL PDUMP;
DO MPU=0 TO NMPU-1;
IF SUBSTR(SYSTBL(O,MPU),2,1)='1'B THEN CALL MDUMP;
END;

/Illi.lllll‘l!ili&'!lllI!ilillilll!ﬂll!l!lll&!.l!ill/
/% 8/
/% PRINT SIMULATION STATISTICS... */
/% &/

JEERREEE SRR 003000 000000 0000 00 06 0 0 00 0000 00 00 00000006 00 0 R 0

IF LINENO(SYSPRINT)>PL-15-2%NMPU THEN PUT EDIT(' ')(LINE(PL),A):

PUT SKIP(3) EDIT('SIMULATION STATISTICS')(COL{19),A);

PUT SKIP(2) EDIT('MPU','INST','INPT','OTPT','ERRS','WARN',
*BRCH', 'INTS','RTRN' ) (COL(2),A,(8)(X(2),A(1)));

PUT SKIP EDIT((60)'=')(A);

DO MPU=0 TO NMPU-1;

PUT SKIP EDIT(MPU,INST(MPU),INPT(MPU),O0TPT(MPU),ERRS{MPU),
WARN{MFU) ,BRCH(MPU) , INTS(MPU) , RTRN(MPU))
(F(3,0),(8)(F(6,0)));

END;

PUT SKIP EDIT((60)'=')(A);

PUT SKIP(2) EDIT{'MPU','RESET','RUNNING', 'HALTED','LAST RESTART',
'LAST HALT')(COL(2),A,COL(6),A,COL(13),4A,COL(26),A,COL(36),A,
COL(50),A);

PUT SKIP EDIT((60)'=')(A);

DO MPU=0 TO NMPU-1;

IF SUBSTR(SYSTBL(7,MPU),4,1)='0'B THEN DO;
RUN(MPU)=TNOW+RUN(MPU)-RESTRT(MPU ) ;

LSTHLT(MPU)=TNOW;
END;

ELSE DO;

HALT(MPU ) = TNOW+HALT(MPU)-LSTHLT(MPU) ;
END;

PUT SKIP EDIT(MPU,RSTS(MPU},RUN(MPU),HALT(MPU),RESTRT(MPU),
LSTHLT(MPU)) (F(3,0),X(1),F(3,0),(4)(X(1),E(12,5)));

END;

PUT SKIP EDIT((60)'=')(A);

CALL USUM;

PUT EDIT(' ') (LINE(1),4);

RETURN;

END OTPUT;
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/% PDUMP VERSION-2 3/25/78 */

PDUMP: PROCEDURE;
JHA AR RSB R RN NN R SRR NO RPN RN ERR Y/

/8 4
/% THIS PROCEDURE PRINTS THE PERIPHERAL »/
/% CONFIGURATION OF THE JYSTEM. */
A */

JRANBEREARBEBRARANANRA AR R AR RS RARRERARARRER A RERRERS /

DCL SYSTBL(*,*) FIXED BIN(31,0) CTL EXT;
DCL (1,J) FIXED BIN(31,0);
DCL {MPU,NMPU,NPER,PL) FIXED BIN(31,0) EXT;
DCL TYPE CHAR(1);
DCL CODE BIT(3);
DCL HHEX ENTRY(FIXED BIN(16,0)) RETURNS(CHAR(6));
DCL MFIND ENTRY(FIXED BIN(31,0),FIXED BIN(31,0))
RETURNS(FIXED BIN(31,0));
DCL MEM1 FILE RECORD KEYED ENV(REGIONAL(1) F(80));
DCL 1 MEMREC EXT,
2 UNUSED BIT(16),
2 MEM_KEY CHAR(10),
2 LMPU FIXED BIN(31,0),
2 Loc(0:31) BIT(16);
DCL ADDRESS FIXED BIN(31,0);
DCL TEMP BIT(8);
DCL 1 PERTBL(*) CTL EXT,
FMPU FIXED BIN(31,0),
PADDR FIXED BIN(31,0),
PASSOC FIXED BIN(31,0),
PASADD FIXED BIN(31,0),
PCODE FIXED BIN(31,0),
CTYPE BIT(1),
UNUSED BIT(S),
c2 BIT{1),
c1 BIT(1),
DDR BIT{8),
PDR BIT(8);
/Iill!l!lllllll!Illllllliilil!llillilﬂ!!!l.’!lli!lll/
/% "/
/% PRINT HEADINGS.... */
/% */
/ill!Iil!lI.ﬂilill!lllltilllll!l’!ﬁlﬁ!liiillil!ltl!i/
IF LINENO(SYSPRINT)>PL-10-NPER THEN PUT EDIT(' ')(LINE(1),A);
PUT SKIP(2) EDIT('PERIPHERAL CONFIGURATION',(24)'¥')}
- (SKIP{4),COL(18),A,SKIP,COL(18),4);
/lill!lllllll!!lllIllll&llllln!lﬁ!l!lll!llll.l*!ll!l/
/4 */
/% PRINT PIA INFORMATION.... %/
/% 8/

MPONRRNDND RN MDMNDND
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FALIRZTT 2SRRI RIIT I AT et liddladliidlddlisdyy

PUT SKIP(3) EDIT{'PIA UNITS')(COL(25),A);

PUT SKIP EDIT('ADDR','ASSOC','ASADD','SIDE!,
‘CR','DDR','PDR','C1','C2','CTYPE', 'MPU')}
(CcoL(2),A,COL(T),A,COL(13),4,C0L(21),4,
COL(28),A,COL(36),A,COL(Y45),A,COL(52),A,COL{55),
A,X(2),A,X(2),4);

PUT SKIP EDIT((T0)'=')(A);

ADDRESSz~1;

DO MPU=0 TO NMPU-1;

J=323

IF SYSTBL(6,MPU)\=0 THEN
DO I= 0 TO NPER;

IF PMPU(I)=MPU THEN
IF PCODE(I)=2 "~ PCODE{I)=1 THEN DO;
IF PCODE(I)=1 THEN TYPE='A';
ELSE TYPE='B';
PUT SKIP EDIT(HHEX(PADDR(I)),
PASSOC(I),BHEX(PASADD(I)),
TYPE)(COL(1),A,COL(8),F(3,0),C0L{12),
A,COL(22),A);
ADDRESS=PADDR(I)+1;
J=MFIND(ADDRESS,1);
IF J>=0 THEN
PUT EDIT(SUBSTR(LOC(J),5,8),DDR(1),
PDR(I),C1(1),C2(I),CTYPE(I),MPU)
(coL(z5),B(8),COL(34),B(8),
coL(43),B(8),c0L(53),B,COL(56),B,X(5),B(1),
X(2),F(3,0));
END;
END;
END;
IF ADDRESS<0 THEN PUT SKIP EDIT('NONE')(COL{(30),A);

PUT SKIP EDIT((70)'=')(A);
jllllllllllllllllllllllllllllllIIIIIII!II!ll!ll*!ll!/

/% 8/
/% PRINT ACIA INFORMATION........ &/
/® #/

JAREREANNENANERENERRANNONEG RN R RN SRR R RN RN NENNRD

PUT SKIP(3) EDIT('ACIA UNITS')(COL(25),4);

PUT SKIP EDIT('ADDR','ASSOC','ASADD','CR','SR',
*TDR','RDR', 'MPU')
(coL(2),4,coL(7),A,COL(13),A,COL(22),A,C0L(31),4A,
COL(40),A,COL(49),4,COL(56),A);

PUT SKIP EDIT((60)'=')(A);

ADDRESS=-1;
DO MPU=0 TO NMPU-1;

J=32;
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IF SYSTBL(6,MPU)\=0 THEN
DO I=0 TO NPER;
IF PMPU(I)=MPU THEN

IF PCODE(I)=3 THEN DO;

PUT SKIP EDIT(HHEX{PADDR(I)),
PASSOC(I),HHEX(PASADD(I)),
PDR(I),DDR(I))(COL(1),A,COL(8),F(3,0),C0L(12),A,
coL{19),B,COL(28),B);

ADDRESS=PADDR(1);

J=MFIND( ADDRESS, 1);

IF J>=0 THEN
SUBSTR(TEMP,5, 4)=SUBSTR(LOC(J), 13,4);

J=MFIND{ ADDRESS, 1);

IF J»=0 THEN
SUBSTR(TEMP, 1, 4)=SUBSTR(LOC(J),13,4);

PUT EDIT(TEMP,SUBSTR(LOC(J),5,8),MPU)
(con(37),B(8),COL{U6),B(8),COL(55),F(3,0));

END;

END;
END;
IF ADDRESS<O0 THEN PUT SKIP EDIT('NONE')(COL(30),A};
PUT SKIP EDIT((60)'=')(A);
RETURN;
END PDUMP;
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READ VERSION-2 4/7/78

READ: PROCEDURE(ADDR) RETURNS(FIXED BIN(8,0)};
o T T T T L S T P T R L Y T DT T T T AT T )

/%
/4
VA
7%
Fi
/%

*/
THIS SUBPROGRAM READS THE MEMORY LOCATION AND #/

DETERMINES WHAT TYPE OF LOCATION IT IS AND */

TAKES CARE OF ALL THE PERIPHERAL ACCESSES. %/

ERRORS ARE FLAGGED IN SYSTBL(8,MPU). &y
&/

FALAIIITAT AT R LT d 2R al i idlsdlldattillisll o

DCL 1 MEMREC EXT,
2 UNUSED BIT(16}.
2 MEM_KEY CHAR(10),
2 LMPU FIXED BIN(31,0),
2 LOC(0:31) BIT (16);
DCL (I,J) FIXED BIN(31,0);
DCL, TNOW FLOAT BIN EXT;
DCL ATRIB(®) FLOAT BIN CTL EXT;
DCL. FILEM ENTRY(FIXED BIN(31,0));
DCL MPU FIXED BIN(31,0) EXT;
DCL SYSTBL(%,*) FIXED BIN(31,0) CTL EXT;
DCL 1 PERTBL(®) CTL EXT,
PMPU FIXED BIN(31,0),
PADDR FIXED BIN(31,0),
PASSOC FIXED BIN(31,0),
PASADD FIXED BIN(31,0},
PCODE FIXED BIN(31,0),
CTYPE PIT(1),
UNUSED BIT(5),
c2 BIT(1),
¢1 BIT(1),
DDR BIT(8),
PDR BIT(8);
DCL MEM1 FILE RECORD KEYED ENV(REGIONAL(1) F(80));
DCL (STR7,STR8) BIT(31);
DCL ADDR FIXED BIN(16,0);
DCL (DATA,ASMPU) FIXED BIN(8,0);
DCL TEMP BIT(8);
DCL CODE BIT(3);
DCL ASADD FIXED BIN(16,0);
DCL LINK FIXED BIN(31,0);
DCL HHEX ENTRY(FIXED BIN(31,0)) RETURNS(CHAR(6));
DPCL MFIND ENTRY(FIXED BIN(31,0),
FIXED BIN(31,0)) RETURNS(FIXED BIN(31,0));
DATA=0;
STR7=BIT(SYSTBL(7,MPU},31);
STRB=BIT(SYSTBL(8,MPU),31);
1=MFIND(ADDR,1);

MooMDML

*/
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IF I1<0 THEN SUBSTR(STR8,2,1)='1'B;
/’l!ll'l.l..'l&l'!lllll!ﬁl'l"l'll!ll‘!IIIQIII!!IIII/

/" */

/% ERROR(02)=---- ATTEMPT TO ACCESS A NONEXISTENT %/

/® MEMORY LOCATION. %/

/% %/

JARRER RSN SENERR R RN R RN RR RN RR RN ER RN B NRE
ELSE DO;

CODE=SUESTR(LOC(I),1,3);

IF SUBSTR(CODE,2,1)='1'B THEN DO;
/"'llll"lllllll'IlllIllI'illl"lI.iill!.l"'l'*!"/

/* W4
/% PERIPHERAL CHIP ACCESSED. &y
/% &/

SRR EREERBANE SRR R NN E RN R ERERERE RN RBERNEREEN

IF SUBSTR(LOC(1),3,1)='1'B THEN DO;
JEBRER AR RRENRR NN RN ER R RN RN RN R RRENRR RN RE RN

/% ®/
/% SECONDARY PERIPHERAL LOCATION. */
/¥ &/

/!IIIIllI!llllllllIllillllil‘lI!III!UI!III!.I!!!!Qll/
ADDR=ADDR-1;
I=MFIND(ADDR,1);
LINK=BIN(SUBSTR(LOC(I},4,9),31,0);

IF PCODE(LINK)=3 THEN DO;
AT OH T 0000 00000 00 00 0 00006 00 00000 00 0100 30 0000 000000 0 6 00 0/

/® %/
/% ACIA ACCESSED. &/
A4 8/

VALA A2 A AR d 2 e Rddd R dddddd et st ledidlel]l i

DATA=BIN(SUBSTR(LOC(1),13,4),8,0);
ADDR=ADDR+1;
I=MFIND(ADDR,1};
DATA=DATA+BIN(SUBSTR(LOC(I),13,4),8,0)*16;
SUBSTR(DDR(LINK),1,1)="0"'B;
SUBSTR(STRT7,11,1)="1'B;
END;

ELSE DO;
ADDR=ADDR+1;
I1=MFIND(ADDR,1);
IF PCODE(LINK)=1 “ PCODE(LINK)=2 THEN

DATA=BIN(SUBSTR(LOC(I),5,8),8,0);
JOEU 00000000000 10000000000 S0 00 00 0 O

/" v/
/% PlA ACCESSED. L7
/" */

/l!!lllﬁl'ﬂl!ﬂ!li!llll!lllI!lllﬂlllllllllll!llllllll/
ELSE SUBSTR(STR8,6,1)="'1'B;
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RN EBE AN RN AN R RSN R RN RN

/% L'
/% BAD PERIPHERAL ACCESSED. LY
A "/
JHRSREEN RSN RN RS ERE R R R RSN RN RN NG RNEE
END;
END;
ELSE PO;
Py e Yy Y Y P e Y R LYY Y R T
/. L4
/% FIRST LOCATION PERIPHERAL CHIP. */
/% ¥

JEABRRERRE R RAENRNN AR RN RN E R RN RN SRR RRRENERS /

LINK=BIN(SUBSTR(LOC(I),4,9),31,0);
IF PCODE(LINK)=3 THEN DATA=BIN(PDR(LINK),8,0);
/!lllllllllllillllll!!lIi*lllllll!lll!lilllllllilill/

/t */
/% ACIA ACCESSED. .y
/t "/
JURRERERERRRRE R RN RN RN SRR R
ELSE DO;
P Y T e T T I T T I R e T T A
/% */
/% PIA ACCESSED. 4
/4 */

FALLI R IR s AT e 2 P2t sl b stitiisalsdsddltellly)

IF PCODE(LINK)=1 ° PCODE(LINK)=2 THEN DO;

ADDR=ADDR+1;

I=MFIND(ADDR,1};

IF SUBSTR(LOC(I),10,1)="'1'B THEN DO;
TEMP=BIN(PDR(LINK),8,0);
SUBSTR(LOC(I),5,2)='00'B;
SUBSTR(STR7,11,1)="1'B;

IF PCODE{LINK)=2 THEN DO I=1 TO 8;
IF SUBSTR(DDR(LINK),I,1)='1'B
THEN SUBSTR{TEMP,I,1)='1'B;

END;
ELSE DO;
IF SUBSTR(LOC(I),T,3)='100'B
THEN DO;

/IIIll!'lillllllllllllllll!llll!lillllllllll!l!lllll/
/4 L ¥4
/% SCHEDULE C1 RESET "/
/i L ¥4

/IIII!lllllllllllll!l‘*lllllIi!illlll.l!!lllllll'!i'/

IF CYCLES>0 THEN ATRIB(1)=
TNOW+(CYCLES+1)
#0.000001;
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ELSE ATRIB(1)=TNOW +
0.000001%4;
ATRIB(2)=300;
ATRIB(3)=PASSOC(LINK);
IF CTYPE(LINK)='1'E THEN
ATRIB(4)=3;
ELSE ATRIB(Y4)=5;
ATRIB(6)=PASADD(LINK);
CALL FILEM(1);

END;
IF SUBSTR(LOC(I),7,3)='101'B
THEN DO;
/IIlllli!*lilllll!iiIIlllil!&l!!!llllllilil'*lllllli/
/% */
/% SCHEDULE PULSE START AND END LY
/" %

JREBESHREERRRBEREESARESE RGNS R RN ERERANERREEERREER /

IF CYCLES>0 THEN ATRIB(1)=
TNOW+(CYCLES+1)
*0.000001;
ELSE ATRIB(1)=TNOW+
11%0,000001;
ATRIB(2)=300;
ATRIB(3)=PASSOC(LINK);
IF CTYPE(LINK)='1'B THEN
ATRIB(4)=3;
FELSE ATRiB(4)=5;
ATRIB(6)=PASADD(LINK);
CALL FILEM(1);
ATRIB(1)=ATRIB(1)+
0.000001;
ATRIB(4)=ATRIB(4)-1;;
CALL FILEM(1);
ATRIB(3)=MPU;
ATRIB(4)=U;
ATRIB(6)=PADDR(LINK);
CALL FILEM(1);
END;
C2(LINK)='0'B;
END;
DATA=BIN(TEMP,8,0);
END;
ELSE DATA=BIN(DDR(LINK),8,0);
END;
ELSE SUBSTR(STR8,6,1)="1'B;
/lllllllllll!llllIlll!!llllll!l!lllllllll!llllli!!i!/
/* %/
/% BAD PERIPHERAL CHIP ACCESSED. &/
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/% &y
/lllllilll!lllllIIllllllIllllﬂlll!l!llill!lll!.lllll/
END;
END;
END;
ELSE DATA=BIN(SUBSTR(LOC(1),9,8),8,0);;
END;

SYSTBL(7,MPU)=BIN/3TRT,31,0);
SYSTBL(8,MPU)=BIN(STR8,31,0);
RETURN(DATA);

END READ;
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TRACE VERSION-1 12721717

TRACE:
JENRERRERRERNRRRD R AR R R RN AR RSB AR RR R ERE SRR RN R RE )

/%
V4
7/
/%
/"
/%
/%
/%
/"
Vi
/%
/»
Fid
/&
/%
VA
/®
/8
/%
/%

PROCEDURE;
*/

THIS PROCEDURE PERFORMS PROGRAM TRACING DURING */
SIMULATION RUNS. IT USES THE SYSTEM TABLE, #/
“TRCE(®:%)' AND HAS THE FOLLOWING STRUCTURE, #/

*y
TRCE(1,MPU) I35 THE TRACE TYPE. %/
*/
TRCE(1,MPU)= O TRACE INHIBITED %/
TRCE(1,MPU)= 1 ADDRESS START & STOP .y
TRCE(1,MPU)= 2 TIME START & SIOP */
TRCE(1,MPU)= 3 BRANCH TRACE ONLY */
®/
TRCE(2,MPU) IS THE START ADDRESS OR TIME. %/
®/
TRCE(3,MPU) IS THE STOP ADDRESS OR TIME. %/
%/
%/

TRCE(1,MPU) WILL ALSO BE USED AS A FLAG DURING %/
RUNS TO INDICATE IF THE TRACE IS ON OR OFF. %/

*/

JERERARARNEABEARE NSRS RN NN RN NEREE RN SR ER LSRR ERURRRY /

DCL
bCL
DCL
DCL
DCL
bCL
DCL

DCL
DCL
DCL
DCL

(NNQ(*) ,SYSTBL(%,%)) FIXED BIN(31,0) CTL EXT;
(SP(*),INR(*),PC(*)) FIXED BIN(16,0) CTL EXT;
ATRIB(®*) FLOAT BIN CTL EXT;

OPC FIXED BIN(16,0) EXT;
(CYCLES,MPU,NMPU,NNTRY) FIXED BIN(31,0) EXT;
TRCPRT ENTRY;

1 STAT(®) CTL EXT,

INST FIXED BIN(31,0),

INPT FIXED BIN(31,0),

QTPT FIXED BIN{31,0),

ERRS FIXED BIN(31,0),

INTS FIXED BIN(31,0),

WARN FIXED BIN(31,0),

BRCH FIXED BIN(31,0),

RTRN FIXED BIN(31,0),

RSTS FIXED BIN{31,0),

HALT FLOAT BIN(31),

RUN FLOAT BIN(31),

RESTRT FLOAT BIN(31),

LSTHLT FLOAT BIN(31);

(ACCA(*) ,ACCB(®)) FIXED BIN(8,0) CTL EXT;
(CODE,OPRND1,0PRND2) FIXED BIN(8,0) EXT;
TRCE(*®,%) FLOAT BIN(31) Cii EXT;

TEMP BIT(31);

AV INAVENAVEE VR VIR SRR AU AV I AN B RN B A ]

*/
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DCL (I,J) FIXED BIN{31,0);

DCL TNOW BIN FLOAT EXT;

DCL, FILEM ENTRY(FIXED BIN{31,0));
DCL NNOP FIXED BIN(31,0);

DCL CCR(*) BIT(8) ©TL EXT;

INST(MPU)=INST(MPU)+1:
/llI!!ll!l!ll&llllI!lé%IIItl!lIliilllllliillllll!lllj

/% */
/% CHECK TO SEE IF THE FILING ARRAY HAS ROOM FOR %/
/% ANOTHER TRACE ENTRY. v/
A */

ALLALA AT A A AR sdd il it ildslleldsd] )

IF SUM(NNQ)>=NNTRY-20 THEN DO;
J=MPU;
DO I=0 TO NMPU-1;
IF NNQ(I+3)>NNQ(MPU+3) THEN MPU=I;

END;

CALL TRCPRT;

MPU=d;

END;
JHE BB RE RN R A RN BN RRRR SRR RN R R ER RN ERRR RN/
/4 %/
/% FILE TRACE INFORMATION IN THE TRACE FILE. ®/
/* L4
JARENE RN AR RN R RN R R RN RSN RRR RN RN

I=0;
IF TRCE(1,MPU)>0 " SYSTBL(8,MPU)\=0 THEN DO;
IF TRCE(1,MPU)=1 THEN DO;
IF TRCE(2,MPU)<= PC(MPU) & TRCE(3,MPU)>=PC(MPU) THEN
TRCE(1,MPU)=6;
ELSE I=-1;
END;
IF TRCE{1,MPU)=2 THEN DO;
IF TRCE(2,MPU)<=TNOW & TRCE(3,MPU)}>=TNOW
THEN TRCE(1,MPU)=T;
ELSE I=-1;
END;
IF TRCE(1,MPU)=3 THEN DO;
TEMP=BIT(SYSTBL(7,MPU),31};
1¢ BOOL(SUBSTR{TEMP,7,3),'111'B,'0001'B)="000'B
& SUBSTR(TEMP,13,1)='0'B THEN I=-1;
END;
IF SYSTBL(8,MPU)=0 & I<0 THEN RETURN;
NNOP=2;
IF OPRND1<0 THEN NNOP=0;
ELSE IF OPRND2<0 THEN NNOP=1;
IF NNOP=0 THEN OPRND1,0PRND2=0;
IF NNOP=1 THEN OPRND2=0;
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ATRIB(1)=1;

ATRIB(2)=TNOW+CYCLES*0.000001;

ATRIB(3)=0PC;

ATRIB( Y4 )=NNOP;

ATRIB(5)=0PRND1;

ATRIB(6)}=OPRND2;

ATRIB(T)=SP{MPU);

ATRIB(8)=PC(MPU);

CALL FILEM(MPU+3);

ATRIB(1)=2;

ATRIB(2)=INR(MPU);

ATRIB(3)=ACCA(MPU);

ATRIB(4)=ACCB(MPU);

ATRIB(5)=CCR{MPU);

ATRIB(6)=CODE;

ATRIB(7)=SYSTBL(7,MPU);

ATRIB(8)=SYSTBL(8,MPU);

CALL FILEM(MPU+3);
/Il'llil!l!!llll!i!illl!lIIll!l!I!!&ll!llllll!!illlﬁ/
A 5/
/% CHECK TO SEE IF THE SIMULATION TIME HAS PASSED %/
/% THE STOP TIME FOR TRACING IF A TIME TRACE IS ¥/
/% SPECIFIED. ®/
/% ®y
/l!lI!i!!IIlliﬁ&!III*lilllllllll!!lll!!llllll!ill!i!/

IF TRCE(1,MPU}=7 THEN

IF TRCE(3,MPU)<TNOW+0.000001#*CYCLES

THEN TRCE(1,MPU)=2;
/Illlﬁl'ilil*lllliil!llll.lllil!llllll‘llll!'lllflll/

/% */
/% CHECK TO SEE IF THE PROGRAM COUNTER HAS PASSED %*/
/% THE STOP ADDRESS FOR AN ADDRESS TRACE, IF */
/% ENABLED. STOP THE TRACE IF IT HAS. */
/* L

JHRRRRNRER AR N AR R AR RDARE RN NN AR AR R R ERRRBRRRRRRRARRNR /

IF TRCE(1,MPU)=6 THEN
IF TRCE(3,MPU)<PC(MPU) " TRCE(2,MPU)>PC(MPU)
THEN TRCE(1,MPU)}=1;
END:
RETURN;
END TRACE;
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/%  TRCPRT VERSION-1 2/21/78

TRCPRT: PROCEDURE;
JRREAERRRRNRRBENR SRR ERRRRRARRRNRNRE NS R RRRRRRRRR RN/

/4 &/
/% THIS PROCEDURE PRINTS TRACE INFORMATION FOR ®/
/% THE MPUS DURING RUNS. */
/" 4

JERRR SRR E RSN E RN B AR RNREERRER AR ERR NN R RN SRR/

DCL NNQ(®*) FIXED BIN(31,0) CTL EXT;
DCL ATRIB(*) FLOAT BIN CTL EXT:
DCL HBEX ENTRY(FIXED BIN(16,0)) RETURNS(CHAR(6));
pcL (J,TEMP) FIXED BIN(31,0);
DCL TNOW FLOAT BIN EXT;
DCL (NFILE,MAX,I) FIXED BIN(31,0);
DCL RMOVE ENTRY(PTR,FIXED BIN(31,0));
DCL (MPU,NMPU,PL) FIXED BIN(31,0) EXT;
DCL MFE(*) PTR CTL EXT;
DCL 1 LINE,
X1 CHAR(1) INIT(' '),
OPC CHAR(6),
X2 CHAR(2) INIT(' '),
INS CHAR(2),
X3 CHAR(3) INIT(' '},
OP1 CHAR(2),
X4 CHAR(3) INIT(' "),
OP2 CHAR(2),
X5 CHAR(1) INIT(' '),
NPC CHAR(6),
SP CHAR(6),
INR CHAR(6),
X8 CHAR(2) INIT(' '},
ACCA CHAR(2),
X9 CHAR(3) INIT(' '),
ACCB CHAR(2),
X6 CHAR(2) INIT(® '),
CCR BIT(8);
DCL, UERR ENTRY(FIXED BIN(31,0));
DCL CONPRT ENTRY(BIT(31));;
DCL ERRPRT ENTRY{BIT(31));
IF MPU<O * MPU>=NMPU THEN CALL UERR(2);
ELSE DO;
NFILE=MPU+3;

IF NNQ(NFILE)\=0 THEN DO;
JEERARRBFAERRURRNAN R A AR SRR R R RRERRRRRRRERER NN/

MMM ONONRDRRDRNNDOND DD

A ®/
/% PRINT TRACE PRINT HEADINGS. &/
/% &/

JRRREAERFRBRIN AR RT U000 00000 00 T 000000 0000 00 00 00 00 00 00 00 0 0 DO B D 8/

&/
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PUT EDIT(' *) (LINE(1),4);

PUT SKIP(2) EDIT{'MPU: °',MPU,'; TRACE PRINT AT ',TNOW,
1SEC. ') (COL(10),4,F(2,0),A,F(12,6),X(1),A);

PUT SKIP(3) EDIT('REGISTERS AFTER EXECUTION')
(COL(41),A);

PUT SKIP EDIT((37)'=")(COL(36),R);

PUT SKIP EDIT('TIME','PC',*INST','OP1','0P2','PC',
*SPt,tIX*,'ACCA', ACCB' , ' XXHINZVC')
{coL(6),A,COL{16),A,COL(21),A,COL(27),A,COL(32),
A,COL{37),4,COL{43),A,COL(4G),A, COL(5Y),A,COL(59),A,
COL{6U4),A);

PUT SKIP EDIT((72)'=')(A);
/l!!!!llll%illllllllllillilIlilIlll!ll!i!l!lllll!!ﬂl/

/% */
/% PRINT TRACE INFORMATION. */
/4 %/

JRNNEHHEAEAR BN RN RN G RN R ARG R RN R BT HRER B A RN RS/

MAX=NNQ(NFILE)/2;
IF MAX>PL-5 THEN MAX=PL-5;
DO J=1 TO MAX;
CALL RMOVE(MFE(NFILE),NFILE);
PUT SKIP EDIT{ATRIB(2))(F(12,6));
IF ATRIB{4)>0 THEN DO;
OP1=SUBSTR(HHEX(ATRIB(5)),4,2);
IF ATRIB(Y4)>1 THEN
OP2:=SUBSTR{HHEX(ATRIB(6)),4,2);
ELSE Op2=' ';
END;
FLSE OP1,0P2=' ';
OPC=HHEX(ATRIB(3));
SP=HHEX(ATRIB(T7)):
NPC=HHEX(ATRIB(8));
CALL RMOVE(MFE(NFILE),NFILE);
INR=HHEX(ATRIB(2));
ACCA=SUBSTR(HHEX(ATRIB(3)),4,2);
ACCB=SUBSTR{HHEX(ATRIB(4)),4,2);
INS=SUBSTR(HHEX(ATRIB(6)),4,2);
I=ATRIB(5);
CCR=SUBSTR(I,24,8);
PUT EDIT(LINE)(A};
TEMP=ATRIB(8);
IF ATRIB(8)\=0 THEN CALL ERRPRT(BIT{TEMP,31));
TEMP=ATRIB(7);
IF ATRIB(7)\=0 THEN CALL CONPRT(BIT(TEMP,31));
IF LINENO(SYSPRINT)>PL-10 THEN J=PL;
END;
PUT SKIP EDIT((72)}'=')(A);
PUT EDIT("' ')(LINE(PL-1),A);
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END;
ELSE PUT SKIP(2) EDIT('TRACE FILE IS EMPTY.')(COL(10),4);
END;
END TRCPRT;
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UERR VERSION-1

UERR: PROCEDURE(CODE);

DCL. CODE FIXED BIN{31,0);

PUT SKIP(2) EDIT('#asnennss
(A,F(3,0));

END UERR;

2/19/78

PUN ERROR NUMBER ',CODE)

./
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/" UMONT  VERSION-1 2/19/78 */

UMONT: PROCEDURE(IX);
JHEASSEANANERRENERRARHNSRARNERRBAGBHTURNSARARRRRRERETS /

/4 */
/% THIS PROCEDURE PRINTS EVENT MONITORIN ®/
/% INFORMATION. &/
A &/

RREEERBABRRARRRFRERUANERRRRRRRAEERERRNR RN RN BERERRNY /

DCL SYSTBL(*,%) FIXED BIN{31,0) CTL EXT;

DCL (PC(®),SP(®),INR(*)) FIXED BIN(16,0) CTL EXT;

DCL HHEX ENTRY(FIXED BIN(16,0)) RETURNS(CHAR(6)};

DCL TNOW FLOAT BIN EXT;

pCL (JEVNT,MPU,NNATR,NMPU) FIXED BIN(31,0) EXT;

DCL ATRIB(®) FLOAT BIN CTL EXT;

DCL (I,IX) FIXED BIN(31,0);

PUT SKIP(2) EDIT('TNOW=',TNOW)(COL(10)},4,E(12,4));

IF JEVNT>9 &JEVNT<NMPU+10 THEN DO:

PUT EDIT('MPU=',JEVNT~10,'STATUS=",5YSTBL(7,JEVNT-10),

*INTERRUPTS PENDING: NMI=',SYSTBL(10,JEVNT-10),

*MI=',SYSTBL(9,JEVNT-10))
(x(3),4,F(5,0),x(3),4,B(31),X(3),4,F(3,0),X(2),A,F(3,0));

PUT SKIP EDIT('PC='""HHEX(PC(JEVNT-10)),'SpP='""
HHEX(SP(JEVNT=10) ), 'INR="""HHEX(INR(JEVNT~10)),
'SYSTBL(8,MPU)=" ,SYSTBL({8,JEVNT-10))
(COL(10),A,X(1),A,X(1),A,X(1),4,B(31));

END;

ELSE PUT SKIP(2) EDIT('JEVNT=',JEVNT,('ATRIB(',I,')=",
ATRIB(I) DO I=1 TO NNATR))
(x(7),4,F(5,0),X(3),(NNATR) (X(2),A,F(2,0),A,E(12,4)));

TX=0;

END UMONT;
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USUM: PROCEDURE;
JHERRARASRRARA NS HRARESEHRGA NG RRERNERRNANERNRERNN NN/

A %/
/% THIS PROCEDURE PRINTS SUMMARY REPORTS FOR THE %/
/% BIMS, */
/% &/

JEREREREREHRARARRNANNERERRANERNNS SRR EHERAERERARE

DCL ATRIB(®) FLOAT BIN CTL EXT;
DCL FIND ENTRY(FLOAT BIN,FIXED BIN(31,0),PTR,FIXED BIN(31,0),
FLOAT BIN) RETURNS(PTR);
DCL 1 BUSTBL(0:2) EXT,
2 ACTIVE BIT(1),
2 CONTR FIXED BIN(31,0);
DCL 1 BIMTBL(0:3) EXT,
2 BDATA FIXED BIN(31,0),
2 STATUS BIT(8),
2 RBFST FIXED BIN(16,0);
DCL, RMOVE ENTRY(PTR,FIXED BIN(31,0));
DCL SNTRY POINTER;
DCL NULL BUILTIN;
DCL MFE(*) POINTER CTL EXT;
DCL (MPU,NMPU,PL) FIXED BIN{(31,0) EXT;
DCL I FIXED BIN(31,0);
IF LINENG\SYSPRINT)>PL-10-NMPU THEN PUT EDIT(' ') (LINE(PL-1),A);
PUT SKIP(3) EDIT('BIM 1I/0')(COL(8),A);
PUT SKIP EDIT('BIM','QUTPUTS','INPUTS')(COL(4),A,
COL(12),A,COL(23),A);
FUT SKIP EDIT((30)'=')(A);
DO I=0 TO NMPU-1;
SNTRY=FIND(10+I,5,MFE(2),1,0);
IF SNTRY\=NULL THEN DO;
CALL RMOVE(SNTRY,2);
END;
ELSE ATRIB(1)=-1;
PUT SKIP EDIT(I)(COL(3),F(3,0));
IF ATRIB(1)>0 THEN PUT EDIT{ATRIB(2),ATRIB(3))
(coL(9),F(7,0),COL(19),F(7,0));
ELSE PUT EDIT{'NO VALUES RECORDED®)(COL(9),A);
END;
PUT SKIP EDIT((30)'=1)(A);
END USUM;
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/%  WRITE VERSION-1 1/13/78

WRITE: PROCEDURE(DATA,ADDRESS);
JORRANEEARN RSN NN RN SRR RS RRR AN ER DR SRR R ER RN EROR NG/

A ®/
/% THIS SUBPROGRAM WRITES THE DATA ONTO MEMORY, ®#/
/% ACCESSES PERIPHERALS AND FLAGS ERRORS OR ®/
/* CONDITIONS IN THE SYSTEM TABLES. :/
A /

JRARRAEEREBARABAHRRALABARROBENNURRARBENNRERENRRNEBNRRR/

DCL SYSTBL{"®,%) FIXED BIN{(31,0) CTL EXT;
DCL 1 PERTBL(") CTL EXT,
PMPU FIXED BIN(31,0),
PADDR FIXED BIN(31,0),
PASSOC FIXED BIN(31,0),
PASADD FIXED BIN(31,0),
PCODE FIXED BIN(31,0),
CTYPE BIT(1),
UNUSED BIT(5),
€2 BIT(1),
C1 BIT(1),
DDR BIT(8),
PDR BIT(8);
DCL HHEX ENTRY(FIXED BIN(16,0)) RETURNS(CHAR(6));
DCL FILEM ENTRY(FIXED BIN(31,0)};
DCL MFIND ENTRY(FIXED BIN(31,0),FIXED BIN(31,0))
RETURNS(FIXED BIN(31,0));
DCL MEM1 FILE RECORD KEYED ENV{REGIONAL(1) ¥(80));
DCL TNOW FLOAT BIN EXT;
DCL ATRIB(*) FLOAT BIN CTL EXT;
DCL FLAG BIT(3);
DCL DATA FIXED BIN(8,0);
DCL ADDRESS FIXED BIN(16,0):
DCL (CYCLES,MPU) FIXED BIN(31,0) EXT;
DCL 1 MEMREC EXT,
2 UNUSED BIT(16),
2 MEM_KEY CHAR(10),
2 LMPU FIXED BIN(31,0),
2 LOC(0:31) BIT(16);
pcL (1,d,LINK) FIXED BIN(31,0);

DCL (STRT,STR8) BIT(31);
/lﬁllliilllilllIlIllll!l!lllliI!lllllllllllll!l!!lil/

MmooV ND

/ &/
/% READ MEMORY LOCATION */
/% */

JREHIAR SRR RN R RN RN AR R AR NN RN RN RN RN RN/

I1=MFIND( ADDRESS, 1)
STR8=BIT(SYSTBL(8,MPU),8);
STR7=BIT(SYSTBL(7,MPU),8);

®/
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IF I<0 THEN SUBSTR(STR8,2,1)='1'B;
JERAREERN SRR AR EARR R RN RR SRR NRRERREERNEDRE

L %/

/% NON-EXISTENT MEMORY LOCATION ACCESSED. %/

/% ®/

JASERN RN SRR AR RN R AR RN BRI AR NER NG RR R/
ELSE DO;

FLAG=SUBSTR(LOC(I),1,3);

IF FLAG='000'B THEN SUBSTR(LOC(I),9,8)=BIT(DATA,8);
/!IlllltIIllllillIllllllIIll!llll.llllliil!llllll!ll/

/" ®/
/% RAM ACCESSED. %/
/® */

FALZIIATAIZ 2SR IR A2 seddi il dlistilliliislilyddly)

IF FLAG='001'B THEN SUBSTR(STR8,5,1)='1'B;
LT e L e T T P R PR YIS TR R R T 2

/% */
/% ATTEMPT TO WRITE ON ROM...DATA NOT WRITTEN. 8/
A %/

FALITR LTS 22122t 32 {22 d 2 izt ol lsl Ly )

IF FLAG='010' ° FLAG='011'B THEN DO;
JRNRRES AR RERBR SRR RN AR RN R NR BB RERRA R RN/

I ®/
/% PERIPHERAL CHIP ACCESSED. L
/% */

JRRBRERBSARRURAR AN ARE AR R RRSHRRRRRRH B FARERRRRRE )

IF FLAG='011'B THEN DO;
JARRREN R AR AR RN RN RN SRR AR RGO RENRRRNE

A &/
/% SECOND LOCATION PERIPHERAL ACCESSED. */
/% %/

FALTIZ AT RZR RIS 2R R a2 d 242 1dd2lidethlsstly)

I1=MFIND(ADDRESS-1,1);
LINK=BIN(SUBSTR(LOC(I},4,9),31,0);
1=MFIND(ADDRESS,1);

IF PCODE(LINK)=1 ~ PCODE(LINK)=2 THEN DO;
/llIll!lll!!!!Illllllll!lll!!lIIl!llIl!l!IlllllIllll/

/% %/
/% PIA ACCESSED (SECOND LOCATION). %/
/* WRITE DATA INTO CONTROL REGISTER BITS 0 TO 5 %/
/" %/

SRR R AR A SRR RERAN RN NG R R B R RGN RN R ERARE RN RNERRNE /

SUBSTR(LOC(1),7,6)=SUBSTR(DATA,3,6);

IF SUBSTR(LOC(I),T,1)='1'B THEN DO;
/ﬁliI!Illilﬁl!llllIllllll.Ilﬂ!Illllllllllllllllliili/

/% %/
/% CHANGE C2 TO CORRECT VALUE FOR OUTPUT MODE. */
/% ®/
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/AR RRNAR AR RN AR N AR EERAREE RN AR EERNR N RERR NN /

ATRIB(1)=TNOW;
ATRIB(2)=300;
ATRIB(3)=PASSOC(LINK);
IF CTYPE(LINK)='1'B THEN DO;
IF SUBSTR(LOC(I},9,1)='1'B THEN DO;
ATRIB(4)=2;
C2(LINK)='1'B;
END;
ELSE DO;
ATRIB(#4)=3;
C2(LINK)='0'B;
END;
END;
ELSE DO;
IF SUBSTR(LOC(I),9,1)='1'B THEN DO;
ATRIB(Y4)=4;
C2(LINK)="'1'B;
END;
ELSE DO;
ATRIB(4)=5;
C2(LINK)='0'B;
END;
END;
ATRIB{5)=0;
ATRIB(6)=PASADD(LINK);
CALL FILEM(1);
END;
END;
ELSE Dn;
1f PCODE(LINK)=3 THEN DO;
/lllilllIlﬂ!llllIIlllllll&llﬂl!lilllllll!lll!ﬂ!ll&!l/
/" L4
/% ACIA ACCESSED (SECOND LOCATION). 4
/% WRITE DATA INTO TRANSMIT DATA REGISTER AND */
/% SCHEDULE A DATA TRANSFER EVENT FOR ASSOCIATE. #/
/% %/
/lﬂ!lllII!I!l.ll!lIllIl!IIllIlﬁlllllll&!lllillllll!l/
SUBSTR(LOC(I),5,8)=BIT(DATA,8);

SUBSTR(DDR(LINK),7,1)="'1'B;
/Illll!llllli!!l!ll'll!llllllllilllllllll!!lll!lllll/

/* ®/
/% SCHEDULE DATA TRANSFER EVENT FOR ASSOCIATE. &/
/% &/

el T T e YL T e e Y YT Y T YTy
IF CYCLES>D
THEN ATRIB(1)=TNOW+CYCLES*0,000001;
ELSE ATRIR(1)=TNOW+0.000004;
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ATRIB(2)=300;
ATRIB(3)=PASSOC(LINK);;
ATRIB{Y4)=1;
ATRIB(5)=DATA;
ATRIB(6)=PASADD(LINK);
CALL FILEM(1);
SUBSTR(STR7,10,1)="1'B;
END;
ELSE SUBSTR(STR8,6,1)='1'B;
/AR RN R AR AR R RN SRR LR NG RN RSB ERE B RN

/® ®/
/% BAD PERIPHZRAL DEVICE ACCESSED, 4
/% %/
/RSB R AR T NN RN AR RN RE RN AR R RN R RN/
END;
END;
ELSE DO;
JEHRRAE GG EE RN SRR R R AN NN BB R RENRNROE
/" "/
/% FIRST LOCATION PERIPHERAL CHIP ACCESSED. */
A &/

JUHRNARERRNEBERENARERRNRRRERNRRRERERAR G ERRRERSANEERE /

LINK=BIN(SUBSTR(LOC(I),%4,9),31,0);

IF PCODE(LINK)=1 * PCODE(LINK)=2 THEN DO:
/l!lllllllllIl!IIllllllillI!l!llIllllilillllllllllll/

/% %/
/% PIA ACCESSED. ®/
/% ®/

VALLAR SR LRI SR 22 222222 IR s 2 a et il saiqlls] ¥y

I=MFIND(ADDRESS+1,1);

IF SUBSTR(LOC(I),10,1)="'1'B THEN DO;
L e T e P T P YT T Y )

/* */

/* PERIPHER DATA REGISTER ACCESSED. "/

/% ./

JHNRE RN ENREE RN RR NS EREER RN E R RN AR RARE
DO J=1 TO 8;

IF SUBSTR{DUR(LINK),J,1)='1'B THEN
SUBSTR(PDR(LINK),J,1)=

SUBSTR(DATA,J,1);
END;
/ARERE AR RN RRN RN RN RN R RN RN RRRREY
/% LY
/% SCHEDULE DATA TRANSFER EVENT. &/
/% #y

VALIAAA L LI I R IR a2 qsditesslitlsddslzsl iy

IF CYCLES>0 THEN
ATRIB(1)=TNOW+CYCLES®0,000001;
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ELSE ATRIB(1)=TNOW+0,00000%4;
ATRIB(2)=300;
ATRIB(3)=PASSOC(LINK);
ATRIB(U)=1;
ATRIB(5)=BIN(PDR(LINK),31,0);
ATRIB(6)=PASADD(LINK);

CALL FILEM(1);
SUBSTR(STR7,10,1)="'1'B;

IF PCODE(LINK)=2 THEN DO;

IF SUBSTR(LOC(I),7,3)='101'B THEN DO;
/illl!dlllIllllllll!lilll%lll!i!illillllllllllllllﬁi/

/* %/
/% SCHEDULE C2 RESET AND SET (PULSE MODE). %/
/% */

/llllllll'illl'!Ii'lﬁiiill'llllllllIl.lillll.ﬁ!ll'!l/

IF CYCLES>0 THEN ATRIB(1)=TNOW+
0.000001*{CYCLES+1);

ELSE ATRIB(1)=TNOW+0.000005;

ATRIB(2)=300;

ATRIB(3)=PASSOC(LINK);

IF CTYPE(LINK)='1'B THEN
ATRIB(Y)=3;

ELSE ATRIB(H4)=5;

ATRIB(6)=PASADD(L.INK);

CALL FILEM(1);

ATRIB(1)=ATRIB(1)+0.000001;

ATRIB(4)=ATRIB(Y4)-1;

CALL FILEM(1);

ATRIB(3)=MPU;

ATRIB(Y4)=4;

ATRIB(6)=ADDRESS;

CALL FILEM(1);

C2(LINK)='0'B;

END;

IF SUBSTR(LOC(I),7,3)='100'B THEN DO;
/!!lil&llllliillllll!!l!llillll!lllli!!ll!l!lllilil!/

/% */
/% HANDSHAKE MODE ON B-SIDE...SCHEDULE C2 RESET. #/
/" */

/ll'll'iIII!IllIllllll*l.'IlIllllllilllllﬁﬁlllliﬂlll/

IF CYCLES>0 THEN ATRIB(1)=
TNOW+0.000001# (CYCLES+1);

ELSE ATRIB(1)=TNOW+0,000001%;

ATRIB(2)=300;

ATRIB(3)=PASSOC(LINK);

IF CTYPE(LINK)='1'B THEN
ATRIB(L4)=3;

ELSE ATRIB(Y4)=5;
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ATRIB(6)=PASADD(LINK);
CALL FILEM(1);
ATRIB(3)=MPU;
ATHIB(“):S;
ATRIB(€ \=ADDRESS;
CALL FILEM(1);
END;
END;
END;
ELSE DDR(LINK)=BIT(DATA,8);
/R RSN AR RN RSN R S SR RSN RS RN NN R B R B R B SRR/

/® #/
/% DATA DIRECTION REGISTER ACESSED, */
A */
JONNE SRR RN E NN NN RS R RSP RRRRRRRR RN EE RO/
END;
ELSE DO;
/RN ER SRR RN R RN E RN RRR BN RN RN/
A %/
/% ACIA FIRST LOCATION ACCESSED. */
/% %/

SO U000 0000000000 00 00 00 0000 0000 0000 00 00 00 00000000000 0 00 00 006 060 00 00 0 5

IF PCODE(LINK)\=3 THEN SUBSTR(STR8,6,1)='1'B;
FALAIIZ LR T2 22222 21212 edaddliq izl elll] o

/* 8/

/% BAD PERIPHERAL LOCATION ACCESSED. */

/* L7

JHARANE RS RR RN RSN RSN ERR NN N RN R R RRRA RS RN RN RN RO/
ELSE DO;

PDR{LINK)=BIT(DATA,8);

IF SUBSTR(PDR{LINK),7,2)='00'B THEN DO;
/l|Il!iilll!l"'Illlll.IIl'll!lllllll'l!llllli!llﬂ.!/

A L ¥

/% MASTER RESET, ./

/% &/

JURRE RN RSN RCE RN RN B RN RN AR/
PDR(LINK)="'0'B;
DDR(LINK)='0'B;
SUBSTR(LOC(I),13,4)="'0000"'B;
I=MFIND(ADDRESS,1);

SUBSTR({LOC(I),13,4)='0000"'B;
CTYPE(LINK)='0'B;
END;
END;
END;
END;
END;
SYSTBL(8,MPU)=BIN(STR8,31,0);
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SYSTBL(T,MPU)=BIN(STRT,31,0);
END; :
RETURN;
END WRITE;



APPENDIX 4: OUTPUT EXAMPLES.

The following is an example of the printouts produced by the
simulator either by default or by user specification. Not all of the
outputs produced by the GASP-PL/I programs are inecluded because all of

these- are reproduced in reference 12.

262
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INITIAL SYSTEM CONFIGURATION
SREBRERRERRARERR RSN FBR RN

MPU NUMBER 0 1 2 3
MEMORY SIZE 4og6 k096 4096 4096
PERIPHERALS 2 2 2 2
TRACE TYPE ADDRESS ADDRESS ADDRESS ADDRESS
TRACE START 0998 0998 0998 0998
TRACE STOP 099Aa 0994 099A 0994
TRACE FILE 3 h -5 6

A o A W A g e HE e e A A S S e S P SOk P ok A kP S A A Sy S St A Sar vl W b O A S Ay S A b
-ttt e e e R e

SIMULATION CONTROL SPECIFICATIONS:
0  100000000000000000000000CG000000
1 0000000000000000000000000000000
2 0000000000000000000000000000000
3 0000000000000000000000000000000

PERIPHERAL CONFIGURATION
ERNE R R R R RN

PIA UNITS
ADDR ASSOC ASADD SIDE CR DDR PDR C1 C2 CTYPE MPU
0800- 100 0001 A 11000000 00000000 00000000 O O 1 0
0802 100 0000 B 11000000 00000000 00000000 O O 1 0
0800 101 0001 A 11000000 00000000 00000000 O O 1 1
0802 101 0000 B 11000000 00000000 00000000 O O 1 1
0800 102 0001 A 11000000 00000000 QCGO00000 0O O 1 2
0802 102 0000 B 11000000 00000000 00000000 Q@ O 1 2
0800 103 0001 A 11000000 00000000 00000000 O O 1 3
0802 103 0000 B 11000000 00000000 00000000 0 O 1 3

ACIA UNITS
ADDR ASSOC ASADD CR SR TDR RDR MPU

NONE

A P o v A b Ay vy S e A S P A S S A e ok S T W S S YR il e el S S W A M W U kAR g o AR S SN S e A
T e A vl S T e o e e Nt o s A e e A A s e e e e R U e M ek W M A G e W e e b

Figure Al,1: Initialization Echo Cheok of System Configuration.
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MEMORY DUMP FOR MPU 0O

0800--PPPPPPPP00000 1000000000000000000082000000850000000000000 10000000
0820--08000A00010B00020C00030D00040A60050B60060C60070D60080E00090FC00A
0840--0E600BOF60000000000000000000000008010102010301FF01070104010501FF
0860--0109010B010A01FF010000000000000000000000000000000000000000000000
0880--0000000000000000000000000000000000000000000000000000000000000000
0840--0000000000000000000060000000000000000000000000000000000000000000
08C0--0000000000000000000000000000000000000000000000000000000000000000
08E0--0000000000000000000000000000000000000000000000000000300000000000
0900--B6080185802706B60800B708 1B3B000000000000000000000000000000000000
0920~--8E08FF86FFBT708028625B70801862CB70803B60800B60802CE0900FFFFF88605
0940--B708020EB6081ABDO9E386014501274ATE09849600B708 1ABDOIE3IFF08169601
0960-.-E600C 1FF2T4FBDO9DSET017FOC0 14FBDOID6A60 19T00FE0B168601450127DUB6
0980--02B708028620B70705B608 1ABDO9EFA6002C03BD2000EEQ 14D008690B70705B6
09A0--0704858026F98604B708023EB608 1B8509264020F6BD0O9D6A600ATO16C034603
09C0-~-A10226A76F037C0001960291012E037F0001960 12099CE00034A2D0608080808
09E0--20F739FE0814084A2D0Y080820F939FECS 10084 A2D0508080820F83900000000
0A00--FE0B064C0926FC39000000000000000000000000000000000000000000000000
0A20--0000000000000000000000000000000000000000000000000000000000000000
0A40--0000000000000000000000000000000000000000000000000000000000000000
0A60--FE08064C0926FC39000000000000000000000000000000000000000000000000
0A80-~0000000000¢00000000000000000000000000000000000000000000000000000
0AA0--0000000000000000000¢00000000000000000000000000000000000000000000
0ACO--0000000000000000000000000000000000000000000000000000000000000000
0AE0-~--0000000000000000000000000000000000000000000000000000000000000000
0B00--FE0B8064C0926FC39000000000000000000000000000000000000000000000000
0B20-~-0000000000000000000000000000000000000000000000000000000000000000
0B40--0000000000000000000000000000000000000000000000000000000000000000
0B61--FE08064C0926FC39000000000000000000000000000000000000000000000000
0B80~-0000000000000000000000000000000000000000000000000000000000000000
0BA0-~0000000000000000000000000000000000000000000000000000000000000000
0BC0--0000000000000000000000000000000000000000000000000000000000000000
0BE0--0000000000000000000000000000000000000000000000000000000000000000
0C00-~FE0B064C0926FC39000000000000000000000000000000000000000000000000
0€20--0000000000000000000000000000000000000000000000000000000000000000
0C40--0000000000000000000000000000000000000000000000000000000000000000
0C60-~FE08064C0926FC39000000000000000000000006000000000000000000000000
0C80--0000000000000000000000000000000000000000000000000000000000000000
0CA0--0000000000000000000000000000000000000000000000000000000000000000
0CC0--0000000000000000000000000000000000000000000000000000000000000000
0CE0-~00000000003000000000000000000000C0000000000000000000000000000000

Figure A4.1: Mermory Dump Example.
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0; TRACE PRINT AT 0.0006317 SEC.

REGISTERS AFTER EXECUTION

. v M 007 o 000 i P S W St e D aa e G -
e . TR o o P e e o e o e e e s el T e o T e o B

D Tk . S Y G D RO o A P D S S p R S D g e O S0 ) S S Sk G G Y N0 e vt A S b D Ve e NP S S i S W Rk A S VG R P S
A R R N R R R r R S R R e N R N R R T R R N N e m T o o v o o 0r o0 o o o o it 0 o ot %0 AR o 8 780 o i P om s wie o om f o & e 0

08
09
08

o4

01
01
4A
09
20
07
08
09
08

FF 0923 O8FF 0000 00 00 11010000

0925 OBFF 0000 FF 00 11011000
02 0928 O8FF 0000 FF 00 11011000
092a O8FF 0000 25 00 11010000
01 092D O8FF 0000 25 00 11010000
092F O8FF 0000 2C Q0 11010000
03 0932 O08FF 0000 2C 00 11010000
00 0935 O8FF 0000 00 00 11010100

02 0938 OBFF 0000 FF 00 11011000

00 0938 O8FF 0900 FF 00 11010000
FB O093E OBFF 0900 FF 00 11010000

0940 O8FF 0900 05 00 11010000
02 0943 O08FF 0900 05 00 11010000

0944 O8FF 0900 05 00 11000000
1A 0947 O8FF 0900 00 00 11000100
E3 O09E3 O08FD 0900 00 00 11000100
14 09E6 O8FD 0850 00 00 11000000
09E7 OBFD 0851 00 00 11000000
09E8 O08FD 0851 FF 00 11001000
O9EE O8FD 0851 FF 00 11001000

Q0944 OBFF 0851 FF 00 11001000

094C OBFF 0851 01 00 11000000
094E O8FF 08%1 01 00 11000000
0950 O8FF 0851 01 00 11000000
84 0984 OBFF 0851 01 00 11000000
0986 O8FF 0851 20 00 11000000
05 0989 OBFF 0851 20 00 11000000
1A 098C OBFF 0851 00 00 11000100
EF 09EF O8FP 0851 00 00 11000100
10 O09F2 OBFD 0820 00 00 11000000
09F3 08FD 0821 00 00 11000000
09F4 O08FD 0821 FF 00 11001000

MPU:
TIME PC  INST
0.000007 0920 8E
RNEBERAR RESET
0.000009 0923 86
0.000014 0925 BT
0.000015 0928 86
0.000020 0924 BT
0.000022 092D 86
0.000027 092F BT
0.000031 0932 B6
HHERERR DATA INPUT
0.000035 0935 B6
SENNNNE DATA INPUT
0.000037 0938 CE
0.000043 093B FF
0.000045 O093E 86
0.000050 0940 BT
SEREEED DATA OUTPUT
0.000052 0943 OQE
0.000055 0944 B6
0.000064 0947 BD
0.000069 O9E3 FE
0.000073 0986 08
0.000075 09E7 4a
0.000078 O9E8 2D
S4eR#8e PROGRAM BRANCH
0.000083 O09EE 39
#E#488% RETURN-FROM-SUBROUTINE
0.000085 o094 86
0.000090 094C A5
0.000094 O94E 27
0.000097 0950 TE
0.000098 0984 86
0.000103 0986 B7
0.000107 0989 B6
0.000116 098C BD
0.000120 OY9EF FE
0.000124 09F2 08
0.000126 09F3 4a
0.000130 O9F4 2D

#ubend® PROGRAM BRANCH

0.000135

09FB

39

05

O9FB O08FD 0821 FF 00 11001000

098F O8FF 0821 FF 00 11001000

HRENEE RETURN-FROM-SUBROUTINE

e A e P = A S o oS N W Sy S A S S D A A e v D S e A e S o A e S M G D Mu A R b e i A e A e R W N A e
Ittt

Figure Al.3:

Trace Print Example,
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#8548  SIMULATION RESULTS Weee
FINAL STATUS REPORT---- MPU NUMBER O0:
PC= 0A03 SP= O8FD INR= OOFB ACCA= 0005 ACCB= 0001 CCR=11000000

FINAL STATUS REPORT---- MPU NUMBER 1:
PC= 0000 SP= 0000 INR= 0000 ACCA= 0000 ACCB= 0000 CCR=11000000

FINAL STATUS REPORT---- MPU NUMBER 2:
BPC= 0000 SP= 0000 INR= 0000 ACCA= 0000 ACCB= 0000 CCR=11000000

FINAL STATUS REPORT---- MPU NUMBER 3:
PC= 0000 SP= 0000 INR= 0000 ACCA=z 0000 ACCB= 0000 CCR=11000000

PERIPHERAL CONFIGURATION
TITTTITITIT TR 2 I 222 1)

PIA UNITS
ADDR ASSOC ASADD SIDE CR DDR PDR C1 C2 CTYPE MPU
0800 100 0001 A 00100101 00000000 00001001 1 O 1 0
0802 100 0000 B 10101100 11111111 00000010 1 1 1 0
0800 101 0001 A 11000000 00000000 00000000 O O 1 1
0802 101 0000 B 11000000 00000000 00000000 O O 1 1
0800 102 0001 £ 11000000 00000000 00000000 O O 1 2
0802 102 0000 B 11000000 00000000 0000C000 O O 1 2
0800 103 0001 A 11000000 00000000 00000000 O O 1 3
0802 103 0000 B 11000000 00000000 00000000 O O 1 3

ACIA UNITS
ADDR ASSQC ASADD CR SR TDR RDR MPU

NONE

Figure A4,4: Final Summary Prints.
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SIMULATION STATISTICS

T Ty ey y e e P Y LT X T 334
o T I T P T o e o o i e e e I T T e o T i o v o o ) A0 % o e o ot 59 60 o ot 0 W 0 o D VA P S S

0 888 3 3 0 1 269 1 8

1 0 0 0 0 0 ¢ 0 0

2 0 ¢ 0 0 0 0 0 0

3 0 0 0 ] 0 0 0 0
MPU RESET RUNNING HALTED LAST RESTART LAST HALT

P N e e L L T T T LI I - 1
E e R S L LR SR L SRS R e e N e s S S s e n e a s s s e e r T A e mm o m e o - -w

0 1 2.93140E-03 6.86047E~05 2.70761E-03 3.00000E-03
1 0 0.00000E+00 3.00000E-03 0.00000E+00 0.00000E+00
2 0 0.00000E+00 3.00000E-03 0.00000E+00 0.00000E+00
3 0 0,00000E+00 3,00000E-03 0.00000E+Q0 0,00000E+00

A S b S W W S S S S A S A AN e Al S o S e A S O T Al S S A e et P S O
e R S R T R S S R N e r s R L s e r s S n r s a L a r e e o o o = o o o 50 o i - -

BIM 1/0
BIM OUTPUTS INPUTS
0 15 0
1 0 15
2 0 15
3 0 15

o - g - -
e ERER oo oSSR SRS S RS2

Figure A4.4: Final Summary Prints (continued).



ITIME-0
ITIME~1
ITIME-2
ITIME-3
BUS~0

BUS-1

BUS=-2

BUS-3

TOSWT-C
TOSWT-1
TOSWT-2
TOSWT=-3
BUSWT-S
TOSWT=-S

MEAN
3.4561E+00
NO
NO
NO
3.0047E-05
NO
NO
NO
7 .5234E~05
NO
NO
NO
3.0047E-05
7.5234E-05

SIMULATION PROJECT NUMBER 40
09/07/78 11:46:58
3.0000E-03

DATE:

CURRENT TIME =

RRGASP SUMMARY REPORT##®

BY G. A. BRENT
RUN NUMBER

1 OF

#RSTATISTICS FOR VARIABLES BASED ON OBSERVATION®®

STD.DEV.
1.1526E+00
VALUES RECORDED
VALGES RECORDED
VALUES RECORDED
0.0000E+00
VALUES RECORDED
VALUES RECORDED
VALUES RECORDED
0.0000E+00
VALUES RECORDED
VALUES RECORDED
VALUES RECORDED
0.0000E+00
0.0000E+00

Figure AL.5:

S.D. OF MEAN

3.867TE-02

0.0000E+00

0.0000E+00

0.0000E+00
0.0000E+00

COEF. VAR.
3.3349E-01

0.0000E+00

0.0000E+00

0.0000E+Q0
0.0000E+00

MIN.
2.0000E+00

3.0047E-05

7.5234E-05

3.004TE~05
7.5234E-05

GASP-PL/I Finzl Summary Report.

MAX.
1.0000E+01

3.0047E-05

7 .5234E-05

2.0047E-05
7.5234E-05

OBS.
888
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