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ABSTRACT

An emulator is <constructed in order to study the
behaviour of a Tactical System in a distrituted
micro-computer architecture environment. This emulator
represents Tactical Systems as a set of periodic and demand
scheduled functional module processes that colaborate with
each other.

A special purpecse operating system was implemented for
the distributed micro-computer architecture that supports
the emulator. It includes processor management and system

wide input/output capabilities.
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I. INTRODUCTION.

A. MOTIVATION.

LSI technolozy has brought to the market new
micro-computers which meet most of the requirements needed
for tactical system development. They are highly reliable
(hardware), small, easy to mantain, don’t need much power,
have a powerful instruction set and also, because the great
acceptance within the gzeneral market, they are relatively
cheap and have consideradle software support. The question
is whether new architectures built from these computers will
perform ia a satisfactory manner within the real-time
constraints imposed by tactical systems.

Tactical Systems are mostly dedicated systems, that 1is,
they are designed to accomplish repetitive computations over
the same aAalgorithm. They are, also, functiornally oriented,
and most of the time the designer has a very go00od idea about
the amount of execution time and memory space needed by each
function before i1mplementation takes place.

Tactical Systems can be viewed as a set of functicnal
modules related by communication links. With this in mind, a
tactical system could be mapred into a di-graph, where a
node would represent a functional module and an arc the
information crossing from one module to another.

As an example, take the di-graph ia Figure 1. Nodes
1,2,3,4 and S represent functional modules which perform

certain predetermined functions needed by the tactical




-

system. Arcs (a),(b),(c) and (d) represent information

crossing from one module to another.

o P4 ]

FIGURE 1. Zxample of a Di-graph

e must now observe that each node or set of nodes can
be mapped into a process, where a process 1is characterized
by an execution point and an address space, ard each arc can
be mapped 1intc an interprocess communication message. with
this mapping sequence we transform the original tactical
system into a computer system design.

The task of partitioning the diagraph so as to define
the process set is not addressed in this thesis. Reference
(4] reviews the published literature on graph vartitioning.

Tarly tactical system implementations concentrate the
computation effort in one relatively large, fast computer.
In doine so, these implementations arrange the processingz
sequence into a totally ordered set. i.e. in our previous

example, the processor would be wused successively by
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processes 1,2,3,4,5 and back to 1. The processor needs to be
fast enough so it can be used by all the processes within
the real-time constraints without diminishing the
performance of the system., Sometimes these systems work
based on a pooled algorithm in which the processes which do
not need the immediate use of the processor are skipped
until the next round. Even then, the processor must be such
that it can handle the maximum load.

A different implementation approach can bte taken. We
could <concentrate our effort in distributing the processes
among several sSlower computers which collaborate with =ach
other in pursuing the same system goals. Our main concern in
distributing the processes among several computers is the
resulting inefficiencies introduced by the distribution:

1) Greater communication protlems between computers.

2) Duplication of data and programs.

3) Imbalance in execution time and ©vrogram size among
the processors.

Reference ([3] -explains a data flowgraph technique that
allows us to explicity determine the numbder of data elements
which must be communicated between processes. The flowgraph
analysis allows us to coaclude if our processes could bde
carried out in different computers comvletely independent
without creating communication problems.

Given that we have follow2d the last approach, we are
interested in finding out whether we can meet the real-=time

requirements imposed by the tactical systems. Followinz our

5




previous example, we can examine the idea using Figure 2.
C?U0 A is the fast processor used 1in the centralized
implementation. Assume we have two slower processors ( CPU 1
and CPU 2 ) for our distributed approach. Given that we have
determined that processes 1 and 2 and then 4 and 5 can bte
executed , we want to fird if the time lapse 1in which the
five processes are executed by CPU 1 and CPU 2 meet the

real-time requirements.

CPU & I~ "N S == A =R R e |
1 2 3 4 5

CPU 1 9--\\\;\\\—--—}\\;\\}-——-\\\;\\\——---——-{
} |
CPU 2 j-==\\\\\\\ i AW\ e |
2 lgap-! gap-! 4

FTIGURE 2. Time lines for centralized
and distributed approaches.

In most typical tactical systems, we <can estimate the
execution time reguired <ty each process, as was mentined
vefore. The critical point in findinz ¢the ¢time frame in
which the system is gzoing to work 1is the interpracess
executicn gaps and how much they diminish the overall
performance.

A hardware architecture has been proposed in Reference
[31. In this architecture the system is built from identical
single board processors such as the INTEL SBC2@-28 or the
Texas Instruments T™M 390@. The boards are connected by the
INTEL MULTIRBUS, TI TILINE or the Ligital Tquipment’s UNIBUS.
A zroup of single board computers connected on a parallel

bus is called aa “affinity zroup’.

12
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A Real-Time Operating System for Single Board Computer
Based Distributed Naval Tactical Data System was developed
at the Naval Postgraduate School ( see Reference [2] ) in
order to support the implementation of tactical systems, on
an architecture of independently  operating single board
processors.

In order to determine if such architectures can
affectively support tactical processing, the results of
analysis should be verified by a more realistic emulation of
the system. It is the purpose of this thesis to implement an
emulation system based on a multiple single board computer
architecture and the real-time distributed operating system

[ Ref. 2 1.

B. DESIGN CBJECTIVES.

As mentioned ﬁefore. a Tactical System could bYe mapped

into a system of independent processes related by

[

nterprocess communication messages. The goal of this thesis
1s to create a Tactical System Emulator in order to study
the behaviour of such a system in a distributed
micrccomputer architecture.

The Tactical System Emulator intends to be a tool for
helping the tactical system designer in allocating the
different processes, 1into which his system has been
partitioned, tetween the processors available in a proposed
microcomputer network. 3y using the emulator, the system’s

designer can identify potential communication bdottlenecks




before the system is fully implemented.

The Tactical System is viewed for this purpose as a set
of functional modules that interact with each other through
messages. There are two kinds of functional modules:
periodic and demand. Periodic functional modules become
active every predetermined 1interval of time. They are
triggered by the system and are wusually in charge of
input/output functions. Demand functional modules become
active upon receipt of a message. This message can be sent
by periodic as well as ty demand functioaal modules.

The Emulator replaces every periodic functional module
with a dummy periodic module and every demand functional
module with a dummy demand mcdule. These dummy modules are
not expected to perform the required function but to consume
execution time 1in the same way as if they were doing it.
They are also expected to transmit dummy messages of the
same length and destination as the ones sent by the real
functional modules they are replacing.

At execution time, the Emulator would save statistics
about the behaviour of the system with emphasis on the
interprocess communication delays.

The emulator would also provide a djyaamic tactical
system’s definition tool. This definition tool will allow
the user tc define the real Tactical System’s parameters and
then will distribute this information among the Single board
computers, so as to prepare the emulator data structure for

the emulation. In other words, the user will interact with

14




the emulator system in preparing the emulation enviroanment.
The emulator will require system parameters such as the CPU
time needed by each functional module, number of messages ,
destination and length of each message, number of processors
needed and so on.

It would ©bYe also necessary that the emulator allcw the
user to redistribute the modules between processors and to

modify the emulation parameters dynamically.

€. THESIS BODY.

The architecture of the distributed system of SBC8@-20
micro-computers was chosen because the availability of the
single board computers in the micro-computer ladoratory. The
availability of the system’s programming language, PLM&Q,
ard the existance of a previous thesis which 4implements a
real-time operating system for the same architecture ( see
Reference [21 ) were equally important reasorns for choosine
this architecture.

Tailoring this operating system to meet the emulator
needs and to run in the choosen architecture, took most of
the thesis effort. Chapter II and III explain the
characteristics of the system <created ¢to subpport the
emulator and the implementation details.

Chapter IV describes the emulator as it was conceived
and implemented. Appendix C explains how to use the

emulator.

15
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II. DISTRIBUTED SYSTEM.

A. GINERAL IDEA.

Real-time applications push computer and programming
technology to its limits (and sometime beyond). A real-time
system s expected to monitor simultanecus activities with
critical timing constrains continuosly and reliably. The
consequences of system failure can be serious.

Real-time systems mus achieve the ultimate in
simplicity, reliability, and efficiency. Otherwise one can
neitker understand them ,depend on them, nor expect them to
keep pace with their environment.

To make a real-time system efficient will oprobably
require the design of computer architectures tailored to
particular applicatiors. Real-time systems have these
characteristics:

(1) A Real-time System interacts with an environment in
which many things happen simultaneously at high speeds.

(2) A Real-time system must respond to a variety of
asynchronous reqnests from its environment. The system can’t
predict the order 1n which these request will be made but
must respond to them within certain time limits. Otherwise,
input 1ata may be 1lost or output data may lose 1its
siznificance.

{3) & Peal-time System controls a computer with a fixed
configuration of processors and peripherals and performs (in

most cases) a fixed number of concurrent task in its

16




environment.

(4) A Real-time System never terminates but continues to
serve its environment as lonz as the computer works. (The
occasional need to stop a real-time system, at the end of an
experiment <can be handle by an ad hoc mechanism, such as
turninzg the machine off or loading another system into it.)

What is needed then for real-time applications 1is the
atility to specify a fixed number of concurrent tasks that
can respond rapidly to asynchronous requests. The system
prcposed here is a real-time system with the following
characteristics:

1) A Real-time System consist of a fixed numdber of
concurreat processes that are started simultaneously and
exist forever. Tach process can access 1ts own variables as
well as shared information.

(2) Processes can interchange information by sendinz
messages to each other. This way a process can request
services from another process. This 1is the only form of
interprocess communication.

(3) Processes are synchronized by means of interprocess

communication messages.

B. ASCHITECTURE.

The proposed architecture consist of a set of identical
single board computers and read/write memory boards

connected by a time multiplexed jata bus.( see Figure 3.)

17




; MULTIBUS !

FIGURE 3. An "Affinity Group .

Yach Single Board Computer (from now on aamed SBC) is
able to communicate with the others by means of a messaze
tuffer located 1in common memory {(the memory boards). When
ore SBC wants to transmit some information. to another, it
would store a message with the information in common memory
and then the receiver will pick it up from there.

The system to be 1implemented could be defined as a
special purpose operatine system. It provides interprocess
communication, in the fcrm of message routing, and process
scheduling. It also provides system wide input/output
facilities. Memory and Information management are not
considered necessary for this class of tactical operatine
system, so these fuactions must be provided by the user.

The Operating System recognizes three kinds of tasks:
Priority task, Message task, and Periodic task. All user”’s
applications must be tailored to fit into these catezories.

Priority task are scheduled for system eveats. These
usually cover the input/output and real-time clock
computational needs. A zero count in a system count-down
clock, an interrupt or a system reset are examples of event

that would produce the scheduling of one of these task.

18




Message tasxs are scheduled upon receipt of a message
for them. These are usually defined by the user and carry
most of the computations.

Periodic tasks are scheduled at the end of a time-lapse
defined by 1its period. A periodic task is defined with an
entry point, and an interval of time (period). The system
keeps track of the next activation-time and the state of the

task.

C. THE EXECUTIVE.

Each SBC 1s driven by an executive which resolves
priorities tetween system task ©based on the algorithm
descrived by the flowchart in Figure 4.

Prinrity tas«s have the highest priority. Messaze tasks
have the next higkest priority. Periodic tasks have the next
hizhest priority and background tasks droceed at the lowest
priority level.

The ZExecutive must check for messages comming from two
different sources. One is the SBC buffer used by the system
as an immediate message buffer. The other is the System
buffer used as a system wide message buffer. Messages
directed to messages task allocated in the same computer as
the source will only use the SBC buffer. If the directed
message task 1is not allocated 1n the same computer the
message will be put in the system buffer to be picked up by
the respective executive.

Periodic task initiation is based on the content of the

1s
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real-time system clock. Fach periodic task 1is associated
with an activation ¢time. When this time is lower or equal
than the real-time clock the task will ©be scheduled. The
real-time clock must be system wide so that the reference

for all the executives will bde the same.

| system!

! 4pntt. |

<-—_

)
]
!
]
'

£\
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| task? |=====>! serve priority task |=>
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! task? |===-==>| serve message task |-->
¢ TR R
, Velt

LW J
n

il
/ \
/ \
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\task?/ ¥y
Y
N/
i n
|

| background;
! tasks ey >

FIGURE 4, Executive Flowchart.
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"D. INPUT/OUPUT.

Tach SBC must be able to handle 1its own input/output
resources. The presence of data to be transmitted or
received from an external device will ©be considered as a
system eveant able to be identified locally by the SBC to
which the device is connected.

This input/output event will produce the scheduling of a
corresponding priority task which would be able to receive
or transmit the data.

All input/output procedures then would be made at this
level. The interchange of data will te between the external
devices and locally allocated input/output buffers.

A combination of priority and message tasks should be
used for serving the interrupt driven input/output
functions. Ianterrupt driven I/0 must be used rather than
dedicated I/0 in order to allow other tasks to te served
while the communication interchange 1is in progress and
contributed to meet the real-time constrains as needed.

Fcr the serial I/0 interface <constructed, an 1input
(priority) taskz will <collect the input data in a bduffer.
When the input task recei&es an end of data notification, it
will empty the obuffer by sénding a message to the task which
uses the data.

A virtual system console, able to be attached to any one
of the processors is created. It provides the wuser with a
powerful tcol for constructing user interface software. Ad

hoc system routines like PRINTSSYNC and CONSINPUTSREQ, for

21




input/output to this console, are offered to the user in
order to facilitate the control of the virtual device.
Because the characteristics of the system, an input
operation is not a function but a request for an input
message string. In the case of the system console, the

messaze will come from the real device attached to it.

D. THEZ MONITCR.

Special software was created to allow the user to
interact with the system in order to examine and medify 1its
parameters.

As defined ©before, each SBC has its own local memory
which the system uses to store data and certain parameters.
In the development of applications it is very important to
have access to the data 2ot only for debugging vurposes but
to be able to recoznize transient states that can help in
the imarovement of the application.

The system monitor contains commands for displayine,
filling, and modifying memory, for the transmission of
messages from the conscle and the allocation of this console
to any one of the computers. It interacts with the
input/output task for communicating with the user and is
mainly compoced of message tasxs.

4 special feature includes triggering the monitor when
control gets to a defined execution point. This event,
requested bty the monitor with a commard, will schedule a

priority task which in turn will schedule the monitor of the

22




computer which got to this execution point.

E. USING THE SYSTEM.

This srecial purpose exescutive operating system has not
been created with the idea of a stand alone system but as a
tool that must be wused in conjuction with the program
ievelopment system that helps the user to set up the initial
state.

¥ach SBC will have in its read only memory a copy of the
executive, a serial input/output handler, a parallel output
handler, an interrupt handler, a monitor and a set of system
routines that will help the user to control the on-board
system resources and the communication between processes.

The system data structures include an address veétor for
priority task entry points, an address vector for message
task entry points and status, and an information vector for
each pericdic task containing status, entry point address,
interval time address and next activation time. This data,
in conjunction with a real-time clock, a message buffer and
other system parameters, which will bte described in Charpter
IIT are allccated in common memory. The system provides
system routines for controlling these data structures.

Message tasks are created by defining a message entry
point and an initial status (active or iractive). This can
be done bvefore the distributed system 1initialization,
provided the 1initialization message \is accepted. Any

periodic task can be created, suspended and its period

23




modified using system routines. In the same way priority
task can bte controled.

In addition of the gpurposes mentioned previously, a
variety of system routines have teen created for helping the
tactical system designer. The user would only need to
oroperly link his programs with the system’s public
reference ir order to use them.

Special care must be taked in the linzing and 1locating
process at implementation time, ©because there 1is no
mechanism for memory management. The user himself would be
responsible for the proper location of his programs.

Each SBC can control (essentially bty multiprogramming)
up to eight priority tasks, eizht message tasks, and eizght

periodic tasks.
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ITI. DISTRIBUTED SYSTFM IMPLEMENTATION.

A. ENVIRONMENT.

The system has been built from three INTE™ 33C80/20-4
Single Board computers and four 16K RAM random access memory
boards. The description of the SBC and the MULTIRBUS by which
these bcards communicate with each other can be found in
Appendix A and B respectively. Detailed information about
the computer is found in Reference [5].

In order to program the software for the system, the
INTELLEC MDS Microcomputer TDevelopment System was used. A
complete description of this system can bYe found in
Reference [€].

Software wused for the deveiopment of the distrituted
system, as well as for the emulator, iaclude ISIS-II
Operating System and PLM8@ compiler. Information about these
software products can be found in Refereaces [7,8].

The distributed system”s memory organization can be seen
with the help of Fizure S.

- ISIS-II operating system uses the lcocwest 12X bytes of
common memory. Locations from 09928 to 2FFFH.

- MDS monitor uses the highest 2K bytes of common
memory. Locations from FE@@H to FFFFH.

- The distributed system code uses the lowest 3K tytes
of on board memory, locations from 00233 to 1FFFH. This
memory segment contains ¢the Executive, interrupt nandler,

messages handler and input/output handlers, the system
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initialization software, the monitor and all the system
routines. One copy for each single board computer.

- The Distributed System interrupt vectors and 1local
variables wuse onrn board SBC memory from 3200H to 38FFH. On
board memory from 39@¢H to 3FFFH is available to the user.

- The Distributed System general data structures are
allocated in common memory from F40CH to F7FFE.

- Locations from 49025 to F3FFH are free for use. These

are 45K bytes of common memory available to the user.
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FTIGURE 5. System”s Memory Orzanization

On board SEC memory shadows the corresponding 1locaticns
on common memory, so that the SBC can’t access common memory

from 9220H to 1FFFH or from 30@90H to 3¥FFH. In the same way,
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a SBC’s 1is protected against other processors trying to
access its local memory.

The MDS System provides a front panel bcard which,
besides workinz as an interface ©between the front panel
switches and the MDS Zrocessor and other functions
unimportant in this context, serves as a priority resolver
for the Bus priority logic. It resolves bus contention for
up to eight master modules. The logic monitars eight bus
request (BXEQ) lines, arbitrates all request {in paralle?,
and controls =eight bus priority enable (BP3IN) lines. Only
one BPRN line associated with the hkighest opriority module
which is requesting use of the tus is enabled, thus allowing
that board to become bus master. The front panel bhoard also
generates the §.8 MHz tus clock (3CLK/) siznal which
provides a timing reference for the bus coatrol section »of
the various master modules. This board is the onrly other
board used after the Distribduted System has bzaen
initialized. Another feature of the front panel toard,
ramely the {interrupt switch logic for interrupt number six
is used as a “warm boot” for reinitializing the system
(without turning the power off).

The ISIS-II Operating System is wused to develop the
programs for the Distributed System applications, as was the

case with the Emulator programs.

B. SYSTEM INITIALIZATION.
Several steps must be taken btefore the executive takes
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control of the system. They can be separated into three
steps.

The first one 1is executed wunder ISIS-II Operating
System, working with the standard MDS processor and system
console; its purpose is to 1link the wuser’s application
programs within the Distributed System.

The second step will put the MDS processor into a HALT
state and will activate the SBC s which are needed as part
0of the system.

The third step will be taxen by each SBC, provided it
has been activated, and its purpose is to prepare the 1local

data structures and resources for the aew job.

The wuser caan mase use oY several system routines,
which will be described in detail later. In order to do so,
he o1ly needs to declare them exteraal variables andi then
reference them as indicated. Remember that the code
telonging to these routines is already oresent and has been
allocated ir on ©board S3C memory. 2ecause of the
characteristics of the hardware, the memory cycle in this
memory is free from bdus contention and hence the wuse of
these routines is highly recommended over similar ones
created by the user.

To get to the system routines, it would be
sufficient for the user to linx his previously compiled code

with the sublic reference of the Distributed System code.
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This would resolve any external reference and would direct
the processor to the corresponding routine in local memory.

The wuser must be sure that the initial state of the
message task vector address is as he wishes. The message
task vector address 1is one of the system wide data
structures 1located 1in common memory. Its name is
MSGSMODSADDRESS and is located at MSGSTEL$SADR (F66¢H).

The program MODSPRQ.SRC provides two procedures for
initializing this structure: CLEARSMCD, which erases tae
entire vector and ENTER$MOD(#,2ddress), which initializes a
messaze tasx by defining the message number to be wused aad
the entry vpoint address of the task. Computer 1 serves
message tasks numbered between 1 and 7% computer 2 , message
tasks numbered between 9 and 15 and computer 3, messaze

tasks aumbered Dbetween 17 and 23. Numders 2, 8 and 16 are

reserved for the Distributed System itself.

2. Second Step

-
F-l

Upon system reset, all three SEC’°s tegia to look at
a special system wide variable called LOADS3C. When LOADSZC
takes the value equal to the number with which the SZC
identifies itself, it is the time for wakinz up. First thing
to do for the SBC would be to check a second vector variable
called STAZT in the rosition <corresvondinz to 1its
identification number (1,2 or 3). If the computer caa fiad
the same number in this position, then it proceeds to

initialize itself, otherwise it keeps checking START every
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second, forever.

The program called RUN, which executes under
ISIS-II, receives as input the number of the SBC s which the
user is willing to use. SBC“s are identified by the numters
1, 2 and 3. Upon receipt of the input, it sets the
correspondiag positions of START and sets variable LOADSBC
to 1. LOADSBC will be incremented by computer 1 and then by
computer 2, in case it has oteen requested. The program ‘ther
puts the MDS processor in HALT state.

The program also provides for a 'soft boot reset
routine with interrupt number six. Tkis interrupt would be
used as a reinitilization 4interrupt by the Distrituted

System.
J« Third Step

Several steps must Ye taxen bty each SBEC before
giving control to the executive. They 1include the
initialization of¢

(a) system wide data structures.

(b) executive parameters.

(c) interrupt controller,

(d) counters.

(e) serial and parallel I/C interfaces.

(f) interrupt mask.

We should see these steps ia more detail.

a. System data structures initialization.

Before the executive takes control, the
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following must be accemplished with the data:

(a) System wide message buffer, EXTMSGBUFFIR
must be empty and the correspondineg pointers and flags set
to zero.

(b) The real-time clock RTC set to zero time,
and its semaphore, CLOCK set to free.

(c) Immediate message buffer, MSGBUFFER must be
empty and the corresvonding pointers and flags set to zero.

(d) The address vector for priority task and
periodic task (PRIORLIST and PRRLIST) set to null.

(e) MSGENT®? must be entered as a message task in
the corresponding number (@, 8 or 16). This task groups the
entry points of the I/0 interfaces and the monitor.

(f) All control vparameters and variables set to
zero.

All the step listed above are accomplished by
prccedure SET¢EXSDATA in INTMSG.

b. Executive parameters initialization.

The system provides an initialization message,
numtered 3, and several system messages for controlling the
system console and the gprinter. Initially, the system
console and printer will te defined in SEC 1, so these
messages will be directed to message task numder @. These
messages are numbered from 10 to 25 and are initialized by
procedure SETSEXSMSGS in INTMSG.

The procedure SET$EXSMSGS will also allocate an

initialization message for each user message task defined
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for the SBC.
c. Interrupt controller initialization.

When the processor receives an interrupt signal
it checks the 1location of the corresponding interrupt
hardler in an 1interrupt vector previously defined. These
interrupt vectors must be initialized and their location and
characteristics communicated ¢to the {interrupt <controller
hardware. This is done by procedure SET$EXSINTE in INTMSG.

d. Counters initialization.

The INTEL SBCE@/29 hardware has three counters,
numbered 2, 1 and 2. Counter @ 1is used to update the
real-time clock, RTC. Counter 1 is wused for a special
mechanism which will trigger a user 4efined procedure &t the
end of the reouired count. Counter 2 is used for ©bdaud rate
generation for serial I/C communication interface.

All three counters must be proesrammed to
accomplish the purpose they have been assigned to do before
they are used.

e. Input/Qutput interface initialization.

Serial and Parallel /0 interfaces are
initialized by procedures SEIOSSTART and PAIOSSTART
respectively. 1In general they must set the hardware for the
proper communication protocol, clear the I/0 ©buffers and
pointers, and introduce the corresponding I/0 priority task
iato PRIORLIST.

f. Interrupt mask initialization.

The interrupt masx is saved in system variable




INTMASK. In case of <computer 1, the mask would be set to
allow counter @ to produce an interrupt for RTC updating,
and to enable interrupt six in order to reinitialize the
initialization seaquence whenever the user wants to push the
front vanel switch. Besides this, all S3C interrupts tharee,
four and five are enabled for I/0 purposes.

Counters, I/0 interface, and interrupt ma sk
initialization 1is accomplished by procedure ZXSTART in

INTMSG.

C. INTERRUPTS.

1. Hardware characteristics.

The INTEL SECEQ/29-4 interrupt coatroller logic
consist of Intel’s 8259 Interrupt controller davice and a
jumper pad that allows the user to connect any of 27
possible interrupt request to the 3259°s eight interruvt
priority inputs. The 8255 resolves priority among all eight
levels acccrding to an algorithm which is program selacted
by the user. The normal interaction of the 8239 with the CPU
is as follows:

(a) one or more of the interrupt request lines
(IR?7-¢) 1is raised high signalling to the 3258 that the
peripheral equipment is demanding service.

(b) The 8259 accepts these requests, resolves the
priorities, and sends an INT to the &@8@ CPU.

(c) The B8@8@¢ CPU acknowledges the INT and responds
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with an INTA/ pulse.

(d) Upon receiving the INTA/ from the CPU group
(8238), the 8259 will release a CALL instruction code
(11201101) onto the 8-bit Data Bus thougth its D7-@ pins.

(e) This CALL irstruction will 1ipitiate two more
INTA/ pulses to be sent to the 8253 from the CPU group
(8238).

(f) These two INTA/ pulses allows the 8283 to
release 1its preprogrammed subdbroutine address onto the Ta‘ta
Bus. The lower 8-bit address is released at the first INTA/
pulse ard the higher S-bit address is released at the second
INTA/ pulse.

(g) This completes the three bhyte CALL instruction
released by the 82539. The in-service register {ISR) is not
reset until the end of the subdroutine when an EOI (End of
interrupt) command is issued to the 8258.

The 8259 accepts two types cof command words
zenerated by the CPU for prozramminz purpose:

a. Initialization Command Words (ICWs):

BPefore normal operation can btegin, each 82535 in
the system must ©be ©brought to a starting point=--by a
cecuence of 2 or 3 byte commands timed by WR/ pulses.

b. Cperation Command Wwords (OCWs):

These are the command words which command the
8259 to operate in various interrupt modes. These modes are:
Fully nested mode, Rotating priority mode, Specific priority

mode and polled mode.
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The €229 will operate in the fully nested mode after
the execution of the initialization sequence without any OCW
being written. In this mode, the 1interrupt requests are
ordered in priorities from @ to 7. When an irterrupt is
acknowledged, the highest priority request is determined aad
its address vector placed on the bus.

Whenever a command is issued with AG = @ and D4 = 1
this is interpreted as initialization ccmmand word 1 (ICW1l),
and this initiates the initialization sequence., During this
sequence, the following occurs automatically:

(a) The edge sense circuit 1is reset, which means
that following 1initialization, an interrupt request (I2)
input must make a low to high transition to geaerate an
interrupt.

(%) The interrupt mask rezister is cleared.

(c) IR 7 input is assigned priority 7.

(d) The special mask mode ?lip-flop and the status
read flip-flop are reset.

Initialization command word 2 must be output rizht
after ICWl. ICW1l provides two control bits and two or three
of the interrupt CALL address bits. ICW2 provides &€ of the
CALL address btits.

The & requestinzg devices have 8 addresses equally
spaced in memory. The addresses can bte crogrammed at
intervals of 4 or & bytes: the 2 starting 1locations

therefore occupy 32 or €4 bytes of memory resypectively.
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2. Interrupt Configuration.

There are two major consideration in configuring the
interrupt structure on the SBC 89/2¢:

(a) The connection of external and  on-toard
interrupt requests to the eight interruzt priority level
inputs (IR2-IR7) on the 8259.

(b) The selection of a priority resolution
aleorithm.

The opriority resolution algerithm 1is selected by
programming the 8259 as mentioned before. The assiznment of
interrupt requests to interrupt opriority level inputs is
made bty connecting the appropiate jumper pins.

The 8259 was programmed in the fully nested mode for
the Distributed System. Interrupt 2 has the highest priority
and interrupt 7 the lowest.

The interrup® section jumper pad was connected 1in

']

the following way:
(a) Interrupt @ ‘pin 24) with (pin 34).
(b) interrupt 1 (pin 25) uncornnected.
(c) Interrupt 2 (pin 26) with (pin 35).
(d) Interrupt 3 (pin 27) with (pin 41)
(e) Interrupt 4 (pin 28) with (pin 4@).
(f) Interrupt 5 (pin 29) with (pia 63).

(g) Interrupt 6 (pin 3@) with (pin 49).

(n) Interrupt 7 Unused.




3. Interrupt Handler routines.

Interrupt 2 was used to handle a special system
event associated with Counter 1. Using system routine
SETCDC(lapse,address) the wuser can request the system to
execute the procedure whose address is indicated after the
time 1lapse he zave. This system routine will set counter 1,
which acts as a count down ccunter, with the specified time
lapse. Counter 1, which 1is attached to interrupt 3, will
prcduce an interrupt when it gets to zero, and the interruzt
handler will call the procedure as reouired. This mechanism
must not bYe wused frequently, nor should the procedure
consume too much processor time.

Interrupt 1 was used to handle the monitor trap. The
user can, by a command, activate the monitor when the
orocessor zets to a certain execution point. To accomplish
this, the monitor replaces tkhe code at that ©point by an
interrupt 1 command code. Whichever nrocessor gets to that
point first would execute the interrup 1 1instruction and
would then zet to the MONITORSTHRAP procedure.

Interrupt 2 was used to update the real-time clock.

Interrupt 3 was wused to schedule the serial input
priority task. It is trigeered by the Receiver Ready siznal
in the USART which goes high when a character ic received
from the keyboard.

Interrupt 4 was used to schedule the serial output

priority task. It is triggered Dby the transmitter ready

signal in the USART, which zoes high when the USART tuffer
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has been emptied.

Interrupt 5 was used to schedule the parallel output
priority task. It is triggered when a ready to receive
signal is received from the printer.

Interrupt 6 was used for system reinitialization. It

is connected to the front panel ianterrupont 6 switch.

D. COUNTERS.

1. Hardware Characcteristics.

The SBC 80/20 includes an 8253 Programmable Interval
Timer. The 2253 solves one of the most common problems in a
micro-computer system, the zeneration of accurate time
delays under software control. Instead of setting up timing
loops in system software, the programmer confizures the 3253
to match bls requirements, initializes one of the counters
of the 8253 with the desired quantity, then ugon command the
2253 will count out the delay and interrupt the CPU when it
has completed its task. It is easy to see that the software
overhead is minimal and that multiple delays can easily bde
maintained.

Other counter/timer functions that are non-delay in
nature tut also common to most micro-computers can be
implemented with the 8253.

- Programmable 3aud Rate Generator

- Event Counter

- Bianary Rate Multiplier




- Real Time Clock

- Prozrammabtle One-Shot

- Complex Motor Controller

The 8253 1includes three <separate counters. Each
counter is a single 16-bit pre-settatle down counter. Each
counter can operate either in binary or in ECD and its
outputs are configured by the selections of function stored
in the Control Word Register ard jumper configurations on
the SBC 82/29.

The counters are fully independent and each can have
separate mode configuration and counting operation, binaery
or BCD. Also, there are special features in the Control Word
that handle the loading of the count value sc that software
overhead can be minimized for these fuctions.

The complete fuaction definition of the 8253 |is
programmed by the system software. A set of control words
must be send out by the CPU to initialize =2aca counter of
the 8253 with the desired function and quantity information.
These control words program the functisn, loading seaueace
and selection of binary or BCD <counting. Once programmed,
the 28253 1is ready to perform whatever timinz task it is
assigned to accomplish.

a. Mode 9: Interrupt on Terminal Count

The output of the 8253 counter will be initially
low after the mode set operation. After the count is 1loaded
into the selected count register, the output will remain low

but the counter starts to count. Whea tegmical count is
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reached, the output will go high and remain high wuntil the
selected count register is reloaded, or the mode set again.

Reloading a <counter during count will restart
the procedure. A gate input will enable counting when hizh
and inhibit counting when low.

b. Mode 2: Rate Generator

Divide by N counter. The output will be low for
one period of the input clock. The period from one output
pulse to the next 1s equal to the number of 1nput counts in
the count register. If the count register is reloaded
between output pulses, the present period will 2ot bde
affected, dbut the subsequent period will reflect the new
value.

The Gate/Reset input, when low, wiili force the
output high. When the Gate/Reset input goes hnigh, the

counter will start from the initial

o

ount. Thus, Gate/Reset

input can be used to synchronize tke counter.

2. The Real Time Clock

3
o
v

Distributed System Real Time Clock is
implemented wusing Counter 1 of the single becari computer
number one. The output from Counter 1 1is attached to
interrupt input pin number two and the count register load=4d
with a wvalue that will ©produce and interrupt after oae
millisecond. The interrupt handler will increment the real
time clock vector RTC and will reload the valuve into the

count register to produce the next interrupt.




Counter 1, as all the counters in the 8253, counts
at a rate of 930 nano-second. In order to produce an
interrupt after one millisecond the count register must be
loaded with a value close to 12002@0ns / 93@as = 1975.2688.
It was chosen 1¢75 = 43ZH.

SEC 1 is the only one whose interrupt masx 1is
programmed to enable interrupt 2. It will wupdate the
real-time clock. Procedure INT2 in INTMSG acceomplishes the
vpdate. The procedure checks for the variable, CLOCK, to de
free before modifing the <clock. This prevents it from
disturbing any procedure which 1is reading the real time

clock.

W\

The Count Down Clock

The Count Down Clocx is a feature imolemented using
Counter @ from any'SBC. This counter is programmed ir mode
@, i1 the same way as Ccunter 1 for the real time clock. The
user can request any processor to execute *he indicated
orocedure as well as determine the count value. The system
will load this value into the count register of Counter @
and will enable interrupt @, to which the counter is
attached, by modifing the 1{interrurt mask. The procedure
entry point address is saved in variatie CDCADR ard a flag
variable CDCACTIVE is implemented to easure no side ~ffect
errors.

The wuser requests this service usinz system routine

SETCDC(value,address) The value caa 1ot exead FPFFH and the




user mus® remember that the rate is 932 nanoseconds. The
procedure will be called by the interrupt handler INTZ in

INTMSG.

4. Paud Rate Generation

Counter 2 has a dedicated functior on the SBC 82/2¢2.
This counter provides a baud rate clock for to the serial
I1/0 interface. The output from Counter 2 is made availabdble
to the 8251 USART where it can be jumpered to the Receiver
and/or Transmitter clock inputs. Counter 2 is always enabdle
(its gate input is tied to +5v).

Counter 2 must be programmed in mode 3 to zenerate
the baud rate clock. As implemented, it generates a Dbaud

rate of 24239 bdits per second.

E. SERIAL INPUT/OUTPUT INTERFAC®S

Each SBC would be able to nandle a perinheral device

connected to it by its J3 connector. This is a serial 35222

interface coanector associated with the Universal
Synchronous/Asynchrenous teceiver/Transmiter (USART)
communication interface. Receiver Ready (RxRDY) and

Transmitter Feady (TxRDY) signal from the USART were wired
to the interrupt controlled (interrupt 3 and 4) so the
input/output functions would be performed by the priority
tass scheduled by the interrupt handlers 3 and 4. A set of
procedures commanded from the system message task (numder ¢,

g or 16) were implemented in order to monitor the operation
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of these priority task.

1. Hardware Characteristics

The serial I/0 1interface 1logic provides the SBC
80/20 with a serial data communication channel that can ©be
prozrammed to operate with most of the currert serial data
transmission »rotocols, synchronous or asyachronous. Baud
rate, character lenzth, naumber of Sstop bdits and even/odd
parity are grogram selected.

The serial I/0 interface logic consist primary of an
Intel 8251 USART device and several driver/receiver
clrculits.

Prior to starting data transmission or reception,
the 8251 must be 1loaded with a set of <control words
generated ty the CPU. These control wordis define the
complete functional definition of the 83251 ani must
inmediately follow a system reset operation (internal or
external).

The control words are split into two formats:

= Mode Instruction

- Command Iastruction.

Both the mode instructions and the command
instruction must be given in a specified sequence for proper
operation. The mode instruction must te inserted immediately
following a reset operation, Ddrior tn using the 8251 for
data communication.

All control words loaded into €251 after the mode
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instruction will 1load the command 1instruction. Command
instructions can be writen into the 2251 at ary time in the
data block during the operation of the 2251. To return to
the mode instruction format a bdit in trhe command instruction
word must be set to initiate an 1ianternal reset operation
which autoratically places the 8251 ©back 1intc the Mode
Instruction format.
a. Mode Instruction:

This format defines the general operational
characteristic ot the 8251. It must follow a reset
operation. Cnce the mode has been written into the 3231 by
the CPU, a SYNC character or command instructions caa be
inserted.

The 8251 can be used for either synchronous or
asynchronous commurication. The two least sienificant btits
of the mode instruction control word specify the «£ind of
operation.

b. Command Instruction:

Once the functional definition of the 8251 has
teen programmed by the mode instructicn and the syac
characters are loaded (if in sync mode), then the device is
ready to be wused for data communication. The command
instruction controls the actual operaticn of the selected
format. Functions such as: Eaabtle Transmit/Receive, Z=rror
Peset and Modem controls are provided by the command
instruction.

c. Data Transfers:
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Once vrogrammed, the 8251 is ready to perform
its communication functions. The TxZDY output is raised
‘high ' to sigral the CPU that the 8251 is ready to receive a
character. This output (TxRDY) is reset automatically when
the CPU writes a character into the 8251. On the other hand,
the 8251 receives serial data from the modem or I/0 device;
upon receipt of an entire character, the RxRDY output {is
raised "high” to signal the CPU that the 3251 has a complete
character ready for the CPU to fetch. RxXRDY 1s reset
automatically after the CPU read operation.

The 8281 cannot bvegin transmission wuatil the
TxEN (Transmitter Enable) bit is set in the command
instruction and it nas received a clear to send (CTS) input.

The TxD output will be held in the marking state upon reset.
2. Serial I/0 Priority Tasx

The actual character I/0 functions are performa2d by
a priority task, cheduled ¢ty the interrupt handler.
Procedure CSINPUT in SEId is the serial input priority task
and CSCUTPUT 4in SEIQ 1is the serial output priority task)
they were defined as such irn procedure S=I0$START 1in SEIO
during system initialization.

CSINPUT oputs the incommine characters {into the
serial input buffer CATIN and also intoc the serial output
tuffer CRTOUT for echoing. Upon receipt of a carriage return
character (CR), CSINPUT checks 1f the 1last string was

requested by the connect=d module, 1n waich case it will
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sent the character string to the reouesting module.

CSINPUT also identifies a special character defined
by MCNITORSID; when this character 1is sensed, the system
routine MONITOF will be <called which will activate the
System Monitor.

CSOUTPUT dumps the serial output buffer CRTOUT one
character at a time. It also senses if the coannected module
wants an acknowledge messaze when the buffer is empty, in

which case CSCUTPUT sends the acknowledge messaze.

3. Serial I/0 Monitoring Procedures

All requests for the use of the serial I/C priority
tasks are sent to the System Message Tasks. The requests
will ©bve directed to message task @, for computer 1; message
task 8, for computer 2; and message tas« 1€, for computer 3.
These message tasks controls a set of procedures that keep
track of the module ccnnected to the facility.

Before any 1input string 1is passed, the connected
task recuestinz for it is checked. Cnly a connected task can
deposit data into the serial output buffer. The priority
task CSCUTPUT would not be scheduled if the TxEIN (Transmi:
Enable) bit in the USART command word were not set, and only

the connected task has access to it.

4. USART Programming

The USART is programmed 1ia procedure INITSUSART,
called from SEIOSSTART in SEIO during system initialization.
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It 1s set for asynchronous communication at 2422 bits per

second. Forrating details can be fcund in Reference [5].

F. PARALLEL CUTPUT INTERFAS®

The distributed system provides also for parallel output

devices to be connected to the single ©becard computer. It
makes full wuse of the hardware facilities and programmable
device characteristics of the SBC R@/22. The acknowledge
signal coming from the peripheral device after 1t accepts a
sent character has been directed to the interrupt controller
and connected to interrupt input pin number 5. In this way,
once one character ?rom the output string has ©been
acknowledze, the subsequent priority task for sendine the
remaining characters in the string will be schediuled by the

interrupt handler number 5.

1. Eardware Characteristics

The parallel I/0 interface logic in the SBC 82/20
provides forty—-eight (48) siznal lizes for the traansfer and
the control of dAata toc or from peripheral devices. Sixteen
lines have a bidirectional driver and termination networxs
permanently installed. The remaining thirty two 1lines are
uncommitted. Sockets are orovided for the installatican of
active driver networks or passive termination networks. The
optional 4drivers and terminators are installed ia groups of
four by insertion intec the 14-pin sockets.

All forty eight signal lines emanate from the 1/0
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ports on two Intel 8255 Programmable Peripheral Interface
devices. The two 2250 devices allow for a variety of 1I/0
configurations.

a. Operational Summary

The 8255 contains three 8-bit ports (A, B, and
C). Fach Port can be confizured in a wide variety of
functional forms by the system’s software.

(1) Port A: One 8-bit data output latch/buffer
and one 8-bit data input latch.

{2} Port B: One f-bit data input/output
latch/tuffer and one 8-bit data input duffer.

{3} Port G Oné §-bit data output latch/buffer
and one 8-bit data input buffer (no latch for imput). This
port can te divided into two 4-%tit ports under moie control.
Each 4-bit nibble contains a 4-bit latch and it can be used
for control signal outputs and status siznal inputs in
conjunction with Ports A and 3,

The S0L9 CPU controls the operating
characteristics of the ports by sending two different ¢types
of control words to the 82&S:

1) mode definition coatrol word

2) Port C bit set/reset control word

Bit sevea of each coatrol word specified its
format.

b. Mode Selection
There are three basic modes of orperation that

can te selected by the system software:




Mode 2 - Basic Input/Cutput

Mode 1 - Strobed Input/Output

Mode 2 - Bi-directional Bus

When the EESET input go2s ' high', all ports will
be set to Input mode @ (i.e. all 24 lines will be in the
high impedance state). After the RESET is removed the 8235
can remain in the input mode with no additional
initialization required. During the execution of the system
preogram, the other modes <can be selected using a single
output instruction. This allows a single 8255 to service a
variety of peripheral devices with a simple software
maintenance routine.

The modes for Port A and 2ort 2 can be
separately defined, while port C is divided 1into two
portions as required by the Port A and Port 3B definitions.
All of the output registers, 1including the status
flip-flops, will be reset whenever the mode is changed.

c. Sinzle Bit Set/Reset Feature

Any of the bits of Port C can be set or reset
with one output instruction. This feature reduces software
requirements in control based applications.

When Port C is being used as status/control for
Port A or B, each of its bits can be set or reset by using
the Bit Set/Reset operation.

d. Interrupt Control Features
When the 8255 {s programmed to operate ia Mode 1

or Mode 2, control signals are provided that can be used as
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interrupt request inputs to the CPU. The interrupt request
signals, generated from Port C, can be inhibited or enabled
by setting or resettinsg the associated INTE flip-flop. This
function allows the programmer to disallow or allow specific
I/0 devices to interrupt the CPU without effectinz any other
device in the interrupt structure.
e. Mode 1

This functional configuration provides a means
for transferring I1/0 data to or from a specified port in
conjunction with strobes or handshakinez' signals. In Mode
1, Port A and Port B use the lines on Port C to generate or
accept these "handshaking” signals.

Mode 1 Basic Functional Definitions:

- Two transfer ports (A and 3)

- Each transfer port contains one £-bit
data port and 4 bits from one half of the coatrol/data port
(Pert C).

- The 8-bit data port caa bte either 1input
or output. Both irnputs and outputs are latched.

f. Port A
Port A is the most versatile of the three ports.
It can be programmed to function in any of the three 82%5¢
operation modes. This first port is the only port 1imn each
group that already includes a permarnent ©bidirecticnal
driver/terminator network, 8226 tus driver device at A1 and
A2 (zroup one).

Before Port A is prog&rammed for iaput or for
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output in any of the three operation modes, certain jumper
connrections must be made to allow the port to function
properly in the chosen mode. The 51-52-53 (group 1) jumper
pad specifies the direction of data flow for the 8226
bidirectional bus drivers. If output in mode 1 1is to be
used, jumper pair 52-53 (grouv 1) should be connected.

when Port A is programmed for Mode 1, interrupts
can be used. The INTR output from bdit 3 of Port C activates
the peripheral I/C 1interrupt request, PIAl. PIA1l is
forwarded to the iaterrupt logic.

Because the §&226 bus drivers are 1inverting
devices, all data is considered to be negative true with
respect to the levels at the J1 or J2 edge connector.

2. Eort C

As was described tefore, the use of Port C
depends on the modes programmed for Port A and 2. If Port 1
is in mode 1, bits 3, 4, 5, 6 and 7 of Port C can have the
following dedicated control functions.

Bit 3 = INTR (Interrupt Request)

x

its ¢4 and S = Either input or output.
Bit 6 - ACX/ (acknowledge input)

Bit 7 = 0BF/ (output buffer full)

2. Parallel Output Priority task

The Parallel output fuaction 1is performed 1ty a
priority task, scheduled by th interrupt handler. The

procedure LPSOUTPUT in PAIOQ is the priority tasx, defined as




such by procedure PAIOSSTART at system initialization.
LPSOUTPUT dumps the parallel output buffer one character at
a time. When the buffer is empty, it checks if the connected
module wishes an acznowledge message to coafirm the end of
the output process, in which case it sends the message.

The process of outoutting a character iacludes:
setting the interrupt receiver for the acknowledge, sending
the 1inverted character to the device, and then sending a

strobe using bit 4 in Port C.

3. Parallel Qutput Monitoring Procedures

The Parallel Output priority task is monitored by a
set of oprocedures. These procedures are controlled by tae
System Message Task, which receives the message requesting
service from the taskx. Ia the same way as with the serial
interface, the priority task is controlled by controllings
the buffer, the parallel output buffer in this case. There
is no command word controlling the hardware bdut the first

character mus% te seat ty calling procedure L2$STARTOUT.

The 1Intel 8255 Programmable Peripheral Interface

o

Device is programmed for using Port A for output in Mode
The proper hardware modifications as described in Reference
(5] were done and the Terminator network and driver network

installed in sokets A3 and A4 respectively.

o
n




G. THE SYSTEM MONITOR

The System Monitor was constructed with the idea of
using it as a tool during the debtugging of the applications
programs. It has ©been built from a set of commands which
will allow the user to examine, substitute, fill or move
memory sections ir common or on-board memory. It also has
commands for changing the allocation of the system oriater,
for transmittirg messages and for changinz the allocation o?f
the monitor itself.That is, for vassing the ccnnection with
the system console from the monitor in one comvuter to the
monitor 1n another.

There

2

re two ways for setting up communications with
the Monitor. One is by pressing the special key, 1identifi=q4
by MONITORSID on the system console. The other is using the

monitor command GO. If an address 1s specified fcllowinz the

command G, an interrupt 1 code will ©be {inserted at that
address. When the processor 2ets to this address point (if

ever), the interrupt handler will call a prccedure that will
schedule the monitor to be executed.

All the Monitor procedures are attached to the system
message tasks, the same as with the serial I/0 and parallel
output.

The Monitor commands are:

- D <address 1)>,<address 2> : Dumps memory space from
address 1 to address 2.

- F <Kaddress 1>,<address 27 ,<{character> : Fills memory

locations frem address 1 to address 2 with the character
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- M <address 1>,<address 2>,<address 3> : Move memory
block bounded by address 1 and address 2 to locations
beginning with address 3.

- S <address> : Substitute subsequent memory locations
tezinning with location pointed by address. The sequence
will finish with a carriage return.

- P <numbter> ¢ Change system printer allocation to
computer defined by numbter. Number must! be between 1 ard 3.

- T <number 1>,{number 2> : Transmit message <number 2>
to message task <number 1>. If transmition succeeds the
connection with the system consol is broken.

— C <number> : Change control to the computer indicated
by number. Number must te tetween 1 ani 3.

- G [<address>] : Break connection with the system
console. Optionally, before leaving, the monitor could put a
trap at location <address> for gettinz »ack to the system
console when the processor gets to that point.

Cbserve that the Monitor is not active when it is not
connected to the system console.

H. SYSTEM®S ADDRESS SPACE

s

All the program development for ©both the distribduted
operating system and the emulator was done usinz the
system’s orogrammingz language PLME@ under the [SIS-II
operating system. The ISIS-II functiorn LINX was used to link

the oporogram modules. All the external references that one

of:




module would make were resolved by the LINK function.
Function LOCATE, also from ISIS-II, was used to allocate the
different proeram segments into memory. Using this function,
all the memory references are resolved and the code is ready
to be loaded. The command used was:

LOCATE DISIS.LNK CODE(@20QH) MEMORY(C23¢H) STACX(30421)
DATA(31D2H) STACKSIZE(1¢?H)

The prozrams were compiled separately for each computer,
tecause of the difference in the system 2arameter CPIX, that

identifies the host computer and the system parameter

rxf
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1STMN, that 1identifies the rumber of the system message
tasks related toc that computer.

The standard SBC 82/2@ was changed to increase the con
toard read only memory capacity. The necessary changes can

be found in Feference [5] page 4-3.

The Distritited System was divided 1into fourteen (1

=

)
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oreogram modules. Fach module was placed 12 a differeat fi

e
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may contain cne or more public procedures, or may
contain public data declarations. &Each file was compiled
independently. Later, object programs generated by the
compniler were linxed together. The function of each
procedure was descrited by the comment statement preceding
it., All progzram 1listings were zenerated by the PLM/ED

compiler.
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File EXEC contains the program module EXECUTIVE
which contains the procedure ZXXEC and the main ©program
eatry.

Procedure FEXEC is the Distributed System Executive.
Thls oarocedure manages the scheduled tasks and is the xernel
of the system. 3s scon as ZXEC gains control from the main
orogram body, it calls procedure EXSTART, which initializes
the system environment. Then EXEC will <ccntinue in a
never-ending 1loop which form the heart of the system. There
are three major sections in this loop: the priority task
section, the message task section, and the periodic task
section.

The priority tasx section carries out the tasks
tased on th2 variable PRICaASCHXILULE. This byte variadle-
works @s a vector flaz. Yhen a priority tasks needsv to te.
served, the system routine PRICRITY will set a predetermined
bit in this variadle to one. There are eight priority tasxs
corresvoading to the eight tits imn this variable.

AATEm Y
1 SCAELULE
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When the priority section finds that BRIO
is different from zero, it will look in the address vector

PRIORLIST and extract the entry point address of the

riority +task and execute the taskx. when the priority tasx

*

ends the
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ill be reset to zero.
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tasg section works tased on the variabdl

m
3
(D
wn
"
(O]
N
™

NUMMSG and TXTMSG. NUMMSG counts the number of messages in

the bvuffer MSGRUFFER waiting to be processed. The header of
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the message contains the destination message taskx number in
the first tyte. With this number the EXEC looks into the
address vector MSGSMODSADDRESS for the task entry point and
then executes 1it. In case the received message tas« 1s not
between the eizght assizned values of the executive, the
message will ©be sent to the system buffer using system
routine SENEXT. EXTMSG flags the presence of a message for a
local message tasx in the system tuffer. When the flag |is
set to the computer identification number of that single
toard computer, the executive will move the message to its
buffer usine system routine RECEXT.

The periodic messarge section worxs btased on the
variable NUMPFF. This variable 1indicates the number of
activated peiodic tasks. When the number is greater than 2,
the =2xecutive will examine each activated task and will
checs 1if the task activation time has arrived. It does so

usine system routines COPY$CLOCZ and TIMISCMP. If the time

g}

nas arrived, EBX®C will pick up the entry point address from

"

TELIST and will execute the task. At the

L
v

the addrecss ve

to
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end cf the task a new activation time will be computed usine
system routine SETPERTIME.

Priority tasks are checked first and immediately
after any other task has been served. In this way mescsage
tasks will be served only 4if there 1is no priority task
scheduled, DPeriodic tasks will be served only if there is

neither a priority tasx nor a message task scheduled. Wwhen

there is no task scheduled at all, an external lizht will %e

(S]]
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lighted as an indication that the processor 1s idle.

The main program function 1is to check for the
initialization variables. LOADSEC is checked to determire
the proper moment for internal 1initialization. START is
checked to i2termine if the computer 1is required 1in the
actual configuration. Besides this, the main pregram tody
saves the initial stackpointer value for a possible
reinitialization and sets the computer identification

variabvle CPTRSID.

2. Tile INTMSG

The program module INTMSG includes procedures for
the interrupt handlers, the system messaze procedure, and
the computer initialization procedures.

The interrupt handler procedures include a procedure
with the attridute INTIRRUPT for each one of the six

interrupts used by the system, and a procedure INTRZISZIT for

o

the reset of the hardware i1nterrupt mechanism. This module

was ~ompiled w

fo"

th the compiler parameter NOINTTEZCTOR so the
loader would not try to construct an Iinferrupt vector in
common memory when the module was tested.

Interrupt @ checxs variable CDCACTIVE before calling
the reouired ovprocedure whose entry point address was saved
in CDCADR. It also resets counter 1 to mode @ so it will
stop countinz and will wait uwntil the rext value is loaded.

e

-
-

P

Interrupt 1 Just calls the monitor rout

MCNITO=$TRAP that will wake up the local monitor.
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Interrupt 2 updates the system clock, which 1s oaly
updated ty computer 1. The variable CLOCX must be checked
vefore modifylng the real-time clock ia order to ensure that
no cther processor is in the middle of reading the multibdyte
clocx value Notice that the four element vector RTC overlays
variables RTCZ2,RTC1,RTCZ,RTCZ, so that both variables can be
used to reference the real-time clock. This was necessary
because the code produced for index computation by the
compller would destroy the flag used by the operator PLUS if
the vector increment meckanism were chosen.

Interrupt 3, 4, and 3 schedule a priority task by
callinz the systam routine PXIORITY with the oproper
parameter,

Interrupt € restores the stack rointer STACKPTR to
its initial wvalue SAVESTACKPTR, resets the initialization
varible LOADSBC to 1, and transfers cbntrol to SYSSTART.

MSGENT? 1is the system message tas< oprocedure. It
controls the use of the procedures for the serial I/0
interface, for the parallel output interface, and for the
monitor. Basically it receives messages that require the use
of some of the procedures. It cheks the validity of the
message and then transfers control to the corresponding
procedure.

Trhe 1initialization procedures are controlled by
procedure EXSTART. EXSTART calls to SEITSEXSDATA for data
initialization, SETSEXEMSG for system messages

initialization, and SETSEZXSINTE for interrupt vector
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initialization. Then, it programs counters @ and 1, and in
case computer 1 is in charge, it sets counter @ with a value
that produces the first 1 millisecond interrupt for the real
time clock update. Finally, it calls SEIOSSTART for serial
1/0 initialization, PAIOSSTALT for parallel output
initialization, outputs the 1{irnitial interrup®t mask, and
sends the "ready” message to the system console using system

routine PRINTSASYNC.
3. File SEIO0

The program module SE$IOSMOD contains the procedures
for controlling the serial 1I/0 communication. Procedures
CSINPUT and CSOUTPUT are the serial input and output
priority tasks respectively. The other procedures are called
from the system message tasx MSGENT@ to initialize the
hardware and monitor the software over which these
procedures perform.

CSINPUT zenerates inputs from the USAST, character
by character. It checks for special control characters like:
CONSCLSID for changing the system console to the local
computer by resetting its system messages; MONITORSID for
disconnecting from any other task aad connecting with the
monitor; DEILINPUT for deleting the last character received;
and CR for Adetecting the end of the input string and
transmitting it ¢to the connected task in case it was
reguested., If no special cnaracter was detected, the 1input

character 1{is saved in the input duffer CRTIN and the output
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buffer CRTOUT for later transmission and immediate -echoing
respectively. CSOUTPUT picks up characters from the output
buffer CRTOUT and sends them to the USART. When the ©buffer
is empty, 1t will acknowledge it to the coanected task if
required, and then, it will disable the Transmit Ernabdle
Signal in the USART status, in order to stop the next
scheduling of the task. Procedure STARTOUT 4i{s wused for
triggering the output sequence by enabling the Transmit
Enable Sigzral in the USART.
SEICSTART initialises the hardware and enters the
riority tasx. The priority tasks are initialized usinz the
svstem’s routire INTERPXIOR. The returned indices, used by
the cerresponding iaterrupts, are saved 1in variatles
USARATSIN and USARTSCUT.
A1l other procedures are used’' for loadiag or
urloading the I/0 bduffers in one way or another ani for
controlling the wuse of the priority tasc by only the

connected task.
4, TFile PLIO

The program module PASIOSMCD contains the priority
task LPSOUTPUT, the initialization procedure PAIOSSTART, and
other procedures for the ccntrol of the Jarallel output
buffer LPOUTEUF. LPSOUTPUT dumps the parallel sutput duffer
character by character. Cptionally it can send an
acknowledge messaze to the connected tasx when the buffer is

enpty.




PAICSSTART initializes the data and introduces the
priority task using system routine ENTERPRIOR. The returning
index PRELLSCUT is later used by the corresgondineg interrupt

hardler.

5. File MCNI

The program module MONITOR has the procedures to
carry out the monitor commands and the connection with the
user tasks.

Procedure MONISINTER is the command input procedure.
It gets the command data string from the 4ata portion of the

messaze sent by the user task to MSGENTA. It uses system

1=

routine GET4CEAR to extract the commandi’s first letter. Upon
comparisna with the possidle c¢nmmand codes it decides
whether to transfer control to the <corresponding procedure
or iznore the command because i% is invalid. After a command
has bteen carry out cor refused, the procedure will send a
messaze inrput request for the next command usin2 procedure
RECTIVESNEXTSCCOMMAND., This procedure uses system procedures
PRINTSSYNC to output the promt character “.°, and the system
orocedure CONSINPUTSREQ for requesting an input message from

the system console.
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Program module SCPUEl has the system routines of tae
lowest level. They are directed to set and check working

data. The system routines are: FILL, CLEARDATA, SHFT, BIT,

M
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CLEAR3IT, SETBIT, and LEGAL.

- TFILL(addressl,address2,character). This routine
will fill out memory from location <addressl)> to location
{address2> with the character <character>.

- CLTARDATA(addressl,address2). This routine will
£1E1 ont memory from location <addressl. to 1location
{address2> with a dlank character.

- SHPT(bit-position). This routine will return an
8-bit word with a 1 in position <tit-positiond.

- BIT(bit-position,byte). this routine will return
TRUS if the bit <bit-position> in byte <byted> is set. FALSE
otkerwise.

- CLEAR3IT(bit-position,byte). This routine sets bit
<pit-position> in obyte <bvyte> to zero.

- SET3IT(bit-position,byte). This routine sets bit
<bit-position> in byte <bdyte> to one.

- L3IGAL(bytel,byte2,code). This routine returns THUE
if the value in byte <bytel)> is lower than the value in byte
{(byte2>. Otherwise, it returns FALSE and outputs and error

with code <{code>.

Te Elle SE2

The program module SCPUB2 contains the system
routines related to the periodic tasks and the system clock.
It ircludes the system routines: COPYSCLOCK, STTPERTIME,
TIMESCMP, PZRACT, PERCHG, and PERSUSP.

- COPYSCLOCK(base). This routine copies the real
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time clock into a four byte vector based in <based.

- SETPERTIME(index). This routire sets the next
activation time for the periodic task indicated by <index>.
To do this, it will add the actnwal time, copied from the
real time clock, to the period of the task and then it will
save this result into the task activation time vector
PERLIST(<index>).PERTIME.

- TIMI¢CMP(basel,base2). This routine will return a
TRCX if the four-tyte vector based on <dasel)> is lower than
the four-=byte vector based in <base2>. FALSY otherwise.

- PERACT(addressl,address2). This routine will

(D

define a periodic task by fillinz out 1information on the
periodic tasx data structure PSRLIST. PRRLIST{(index).PERATR
will cortaln the oprocedure address gziven by <addressi>,
PERLIST(index).PERINTACR will <contain the address of the
four-byte vector with the pericd siven by <address2>.

- PERCEG(index,address). This routine 1is wused to
change the period of the periodic task indicated dy <index>
to the period indicated at the vector at location <address>.

- PERSUSP(index). This routine is used to suspend a
pericdic task. To do so, it is sufficient to 1efine the data
element PERLIST(<index>).FRTE as TRUY and rearrange the

index in the list PERXTBL.
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he program module SCPUB3 contains the system

routines related to the message tas«s. It includes the
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system routines: MSGCVERFLCW, PACKMCR, SENI, GET, RELEASE,
SETEXTMSG, RECEXT, SEINEXT, and ILLEGALMSG.

- MSGOVERFLOW. This routine outputs the error code
21 for message buffer overflow.

— PACXMC3(address). This routine packs a four-bdyte

vector from location <address> into the local messaze buffer

- SEND(address). This procedure sends a message to a
messaze tasx. It checks if the message tasx of the receiver
as well as the sender is active, puts the header, located at
<address> into the buffer, sets the pvointer ADRMSGDATA to
the location following to the header in the message duffer
and returas & TRUEX if this secuence has succeeded.
Otherwise, it returns a FTALSE.

- GET (semaphore). This routine will get the
{semashore> for the computer.

- RZTLEASZ(semaphore). This routine release

ot
=
(1]

{semazhore> from the computer.

- SETEXTMSG. This routine sets the value of EXTMSG
for the use of the system bduffer EXTMSGBUFFEZR,

- REICEXT. This routine moves a messaze from the
system buffer FXTMSGBUFFEIRE to the local buffer MSGRUFFEE.

~ SENDSXT. This routize moves a message from the
local buffer MSGBUFFER into the system buffer EXTMSGBUFFER.

- ILLZGALMSG. This routine displays the 1illezal

message signal on the system console.

o
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The program module SCPUB4 contains the system
routires related to the priority tasks and interrupts. It
includes system routines: PRIORITY, ENTERPRIOR, REMPRIOR,
SETCDC, ENTERSINT, and REM$SINT.

- PRICRITY(index). This routine is used to schedule
the priority task indicated by <index>.

- ENT®RPRIOR(address). This routine is used to enter
the procedure whose entry point 1is at <address)> as a
priority task. The routine vill return an index
corresponding to the priority task.

- REMPRIOR({index)., This procedure is used to suspend
the priority task indicated by <index>.

- SETCDC(2-word-value,address). This routine is used
to define a oprocedure at <address> that will be executed
after .232 x <two-word-value> micro-seconds.

- FNTEFSINT(index). This routine is used to enable
the interrupt indicated by <index>.

- n#EMSINT{(index). This routine is used to disabdle

the interrupt indicated by <index>.

1. File SC5

The program module SCPUB5 contains the system
routires related to the system <console and the system
printer. It iacludes the system routines: PRINTSASYNC,
PRINTSSYNC, CONSINPUTSFEQ, CONSLINKSEEQ, PARSLINKSEEQ,

CONSRELEASE, CONSNEWSLINE, CONSREGSLINE, PRINTSLINKETL,
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PARSRELEASE, PAGE, WRITE, and WRITESLINKED.

PRINTSASYNC{address,count). Thils routine sends to
the system console <count> bytes from text at location
<address>.

- PRINTS$SYNC(address,count,index). This routine
sends to the system console <count> bytes from text at
location <{address> and the sender <index> that must
correspoad to the connected task.

- CONSINPUTSREQ(index,flag). This routine request an

input string message from the system console. The message

D

snould be sended to message tasx <index> and the screen
rotated or not depending on <flaz>. The receiver must be
‘connected .

~ CONSLINXSREQ{index). This routine connects messaze
task <irdex> with the system console.

- PARSLINKSREQ{index). This routine connects message
task <index> with the system printer.

- CONSRELEASE. This routine disconnects the system

25

- CCNSNEWSLINE(index). This routine produces a new

(&3]

line on the system console. Th= caller must identify himself

= CONSREGSLINE!index). This routine produces a new

aze on the system console. The caller must identify himself

‘o

by <index>.
- PPINTSLINKED(address, count, index, «code). This

routine displays <{count> bytes from location <address> ianto




the system console. <index> must 1identify the conrected
task. The system coasole will send back a messagze with the
data <{code> in it.

- PARSRTLEASE., This routine disconnects the system
printer.

- PAGY¥’index). This routine produces a new page on
the system printer. The <caller must identify himself® Tty
{index>.

- WRITE(address,count,index). This routine disvlays
{county bytes from location <address> on the system printer.
{index> must identify the connected task.

- WEIT®SLINKED(address, count, index, code). Same as

#RITE, but the system printer will send back a message with

codex in 1%.

VAN

11. File SC6

The program module SCPUE6 contains system routiaes
for I1/0 computations mainly. It 1includes system routines:
ACTIVZE, UBDSTAT, CONVASC, DE3LK, GETNUM, VECTORSADD,
VECTORSSUB, NUMOUT, ard GETCEAR.

- ACTIVE(index). This routine will retura TRUZ if

message task number <index> is active.

- UPDSTAT(index,status). This routine will update
the status of message task number <index> to <status>.

- CCNVASC(byte). This routine will coavert a 2-digit
nexadecimal number <byte> 1into 2 ASCII characters. The

caaracters will ©be 1left 1n the 2-word variable A4, least
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st~n1‘icaﬂt vit sirst.
- DEBLE. This routire will skip the 1eading 1
yjn a1 jnpul string mes533e -
~  GETNUM. T™is routiné transforws an a5Ccll gtring
jpto 2t hexadecxmal galue. The hexadecxﬂa yalue will e
srored 4nto variable p4. The routine reference is ysed 2% a
flag: it retur?s a TRUT if the tranformation was p0551ble.
FALSE ofqervise. The p5C1l otring RS yaken f£rom tpe messd e
Aata and 1t must aol exceed the d=cima1 yaliue of eixVY five
thﬂusacd eive D pared ¢pirty six (65536).

- V?Cchﬂibn(ad&res,l. addressz. aﬁ&rESSS). This
rontin€ adds tne four—bjf_ yectorT at <addr°ssl to o€
eour—-oyte yector at <aidre552> and puts the pesnlt 8% the
fcur—cyte qacteT at <addressu>.

I‘CTORSSUB(addLess;. aii*essz. addressS). This
prccedare subtracts the ’01r—byte yectoT at <adir2552/ from
the fon*—c:te yectorT at <addressl, ad 9uts the result into
the fanr=b7te yectoT at <addre555>.

‘UVOC”'value.base y1Co ajAress wiitn;. This rout1ae
converts the valuf (valxe>. current 1y in pas®e <tase>, §ato
an accil gtring of at most <a1‘th> charace $Lers, and gtores

the gtring at locat&om <addr0553 The ynused 1eft gpaces are
s31led with 08 charac*_r <1c7V e

- GEYSCE\R. This routine gels an 4sCIl cnararter

g£rom Lne 1nput gtring ﬂessage.

(8]
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The ©program module SCPUB?7 contains three procedures
for three system routines: ENTER$MSGSMCD that defines a new
message task; MONITOR, that request the connection with the
monitor; and TRROR that outputs an error message on the

system console.

13. File MOIPRO

The TFile MODPRO contains the procedures ENTERSMOD
and CLEARSMOT that are offered to the user. for message
definition wunder ISIS-II operating system. This file is
suppcsed to te included in the user programs by means of the

INCLUDE directive of the ISIS-II operatinz system.

14. File RUN

This file contains the program RUN that sets the
initialization parameters LOADSBC and START and puts the MDS
CPU 1iantc HALT state. RUN uses ISIS-II routines for readingz

th

1]

number of the computers the user wants to trigger from
the console. It also constructs an iaterrupt handler
environment that only allows interrupt six to be served from
the MDS. To return to the ISIS-II, the MILS must be redbooted.
The interrurt! handler resets the interrup?t request to allow

the user to use interrupt 6 again.
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IV. TACTICAL SYSTEM EMULATCR

A. DFSIGN

The Tactical System Emulator is based on the idea that a
Tactical System can be partitioned into functional modules
and that each of these functional modules may be replaced bdy
dummy modules that will demard the same processinz time and
intermodule communication effort from the hardware.

Replacing the real tactical system by a diummy system
will allow us to study the btehaviour of the hardware, 1in
this case a distributed micro-comuvuter architecture, without
programming each module. The system designer will only
concern himself with the definition of the functional parts
that <constitute his tactical system and then exercise the
emulation in order to study the proposed system”s behaviour.

Two xinds of functional modules are recognized: Periodic
functional modules and Temand Functional Modules. Periodic
Funrctional Modules are activated periodically by the
controllinz mechanism and are usually ia charge of wupdating
data structures or pooling data from or to some peripheral.
Demand functional modules are activated wupon demand from
another functional module, these are in charge of most of

the computations.

1. Dummy Function

411 functional modules will be replaced by dummy

tasks (periodic or message) and data structures which
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determine their performances. These tascs will be directed
to consume an amcunt of processor time similar to the the
estimated execution by the functional module they are
replacing. Also they transmit the same messages, with the
same destination and 1length as the modules which they
replace.

The data ©block that <contains the information on the
basis of which the dummy task emulates the functional module
is conceptualized as an activation record. All functional
modules that are defined in the system will have ore
activation record. The dummy tasks do not need to be all
Aifferent Dbecause they will perform Dbased on different
activation records. In fact, only two (2) dummy tasks are
needed: one for the periodic functional modules and one for
the demand functional modules.

211 activation records include:

~ Furctioral module identification numter
- Processor time needed

- Number of messaze that are transmited

Destination, Length and aumber of 2ach message

- Total Time in Execution

Number of times Activated

Besides this, periodic activation records contain:
- Period (in real-time clock format)

The demand activation record contains:
- Number of States Before Execution

- Number of input messages

e




- Message number, number of times received and total

delay for each input message.

2. Emulation Sequence

There are three very definite steps 1imn wusing the
emulation system:

The first one, as already mentioned, is identifying
the functioral components ¢f the tactical system.

The second one, is creating the 4dummy system by
interacting with the dynamic tactical system definition
tool. In this interaction tae user defines the real system
parameters to the emulator.

The third step is running and collecting statistics
from the emulator. After the statistics have been collected,
the user can 2o back to step 2 and modify the parameter or
move the allocated dummy functions from one computer to

another.

ta

. IMPLEMENTATION

Tach compruter will be able to handle up to eizht
periodic and eight demand Aummy modules. The correspondiag
activation records were allocated in on board memory and the
code in common memory. Ia this way all three computer will
share the same code for the dummy modules and the activation
record over which they perform will te different for each
processor. The same is true with the code that dumps the

statistics from the activation records.
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1. ZEmulator-System Relation

The emulator uses message task three (3) for
coatrolling the emulation operation. This message task will
connect 1itself with the system comnsole from which it will
get the input message comineg from the user. Messaze 3 will
receive the real tactical system parameters together with
tke emulator environment the user wishes to use. Message 3
will send these parameters to message tasks in the other
computers in order to make them construct the activation
records.

Message task number 2, 14, and 18 in computers 1, 2,
and 3 respectively were used to contruct the activation
record. They receive the necessary information from message
task 3. Message tasks 1, 9, and 17 are the the dummy demand
modules for corputers 1, 2, and 3 respectively. Observe that
the three message tasks use the same code in common memory.
The same is true for message tasks 2, 1¢, and 18.

Message tasxs 4, 12, and 2¢ were used for dumpingzg
the data and statistics in the activation record. They
become active upon receipt of a message from message task 3
after the user has reauested the dump. They are also used to
move the activation record from one computer memory to
another, correspondinz to movinz a dummy module from one
processor to another.

Message tasks 3, 4, 12, and 2@ were defined 1ir the
main tbtedy of the emulator orogram. They will be executed

under ISIS-II operating system so that the procedures used
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for the definitions were from program MODPRO. Message tasks
1, 9, 17, 2, 12, and 18 were defined in procedure SET$MODS,
executed wurpoa receipt of the system initialization message
by message number three. Procedure SET$MODS uses system

routine ENTFR$MSGSMOD for this purpose.
2. Emulation Control

The =emulation is initiated from the system point of
view by activatinzg the periodic tasks that replace the
periodic functional modules. They are supposed to trigger or
initiate the message sequences that would activate the
system.

Perjodic tasks are activated by message task 2, 12,
and 18 upon receipt of the commanding message from message
task 3. They use system routine PERACT(Address,Pericd) for
this purpose.

The emulation can be stopped in two ways: First, the
user could define a ‘sink  module that would couat the
number of times the same message has been sent to him, and
when this count gets to a predetermined number it would send
& message to the system that would suspend all periodic
tasks and cancel all message task. Second, the wuser could
specify a time 1imit, using the count down clock CDC. The
emulator would count to this 1limit and when reached, it
would produce the same stopping message as ia the previous

case.




3. Linking and Locating

The emulator programs must be 1linked together as
well as the referenced system routines. EBecause system
routines were already located in lcocal %ead Only Memory, the
linking must be done with the PUBLIC references of the
distributed system code. The 1linkirg commani for the
emulator was:

LINK :F1:EMULA1.0BJ, :F1:EMULA2.CBJ, :F1:EMULA3.ORJ,
¢tF1:EMULA4.0BJ, SYSTEM.LIB(EXIT), SYSTEM.LIB(ISIS),
PU3LICS(DISI), PLM8¢.LIB TO :F1:EMULA.LNK

The emulator code was 1located in common memory
starting at 5@¢€¢H to allow the code to be shared by more
than one crrocessor. The -emulator data must be located
tetween locatlions 39@@H ard 4@¢ZE. The command used was:

LOCATE :F1:EMULA.LNK CODE(5200H) DATA(3920F)

«
"
B

RCGRAM DESCRIPTION

1. File EMULAL

This program module contains PERICDICSMOD and
DEMAND$SMOD, the vperiodic and demaanad dummy procedures, the
ones that will be executed instead of any periodic or demand
functional module that exist in the real tactical system. It
also nas DATASFILLER, the procedure that 1is shared by
message tasks 2, 19, and 113.

The procedure SENDSMSGS(Base) 1is used to send the

messages between the dummy functions. ) 1§ - tages the
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information from the activation records ard only requires a
base to the variable NUM$MSGSO0UT.

The procedure EMULATR(Base) consume an amount of
times dictated by the variable pointed to by <base> and
increments the execution time and total executed time in the
correspondineg variatble.

CORRECTSINPUTSMSS verifies that the message received
i1s correct ard updates the statistics about that messaze. It
receives the coming message identificatioa numbder and a base
tc the coming message list.

CCRRFCTSID checks whether the scheduled function to
be emulated is correct or not and sets the activation record
pointer MCDESRLOCK.

Observe that in this program, the mnemonics DRBD,
DBP, DTA, and MBK have been used instead of the references
DATASBLOCK$DEM, DATASBLOCKSPER, MSGSDATA, and MODS$RBLOCK
respectively. Procedures SENDSMSGS, TMULATE, and the
CORRECTSINPUTEMSG are used by both the DEMANDSMOT and

PERIODICSMOD.

This module contains the emulator prozgram’s main
program, the emulator coordinator task%, and procedures for
the control of the principal functions of the emulator.

The main program body will be executed under ISIS-II
operating syctem. It uses procedures CLEARSMOD and ENTERSMOD

to initialize the emulator message tasks and the ISIS-II
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system routine EXIT to &2ive the control back to the user
after this initialization. Observe that the file
:F1:MODPRO.SFC has been included as vart of the module and
that the routine EXIT has been declare EXTERNAL.

MSGENT3 serves as a coordinator for the emulator to
estadblish the relation with the wuser through the system
console and the line printer and it directs the steps of the
emulation. Upon receipt of the initialization message

(message numter @), it will ecall INITSEMU. INITSEMU

[N

nitializes the other emulator message tasxs by calling
procedure S57T$MODS, <clears its local data using the system
routine CLEARS$DATA, and request the use of the coasole by
usineg the system routine CONSLINKSREQ. The system responds
to the console with the message number 21. When MSGEINT3
receives message 21 it calls procedure CHECKSSESCONNECTION.
This procedure will keep asking from the system console if
the oprevious request was denjed or 1t will initiate the
interaction with the user for setting up the parameters for
the emulation. CKZCK5SZISCONNECTION asks the first response
from the console by activating the routine CONSINPUTSAEQ.
The inputs from the console will came with message number
27. when this message number is received, MSGENT3 will call
RECEIVESINPUT, that belongs to programming module ZEIMULAA4.
When MSGENTZ receives the message number 3¢ it will
stop the emulation by calling the procedure STOPSEMU. This
procedure sends message to message task 2, 10, and 1& that

will suspend the periodic tasks and it also will deactivate




the message task used as dummy functions. Besides this, it
will also read the finishing time and compute the time taken
by the emulator and put it inte EMUSCLOCKS2.

EMULA2 also contains pgrocedures for the control of
the principal functions of the emulator, they include: Start
Emulation (START$EMU), Move task (MOVESTASK), Substitute
data (SUBS$DETA), and Write data and statistics
(WRITZSDATA).

STARTSEMU sends the triggering message for the
activation of the periodic tasks (1t initiates the
emulation), and saves the emulation initialization time in
variable EMUSCLCCKS1. In case a time 1limit emulation is
chosen, STARTSEMU defines a priority task that will be
called after the “count down clock event. Procedure
EMUSCOUNTER will be a oriority tasx and 1t will be scheduled
every fifty milliseconds.

MCVY¢TASK moves an activatior record to another
computer. It receives its data from the message data, the
first byte of which should ©be the the activation record
number that must be moved, and the second byte the receiving
computer number. With these two bdytes, and examininz the
data structures ID$TBL and MS3$T3L, MOVESTASK constructs the
aporopriate message with the information for coastructiag
the activation record in the receivirg computer. The message

1s seat to message tasks 4, 12, or 20 (procedure MSGENT4).

wl

UBS¢DATA substitutes opreviously sent data. 1% -

1nternrets the command and directs the user to the iteration
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1
point at which the data was sent, so that the process is
repeated.
WRITESDATA interprets the writing command and then
3
L uses the grocedure SENDSWRITESMSGS to send the appropriate

.message to MSGENT4.

S. File FMULAS

The programming module EMULA3 includes the
procedures for writing out the real system parameters and

the collected statistics on the system console or tane line

rinter. It also includes the orccedure for reordering the

LS}

activation record in 1local memory. RBoth functioas are

controlled by procedure MSGINT4, used by message tasks 4,

12, and 20,

MSG

1

N

3

4 will set up a print flag vector variatle

ur

callei PRAN3FLAG and +then will call procedure SETSWRITZ:
which in turn will establish connection with the system
console or the 1line printer; this is based on the message

rumter and the data byte received with {t. WwWhen the

conrection 1s acknowledged with messaze aumber 2€, orocedure

I

‘o

VN will ¢rint out the desired data. PRN prints the data,
sendinz messages in batches. The last messaze of a batch
regquests an acknowledge from the printing message task. The
acknowledge message 1is mescage number 26. Wwhen MSGEINT4
receives message number 26 it just <calls oprocedure
RECSCOSTRCODE which coatinues with the next batch.

MSGFENT4 also receives the message that trigger




procedure SEND$TASK that sends a reaquired activation record
to a specified computer, RECSTASK that receives the
activation record coming from another computer, and
SETSNEWSSINE that changes the destination of all the
messages directed to the dummy function that uses the moved

activation record.

4. File FMULA4

The program module EMULA4 contains the vrrocedures
needed for the interaction with the user in order to receive
the real time system and emulation parameters. All these
orocedures are directed by procedure RECEIVESINPUT that 1is
called by MSGINT3.

The program EMULAZ has several eatry points. The

entry point a particular activation gets to, depends on the

or

o
)

sta

e

the 1interaction with the wuser. This state is

<

controlled ty saving a value ir variable STATE.

When variable STATE has the value @, the entry point
will be procedure STATEZ; when variable STATE has the value
1, the entry point will ©be procedure STATEl; and so on.
There are up to 32 possible values for variable STATE with
its correszonding eantry ©voint oprocedures. The last entry
point, correspcnding to a2 value equel to 32 1in wvariable
STATE, i1s procedure STATESZ.

The variable STATE 1{s modified after a particular
question has been responded bty the user, or after a 1limit

nas bteen reached.
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V. CONCLUSIONS

Multi-micros can be used by dividing a tactical
application into explicit asynchronous (btut <cooperating)
processes. The -emulator makes it possible to evaluate
alternative process assignments (to processors) as an aid in
designing the process structure. Future work is required to
evaluate how many processors can be effectively used.

There is a need for an application independent operatine
system for multi-micros. Much of this thesis effort was
dedicated to tailor the special purpose operatinz system on
haad. The operating system should manage global/local

memory. & more efficient emulator could be constructed

o
vy

the operating system provides a mechanism for traslating t

s 3
(1]

dummy functicns code between local and zlobal memory.

There 1s a trade-off betweea wusing more memory for
storing similar copies of a code 1in =each computer 1local
memory or increase the possibility of bus contention by
sharing code in commoa memory.

The emulator design is not tied to whether or not the
functional modules are in local or global memory, but this
implementaticn links and locates programs in a way that the
emulator only represents structures of multiple computers
sharing code in common memory.

An emulator for structures which use common memory

[

strictly fcr interprocess communication can oe derived from

the same programs by locatineg the module EMULA1l in on-board

0
n




(e })
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memory. In order to locate EMUIA1l in on-board memory, some
modules from the C/S must be disrezarded, btecause of the
limited space. Modules PAIO and MONI are the most likely to

\

be disregarded for this purpose.
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APPENDIX A. SBC 8¢/2@-4 DESCRIPTION

The SBRC £€9/22-4 is a member of Intel”s comrlete line of
CEM computer systems which take full advantage of Intel’s
LSI technclogy to provide economical, self contained
computer based solution tc OEM agplications. The S3C is a
complete computer system on a single 6.75-by-12 inch printed
circuit card. The CPU, system clock, read’/write memory,
non-volatile read-only memory, I/C ports and drivers, serial
communication interface, interval timer, interrust
controller, bdus control losgic and drivers all recide on the
board.

To facilitate the following description, the SBC 8¢/2¢
can te devided into eizht major fuactional blocks:

1) CPU Set

) 3us Interface

Random Access Memory

= N

) Fead Only Memory

(S}

Serial I/0 interface

Parallel I/0 interface

()}

7) Iaterval Timer

) Interrupt Controller

(03]

The CPU Set consist of the 8080A Control Processor, the
8224 Clock Generator and the 2238 System Controller. The C2U
Set 1is the heart of the SEC 80/20. It performs all system
processing functions and provides a stable timirng reference

for all other circuitry in the system. The CPU zenerates all
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of the address and <control signals necessary to access
memory and I/0 ports both on the SBC 20/20 and external to
the SBC 83%/20. The CPU set 1is capable of fetchineg and
executing any of the &@80°s 1instructions. The CPU set
responds to irnterrupt requests orizinmatineg doth on and off
the S3C 8@/20, and to WAIT reauests from memory or I/0
devices having an access time which is slower than that
recuired by the S3C 8¢/22°s 30804 cycle time.

The Bus Interface allows the SBC 3¢/2@ to use a common
system bus with other master devices such as other C2Us or
DM4s devices, thus sharing common memory and I/0 resources.
The 3us Interface ircludes an Intel Bus Controller, as well
as circuits for the generation of the Bus Clock signal
(BLCK/). The Bus Controller arbitrates all SBC 89/2@ request
for use of the system bus, synchronously with respect to the
Bus Clock. When the SBC 52/29 acquires control ¢f the Bus,
The Bus Controller generates the approplate memory or I/0
command signal, gates the address into the system address
lines and gates data oa/off the system bus. Operation
tetweenr the CPU and on board resources reqiire no use of the
system bus.

The Random Access Memory (RAM) section provides the user
with 4296 (2K) x S-bits of read/write storage, using eizght
Intel 2114 static 3AM devices. The 2114 requires neither
refreshing nor <clock 1iaput to operate. All operations
between the CPU and on board 2AM require no WAIT states.

The Read Only Memory (ROM) section provides the wuser




with the necessary provisions for installing 4996 x 5-bit or
8192 x 8-bits of EROM or EPROM. Each SEC 88/20 has four
24-pin sockets that can accept either Intel 8728 ZErasable
and Flectrically Programmable Read Only Memory (EPROM) chips
(1924x8-bits each) or Intel 83@8 static MOS Read Only Memory
chips. Fach SBC 89/20 also includes the option of installing
four 2748 x 8-bits Intel 2716 Erasable ard Electrically
?rogrammable Read Only Memory Chips. The board includes the
necessary acknowledge and address deccding circuitry. All
CPU accesses to this on-board ROM/EPRCM area require no CPU
WAIT states.

The serial I/0 1interface, using Intel”s &251 USART
device, provides a full duplex RS232 serial data
communication channel that can te programmed to operate with
most of the current serial data transmission protocols.
Syanchronous or asyanchronous mode, teaud rate, character
length, number of stop bits and the choice of even, odd or
no parity are all program selectable.

The Parallel I/0 Interface, using the 1Intel’s 8255
Programmatle Perivheral Interface device, Provides 48 sigznal
lines for the transfer and control of data to or from
peripheral devices. Sixteen lines already have a
bi-directional driver and termination network permanently
installed. This bi-directional network allows these sixteen
lines to be inputs, outputs, or bi-directional (selected via
jumpers). The remaining 32 lines, however, are uncommitted.

Sockets are provided for the {nstallation of driver or
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statistics from the activation records.

ot

terminator networks as required to meet the specific needs
of the user system.

The Interval Timer capability 4{is 1implemented with an
Intel 8253 Programmable Interval Timer. The 8253 includes
three 16-bit 3CD or binary counters which can be programmed
by the wuser to perform a variety of timing functions. The
output from the first two counters can te used as 4interrupt
recuest 1lines, thus allowing simple implementation of such
features as a real time clock or a program monitor alarnm.
The output from the third counter is applied to the Serial
1/C interface. When properly programmed, this counter can
provide the desired baud rate frequency for serial
communications.

The SBC €0/20 also includes an Intel 8253 Interrupt
Controller. The 8258 device resolves priority among =ight
different interrupt levels according to an alsgorithm that is
programmed by the user. A jumper area in the 1{iaterruot
section permits the user to connect ary of nine 2xternal bus
interrupt 1lianes or 17 on-board iaterrupt reqguest to eizght
priority levels inputs to the 8259. Thus, by Jjumpering
various interrupt lines to the appropiate pricrity level and
by programming the 8259 with the desired algorithm, the user

can easily configure a custom irterrupt structure.




under ISIS-II operating system so that the procedures used
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APPENDIX RBR. MULTIBUS DESCEIPTION

A significant measure of the INTELLEC MDC System”s Dpower
and flexibility can bde attridbuted to the design of its bus.
The ©bus structure allows for multiple master—-slave
relationships between the various system modules. In fact,
the bus can support eight masters in a parallel, priority
network. By connecting adjacent masters modules with a
serial bus priority line, the maximum number of masters can
be expanded to 16. Ia such a configuration, each master pair
contends for ©bus control, the two masters in the pair
further resolve contention via the serial vpriority 1line.
This <configuration allows for an increased number of master
modules without incurrirg the timing overhead of a pure
serial network. Where a pure serial bus control networx ic
implemented on the INTELLECT MDS Bus, the maximum bus

transfer rate of 5 MHz caa’t be uaranteed in that
g

Q

application.

The Eus provides its own <clock which is derived
independently from the processor clock. The Bus clock
provides a timing reference for resolviag bdus contention
among multiple ‘tus requests. This feature allcws different
speed processors to share resources on the same bus. Actual
transfer via the bus, however, zroceeds asynchronously with
respect to the bdus clock. Thus, tkhe transfer speed is
dependent on the transmitting and receiving devices only.

This design prevents slow master mecdules from being




handicapped in their attepts to gain coatrol of the bus, but
does not restrict the speed at which faster modules car
transfer data via the same bus. Cnce a bus request 1is
granted, single or multiple read/write transfers can proceed
at a maximum rate of 5 MHz. The most obvious apolication for
the master-slave capadilities of the bus is multi-processor
configurations and high speed direct-memory-access (IMA)
operations, but are by no means limited to these two.

The INTELLEC MDS System 3Rus (excluding power inputs)
consist of 56 signal lines, including 16 address 1lines, 16
bidirectional data lines, ard 8 multi-level interrupt lines.
Thus, the system is capable of supprorting 64X (6£,536) words

of storage.
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messages between the dummy functions. It tages the
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APPENDIX C. ECW TO USE THE EMULATOR

The Tactical System Emulator is a tool designed to help
the user in the allocation of tactical system fuctional
modules into a dAistributed micro-computer architecture.

A Tactical System 1is viewed as a set of functional
modules that interact with each other seeking the same goal.
Two functional module types are recozgnized: Periodic and
Pemand. Periodics will bYde activated by the system in a
constant creriod and Demands will be activated =upon receive
of a message with data input.

The emulation secuence consist of three steps:

(a) the definition of a network that characterizes
the process structure of the tactical system,

(t) the definition of the network varameters to the
emulation system,

(c) the «control of the emulation throush emulation

e
.

4
+3
=
(&)
y
PN
(o)

TFINITION

Ivery Tactical System can be partitioned into functional
modules that are executed as separate processes. This
package does not support the software for helgiang in the
definition of a tactical system network, dut several methoils
can be found in References [3] and [4].

The emulator surports up to eight periodic modules and

eight demand modules in each comouter. Zach module can have

S0
QY
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to initialize the emulator message tasks and the ISIS-II
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up to four serding messasze numbers, each message number with
a single destination. Xach demand module car have up to four

receiving message numbers.

B. PARAMETER DEFINITION

The emulation parameters are requested and checked by
the emulator system 1tself. Upon system initialization the
emulator will be switched automatically to the input state
where the wuser will specify the number of computers aeeded
and the modules allocated in each comguter with i%s
corresponding varameters.

The initialization sequence is as follows:

= 3ootstrap ISIS-II overating system in MDS
Micro-computer Developmeat System. The hardware shoul
include the standard ©boards with 64X of memory and thre
reauired anumter of Single Board Computers coanected. Fach

SBC with the correspording copy of the Distributed System on

- Pun the program EMULA., [TMULA contains the
emulator ccde)

= Run the program RUN with the znumber of the 33Cs
you want to use. (e.i.” RUN 1 2 " will authorize S3C 1 aad
SBC 2).

- The MDS <console will ©dbe in HALT, and a the
emulator identification tag will appear in the Distributed
System Console.

- From there on, you must respord to the emulator




will susperd the periodic tasks and it also will

deactivate

requests inr order to define the network.

C. EMULATION CCNTROL

After the network
emulator will put itself into

the possible commands it is

W <H>{P/D/S><1/2/3>

=1
|

#/1/2/3/2>

wm

==

#C 1/ ,2/,3> =

A is & request

keyed, all
data from computers 1,

2, and

system console. If
te
subset
statistics data.

corresvonding to computers 1,

(65}

initiates the

emulatit the

same commands

it is keyed alone, the input p

the ©tveginning. Ctherwise,‘ a

computer L, 2, or &,

or not) data will be changed.
‘M’ moves module number #

parameters

able to execute.

for 4

the periodic module,

H' is specified the
directed to the line printer.
correspondinz

or 3 specifies

emulation.

S

or the emulation parameter {Ti

have been defined thre

a walt state and will display
They include:
write data

emulate

sﬁbstitute iata

nmove task number #

isplayinz data. If only "W is

dezmand module, and statistic

be displayed 1im the

output will

to periodic,
a subset of the

2, or 3.
At the

he available,.

S" is used to change some cf the network parameters. If

from

to computer 1, 2, or o
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1nterorets

No.

[

the command and directs the user to the iteration !
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DISTRIEUTED SYSTEM PROGRAM LISTING

The following tatble summarizes the content of
the distributed system files.
File name Procedure Page
run run 36
exec executive ce
exec 11
sysstart S
intmse intmsg 116
intreset 113
intg 118
intl 115
int2 123
int3 122
ints 121
intd 121
inté 121
mszent? 123
setsextdata 124
setsexsmszas 125
setésexdinte 126
gxsstart 127
seio seSiosmod 123
csSconvxy 133
packcrtout 134
Pack 134
csoutput 135
startout 136
termio 155
csinput  E5 iy
seprintasyac 142
notsact 141
sesinputsreq 141
sesprintssync 141
se$printslinked 143
sesinpsactivate 144
posscur 145
sesnew$line 143
sasbezsline 148
initsusart 148
seéiostart 147
paio pasiosmod 143
lpsoutput 151
lpéstartout pz
lppack ) §-
lpsnewsline 1
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MSGENT4 also receives the message that trigger

30
- 3
pasnewpage 154
pasrrint 155
pasorint$linked 156
pasoutsactive 157
pasoutsrelease 57
paiosSstart 1523
6 moni mornitor 159
receivesnextScommand 160
get$parameters 16
print$line 16
change$computer 261
filler 261
display 163
movesmemory 16
send $mem 164
subssSnext 1€4
substitute 165
going 1ES
transmit 166
chanzesporinter 16€
resetsinstru 1ET
monitorétrar 167
monisinter 1€8
monisinit 169
monisender 169
' scl scpuol 172
£111 17¢
cleardata 7l
snft 22
bit 1973
clearbit 174
setbit 175
legal 176
S Scz scpub2 L7
copysclock 187
setspertime 179
timescmp 152
peract 121
perchg 182
persusp 183
9 sc3 scoubd 185
msgoverflow 12€
packmech 127
send 138
get 132
release 181
setaxtimse 182
recext 193
seadext 154
{llegalmsge 19€

24




questioan has been responded bty the user, or after a limit

n1das bteen reached.,

ok et e a :
192 sc4 scpub4 168
priority 159
enterprior 220
remorior 201
setecdc 22z
enter$int 223
rem$int 224
3 15! sc5 scpubs 25
printsasyac 225
printésync 206
conSinputsre 226
conslinksreq 228
parélinkéreq 2098
consrelease 223
conSnewsline 229
consSbegsline 219
printslinked 211
narsrelease 212
page 212
write 2135
writesSlinked 214
12 sc6 scputé 215
active 215
uvdstat 218
convasc a7
deblk 218
getnum 219
vectoréadd 221
vectorssubd 222
numout 223
getschar 224
13 SEY scpub? 225
eatersmszsmod zze
monitor 226
error 2eT
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EIMULATOR PROGRAM LISTING

The following table summarizes the contents of emulator
files.

No. File name Procedure Page
). emulal emulal 231
sendémsgs 232
emulate 233
correctsinputsmsg 234
correctsid 235
periodicsmod 236
demandémod 2387
datasfiller 238
setSmods 239
2 emuila2 emulaZ2 241
enterémod 252
clearsmod 252
getstask 2353
printstime 254
setsoutsmsz 258
subssdata 257
moves$task 259
emuscount 261
emuscounter 2€1
startéemu 282
sendswritesmsazs 263
writesdata 265
disconnectscrt 265
checkssesconnection 286
initsemu 266
stopsemu 287
msgent3 26€
emula2.main 2€ES
3 amulald emulad 2772
wrt 7o
wrtélinked 273
setSbuffers 274
prn¢datasper 275
prn¢datasdem 276
prnSorder 278
prnsheadsger 276
prnsheadédem 28¢
prasper 281
prnsdem 281
sttéhead 282
sttsheadsper 283
sttsheadsdem 224
sttshealémsg 234
ttsdata 288

ny
n
(e}




sttsdatasmsz
sttSmsg
prn$sttéper
orassttsdem
prossttémsg
resetswriter
pran
recsco$tbcode
send$task
rec$task
setSnew$sink
setswriter
mszgent4

emula4
getsSnumber
sendsinfo
quest
savestask
savesdelay
checksmsgsid
checks$tasksid
prass=aqueace

checksless$taar

slavel
slave2

stated@-statel?2

receivesSinput

writesacksSreceivad

23¢

286
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2E9
282
29¢
2351
292
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32¢
324
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