
I, — -- ——
II AD AOY2 576 NAVAL POSTQRAOUATE SCHOOl. MONTEREY CA r’s •‘a

A TACTICAL SYSTEM £ML&ATOg FOP A OISTRIBUTED MICRO—COISUTER APC——ETC (U)

UNCLASS IFIED 
.M4 79 4. A SUIU.EN

I 

~ UI~U!U 
_ _ _ _ _ _

U _



IHH.O ~~____ 

L 
~~ II 2.2

_____ L 136 ~~~~

I i  ~~~

I .25 IIIIl~•~ IIIll~
MICROCOPY RESOLIJIION lESt CRARI

0 N/U O~ NA L IIIJ6IAU ((I S ( A N F ~A t( I r  A



NAVAL POSTGRADUAT E SC HOOL
Montere y, Califor nia

~~~
4~~~
. I

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

THESIS
~ ! A TA CTI CAL SYSTEM EMULATOR

FOR
A DISTRIBUTED MICRO-COMPUTER ARCH ITECTURE

by
—

C—) ( I ’  Luis A. /Guillen

I~~ / ~~~~~~
i L

Thesis Advisor: Uno Kodres

Approved for public re ease; distribution unlimited

/

~~ ~~~~~~~~~~ ~~~~~~~~~



SICU NITY CL. AS$ IPICATION 0? TWI S PAGE (1P~~~, Ga.. I$~s..d) 
__________________________________

~~
EThd’

~~~ ~~~~~~~ l & , L r I ~~~~a pAP~ READ INSTRUCT!ONS
n r ,jt~ u u~~~~~~n I ~~ I I~~rI ~~~ BEPORE COMPLtTTp~G FORM

I. NEPONT NUMSEN 2. GOVT ACCCUION NO 3. NICIPIENT S CAT ALOG NUMSEN

4. TITLE ( ~~~~~~~~~ 5. TYP E 0? NIPONT S PENIOO COVENED
Master ’s Thesis

A Tactical System Emulator for a June 1979
Distributed Micro-Computer Architecture •. PIN~ 0 l~~ G eND. ~~~~ NUM SEN

1. 4UT1400(.) S. CO~~tNACT ON GN AN T NUMSLN (.)

Luis A. Guillen

S. •IN?ONM,ND ONG~ NIZATION NAM E AND ADONEU 10. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

TASIC

Naval Postgraduate School
Monterey , California 93940

II . CONTNOLLING OFPICE NAM E AND ADONEU *2. NIPONT OAT S

Naval Postgraduate School
Monterey, Califo rnia 93940 324

14. MONITORING AGENCY NAME S AOONISWS ~~US,~~I Iv. C ur.iiMg OWe.) IL SECURITY CLASS. (•~ Ms ‘~~s~~)

Naval Postgraduate School Unclassified
Monterey, Califo rnia 93940 -ii.. DEC~~AS$I?ICAT ION/00WNGNA DING

SCHEDULE

IS. OiSTNISUTION STATE MENT (.~ hi. Rae.,,)

Approved for public release; distribution unlimited

*~ . 0IS?NISUTION STATEMENT (.~ SR. .s e,a.s u...d S., ~~~~~ 30. ii ~~VSSV~~i ~~~~

IS. SUPPL EMENIANY NOTES

IS. ELY WORDS (CAMMV. ,s~~~s. .S~~ ii .,.. .. .a.p ~~d S~~~H~~ Sy W. .* .~~ Sa..I

EMULATOR , MICRO-COMPUTER , OPERATING SYSTEM ,
REAL-TIME SYSTEM , MULTIPROCESSING , TACTICAL SYSTEM

aO. ASrr$ACT (ca.Iffiuu. ~~, ,.,a... .a~~ iv .,. •..~~~ d e~~.uip bp SI•sS 0.,J

An emula tor  is contructed in order  to s tudy the behav iour
of a Tactical System in a distributed micro-computer architec
ture environment. This emulator represents Tactical Systems
as a set of periodic and demand scheduled functional module
processes that colaborate with each other.

A special purpose operating system was implemented for the
distributed micro-computer architecture that supports the emu-

DO ~~~~~ 1473 EDITION OP I NOV SI IS OSIOI.ETE

(Page 1) 1/N 0102•014•  500 1 I 
1 SECURITY CLASSIPICA?I0II 0? THIS PROS ~~~~ 0.. 0.—sm



fOcu*.v CLAS S.WIC*?IOM OW ?MI$ WCS(f~~~ M... Sa.s..d.

~~~lator. It includes processor managment and system wide
input/output capabilities.

ç

•
~

i
I
1

—

D1~ t ~

10 “e -. T~DD 1473 I 
~~

S/ PI ‘b~%~~n14 6ao1 2 IICU*~V s~a5 I$a~lIM•, TWIS $ASSV~~.. 0..



A~ prcve~ for ~ubl1c rel~ as~~ aistr ibut ion unlim ited

A TACTI CAL SYSTEM EMULATOR
~
‘ OR

A DISTRIBUTED MI C?O_COMPUTEP. ~F CHITEC TU RE

Lu i s  a . ~u i l l e n
Lieut9naat ( J~~) ,  Peruvian Navy

B .S. , ?er.~vian Na~ral ACade’~y, 1974

Sut !nitted in partial fulfillmen t of the
re qui remen t for the tie~~r~ e o±

MA STER OF SCIENCE IN COMPUTER SCIENCE

from the
NAVAL POS T~PADL’AT~ SCHOOL

June 1979

Aut hor: 
—

A p pro v e (j by: 0

Thesis A dvisor

( 
o 3



A PS TUA CT(
A n  e m u l a t o r  is c o n s t r u c t e d  in order to s tud y the

behav iour  of a Tac t i ca l  Sys tem in a distributed

m icro—computer architecture environment. This emulator

represents Tactical System s as a set of periodic and demand

scheduled functional module processes tha t colaborate with

each other.

A special purpose operating system was implemented for

the distributed micro—computer architecture that supports

the emulator. It includes ~roc~ ssor mana gemen t and system

wid e input/output capabilities.
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I. INTRODU CTION.

A. M O T I V A T I O N .

LSI t e c h n o l o gy  has  b rou ght  t o  the marke t new

m i c r o — c o m p u t e r s  whi ch meet  mos t  of t h e  r e q u i r e m e n t s  needed

f o r  t a c t i c a l  sys t em development. They are h i gh ly  r e l i a b l e

(hard are), sma ll, easy  to  m a n t a i n , don ’t need much power ,

have a powerful instruction set and also, because the great

acceutance within the general market , they are relatively

cheap and have consider able software support. The question

is whether new architectures built from these computer s will

perform in a satisfactory manner within the real—t ime

constraints imposed by tactical systems .

T a c t i c a l  Sys tems  a re  m o s t l y  d e d i c at e d  s y s t e m s , t h a t  is ,

they  are de s igned  to  a c c o m p l i s h  r e p e t i t i v e  c o m p u t a t i o n s  over

the same al~ o r i th n . They are , a l s o , f u n c t i o n a l l y  o r i e n t e d ,

and m o s t  of the  t ime  the designer has a very good idea a b o u t

the amount of execution time and mem ory space needed by each

func tion before impl em entati on takes place.

T a c t i c a l  S yst e m s  can be viewed as a set of functional

modules related by communication links. W i t h  t h i s  in m i n d , a

tacti cal system could be mappe d into a di—graph , w here a

no de would represent a funct ional module and an arc the

i n f o r m a ti on c ross ing from one mo dule to another.

A s an exam p le , take the di—graph in Figure 1. Nodes

1,2,3,4 and 5 represent functional modules which perform

certain predetermined functions needed by the tactical 9
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system . Arcs (a) ,(b),(c) and (d) represent inform ation

cross 1n~ from one module to another.

L
I I I
.1. I I

—> 
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/ c
/ 

I I

—>—— .- —--
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/ \

— > — — ———
I I -J

FIGU R E 1. E x a m p l e  of a Di— ~ r aph

We must now observe tha t each nnde or set  of node s can

be ma pped into a process , where a process is characterized

by an executton point and an address space , an d eac h arc  can

be mapped into an interprocess communication message. lith

t a l s  m a p p i n g  sequence  we t r a n s f o r m  the original tact ical

sy s t e m  i n t o  a compu t er s y s t e m  des ign .

The t a s k  of p a r t i t i o n i n g  the d i ag r a p h  so as to  d e f i n e

the p rocess  set  is n o t  addressed  in  t h i s  t h e s i s .  R e f e r e n c e

[4] r e v i e w s  the  p u b l i s h e d  l i t e r a t u r e  on g raph  p a r t i t i o n i n g .

E a r l y  t a c t i c a l  s y s t e m  im~ l e m e n t a t i o n s  c o n c e n t r a t e  t he

c o m p u t a t i o n  e f f o r t  i n  one  r e l a t i v e l y  l a rge , f a s t  c o m p u t e r .

In  d o in g  so , t ’~ese i m p l e m e n t d t l o c s  a r r a ng e  the  ~ro~ ess 1n~
sequence  i n t o  a t o t a l l y  o rde red  s e t .  i . e .  in our  p r e v i o u s

e x am p l e ,  the  p r o c e s s o r  w o u l d  be used s u c c e s s i v e l y  by

10



pro cesses 1 ,2,3,4,5 and back to 1. The processor need s to b~

fast enough so It can be used by all the processes within

the real—time constraints without diminishing the

performance of the system . Sor~ tirnes these systems wor~c

based on a pooled algorit }~m in which the processes which do

not need t~ e immediate use of the processor are skipped

until the next round. Even then , the processor must be such

that it can handle the maximu m load.

A differ ent impl ementation approach can be taken. We

conid concentrate our effort in distributing the processes

among several slower computers which collaborate with each

other in pursuing the sane system goals. Our main concern in

listr ibuting the processes among several computers is the

r e s u l t i n g  i n e f f i c i e n c i e s  in t ’o d u c e d  by the  d i s t r i b u t i o n :

1) G r e a t e r  c o m m u n i c a t i o n  p r o b l e m s  b e t w e e n  c o m p u t e r s .

2 )  Duplication of  d a t a  and programs .

3)  I m b a l a n c e  in e x e c u t i o n  t i m e  and p rog ram s i z e  among

the p r o c e s s o r s .

Re fe rence  [3] e x p l a i n s  a d a t a  f l o w g r a p h  t e c h n i q u e  t h a t

allows us to eTpllcity determine the number of data element s

which must be commun icated between Processes. The flowgra ph

a n a l y s i s  a l l o w s  us t o  c o n c l u d e  if our processes cou ld be

carried out in diffe rent computers completely indepen dent

without creating communication problems .

~,iven that we have followed the last aDproach , we a r e

interested in finding out whether we can meet the real—time

requirements imposed by the tactical systems. Following our

11



p r e v i o u s  e x a mp l e , we can e x a m i n e  t h e  idea us ing  Figure  2.

CPU A is the fast processor used in th e cen t ral i zed

i m p l e m e n t a t i o n .  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 be

exect ted , we want to fird if the time lapse in which the

five processes are executed by CPU 1 and CPU 2 meet the

real—time requirements.

CPU A
1 2 3 4 5

CPU 1 ~— — \ \ \ \ \ \ \ — — — -- \ \ \ \ \ \ \— — — —\ \ \ \ \ \ \  
1 1 3  5

CPU 2 ~—\ \\ \ \ \ \— —— -- : 
2 gap— I gap— f 4

FI GURE 2. TIm e l ines for cen t ral i zed
and distributed approaches.

In most typical tactical systems , we can estimate the

execution time rea uired by each process , as was mentined

before. The critical point in finding the time frame in

which the system is going to work is the interpr ocess

execution gaps and how much they diminish the overall

pe rformance.

A har dw are arc hit ecture has been pro posed in Re ference

[31 . In this architecture the system is built from identic al .

single boar d processors such as the INTEL SBC8O—20 or the

Texas Instrum ents TM 900. The boards are connected by the

INTEL MULT IBUS , TI TILINE or th e tigital ~quipment ’s UNIBUS.

A 2rou p of single board computers connected on a parallel

bus Is calle d an ‘affinity group ’.

12



A Real— T ime Operating System for Single Board Computer

Based. Distributed Nava l  T a ct i c a l  Da ta  Sys t em was developed

at the Naval Postgraduate School. ( see R e f e r e n c e  [2] ) In

order to support the implementation of tactical systems , on

an a r c h i t e c t u r e  of i n d e p e nd e n t l y  ope ra t i ng  s i ng l e  board.

pro t~essors.

In or der to determine if such architectures can

effectivel y support tactIcal processing, the resul t s of

a n a l y s i s  s h o u l d  be v e r i f i e d  by a m ore  r e a l is t i c  e m u l a t i o n  of

the system . It is the purpose of this thesis to implement an

emulation system based on a multiple single board computer

a r c h i t e c t u r e  and the  r e a l — t i m e  d i s t r i b u t e d  o p e r a t i n g  s y s t e m

I Ref. 2 1• .

P. D!SIC.N CBJECTIVES .

As m en ti one d b ef o r e , a Tactical System could be mapped.

into a system of independent processes related by

Interurocess communication messages. The goal of this thesis

is to c reate a Tactical System Emulator in order to study

the behaviour of such a system in a di stributed

microc omputer architecture .

The Tactical System Emulator intends to be a tool. for

helping the tactical system designer in allocating the

d i f f e r e n t  p rocesses , into which his system has been

p a r t i t i o n e d , be tween  t h e  p r o c e s s o r s  a v a i l a b l e  in a proposed

microco mputer network. ~y using the emulator , the system ’s

designer can identify potential communicati on bottlene cks

13



before the system is full y implemented .

The Tactical System is viewed for this purpose as a set

of functional modul es that interact with each other throu gh

messages. There are two kinds of functional modules:

p e r i o d i c  and.  demand .  P e r i o d i c  f u n c t i o n a l  modu les  become

a c t i v e  every  predete rmined  i n t e r v a l  of t i m e .  They are

t r iggered  by the  sys tem and a r e  u s u a l l y  in charge of

input/output functions . Dema nd functional modules become

a c t i v e  upon  r e c e i p t  of a message . This  message can be sent

by periodic as well as by demand functional modules.

Th e E m u l a t o r  r ep laces  every  p e r i o d i c  f u n c t i o n a l  m o d u l e

wi th a dummy periodic module and every demand. functional

mo dule with a dummy demand module. These dummy modules are

no t expected to perform the required function but to consume

execution tIme in 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 stat Istics

about the behaviour of the system with emphasis on the

interoroc ess communication delays.

The emula tor would also provide a d~.iarnic tactical

system ’s definitio n tool. This definition tool will allow

the user to define the r’al Tactical System ’s parameters and

then will distribute this in formation among the Single board

com pu ters , 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 environment.

The emulator will require system parameters such as the CPU

time needed by each func ti onal mo dule , num ber of message s

destination and length of each message , num ber of processors

needed and so on.

I t would be also necessary that the emulator allow the

user to redistribut e the modules between processors and to

modify the emulation parameters dynamically.

C. THESIS BODY.

The architecture of the distributed system of SBC8O—20

m icro—computers was chosen because the availability of the

single board computers in the micro—computer laboratory. The

availabilit y of the system ’s programming language , PLtI8O,

ar d .  the  e x i s t a n c e  of a p r e v i o u s  t he s i s  w h i c h  im p l e m e n t s  a

real— time operating system for the same architecture ( see

R e f e r en c e  [21 ) were equally important reasons for choosinR

this architecture.

Tailoring this operating system to meet the emulat or

needs and to run in the choosen architecture , too k mos t of

the thesis effort. Chapter II and III explain the

characteristics of the system created to support the

e m u l a t o r  and the  i m p l e m e n t a t i o n  d e t a i l s .

Chapt er IV descr ib es th e emula tor as it was conce ive d

and implemente d . Append ix C explains how to use the

( emulator.

15



b
II. DISTRIBUTED SYSTE M .

A. ‘ ENEPAL IDEA.

Real—time applications push computer and programming

t e c h n o l o g y  to i t s  l i m i t s  ( and s o m e t i m e  b e y o n d ) .  A r e a l — t i m e

s y s t e m  is expected to  m o n i t o r  s im u l t a n e o u s  a c t i v i t i e s  w i t h

c r i t i c a l  t i m i n g  c o n s t r a i n s  c o n t i n u o s l y  and.  r e l i a b l y .  The

consequences of syst em failure can be serious.

Real—time sys t em s mus t a c h i e v e  the  u l t i m a t e  in

s l r r p l l c i t y ,  r e l i a b i l i t y ,  and e f f i c i e n c y .  O t h e r w i s e  one can

neither understand them ,depend on them , nor  expec t  them to

keep pace with their environm ent.

To make a r e a l — t i m e  sys tem e f f i c i e n t  w i l l  p r o b a b l y

r e q u i r e  t h e  des ign  of compu te r  a r c h i t e c t u r e s  t a i l o r e d  to

particular applicatio ns. Real—time syste~is have these

characteristics:

( 1)  A R e a l — t i m e  S y s t e m  I n t e r a c t s  w i t h  an e n v i r o n m e n t  in

which many things happen simultaneously at high speeds.

(2) A Real—time system must respond to a variety of

as ynchronous requests from its environment. The system can ’t

predict the order in which these req uest will be made but

must respond. to them within certain time limits. Otherwise ,

i npu t d a t a  may be l o s t  or o u t p u t  d a t a  m ay lose  i t s

si,~n ificance .

‘3) A P e a l — t i m e  Sys t em c o n t r o l s  a c o m p u t e r  w i t h  a f i x e d .

conf iguration of processors and peripherals and perform s (In

most cases) a fixed number of concurrent task in  i t s

16



env ironment.

( 4 )  A R e a l — t i m e  Sy s tem never  t e rm in a t e s  bu t  c o n t i n u e s  to

serve its environment as long as the  c o m p u t e r  w o r k s .  ( The

occas iona l  need to s t o p  a r e a l — t i m e  sys t em , at  the end of an

experiment can be handle by an ad hoc mechanism , such as

turning the machine off or loading another system into it.)

What  is needed then  fo r  r e a l — t i m e  a p p l i c a t i o n s  is the

a b i l i t y  t o  spec i fy  a f i x e d  number  of concurrent tasks that

can  r e spond  r a p i d ly  to a s y n c h r o n o u s  r e q u e s t s .  The sys t em

prcpo sed  here is a r e a l — t i m e  s y s t e m  w i t h  the  f o l l o w i n g

characteristics:

(1) A Real—time System consist of a fixed number of

co ncurrent processes that are started simultaneously and.

exist forever . Each process can access its own variables as

w e l l  as sha red  i n f o r m a t i o n .

(2) Processes can Interchange infor m ation by sending

messages t o  each other . This way a p rocess  can r e ques t

ser vices from another process. This is the only form of

i n t e rp r o c e s s  c o m m u n i c a t i o n .

~3) ?rocc-sses are synchronized bj means of interproce ss

c o m m u n i c a t i o n  messages .

B. ~~~CH IT !C TUR! .

The proposed architecture consist of a set of identical

sir~ le board. computers and read/write memory boards

connected by a time multiplexed data bus. ( see Pi~ur, 3.)
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SBC 1 ISBC 2 ~S3C 3 comm .
memo.

I I I

MULTIBUS

FI~~ TJ B E  3. An “Affinity Group ” .

Each S ing l e  Board C o m p u t e r  ( f r o m  now on named S B C )  is

able to communicate with the others by means of a message

buffe r located in common memory (the memory boards). ihen

ore SEC 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 implemented could be defined as a

special purpose operatin, system . It provides interprocess

communication , tr~ the form of message routing, and process

scheduling . It also provides system wide Input/output

facilities. Memory and Information management are not

cons id ered necessary for thi s class of ta cti cal opera ti nz

system , so these functions must be provided by the user.

The Ope rating System recognizes three kinds of tasks:

Priorit y task , Message task , and Periodic task. All user ’s

applications must be tailored to fit into these categories .

Priorit y task are scheduled for system events. These

usually cover the Input/output and real—time clock

com putational 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.
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Message tasks are scheduled upon receipt of a message

for them. These are usually defined by the user and carry

most of the computations.

Per iodic tasks are scheduled at the end of a time—lapse

d e f i n e d .  by i t s  p e r i o d .  A p e r i o d i c  t a s k  is d e f i n e d  w i t h  art

entry point , and. an interval of time (period). The system

keeps track of the nex t activa tion—t im e and. the state of the

task.

C. THE EXECUTIVE.

Each SEC is driven by an executive which resolves

priorities between system task based on the algorithm

described by the flowchart in Figure 4.

Priority tasks have the highest priority. Message tasks

have the next highes t priority. Periodic tasks have the next

highest priority and background tasks proceed at the lowest

priority level.

The Executive must check for messages cornming from two

diffe rent sources . One is the SEC buffer used by the system

as an immediate message buffer. The other is the System

buffe r used as a system wide message buffer. Messages

directed to message s task allocated in the same com puter as

the source will only use the S’BC buffer. If the directed

message task is not allocated in the same computer the

message will be put in the system buffer to be picked up by

the respective executive .

Periodic task ini tiation is based on the content of the
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real—time system r~lock. Each ?eriod ic task is associated

w ith 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 be the same .

s;stem~m it .  

/ \
/prto.\
task? ————> serve priority task — > 1

\ / y
\ /

/ \
/mess.\
task? ————> 1 serve message task ~—— >~

/ y
\ /

/ \
/ \

I pertoj————> I serve periodic task — )~
\task?/ y
\ /

background
tasks — ——>

FIGUR E 4. Executive Flowchart.

I
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T. INPUT/ OUPUT .

Each SBC must be able to handle its own input/output

resources. The presence of data to be transmitted or

rece ived. from an external device will be considered as a

system event able to be identified locally by the SBC to

wh i ch the device is connected .

This input/outpu t event will produce the scheduling of a

correspond i ng priori ty task which would be able to recetve

or transmit the data.

All input/outpu t procedures then would be made at this

level . The interchange of data will be between the external

devices and locally allocated input/output buffers.

A combination of priority and message tasks should be

used f o r  s e r v i n g  the  i n t e r r u p t  d r i v e n  i n p u t / o u t p u t

functions. Interrup t driven I/O must be used. rather than

dedicated I’O in order to allow other tasks to be served

while the communication interchange is in progress and

contributed to meet the real—time constrains as needed .

For the serial I/O interface constructed , an input

(priority) task will collect the input data in a buffer.

When the input task receives an end of data notification , i t

w i l l  empty the buffer by sending a message to the task which

uses the data .

A virtu al system console , able to be attached to any one

of the processors is created . It provides the user w ith a

powerful tool for constructi ng user interface software. ~d

hoc system routines like ?RINT~SYN C and. CON$ INP IJT$REQ, for
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input/out pu t 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 reau’st for an input

message string. In the case of the system console , the

rnessa~ e will come from the real device attached. to it.

. THE MCUTCR.

Special software was created to allow the user to

interact w i t h  the system in order to examine and modify its

pa rameters .

As defined before , each SB C has its own local memory

which the sys t em uses to store data and certain parameters.

In the develo pment of applicat Ions it is very im portant to

have access to the data not onl y for debugging purposes but

to be able to recogni ze transient states that can help I’~

the irn~ roveme1t of the application .

The system m onitor contains commands for d.isplayin~~,

f i ll ing , and modifying memory, for the transmission of

messages from the console and the allocation of this console

to any one of the computers. It interacts with the

input /output task for communicat ing with the user and is

mai nly composed of message tasks.

A special feature includes triggering the monitor when

control gets to a defined execution point. This even t ,

requested by the m onitor with a command, will schedule a

priority task which in turn w i l l  schedule the mo nitor of the
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computer which got to this execution point.

E. USI~~ THE SYSTEM .

This special purpose executive operating system has not

been created with the idea of a stand alone system but as a

tool t h a t  roust be used In conjucti on with the progr am

develo pme nt system tha t helps the user to set up the init ial

state.

Fach SBC will have in its read only memory a copy of the

executive , a serial input/out put handler , a parallel output

han dl er , an Interrup t handler , a monitor and a set of system

routines tha t will help the user to control the on—b oard

system resources and the communication between processes.

The system data structures include an address vector for

prior ity task entry points , an address vector for message

task entry points and. status , and an information vector for

each j~eri odi c task containing status , entry point address ,

interval t ime address and. next activation time. This data ,

in conjunctio n with a real—tIme clock , a message buffer and

other system parameters , which will be described in Chapter

III are al located in common memory. The system provides

s y s t e m  r o ’it l” e s  f o r  c o r l t r o l l i n R  t he se  d a t a  s t r u c t u r e s .

~essage tasks are created by definin g a message entry

point and an in itial status (active or inactive). This can

be done  b e f o r e  the d i s t r i b u t e d  s y s t e m  i n i t i a l i z a t i o n ,

provided the initialization message is accepted . Any

periodic task can be created , suspended and its period
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m odified using system routines. In the same way priority

task can be controled.

In addition of the purposes mentioned previously, a

variety of system routines have been created for helping the

tactical system designer. The user would only need to

properly link his programs with the system ’s public

r e f e r ence i n o rder t o use th em.
I

Special care must be taked. in the lin~ ing and locating

process at implementation time , because there is no

mechanism for memory management. The user himself would be

responsible for the proper location of his programs.

Each SBC can control (essentially by multiprogramm ing)

up to eight priority tasks , ei~~ t message tasks , and eight

periodic tasks .
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III. DISTRIBUTED SYSTEM IMPLEMENTATION.

A.  V IR ON~ E~ T.

The systeri has been built from three I~ TE sBceø/2 e —4

Single Board computers and four 16K RAM random access mem ory

boards. The description of the SEC and the MULTIBUS by which

these boards 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 Development System was used. A

complete description of this system can be found i~
Re ference  1e~

Software used for the develo pment of the distributed

system , as well as for the emulator , include ISIS— Il

Operating System and PLMBØ compiler. Information about these

software products can be found in ~e fere n ces  [7,8~~.

The distributed system ’s memory organization can be seen

with the help of Figure ~ .

— ISIS—Il operating system uses the lowest 12K bytes of

common memory. Loca tions from ØØØØE to 2FFFH .

— MDS monitor uses the highest 2K bytes of common

memor y. Locations from FEØØH to FFFFH .

— The distributed system code uses the lowest 3K byt os

of on board memory, locations from OØ~ØH to 1EFF~~. This

memory se2rrent contains the Executive , inter rupt handler ,

messages handler and input/output handlers, the system
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initializatio n software , the monitor and all the system

routines. One copy for each single board computer.

— The Distributed System interrupt vectors and local

var iables use on board. SEC mem ory from 3000H to 38YFH . On

board memory from 3900H to 3FFFH is a v a i l a b l e  to  the  u s e r .

— The Distributed System general data structures are

al loc at ed i n common memory  f rom F4Ø~~E t o F7FYF .
— Locations from 4000H to F3FFH are free for use . These

are 45K bytes of common memory available to the user.

MDS ‘~em .

~HW 1  } ~‘DS Monitor 

Common Variables
Fegg 

} Free Space ( 45K

SEC 1 Mem . SBC2 ~1em . S~~C3 Mem.
40e0 — —— ——— —— . . .

I I 1 1 1 1 1 1 1  1 1 1 1 1 1 1  ~~I I I I 1  I. D A M
f £t _1 I

3ø~~ —— ——— —— .. . .— 
I I I I

I I
I, I I I I I I — —— — — 

1 1 1 1 1 1 1  ii’ T~~ 1 1 1 1 1 1 1  1 1 1 1 1 1 1
1 1 1 1 1 1 1  Ti . L.J I I I ’ I I I
1 1 1 1 1 1 1  I ! I I I I I  1 1 1 1 1 1 1  1 1 1 1 1 1
1 1 1 1 1 1 1  1 1 1 1 1 1 1  1 1 1 1 1 1 1  ‘ 1 1 1 1 1 1  

EI OT JR E 5. Sy s tem ’s Memory Orza nlz ation

On board S~~ memory shad cws the corre spondin g locations

on common memory, so that the SBC can ’t access  common m e m o r y

from øø~ø~ to 1!F!H or from 3ø~ øH to 3EFFE. In the same waj,
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a SEC ’s is ~rotected. against other processors tryi ng to

access I t s loc al memor y .

The NIDS System provides a front panel board which ,

besides working as an interface between the front panel

switches and the MDS processor ari d 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 monitors eight bus

reaue s t (B~ EC) lines , arbitrates all request in paralle l ,

and controls eight bus priority enaDle (BPR ~~) lines. Only

one BPRN line associated with the highe st priority modu le

which is reouestin g use of the bus is enabled , thus allowing

that board to become bus master. The front panel board also

generates the 9.8 MHz bus cloc (~~CLK/) signal which

provides a ti’~ing reference for the bus control section of

the various master modules. This board is the only other

board used after the Distributed System has been

initialized . Another feature of the front panel hoard ,

r.anely the interrupt swi t ch logic for in te r rupt numb er six

~s used as a 
‘ warm boot ” for reinit Ializin g the s;~st~~i

(without turning the power off).

The ISIS—Il Operating System is used to develop the

programs for the Distributed System app licati oo s, as was tne

case wi th the Emulator programs.

~~. SYST E M IN ITIALIZATION.

Several steps must be taken before the e .xecutive takes
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control of the system . They can be separated into three

steps.

The first one is executed under ISIS—Il Operating

System , working with the standard MDS processor and. system

console; i ts purpose is to link the user ’s application

programs within the Distributed System .

The second step will put the MDS processor into a HkLT

state and will activate the SBC ’s which are needed as part

of the system .

The third step will be take n by each SEC , provide d it

has been activated. , and its purpose is to prepare the local

data structures and resources for the new sob .

1. First Step

The user can ‘-a~ce use of several system routines ,

which will be described. in deta il later. In order to do so,

he only needs to declare them external variables and then

reference them as indicated. Rerr erober tha t the code

belonging to these routines is already present and has been

allocated in on board SBC mem ory. Because of the

characteristics of the hardware , the memory cycle in this

memory is free from bus contention and hence the use ~f

these routines is highly recommended over sim ilar ones

created by the user.

To g~ t to the system routines , it wcufl he

su fficient for the user to l:nk his previously compiled code

with the pub lIc reference of the Distributr ~ Sys tem code .



This would resolve any external reference and would direct

the processor to the correspondin g routine in local memory.

The user must be sure tha t the initial state of the

message task vector address is as he wishes. The message

task vector address is one of the system wide data

structures located. in common memory . Its name is

MSG~~ OD~ADDRESS and. is located. at MS~~T P L$ ADR ~F66øH).

The program NIOD~ PRO.S?C provides two procedures for

initializing this structure: CLEAR$M OD , which erases the

entire vector and EMTEh$MQD(~~,Mdress), which initi a lizes a

message task by defining the message number to be used and

the entry point address of the task. Computer 1 serves

message tasks numbered between 1 and 7 computer 2 , message

tasks numbered between 9 and 15 and comtuter 3, me ssa~ e

tasks number~d between 17 and 23. Numbers ~~, 8 and 16 are

reserved for the Distributed System itself.

2. Second Step

Upon system reset , all three SRC ’s begin to look at

a special system wide vari able called LOADS~ C. when LO~.DSBC

takes the value equa l to the number with which the SPC

identifies itself , it is the time for wakinz up. F1rst th ir.g

to do for the SBC woul d be to check a second vector variable

cal le d ST AR T in th e ~osi t ion corresDor.din~ to it s

ident Ification number (1 ,2 or 3). If the computer can find

the same number in this po sit to n , then It proceeds to

initialize itself , otherwise it keeps checking STARr every
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secon d , fore ve r .

The program called RUN , which executes under

ISIS—Il , receives as input the number of the SEC ’s which the

user is willing to use . SEC ’s are identified by the number s

1, 2 a n d  3. Upon receipt of the input, it sets the

correspond i ng 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 oeen requested . The program then

puts the MDS processor in HALT state.

The program also pr ovides f~ r a “s-ft boot ” reset

routine with interrupt number six. This tnt err u~ t would be

used as a rein iti lizatic n interrupt by the Distritu :e~

System.

3. Third Step

Several steps must be ta~ en by each SBC before

g i v i n g  c o n t r o l  to  t h e  e x e cu t i v e . They i n c l u d e  the

initialization of:

(a) system wide data structures.

(b) executive parameters.

(c) interrupt control ler.

(di counters .

(e) ser ial and parall el I/O interfaces.

(f) interr upt mask.

ee should see these steps in more detail.

a. System data structures Initialization.

B e f o r e  th e ex~ cu tive takes control, the
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followin g must be accomplished with the data:

(a) System wide message buffer , EXTMS~ BUF F!R

must be empty and the corresponding pointers and flats set

to z e r o .
I.-

(b) The real—time clock FTC set to zero time ,

and its semaphore, CLOCK set to free.

(c) Immediate message buffer , NISGBUIFER must be

empty and the corres~ onding pointers and flags set to zero.

(di The address vector for priority task and

periodic task (?RIOR.LIST and ?ERLIST) set to null.

(e) MS(ENTØ must be entered as a message task in

the corresponding number (0, 8 or 16). This task groups the

entry poi nts of the I/O interfaces and the monitor.

(f) All control ~arameters and variables set to

zero.

Al]. the step listed above are accomplished by

p roce dure S!T d EX~DATP in INTMSG .

b. Executive pa rameters initialization.

The system provi des an initialization message ,

numbered 0, an d severa l sys tem me ssa ges for con t ro ll i ng t~ e

system console and the printer. Initially, the system

console and printer will be defined in SEC 1, so these

messages will be directed to message task number 0. These

messages are numbered from 10 to 25 and are initialize d by

procedure SET~ EX $ M S~ S in INTMS~~.

The procedure SET~EX$N1SGS will also allocate an

initialization message for each user message task defined
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f o r  th e SB C .

c. I n t e r r u p t  c o n t r o l l e r  i n i t i a li z a t i o n .

When the p rocessor  rece ives  an interrupt signal

it checks the location of the correspondin g interrupt

handler in an interrupt vector previously defined . These

Interrupt vectors must be initialized and their location and

charac teristics communicated to the interrupt controller

h a r d w ar e . T h i s  Is done by procedure SFT$EX~ INTE in INTN’SG .

d. Counters initialization.

The I N T E L SB CE O/20 ha r dw are  has th ree coun ters ,

numbered 0, 1 and. 2. Counter 0 is used to update the

real— time clock , RT C. Counter I is used for a special

mechanism which will tri gger a use r defined procedure at the

end of the reo’iired count . Counter 2 is used for baud rate

generation for serial I/C communication interface.

All three c o un t e r s  m u s t  b~ p ro gramme d  to

accomplish the purpose they have been assigned to do before

they are used .

e. Input/Output interface initialization.

Serial and Parallel I/C inter face s are

initialized by procedures SEIO~ START an d PAIO~ST.UT

respectively. In general they mus t set the hardware for the

prope r com m unication prot ocol , clear the I/O buffers and

po in t e r s , and introduce the corresponding I/O priority task

in to PRIORLIST.

f. Interrup t mask init ialization .

( The interrupt mask is saved in system variable



I M T M A S K .  In  case of c o m p u t e r  1 , the mask  w o u l d  be se t  to

allo w counter 0 to produce an interrupt for RTC updatin g ,

and to enable interrupt six in order to reinitialize the

initi alization seauence whenever the user wants to push the

front panel switch. Besides this , all S3C Interrupts three ,

four and. five are enabled. for I/O purposes.

Coun ters , I/O interface , and interru pt mask

initializatio n is accomplIshed by ~‘-ocedure ~XST A RT in

INTt~SG.

C. INTERRUPTS.

1. Hardware characteristics.

The INTEL SBCEO/20—4 interrupt controller logic

cons i st of In te l ’s 8259 Interru pt controller device and a

Jumpe r pad that allows the user to connect any of 27

possible interru pt reauest to the 8259 c et~ ht interruDt

priority inputs. The 8259 resolves pr io rity among all eig ht

levels according to an algorithm which ts prcgram selected

by the  u s e r .  The norma l i n t e r a c t i o n  of the  8259 w i t h  the  CPU

is as f o l l o w s :

(a) one or more  of the  interrupt request lines

(IR?—0 ) is raised high signalling to the 3259 that the

periphera l equipmen t is demand ing service.

(b) The 9259 accepts these requests, resolves the

p r i o r i t i e s , and sends  an t N T  t o  the 8020 CPU.

(c) The 8090 CPU acknowledges the I.~T and responds
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with an P~T.A / pulse.

(di Upon receiving the IMTA/ from the CPU group

(8238), the 8259 will release a C ALL instruction code

( 11001101) onto the 8—bit Data Bus thougth its D7—0 pins.

( e )  Th i s  C ALL i n s t r u c t i o n  w i l l  I n i t i a t e  tw o more

IMTA/ pulses to be sent to the 8259 from the CPU group

(8238).

~f) These two INTA/ pulses allows the ~~~~ to

release its preprogrammed subroutin e address onto the Lata

Bus . The lower 8—bit address Is released at the fjr~ t INTA/

pulse and the higher a—bit address is released at the second

INTA/ pulse.

(g) This completes the three ‘~y te CA LL Instruction

released by the 8259. The In— service register (iSR) is not

reset until the end of the subroutine when an EOI (~~ni of

interrupt) command is issued to the 6259.

The 8259 accepts two types of oommand words

generated by the CPU for pro~ rammin ~ purpose:

a. Initialization Command lords (IC’.s):

Before normal operatio n can begin , each 825 in

the system must be broug ht to a startin g point——by a

sequence of 2 or 3 byte commands timed by IF! pulses.

b . Cperatton Command Wor d s (OC~is):

These are the command. words which command t h e

8259 to ope rate in various lnt °rrupt modes . These mcdes are:

Ful ly  nes ted mo de , Rotating priority m ode , Specific prior ity

( mode and pol led mode.
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The 8253 will operate in the fully nested. mode after

t he  e x e c u t i o n  of the i n i t i a l i z a t i o n  sequence w i t h o u t  any  OC W

being w r i t t e n . In t h i s  m ode , the  in t e r r u p t  r e q u e s t s  a r e

ordered in  p r i o r i t i e s  f r o m  2 t o  7. When an interrupt is

acknowledged , the highest priority reQuest is determ ined and

I t s  a d d r e s s  v e c t o r  p laced on the  b u s .

Whenever a command is issued wi t h A0 = 0 and D 4 = 1

this is interpreted as initialization command word 1 (ICW1 ),

and this initiates the initializat ion sequence. During thIs

se que n ce , the followin g occurs automatically:

(a) The edge sense circuit is rese t , w h i c h  m e a n s

that following initialization , an interru pt request (Ia)

input must make a low to high transitio n to generate an

interrupt.

(b) The interrup t mask register is cleared .

(c) Li 7 input is assigned p riority 7.

(d) The special “ask mod e flit—f lop and the stat is

read flip— flnp are reset .

Initi a lization command word 2 nu st be Output ri~ ht

after ICI1 . ICW1 provides two control b its and two or three

of the interrup t CALL address bits. IC~ 2 provides 6 of t he

CALL addres s  b i t s .

The 9 reQuest ing devices have 8 addresses enually

spaced in  — e~r o ry .  The a d d r e s s e s  can ~e ~r o g r a n m e d  a t

intervals of 4 or 8 b y t e s :  the 2 start io~ locations

therefore occuoy 32 or 64 bytes of memo ry res~~ ctively .



2. Interru pt Confi.~ur a ti on .

There are two major consideration in configuring the

interrupt structure on the SBC 80/20:

(a) The connection of external and on—board

in t e r r u p t  r e q u e s t s  t o  t h e  ei gh t  interru ?t priority level

Inputs (IRO—IR7) on the 8259.

(b) The selection of a pr iority resolution

al~ ori thn .

The oriority resolution algorithm is selected by

pro grammin g the 3259 as m e n t i o n e d  b e f o r e .  The a s s t g n m e n t  of

i n t e r r u p t  r e q u e s t s  to  i n t e r r u p t  priority level inputs is

made by connectIng the appro p iate jump~ r pins.

The 8259 was programm ed in the fully nested mode for

the Distributed System . Interrupt ~ h as  the  hi ghes t  p r i o r i t y

and interrupt 7 the lowest.

Th e i n t e r ru p t s e c t i o n  jumper pad was connecte d in

the followin g way:

( a )  I n t e r r u p t 0 ( pi n 24 )  w i t h  ( p i n  3 4 ) .

( b )  i n t e r r u p t  1 ( p i n  25 )  u n c o n n e c t e d .

( c )  I n t e r r u p t  2 ~p in  2~~) with (pin 35).

(di I n t e r r u p t 3 (p i n  27) w i t h  ( p i n  41~
(e) Interrup t 4 (pin 28) with (pin 40).

( f )  I n t e r r u p t 5 ( p i n  29) w i t h  ( p i n  63) .

( g )  I n t e r r u p t  6 ( p i n  30) w i t h  ( p i n  4 9 ) .

(hi In terrupt 7 Unused.

I
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3. Interrupt Handler routines .

Interrupt 0 was used. to handle a special system

event associated with Counter 1. Using system routine

SETCDC (la pse ,address) the user can recuest the system to

execute the procedure whose address is indicated after the

time lapse he gave .  T h i s  system routine will set counter 1,

which acts as a count down counter , with the specifie d ti~re

lapse. Counter 1, whIch is attached to interru p t ~~~, will

~rcduce an interrupt when it gets to zero , and th~ iriterru ?t

handler will call the proced~ire as reouired . This m echa nism

must not be used frequently, nor should the procedure

consume too ~ueh processor time .

Interrupt 1 was used to handle the monitor trap. The

user can , by a command , activate the monitor when the

processor gets to a certain execution point. To acco’rol:sh

this , the mo n itor replaces the code at that point by an

in t e r r u p t  1 command code . W h i c h e v e r  p r o c e s s o r  ge ts  t o  t h a t

point first would execute the interrup 1 instructio n and

would then ~et to the MON ITOR$TRA ? procedure.

Interru pt 2 was used to update the real—tt ”e cloc~~.

Interrupt 3 was used to schedule the serIal input

priority task. It Is trtg~ered by the Receiver ~eady signal

in the USART which goes high when a character is rece~ ve1

from the k e y b o a r d .

In t er r u~ t 4 was used to schedule the serial output

prior ity task. It Is triggered by the transmitter r~ady

s igna l In t ’- e USART , w h i c h  goes h igh  when  the  US AF T t u f t e r
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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

signa l is received from the printer.

Interrupt 6 was used for system reinit ialization. It

is connected to the front panel interrupt 6 switch.

D . C OU~4TEPS.

1. Hardware Charac~ eristics.

The SEC 80/20 includes an 8253 ?rogrammable Interval

Timer. The p253 solves one of the most common problems in a

nicro— computer system , the generation of accurate time

delays under software control . Instead of setti ng up timing

loops in system software , the pro~ rarn rner con figures the 3253

to match his reauirements , Initial izes one of the counters

of the 8253 with the desired quantity, then upon command the

2253 will count out the delay and interrupt the CPU when it

has ‘-ompletel Its task. It is easy to see that the software

overhead is minimal and that multiple delays can easily be

maintained .

Ott~er counter/t Iler functions that are non—delay in

na ture but also common to most rni cr o—c orn~ut ers can be

i~ ple~ ented. with the 8253.

— Programmable Baud Rate ~en~ rator

— Even t Co un ter

— Binary Rate Multipli er



— Real Tire Cloc~c

— Programmable One—Shot

— Complex Mo tor Controller

The 2253 includes three separate counters. Each

counter Is a single 16—bit pre—setta tle down counter. Each

counter can operate either in binary or in BCD and it s

outputs are configured by the selections of functio n stored

ir .  the Co ntrol Word Register and .1u~ Der corfi~ ura tions on

the SBC 20/20.

The counters are fully independe n t and each can have

separate mode configuration and counting operatio n , binar ;i

o r BCD. Al so , there are special features in the Contr ol Word

that handle the loading of the count value so that software

overhead can be minimized for these fuction s.

The com olete function de finition of the 6253 is

pr ogrammed by the system software. k set of control wor d s

must be send out by the CPU to in itiali ze eacn cou nt~~r of

the 9253 with the desired function and quantity infor m at ion.

These control word s program the func t ion , load i ng seo’ieoce

and selection of binary or BCD coun t in~~. Onc~ ?rogramred ,

the 8253 is ready to perform whatever ti niri ~ task it is

assigned. to accomplish .

a. r~ode 0: Interrupt on Terminal Count

The output of the ~253 counter will be init Ia l ly

low after the mode set oPeration. After the count is loade d

into the selected count register , the outp ut will remain lcw

but the counter Starts to count. When tetmic al co~ rt is
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reached., the output will go high and remain high until the

selected coun t register is reloaded , or the mode set again.

Reloading a counter during count will restart

the procedure . A gate input will enable counting when high

and inhibit counting when low .

b. Mode 2: fla te genera tor

Divide by N counter. The outp ut will be low for

one period of the inpu t clock . The period from one o u t o u t

pulse to the next is equa l to the number of input counts in

the count register. If the coun t regj~ ter is relo aded

between output pulses , the present perio d will not be

affected , b u t  the subsequent oeriod will reflect the new

value .

The gate/Reset inout , when low , ~~~ force the

out:u t hIgh . When the ‘,ate/Reset input goes b i ~~h ,  the

counter will start from the initial count. Thus , ‘-,ate/Rese t

Inout can be used to synchronize t~~ co~ nter .

2. Th e  Real Time Clock

The Ji stributed ystem Real Tine ~loo~ iS

impl em ented using Counter 1 of the single boar d comp ~ ter

number one . The output from Counter 1 is attached to

Interrupt input pin number two and the count register loaded

a value tha t will oroduce and interru p t after one

millisecon d . The interrupt handler will increment the real

time cloc.~ vect or RTC and will reload the valu e into the

count register to produce the next interr upt.
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Counter 1 , as all t oe  counters in t~ e 2253, 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 l000000ns / 930ns = 1075.2688.

It was chosen 1075 = 433E.

SEC 1 is the only one whose interru pt mask is

programmed to enable Interrupt 2. It will update the

rea l—time clock . Procedure INT2 in I~ TMSr accom oltshe s the

u~date . The procedure checks for the variable , CLOCK , to be

free before rn odtf iflg the clock . This preve nts it from

disturb Ing any procedure which is reading the real time

ci oc~~.

3. The Count Down Cloc~

The Count Down Clock is a feature implemented using

Counter 0 from any SEC. This counter is programmed in . mo de

0, in the same way as Ccunter 1 for the real tIme clock. The

‘iser can reauest any processo r to execute the indicated

procedure as well as determine the count value . The system

will load this value into the coun t register of Coun ter ~

and w i l l  enable interrupt 0, t~ which t h e  c o u n t e r  is

attached , by mo di f in g the lnte rr ut t ~~~~ The proced ure

entry p oin t address is saved In varIah ~ e ~~~~~~~ a n d  a f a ~
variable C J C A C T I I E  is imol em ~ nt ed t o  e o s u r ~ c~ s Ide affect

err o r s .

The user requests t~ ts ser v t~~ ~~~~ ~~~~~ ro uttc ~

SETCDC(value ,address ) The va ’~ue can n o t exe~d ~~FF~ and the
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user must rem ember that the rate is 930 nanoseconds. The

procedure will be called by the interrupt handler INTO in

INTMS t~.

4. Paul Rate generation

Counter 2 has a dedica ted funct ion on the SEC 80/2?.

Thi s  counter provides a baud rate cloc k for to the serial

I/O interf ace. The output from Counter 2 is made availabl e

to the 9251 USART where it can be jum oered to the Receiver

and/or Transmitter clock input s . Counter 2 is always enable

(its gate input is tied to +5v).

Counter 2 must be pro~ ra~ n~d In  m ode 3 tc gene rate

the baud rate clock. As imp lemen ted , it generates a baud

rate of 2400 bits per second.

E. SER IAL INPUT/OUTPUT I~ T~ R F A C ~

Each SEC would be able to nanlie a per i~ heral device

connected to it by its J3 connector. This is a serial ~S232

interf ace connector associated with the Universal

Synchronous/A synchronous ~eceiver/ Transmi ter ( U S A R T )

commun ication interface. Receiver Ready (RxRDY) and

Transm itter Ready (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

tas~ scheduled by the interrupt handlers 3 and 4. A set of

( procedures commanded from the system ‘~essage task (number Z ,

8 or i6) were implemented in order to m onitor the operati on
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of these p r i o r i t y  t a sk .

1. Hardware Cha racteristics

The serial I/O interface logic provides the SBC

80/20 with a serial data communication channel tha t can be

programmed to operate with most of the current serial data

transmission protocols , synchronous or asynchronous . Eaud

ra te, character length , number of st~~ b lt~ and. even/odd

Par:ty are pr~ gra m selec ted .

The serial I/O interface logic consist prim ary of an

Intel 8251 USART device and several driver/receiver

circuits.

Prior to startin g data transmission or reception ,

the 8251 must be loaded. with a set of control words

generated by the CPU. These control word s define the

complete functional defin ition of the 8251 and mu st

imm ediately follow a system reset operation (internal or

ex te r n a l ).

The control words are split Ifl to two formats:

— Mode Instruction

— C omman d In s t ruc ti on.

Both the mode instructions and the command

instr u ction must be given in a specified sequence for proper

operation. The mode instructio n must be inserted Immediately

following a reset operat ion, prior to using the 8251 fnr

data communication.

All control words loaded into 8251 after the -role
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instruction will load the command instruction. Comma nd.

instructions can be writen into the 8251 at any time in the

data bloc k during the operation of the 2251 . To return to

the mode instruction format a bit in the comman d instruction

word must be set to initiate an internal reset om er ation

which automatically places the 8251 back into the Mode

Ins truction format.

a. Mode Instruction:

This format defines the genera l operational

characteristic of the 8251. It mu St follow a reset

operation. Cnce the mode has been written into the 8251 by

the CPU , a SYNC character or command in structions can be

inser ted .

The 8251 can be used for either synchronous or

asynchronous comm unication. The two least st2nificant bits

of the mode instruction control word specify th~ k i nd  of

operation.

b. C ommand Instruc tio n:

Once the functional definition cf the 825 . has

teen programmed by the mode instructi on ant the sync

characters are loaded (if in sync mode), then the device is

ready to be used for data communication. The comm and

instruction controls the actual op eraticn of the select ed

format. Functions such as: Enab le Transmt tReceive , E r r o r

Reset and Modem controls are provi ded by the comman d

instruct ion.

c. Da ta Transfers :
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Once programmed , the 825]. is ready to perform

its communication functions. The TxRDY output is raised

high to s ignal the CPU that the 8251 is ready to receive a

character. This output (TxRDY ) is reset automatically when

the CPU writes a cha racter into the 8251. On the other hand ,

the 8251 receives serial data from the modem or I/O device;

upon receipt of an entire character , the RxRDY output is

raised Thigh” to signa l the CPU that the 2251 has a complete

character ready for the CPU to fetch. RxRDY is reset

automatically after the CPU read operation.

The 8251 cannot begin transmission until the

TxEN (Transmitter Enable) bit is set in the comma nd

ins tru cti on and it has received a clear to send (CTS) input.

The TxD output will be held in the marking state upon reset.

2. Serial I/O Priority Task

The actual character I/O functions are performed by

a priority task , scheduled by the interrupt handler.

Procedure C S I ~IPUT in SEIO is the serial Inp ut priority task

and CSCUTPUT in S E I D  is the serial outpu t p rIorit y tas~~

they were defined as such in procedure SEIO$START In SEIC

during system initialization.

CSINPUT puts the incommin g characters into the

serial inpu t buffer C~ITI N and also into the serial out pu t

buffer CRTOUT for echoing. Upon receipt of a carriage return

character (CR), CSINPUT checks if th~ last str ing was

re aueste d by the connected m o d u l e , in watch case it will

1
I 

__________



sen t the character string to the renuest ing module.

CSINPUT also identifies a special character defined

by MCNITOR~ Ir; when this character is sensed , the system

routine MOMITOP 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 connected module A
wants an acknowledge message when the buffer is empty, in

which case CSCUTPUT sends the acknowled ge message.

3. Serial I/O Monitoring Procedures

All requests for the use of the serial I/C priority

tasks are sen t to the System Message Tasks. The requests

will be directed to message  task 0, f o r  com pu t er 1 messa ge

task 8, for com puter 2~ and message tas~c 16 , for com puter 3.

These messa ge tasks controls a set of procedures that keep

track of the module connected to the facility.

Before any input string Is passed , the connecte d

task recuestin~ for it is checked. Only a connected task can

deposit data into the serial outpu t buffer. The prior ity

task CSOUT PUT woul d not be scheduled if the TxEN (Transm it

Enable) bit in the USART command word were not set , an d on l y

the connected tas~ has access to it.

4. USART Pro gramming

The USART is programmed in procedure INITSUSA RT ,

called from S!IO$START in SEZO during system initializatIon.
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I t is set for asynchronous communication at 24~0 bits per

secon d. For’rating details can be fcund in Reference [51

F. PARALLEL CUTPUT INTERFAS!

The distributed system provides also for parallel output

devices to be connected to the single board computer. It

makes full use of the hardware facilities and programmable

device characteristics of the SEC 80/2g . The acknowled ge

s igna l  coming from the peripheral device after it accepts a

sent character has been directed. to the interrupt controller

and connected to interrupt input pin number 5~ In this way,

once on e character from the output strin g has been

acknowledge , the subsequent priority task for sendinR the

remaining characters in the string will be scheduled by the

interrupt handler number 5.

1. Eardware Characteristics

The parallel I/O interface logic in the SEC BZ/2~
p r o v i d e s  f o r t y — e i g h t (4 8 ) s igna l  l i n e s  f o r  the  t r a n s f e r  and

the control of data to or from peripheral devices . Sixteen

lines have a bidirectional driver and termination networ ks

permanently installed .. The remaining thirty two lines are

uncommitte d . SocKets are provided for the installation of

active driver networ ks or passive termination networks. The

optio na l drivers and terminators are installed in groups ~f

four by insertion into the 14—pin sockets.

All forty eight signa l lines emanate from the I/O
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ports on two Intel 9255 Programmable Peripheral Interface

devices. The two 8255 devices allow for a variety of I/O

conf igura ti ons .

a. Operational Summary

The 9255 c o n t a i n s  t h r e e  8 — b i t  p o r t s  (A , B , an d

C). Each Port can be confi~ ured in a wide variety of

functional forms by the system ’s sof twa re.

(1) ?ort A: One 8—bit dat a out pu t latch/buffer

and one 8—bit data input latch.

(2) Port B: One 9—bit data input/output

latch/buffer and one 8—bit data input buffer.

(3) Port C: One 8—bit data output latch/b u ffer

and one 9—bit data input buffer (no latch for input ). This

por t can ‘be divided into two 4—bit ports under ~r oj e  c o n t r o l .

Each 4—bit nibble contains a 4—bit latch and it can be used

for control signal outputs and status si~ n al Innuts in

conjunction with Ports A and 3.

The 8080 CPU controls the operating

characteristics of the ports b-i sending two differe nt types

of control words to the 9255:

1) mode defi n it ion control word

2) Port C bit set/reset control word

Pit seven of each control word specified i t s

fo rma t .

b. ~ode Select ion

There are three basic ‘nodes of ore ration that

can te selected by the system software:
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Mode 0 — Basic Input /Output

Mode 1 — St~ obed Input /Output

Mode 2 — 31—directiona l Bus

When the RES ET Input goes. ‘high
s
, all ports will

be set to Inpu t mode 0 (i.e. all 24 lines will be in the

high Impedance state). After the RESET is removed the 8255

can remain in the input mode with no additiona l

initi a l i zation reauired . During the execution of the system

program , the other modes can be selected usIri~ a sinele

output in structi on. This allows a single 9255 to service a

variety of peripheral devices with a simple software

maintenance routine.

The modes for ?ort A and ?ort P can be

separately defined , while port C Is divided into two

portIons as required by the Port A and Port B defi nitions.

All of the output resisters , incl uding the status

f l i p — f l op s , w i l l  be r e se t  whene ’r er  t he  mode  is c h a n g e d .

c. Single Bit Set/Res et Feature

Any of the bits of Port C can be set or reset

wIth one output lrs tr uc tior .~ This feature reduces software

requirements in control based app lIcatio ns.

When Port C is being used as status/control for

?crt A or B , each of its bits can be set or reset by using

the B i t  Set/Reset operation.

d.. Interrup t Control Features

When the 8255 is programmed to operate tn ~ode I

or Mo de 2, control signals are provided that can be usel as
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i n t e r r u p t  r e a u e st  I n p u t s  to the  CPU . The interr upt request

si gnals , generated from Port C , can be inhib ited or enabled

by setting or resettin g the associated I~4TE fltp— flo~~. This

function allows the programmer to disallow or allow specific

I/O devices to interrupt the CPU without effecting any other

device in the interrupt structure.

e. Mode 1

This functional configuration provides a means

for transferrin g I/O data to or from a specified port In

conjunction with strobes or ~hand sbakin~~ signals. In Mode

1., Port A and Port B use the lines on Port C to generate or

accept these “handsha king ” si gnals.

Mode 1 Basic Functiona l Definitions:

— Two transfer ports (A and 3)

— Each transfer port contains one B—bit

data port and 4 bit s from one half of the control/ data port

(Pcrt C).

— The 8—bit data port can be either input

or output. Both inputs and outputs are latched .

f. Port A

Port A is the most versatile of the three ports.

It can be progra~nmed to function in any of the three 2255

operation nodes. This first port is the only port i~ each

group that already includes a perm anent bidirectional

driver/terminator network , 9226 bus driver device at Al and

A2 (group one).

( Before Port A is programmed for inpu t or for



outpu t in any of the three operation modes , certain jumper

connections nust be made to allow the port to function

Drnperly in the chosen mode. The 51—52—53 (group 1) jurrper

pad. specifies the direction of data flow for the 8226

bidirectional bus drivers. If output in mode 1 is to be

use d , pumper pair 52—53 (grown 1) should be connected .

ihen Port A is programmed for Mode 1 , Interrupts

car . be used. The INTR output from bit 3 of Port C act ivates

the peripheral I/O interrupt request , ?IA1. ?IA1 is

forwarded to the interrupt logic.

Because the 9226 bus drivers are inverting

devices , all data is consider ed to be negative true with

res p~ ct to the levels at the .11 or J2 edge connector.

~ . Port C

As was described before , the use of Port C

depends on the mode s programmed for Port A an:i 3. If Port A

is in mode 1, bits 3, 4, 5, 6 and 7 of Port C can have the

following dedicated control functions.

Pit 3 — I’~TR (In terru pt Request)

PIts 4 and S — Either input or output.

Bit 6 — 

~C!/ (acknowledge input)

Pit 7 — OBF/ (output buffer full~

2. Parallel Outpu t Priorit y task

The Parallel output functio n is perf ormed ty a

priority task , sch eduled by th Int er ru p t handler. The

proce dure LP~ OUTPUT in PAlO is the orior: ty tas~~, defined as
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such by procedure PA IO$S TaRT at system initialization.

LPSOUTP U T lum ps  the parallel output buffer one character at

a time. When the buffer is empty, it checks if t~ e c o n n e c t e d

mo dule wishes an ac~ nowledg e message to confirm the end of

the outpu t process , in which case it sends the message.

The process of out~ utting a character includes:

setting the interrupt receiver for the acknowledge , sending

the inverted character to the device , and then send in€ a

strobe using bit 4 in Port C.

3. Parallel Outpu t Monitor ing ?rocedi res

The Parallel Output priority task is monitored. by a

set of ~rocedures. These procedures are controlled by the

System Message Task , which receives the message reque sting

service from the tas~~. In the same way as with the serial

i n t e r f a c e , the  p r i o r i t y  t a sk  i s  c o n t r o l l e d  by o o n t r o i l i n ~
the  b u f f e r , the  pa rallel o u t p u t  buffer in  t h i s  case .  h e r e

is no c o m m a n d  w o r d  c o n t r o l l i n g  th e  h a r d w a r e  b u t  the  first

character must be sent by c a l l i n g  p r o c e d u r e  L?~ S T A R T O U T .

4. PerIpheral Interface Device

The Intel 9255 Programmable ?eripheral Interface

Device Is programmed for using Por t A for out rut In  M ode

The proper hardware modifications as describe d in ~efer~ n c e

rsi were done and the T e r m i n a t o r  n e t w o r k  a n d  lr I ’ :er  n e t ~~c r ~
installed in sokets A3 and A4 respective1~~.

52



G. THE SYSTEM MONITOR

The System Monit or wa~ constructed wi th the idea of

using it as a tool durin g the debugging of the app lic ations

~rogr~ms. It has been built from a set of commands which

will allow the user to examine , substitute , fill or move

memory sections in common or on—board memory. It also has

comman ds for changing the allocation of the system printer ,

f o r  t ra ns m jt t1n ~ -~essa~ es and f o r  ch a n ~~in .~ the allocat ion of

the monitor :cself .That Is , for ~assin~ the con nection ‘~it n

the s y s t e m  c o n s o l e  f r o m  t h e  m o n i t o r  in  one c or ’t u t e r  t o  t h e

m o n i t o r  in a n o t h e r .

There are two ways for settiri~ u~ communicatio n s with

the TM on itor. One is by pr essing the special <ey, tdent:fi~ d

by MOMI TO~ SID on the system console. The other is usin~ the

monitor co’rmand GO . If an address is s~ eclfied fc l lo w in ~ the

con~and , an interru p t 1 code w I ll be ir sert~ d a t  that

address. When the processor gets to tht s address p•o~ nt ~if

even , the interrupt han~~ er will oa~~ a p rcced u re That w I ~~~

schedule the Tor .itor to be executed .

All the ~on~ tor proced ures are att~.nne ~ tn the system

message tasks , the same as wi th the serial I/O cod parallel

output.

The M o n itor commands are:

— D <address l> ,<add ress 2> : D u m o s  m e m o r y  space  f r o m

address 1 to address 2.

— F <address l> ,<aldress 2~ , (cnaracter~ : F~ lis mem ory

locations frcm address 1 to a~ 1ress 2 w I t h  t h e  : h ar c c t ~~r



s:eci “led .

— M <address 1> ,< adrtress 2> ,<addres s 3) : M ove memor y

block bounded by address 1 and address 2 to locations

b e g i n n i n g  w i t h  a d d r e s s  3.

— S <address > : Substi tute subseq uent memory locatio n s

beg inning w ith location pointed by addres s. The sequence

will finish with a carriage return.

— P <number ) : Change system ~rtn ter allocation to

corrou ter defi ned by number. Number mus t be betw een 1 and 3.

— T <number l> ,<numbor 2> : Tran srit mpssag~ <number 2>

to — essa~ e task <number 1> . If trar~sm iti or succeeds the

connection with the Sy s t e m  ccn sol Is broken .

— C <number > : Change control to the com p u ter in d i c at e d

by nurcer. “umber must be between I and 3.

— G <edd ress~ 1 : Break co n n ec t io n w i t h  the system

console. Cpti oriall y, before leavin~~, the mo n itor coul d put a

t~~a~ at locat i on ~adlress> for get tin g back to the systa~

c o n so le  w h e n  the  o r o c e s s o r  g et s  to  t h a t  p o i n t .

Cb serve that the Mon it o r is not act ive whe n it is n ot

c o n n e c t e d  t o  t h e  s y s t e m  c o n s o l e .

B . SYSTF~~
’S ftDDRH SS SPA C E

~ll the program development for boTh the I~~str :buted

op era t in g system and the emulator was done usir.o The

system ’s orog rammi n~ language ?L~~~ø und er the IS IS— t i

oper at1n ~ System. The ISI S—Il fu n c t i on ~I”I~ was used to lInk

the program m odules. All the exter n a l refer~ nces that one
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m o du l e  w c u l d  na~~e were resolved by the LI~fl~ fun ction.

Funct ion LOCATE , also from ISIS —tI , was used to allocate the

different program segments into m emory. 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(ØØØØH) M!MORY~ CØØØ H) STAc:~(3ø4øH)

~ATA (31D2H) STACKSIZE (1~~H)

The  :ro~ rams were compiled Separatel y for each computer ,

because of the difference in the system ~araneter C?2~~, that

i d e n t i f i e s  t h e  h o s t  com ou t e r  a n d  t he  s y s t e m  o a r a m e t e r

That id en tifies the number of the system rressa~ °

tasks related to tha t computer.

The stan dard SPC 8ø/2~ was changed In increas e the on

b oard read only memory capacity. The necessary changes can

be found in Fe fer ence [~ 1 page 4—3 .

?~.C~ R A ~ 2ESC7JPT C’!

The  ls tri bi te d System was dIv id ed in t o fou rteen ~~4)

:r~~~ra n modules. Fach module was p l a c e d  in  a d i f f e r e n t  fil e .

~ f I l e ~ay  c o n t a i n  one  or m o r e  p u b l i c  ~ r c : e d ir e s , or  m a y

co n t ain public data declarations. Each file was con oi led

i n d e p e n d e n t l y .  L a t e r , o b i e c t  p r o g r a m s  g e n e r a t e d  b:r tne

comol cr were lin~ ed together. Th~ fu n ct ion of ecen

p r c c~ iuro was d~ scrited ny th~’ co~~nent stat~ m ent p recedin~:

it. ?11 pro -~ram list in g s were genera ted by ~~e ? M / ~~~~~

co rr~p iier .
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1. File EXEC

F i l e  EX E C c o n t a i n s  t h e  o r o g r am  m o d u l e  E X E C U T I V E

wh i ch contains the procedure EXEC and the m ain progr am

entry .

Pro o~~ure EXEC is the Distributed System Executive.

This ~rocedure ma nages the scheduled tas cs and is the kernel

of the system . ~s soon as EXEC gains control from the main

orc~ ram body, it calls ?rocedure EXST k~T. which initializes

The system env irorrer. t. Then EXEC will ccn t in ue In  a

n ev e r — e r .11n 2 l o o p  ahich form the heart of the system . There

ar~ three ua,’or sections in this loop: the n riorit y task

section , the message tans section , ant the ner~ odic task

section.

The pr i or i ty  t a s 1~ section carrie s out the tasks

bas ed on t h e  v a r i a b le ?~~I O~ SCHEtJLE. Th is byte variable

~orks as a vector flag . when a priorit y tasks needs to be .

servei , The system routine ?~ IO~ ITY will set a p redetermin ed

btt in t h is var Iable to one . “here are eight prior i ty tasks

ccn re soo.od~~og to the e~ yht bi t s in this var:able.

Nb~~n tnC ur ior t t y secti on fInd s that ?? :o~sc~E:~ zE
is d1 ffe r~ nt from z~ ro , it will looc in . th~ address vector

?~ I IST an d extract the entry to int address of the

~r Ion it y task and ex~ cute the task. *h~ n the priority tas~

ends the f a ~ bit . wi ll be reset to zero.

Toe nessage tastc sect io n works based on th° variable

~4U~ MS ~in~ ~~T~ 3G . N~~ MSD counts the nu-~ber of ~-ess ages in

the buffer TM S U ~~’~ R waitin g to be :Jrocoss~ i. The header of



the message contains the destination message task number in

the first byte. ~ith this number the EXEC looks into the

address vector MS~ $~OD~ ADDEES S for the task entry point a n d

then executes it. In case the received message tas~c is not

between the eigh t assigned values of the execut ive , the

messa ge will be sen t to the system buffer using system

routi ne SEMTXT. EXTMSG flags the presence of a messa ge for a

l o c a l  me ssa~~ task in the system buffer. Whe n the flag is

set to the computer identification number of that single

boar d comp ute r , the executive will m o v e  t he  message  to Its

h’iff~ r usIn g system routine FECFXT .

The p e r i o d i c  message  s e c t i o n  w o r k s  based on t h e

va r iab l~ NU~ PEF. Th is variab le ind icates the number of

act i ,at~ d pet odic tasks. When the number is greater tnan ~,
th e e~ e c u tj i e  w i l l  e x a m i n e  each  a c t i v a t e d  t a s k  an d  w I l l

ch ec~ if  t h e  tas1c a c t i v a t i o n  t i m e  has  a r r i v e d . I t  i c e s  so

~s ir.~ syste r- rou tine s CO?Y~ CLOC~ ant TINI $CM ?. If the tim e

has arr ived , EX~~C will flick up the entry point address from

the add r ess vector ?!~.LI 3T and. will execute the task. At toe

~n d of  t h e  t a s k  a new a c t i v a t i o n  t i m e  w i l l  be co m~ u t ed 1~~5j ~~~g

s y s t e m  r o u t i n e  S E T ? E R T I M H .

Priority tasks are checked first arid immediately

after any other task has been served. In this way ~essa~ e

t a s k s  w i ’. l be s e rved  o n l y  if t h e r e  is no p r i o r i t y  t a s k

schedule d . ?eriodic tas ks will be served only if there Is

n e i t h e r  a p r i o r i t y  t a s k  n o r  a messa ge  t a s k  s ch e d u l e d . *h e n

th ere is no task scheduled a t  ~ll , an external l i - r h t  w i l l  be



ligh t ed as an ind ication that the m rocessor is idle.

The main pro gram function is to cneCk for the

init ia liz a tion var iables. LOADSPC is checked to dete rmi n e

the proper m ome nt for internal initializ ation. START is

checked to determ ine i f  the  c o m p u t e r  is r e q u i r e d  in  t h e

a c t u a l  c o n f i g u r a t i o n .  Bes ides  t h i s , the  m a i n  p r o g r a m  body

saves the initial stackpointer value for a possible

re ini tialt zat ion and sets the computer identification

variable C?T~~ ID .

2 .  ~1ie I~4~ MS~

The program module HT~dS~ includes procedures for

Th e i n t e r r u p t  h a n d l e r s , t h e  system message p r o c e d u r e , a n d

the computer initializati on ~ro oed u res .

The i n t e r r u p t  h a n d l e r  p r o c e d u r e s  i n c l u d e  a p r o c e d u r e

~ : th  ~~ e a t t r i b u t e  I~~T~’R~L ’J?T f o r  each one of the six

in t e r ru pt s used by the system , and a procedure I\TRES ET for

t h e  r e s e t  o f  t h e  h a r d w a r e  i n t e r r u P t  m e c h a n i s m . T h i s  m o d u l e

w a s  ocrrpi ’~ed wit h the compiler parameter ~OINT 7ECTO? so toe

l o e d e r  w o u l d  not try t o  c o n s t r u c t  an i n t e r r u p t  v e c t o r  in

comm on m et- on when the module was tested .

Int erru ot 0 checks variable C D C A C T I I E  before calling

the renu ire-i pr ocedure ~hose entry poi n t address was saved

in C O ~~R. It also resets counter 1 to mole 0 so i t  will

s top o ou n t io ~ a n d w i l l  w a i t  u n t i l  t h e  n e x t  v a l u e  is l o a d e d .

I n t e r ” u p t  I j u s t  c a l l s  the  m o n i t o r  r o u t i n e

MC~~ITO ~~ T~~.A P tha t will wake i p  t he  loca l m o n i t o r .
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Interru ot 2 uolates the system clock , which is only

updated by computer 1. The variable CLOCK must be checked

before mod ifying the real—time clock in order to ensure that

no ct her processor is In the middle of reading the m ultibyte

clock value Notice tha t the four element vector RTC overlays

variables ~TC2 ,RTC1 ,RTC 2,RTC 3, So that both variables can be

used to reference the real—time clock. This was necessary

b e c a u s e  t h e  code p r o d u c e d  for index compu tat ion by the

c o m p i l e r  w o u l d  destroy the flag used by the operator PLUS if

the  vector i n c r e m e n t  m e c h a n i s m  were  chosen .

I n t e r r u p t  3 , 4, and 5 schedule a prior ity task by

ca ’~l ir .~ the sys t em r o u t i n e  P R I O R I T Y  w i t h  t h e  p r o p e r

pa name ter.

Interrup t 6 restores the stack pointer STAC~ PTR t o

its initial value SAV’!S TAC !PTR , resets the initialization

va n i b l e  LOAJSBC to 1, an d transfers control to 3YSSTART.

‘ 1 S ’ E N T O  is the system message tas~ proce dure. It

c o n t r o l s  t h e  use of the  p r o c e d u r e s  f o r  the  s e r i a l  I / O

inter face , for the parallel output interfac e , and for the

m o n I t o r .  B a s i c a l l y  I t  r e c e i v e s  messages that require t he  u se

of some of the procedures . It cheks the validity of the

messag e and then transfers control to the correspond ing

procedure.

Th e i n i t i a l i z a t i o n  pr o ced~ir es a r e  c o n t r o l l e d  by

proce dure EXSTABT. !XSTART calls to SFTSEXSDAT .A. for data

initializat ion, SET$FX~ F~S~ for system messages

in it ialization , an d SET$EX~ I~ TE for in terru pt vector
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init ia lization. Then , it programs counters 0 and 1 , and in

case computer 1 is in charge , it sets counter 0 wIth a value

that ~reluces the first 1 mIllisecond Interru pt for the real

time clock update. Finally, it calls SEIO$START for serial

I/C init ialization , PAI O$STA~T for parallel output

initi a lization , outputs the initial Interru pt mask , and

sends the “ ready ” message to the system console using system

routine PRP~T$ASYNC.

3. ?ile SEIO

The program module SE~ IOSMOD contains the procedures

for controlling the serial I/C communication. Procedures

C S I N P U T  and  C SOUTPUT a re  t h e  s e r i a l  i n p u t  and o u t p u t

priority tasks respect ively. The other procedures are called

f r o m  the  s y s t e m  m e s s a g e  t a s k  ~S~~EN T0 t o  i n i t i a l i z e  the

hardware an~ m oni tor the software over wh ion these

proced ures ~erfcrm .

C S I~~?UT generates inputs from the JSA ~ T , character

by c~ aracter. It checks for steclal control character s like:

CC~ SCLSID for changing the system console to the local

compu te r by rese tt lr.g its system messaEes; N~O~”JITOh~ ID f or

disconn ect iri~ from any other task and connec ting with the

m oni tor D~ Li ’~?UT for deletin g the last character received

and C~ for detecti ng the end of the input s t r i n g  a n d

tr ans m it t i r .z it to the connected task in case it was

reouested . f no special cna racter was detected. , the input

charact er is saved in the inpu t buffer CRTIN and the output
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buff er CRTOUT for later tran smission and imme diate echoing

r esp~ c t i v e ly .  C S O U T P U T  p i c k s  up c h a r a c t e r s  f r o m  the  o u t p u t

buffer CRTOUT and send s them to the USART. When the buffer

is empty, it will acknowledge it to the connected task if

reculred , and then , it will disable the Transmit Enable

Si g n a l  in the iJSART stat u s, in order t~ stop the next

schednlIn ~ of the task. Procedure STARTOUT is used for

triggering the Outpu t sequence ny enabling the Trans m it

Ena b le SI~ r.al in the tJSA RT.

SEICSTAF ~T in itialises the har dw are and enters the

priority task. The priority tasks are ini tia ized us ing the

system ’s roi ti - e EN T E R ?~~I C R .  The returne d ind ices, us~ d by

the corres m on di n g Interru p ts , are saved in variables

~3E~~?.T~~l~ and  JSAR T ~ CUT .

All other ;rocedures are used for loading or

un loading the I/O buffers in one way or another and fcr

contr olling the use of the priorit y tas~ by onl y toe

connocted task.

4. ?il~ ?~ IO

The program module ?A~ I3~~ CL contai n s the priority

tas k LP~OUTPUT , the init ia lizati on procedure ?~ IO~ STA RT , and

other procedures for the ccntroi of the •~ar al lel o u t p u t

buffer LPOUT!UF. L?5OUT?~JT dumps the parallei output buffer

character by cha ract~ r. C~ ti onally it can send an

acknowledge messa,~e to the conn ecte d. tas~c whe” the buffer is

emp t y .



PAICSSTA RT initializes the data and Introduc es the

priority task using system routine E’~JTE~ ?RIOR . The retu rn lr.g

index ?RELL~ CUT Is later used by the correspond ing interrupt

handler.

5. File M(’~4 I

The program module F~ONITOE has the procedures to

rarr , out the monitor comman ds and the connection wi th the

user tasks.

?rocedure MONI$I NTER is the command input proced ure.

It gets the comm and data string from the data p ortion of the

~es sa~ e sent by the user task to MS~ ENT0 . It uses system

rou tine ‘~ET~ CFAR to extr act th~ c omman d ’s firs t letter. Upon

comparis on ‘wi th  the possible command codes it decide s

w h e t h e r  t o  transfer control tc the  c o r r e s p o n d i n g  p r o c e d u r e

or i~~nore the command be”ause it is invalid. After a command

ha s b~ en c a r r y  ou t  c r  r e f u s e d . , t h e  p r o c e d u r e  w i l l  s e n d  a

m essa~ e inp ut req uest for the next comman d usin .t procedure

~~~~~~~~~~~~~~~~~~~~~~ This proced ure uses system proced ures

?.RIN T iS Y~JC to output the ~romt character ‘
. 
‘
, and the system

proce dure CON~ IN PUT~ REQ ~‘cr requestin g an inpu t message f r c m

the sy stem Console.

6. F i l e  SCI

Program module SCPUB1 has the system routines of the

lowest lev °l. They are dir ôcted to set and check worsin~

~ata . The system routines are : FILL , C EARD A TA , S~ FT , B I T ,
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CLE A R ~~IT , S E T B I T , and  L E G A L .

— !ILL(addressl ,address2 ,character). This routine

will fill out memory from location <addressl> to location

<ad.dress2> w i t h  the  c h a r a c t e r  ( c h a r a c t e r > .

— CLEP.RDATA(addressl ,address2) . This routine will

~1ll out mem ory from location (addressl . to location

<address2> wi th a blank character.

— SH~’T(bit—po sit ion ). This routine will return an

B—bit word. with a 1 in position <b it— position ) .

— 

~IT(bi t—posit ion ,byte). this routine will return

TRUE if the bit <bit—position ) in byte <byte > is set. FALSE

otb erwi se.

— CL EA RB IT(bit—po sit io n ,byte). This routine sets bit

<bit—posit ion> in ‘Oyte <byte> to zero.

— SEflI T (b it_p osi ticn ,byte). This routine sets bit

<bit— p osition ) in byte <byte > to one.

— LE~ AL (byte 1 ,byte2 ,code ). This routine returns T~ JE

if the value In byte <byte i> Is lower than the value in byte

<byte 2> . Cth erwl se , it returns FALSE and outputs and error

w t t h  code  <code).

7 . FIle SC2

The pro gram module SC?~ 92 contains the system

routines related to the periodic tasks and the system clock .

It jr .cludes the system routines: CO?Y$CLOCK , S!TPERTI’1~ ,

TI M E~ CMP , PERACT , PF,R CHG , and PERSUS?.

— COPY$CLCC~ (base) . This routine copies the real
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t i m e  c l oc~c i n t o  a f o u r  b y t e  v e c t o r  based  in (base>.

— SET?~’FTI~ E (index). This routine sets the ne xt

act ivation time for the periodic task indicated by <index>.

To do this , it will add the act ual time , co~ ied from the

real time clock , to the period of the task and then it will

saie t h i s  result into the task activation time vector

PERL IST(<index~ ).PERTIME .

— TIt~E~CMP (base1 ,base2) . This routine will ret urn a

TRUE if the four—byte vector based on <b a s e l>  is lower  t h a n

t h e  f o u r — b y t e  v e c t o r  b a s e d  in  < b a s e 2 > .  F A L S E  o t h e r w i s e .

— ? F R A C T ( a d d r e s s 1 , ad~ r e s s2 ) .  This routine will

defi n e a periodic task by flll in~ out information on the

p er iodic tas~c data structure ?ERL IST . ?E~LI ST (index) .PERA~~

w i l l  c o n t a I n  the p r o c e d u r e  a d d r e s s  g i v e n  by < a d d . r e s s l ) ,

P E R L I 5 T ~~i n d e x ) . ? E R I ~1TA L~ w i l l  c o n t a i n  t n e  a d d r e s s  of  t h e

f o u r — b y t e  v e c t o r  w i t h  t he  p e r i o d  g i v e n  by < a d i r e s s 2 > .

— ? E R C E ’ ( i n d e x , a d d . r e s s ; .  T h i s  r o u t i n e  is used  to

ch~ nze the period of the pert odtc task indicat ed by < Inde x>

to the p eri od ind ic at ed at the vector at location <address ).

— PE~ SUS?(index ). This routine Is used to s u s p e n d  a

pe riodic task. To do so , it is suff icient to 1eftn~ t he data

p lem~ nt ?ERLIST ((index~~).FREE as TRUE and rearrange the

index in the list ?ERXT3L.

E. FILe 3C3

The p r o g r a m  m o d u l e  SCP UB3 c o n t a i n s  t h e  s y s t e m

routines related to the message tasLcs . It includes the
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system routin es: MS~,CVE~ FLC W , ?~ CK~1CB , SE~~ , ST , ~~LEAS E ,

SET!XTMSG , RE C EXT , S E N E X T , and ILLE~JA LN~SG .

— r~S~ CVE~FLOa . This routine outputs the error code

~I for message buffer overflow.

— PAr K t~C3 (address). This routine packs a four—byte

vect or from location <address > into the local ‘ressa~e buffer

— SE~JD (addre ss). This procedure sends a message to a

-r.essa2e task . t checks if the message task of the receiver

as well as the sende r is active , m uts the header , loc ated at

<aid re ss ) into the buffer , sets the ~otnter AD RMS GDATA to

tne lon~ t i o r. following to the header in the nessa~e bu ffer

and returns a TRUE if this seouence has succeedei .

Cnberw ~ se , it ret u rn s a FAL3 E .

— GET (semaphore ). This routi ne will get the

<sem aphor e ) fn r the computer.

— ~~LEA S (semaphor e). ThIs routine release t~ e

<sema~ hn re> from the computer.

— S E T ~~XT N 4 S~ . . This ro u tine se *s the value of EXTMS .

for the use of the sys t~ m buffe r EXT~ SG3U!FER.

— ~C~XT. This routine moves a messa ge from the

syst em buffer !XT~SGBUF~ EF tc the local buffer ~S 3UFFEi-~.

— SFN ~~E X T .  This rou t ine mo ves a messa ge from the

local bu ffer ~~~~UFFE~ Into the syste m buf fer EXT~ S~JBUFFE~~.

— ILL:;AL’~sG . This routi n e displa ys the ille~ al

me ssage st~ na l on the syst em console.



9. File SC4

The program module SC?tTh4 contains the system

routines related to the priority tasks and 1nterru~ ts . It

L includes system routines: ?RIORIT !, E N T ER PR I OR , RE MPRIOR ,

SETCDC , E~TE?~~INT , and I~EM~ I’~T .

— ?~ ICRITY( 1ndex . This routine is used to schedule

th~ prio rI ty task indi cated, by <index;.

— TER?RIOR(add~ ess). This rout ine is u s e d  to ent er

the trocedure whose entry point is at <address > as a

p rior ity tas~~. The routi n e d ill return an index

c o r r ~ sDo n ’I in g  t~ the priority tas k .

— ~E V P R I O R ’ i n d e x .  Th i s  p r o c e d u r e  ~s u sed  to  suspe nd

t b~ Pr i ori t y task in dicated by < in dex~~.

— S E T C T C ( 2 — w o r d — v a l u e , a d d r e s s ) .  T h i s  r o u t i n e  is  used

to defIne a nrocedure at (address) that will be executed

after .°3.? x <two—word—value > m ic ro_ second ~~.

— ~~TE~ SIJT (lnde x ). This routine is used to enable

t h~ in terr un t in dica ted by <In dex > .

— ~F~ SI NT~ index ). This routine is used to d i sable

~ne int er ruo t indicated by (index>.

1.0. FIle 5C5

The program module SCPU3~ ccntair. s t h e  system

rou lne s re lated to the system console and the sysne~
pr inter. It includes the s,stem routines: ?RI’~TSA SY~4C ,

?~ I ’ i ~ Y’~C , CO I~4?UT~~ EQ , CON3 L I~~~~- F~ , ?Ar5L I~ K~~ EQ,

, CO~~ 4EWt L I>4E , CC SBEG ~~LI~4E , ?RI~ TSLI ~K F ,
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PAR~ R E L E AS E . PA GE , W R I T E , and ~?ITE~ LI~UED.

?9I~JTS .ASYNC (aIdress,count ). Th~ s rout ine sends to

the system console <count > bytes from text at location

<address >.

— ?FINT$SYNC( addre ss ,coun t ,ind~ xL This routine

sends to the system console <count ) bytes from text at

location < ‘a~ d .ress> and the sender <index> that must

co r res n ond tn the connected task.

— CO ~~~~~~~~~~~~~~~~~~~~~ This routin e request an

innu t str :n~ m essa~ e from the system con sole. The message

shoul d be sended to message task <i n dex> and the screen

—o ta ted or n o t  depending on <flag>. The recei ver must be

‘connected

— CON $LINKSREQ ~ index) . This rou ti ne connec ts iessa 2e

task <i n d ex> with the system console.

— ?AR SL IN~~ R E~ (index ). This ro utine connects me 5sa~ e

task <in dex> with the system pr in ter.

— CON~~ ELEA SE . This routine disconnects tne syste m

con so e.

— C ONd ~~LIk4 E~ inde x ) . This routine cro du c~ s a now’

LIn e on  the system console. The call or must 1d~ nt ify hi~~sel f

by <i n dex .

— CrN $~~EG~~L I N E ’  i n d e x ) .  Th is ro u ti n e p rodu ces a n~~w

on t h e  S y s t e m  console. Th e  naller mu st i de ntify hI~~s~~ f

by <~ ndex~~.

— 
~~~~~~~~~~~~~~~~~~~ co unt , index , cc~ e). ThI s

rout~ ne d~ soiays <cou nt> byt es from locat ion <ad iress > i n t o



th e  system console. <I ndex> mu st ident if y t h e  connected

tasK . The system console will send back a messa ge wit h the

data <cod e> in it.

— ?A R ~~F T L E A S ~~. This ro’:tine disconnect s the system

printer.

— ?A~.E ’index) . This routine produces a new page on

the system crint er. The caller must identify him self by

<~ n~~ x).

— 
~~IrE (a~ dr ess ,c o u n t ,index ). This routine disn iay s

< c o u n t y  bytes ~ron loc ation <address> on the system printer.

<Ind et > must identify the connected task.

— WFI T~ SLINKE D (address , count , index , code). Same as

W R I T E , b u t  t h e  system printer will send bac~ a message wit ri

t he d ~ta (C de~ i n  it.

Li. File S~ 6

The pro~ ra’n module SC?U~6 contains s:,stem routines

for I’o com put a t ions mainl y . It includes system routines:

A CT I7~’, TJ ?LJSTA T , CON VA ~ C , D E B L K , GETNUM , VE CTO RSAJ~ ,

;iCTc P~~3UP , ~:JM OU T , an d  G!TCP~~~.

— ACT IV E~ index) . This rout ine will return TRUE if

messa~ e tas~ number <Inde x> is activ e .

— UP~ STAT’ i ndex ,status ). This routine will update

the stat u s o~ message task number <index> to <stat us ).

— CO~VA SC (byte). This routine w~ ll convert a 2—1 i~ i t

n e i r a d~~cim al number <byte ) int o 2 A S C II ch ar ac ters. The

cna racte rs w i l l  be left ln the 2—word variable A4 , least

‘3 ~
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12. FIle SC7

T he p ro g ram module SCPUB? contains three procedures

for three system routines: ENTER$MSG$ MCD that defines a new

message task ; MONITOR , that reauest the connection with the

m cr. itor and OR that outputs an error message on the

system console.

L3. File MC ?RO

The File ~ODPRO contains the croce dures ENT R$MOJ

and ~LEPR5~ Cr tha t are offered to the user . for message

d e fin i tion under ISIS— Il oPera tin2 system . This file is

suppcse d t c  ‘ce i n c l u d ~-d IP  t h e  u s e r  p ro~~ra ms  by means of the

£‘~C L U J F  d i r e c t i v e  of t h e  I S I S — l i o p e r a t i n ~ s y s t e m .

14. FIle R U N

Thi s file contains the program RUN that sets the

Initialization parameters LO.A D33C and START and puts the ~DS

CPU in to HA .T  state . RUN uses ISIS— IT routines for reading

the number of the comp uters the user wants to trigger from

the consol e . It also constructs an in terru ot ba ndl er

environment that only allows interr upt six to be served from

the ~TS. To return to the ISIS—Il , the ~AtS m us t be reb o oted.

The interru:t hari~~ler resets th~ 1nt e rru:~ reQ uest to allow

the user to ise ~nterr uo t 6 again.
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IV. TACTICAL SYSTEM EMULATOR

A. DE SIGN

The Tactical Sys tem Emulator Is based on the Idea that a

Tactical System can be partitioned into functional mo dules

and that ach of these functional modules nay be replaced by

dummy mo dules that will demard the sane processing time and

int ermodule com munication effort from the hardware.

?ep lacing the real tactical system by a dummy system

wi ll allow us to study the behaviour of the hardware , in

this case a distributed mi cr o—co m Dute r architecture , without

pro grammi ng each module . The system designer will only

concern him self with the definition of the functional parts

that cons t it u te his tactical system and then exercise the

emulation in order to stud y the proposed system ’s behav :our.

Two kinds of funct ional modu les are recognized: ?eriodi c

fun ctional module s and emanI Functional ‘~oIules . ?eriodic

Fur~ tiona 1 Modules are activ ated periodically by the

controllin g m echanism and are usually in charge of updating

da ta struct u res or p ooll n 2 d ata from or to some perip h eral.

Demand function a l m odules are activated upon demand from

another fun~’:ional mod ule , these are in charge of moSt of

the com putatio n s.

1. Dummy ~un c t i o n

A ll functi on al modules will be replaced by dummy

tasks (p erio di c or m e s s ag e ) and data structures which
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determ ine their performances. These tas .Lcs will be directed

to consume an amount of processor tine similar to the the

estimated execution by the funct ion a l m odule they are

reulacing . Also th~y trans m it the sane messages , with the

same destination a n d  length as the modules which they

repl ace.

The data block that contains the information on the

basis of which the dummy task emulates the funct ion al m odule

:s conceptualized as an activation rocord . All functional

~oiules t h a t  are defined in t h e  system will have ore

activation record . The dummy tasks do not ne~d to be all

‘4ifferen t because they will perform based on different

activation records , in fact , only two (2) dumm y tas~~ a re

needed: one for the periodic fun ctional modules and one for

the demand functional modules .

P11 activation recor ds includ e :

— Fun ctional module identification number

— Processor time needed

— Number of messa ge that are tran sm ited

— Dest :nation , Len gth and number of each messa ge

— Tot al Time In E x e c u t i o n

— Number of times Activa ted

Besi ie s this , period Ic activat ion records contain:

— ?er~ o~ ~, in real—time clock format)

Th~ d e m a n d  a c t I v a t i o n  r eco rd  c o n t a i n s :

— Number of States Before Execution

— J Irrber of inpu t messages
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— Message number, number of times re eived and total

de lay  f o r each inPut message.

2. Emulation Sequence

There are three very definite steps in using the

emulati on system :

The f i r s t  one , as a l r e a d y  m e n t i o n e d , ~ s id~ n t i f y t ng

the functional components of ~~ tactic al system .

The second one , is creating the dummy system by

In ter ac ti n g with the dynamic tactical system definition

tool. In this interacti on t~e user defines the real system

par ameters to the emulator.

The third , step is running and collecting statistics

from the emu lator. After the statistics have been collected ,

the user can go back to s t ep  2 and m o d i f y  t he  c a r a m e t e r  or

m ove the allocated dummy functions from one comput er to

anot h er.

P . ~~~~~~~~~~~~~~~~~~

Pach comtuter will be able to handle up to et~ ht

per iodic and eight demand dummy modules. The correspondin g

activation records were allocated in or~ board ~‘ernor y and the

code in common memory. In this way all three computer will

share the same code f o r  the  dummy modules and  t he  a c t i v a t i o n

record o v e r  which the:, perform will be different for each

processor. The same is true w i t h  the code that dumps the

statistics from the activation records.
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1. . ~rrilator— Syste m Relation

The emulator uses message task three (3) for

controlling the emulation operation . This message task will

connect Itself with the system console from which it will

get the i n p u t  message c o m i n E  f r o m  the  u s e r .  N~essage 3 w i l l

receive the real tactical system parameters together with

the emulator enviro nment the u ser wishes to use. Message 3

will send thes e parameters to message tasks In the other

c o m p u t e r s  I n  o r d e r  t o  make them c o n s t r u c t  t h e  a c t i v a t i o n

records.

Message task number 2, 10, and 18 in computers 1 , 2,

and 3 respectively were used to contruct the activation

record. The y rece ive the necessary information from message

task 3. TMes sage tasks 1 , 9, and 17 are the the dummy demand

nodules for c omput ers 1, 2, and 3 respectively. Observe t h a t

tne three messa ge tasks use the same code In common m em ory.

The same ~s true for message tasks 2, 1~~, and 18.

‘lessa ge tas&s 4, 12 , and 20 were used for dumpin g

the data and statistics in the a ctivatio n record . They

become active upon receipt of a message from message task 3

after t he user has reo uested the dump. They are also used to

.1~ove the activation record from one computer memory to

another , corresponding to moving a dummy m odule from one

;rncessor to another.

Message tasks 3, 4, 12, and 20 were defined in the

m a i n  bcd y of the emulator orogram . They will be ex&cuted

ind er 1 3 1 3 — t i  operating system so that the proce dure s used
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for the definitions were from program MODPRO . Message tasks

1, 9, 17, 2. i~~, and 18 were defined in proce dure SET$MODS ,

executed upon receipt of the system initialI zation message

by message number three. Procedure SET $M CDS uses system

routine ENT~~~~’SG~MOD for this purpose.

2. Emulation Control

The ~mul ation is initia ted from the system point of

view by activatin g the periodic tasks that replace the

periodic functional modules. They are supposed to trigger or

initi a te the ‘~essage sequences that would activate the

system.

Periodic tasks are activate d by message task 2, 10,

an t 2 upon receipt of the comma nding message from message

task ~~. They use system routine PERACT(Add ress ,Pertcd) for

this Durpo se .

The emulation can be stopped in two ways: First , the

user could define a ‘sink ’ module that would count the

nu ’~ber of tines the sane message has been sent to him , and

when this count ~ets to a predetermined number it would send

a message to the system that would suspend all periodic

t a s k s  and cancel  all m e s s a g e  t a s k .  Second , the  use r  c o u l d

specify a time l im i t , u s i n g  the c o u n t  d o w n  c l o c k  C D C .  The

e—u lator would count to this limit and when reached , it

wou1~ prod uce the same stoppin g message as in the previous

case.
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3. Lin~ in~ and Locating

The emulator programs must be linked together as

well as the referenced system routine s. Because system

routines were already located in local ~ead Only Memory, the

linking must be done with the PUBLIC references of the

distr ibut~ d system code. The linking command for the

em u l a t o r  was:

LINE : Fl :EMULA1 .OBJ , : Fl: EMULA2 .OBJ , :11: EMULA3. OBJ ,

:F 1:~~~ULA4.OEJ , SYST’FM .LIB’EXIT) , SYSTEM .LIB(ISIS) ,

?J’~L I C S ( D I S I ) , ?LM8O.L13 TO :F1:EM~JLA .LNK

The emulator code was located In common mem ory

start ir~ at 50~0H to allow the code to be shared by more

than one processor. The emu lat or data must be located

between locations 3900H and 4000H. The command used was:

LOCA TE :F1 :EMTJLA .LNK CODE(50003) JATA (39Ø0~ )

C. ~~~~~~~~ D F S C P J ? T I C M

1. Fi l e ~~ J A l

This progra ” module contains PERIO~ IC~ MOD and

DE~’AN $MOD , the periodic and demand dummy procedures , the

ones that will ~e executed instead of any periodic or demand

functional mo dule that exist in the real tactical system . It

also has D~ T~~ F ILL E R , the procedure that is shared by

message tas ks 2, 10 , ari d 12.

The proced ure SE~D~MS~ S(3ase ) is used to send the

messa ges betwee n the d ummy functions . It ta~ces the
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information from the activation records and only requires a

base to the variable N1TJM$MSG~OUT.

The pr o ce dure EM ULAT~ (Ba se ) consume an amount of

times dictated by the variable pointed to by <base) and

Incre ments the execution time and total executed time in the

corr espondir~’ variab le.

CCRRECT ~ INPUT$MS~ verifies that the message received

Is c o r r e c t  a n d  u p d a t e s  t h e  s t a t i s t i c s  a b o u t  t h a t  me 55a ~ e .  It

receives the com ing message identification number and a base

tc the coming message list.

CCRRFCT~ ID checks whether the scheduled function to

be emulated is correct or not and sets the activation record

pointer MCDE$~ LOC!.

Observ e that in this program , the mnemonics DBL ,

OB?, DT~ , and MPK have been used tr.stead of the references

TATAS 3LCC K$T~~ , DAT PL OCK~ PE~~, MS $TA TA , and ~CL~~P L C C ~

respectively. Procedures SE”~DSMSGS , EMU ATE , and the

CO~~~ CT SINPUTd ~ SG are used by both the MA .~D~~O and

PP~ IODIC~~’OD.

2. File EMULA2

This nodule contains the emulator prograrn Th m ain

program , the emulator coordinator task , and procedures for

the control of the principal fun ctions of the emulator.

The rain program body will be executed under i S IS—I t

operating sy~ t~ m . It uses procedures CLEP.R~~OD an d EN T E~ SN~OD

to In It ia l i z~ the emulator message tasks and the ISIS—I t
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system routin e EXIT to gi’ie the control back to the user

after this initialization. Observe tha t the file

:Fl :MODPRO.SFC has been included as nart of the module and

that the routine EXIT has been declare EXTER NAL .

MS~~ENT3 serves as a coordinator for the emulator to

establish the relation with the user through the system

console and the line printer and it directs the steps of the

emulation . U~on receipt of the initialization messa ge

(“essage number c’), It will call 1’JTTSEMU . I~~IT~ EMU

:n~ t~ alizes the othe r emulator messa ge tas~ s by calling

~rccedur e S~’T~MODS , clears its local data using the system

routi ne CLEAR $DATA , and reouest the use ~f the console by

usin g the system routine CO LI ~~~S~~E C .  The system responds

to the console with the messa ge number 21. dhen ~S’XEN T3

receives message 21 it calls Droce lure C~ ECK~SE~ CONNE CTION .

This proc~ dure wi ll keep asking from the system consol~ if

the orev ious request was denied or it will Ini t iate the

interaction w i t h  the user for setting up the parameters for

:“~e emulation. CK~ CK~ S CO~4~4E C’~ION asks the first response

from the c ons o l e by activatin g the routine CCN~~I~ ?TJT5~ E~~.

The inputs from the console will came with message number

20. when this message number is received , MS~ ENT3 will call

~ECEIVE $I~ ?UT , that belon gs to pr ogramm ing module EMULA4 .

When MS~ ZMT3 receives the message number 30 It will

stop the e”u lat l on by calling the procedure STC?~ EMU. This

orcce~i ure sen~ s message to message task 2, 10 , an d l~ that

d i l l  s u s p e n d  t h e  p e r i o d i c  t a sks  and i t  a l s o  w i l l  d e a c t i v a t e
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the messa ge task used as dummy functions. BesIdes this , it

d i l l  a l s o  read  t h e  f i n i s h i n g  t i n e  a n d  c o m p u t e  t h e  t i m e  taken

by the emulator and put it tntc EN~U$CL OC~ $2.

Er’IJLA2 also contains procedures for the control of

the princip a l function s of the emulator , they include: Start

Emulation (ST~~T$Ev~ ) , ~ov~ task (~~C~E~TASK ), Substitute

data (S~B S$D;~TA), and W r i t e  d a t a  and s t a t i s t i c s

(k~ I T F ~DA T~ ) .

START~~’MU sends the triggering message for tne

act~ iat ton of the p e r i o d i c  t a s k s  (it initiates the

e m u l a t i o n ) ,  and  save s t h e  e m u l a t i o n  i n i t i a l i z a t i o n  t. :Te in

v a r i a b l e E~~J~ C L C C K $ 1 .  I n  case a t i m e  limi t emulation is

chosen , ST.~~TS~ MU defines a priorit y task that will be

called aft er the “count down clock ” event. Procedure

E~U5COU~ T~’2 will be a pr’~or1t~r task and ~t will be scheduled

e’.’ery  fifty m illisecon d s.

~CVT~ TA SK moves an activation record to an other

co-r~ u t e r .  I t  r e c e i v e s  i t s  d a t a  f r o m  the  mess ag~ d a t a ,  the

first byte of whi ch shoul d be the the act .vatio n record

n u m b e r t h a t  m u s t  be moved , and the second byte the receIvIr.~
co-r outar number. 11th these  t~~o bytes , and exami n ing the

d a t a  s t r u c t u r e s  I D$T B L and  F~S~~$T B L , V O ’J E $ TA S~ c o n s t r u c t s  t h e

aporopr tat e message with tne information to r constructing

the acti va tion r~ cord in the receivi ng computer. The message

:s sent to me ssage tasks ~~~, 12 , or 20 (procedure MSGENT4) .

SU~ S~~~ TA su bst itu tes Drevl ou s y s~ nt data. It

i n t e r o r e t s  t h e  c o m m a n d  and d i r e c t s  the  u s e r  to  t h e  i t e r a t i o n
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p o i n t  a t  w h i c h  t h e  l a t a  was  s e n t , so t h a t  the process Is

repea ted .

W RI TE~DATA interprets the writin g command and then

uses  the  p r o c e d u r e  S E N D $ W P I T E ~ M S GS to  send  the  a p p r o p r i a t e

messa ge to MSGE~T4.

3. File FN’UL~ 3

The pro~ ramm inE m odule EMUL~3 inclu des the

t r o c e d u r e s  f o r  w r i t i n g  out t he  r e a l  system :araneters and

the collected stati stics on the system cons ole or the line

p rinter. It also incl u des the procedur e for reorderin g the

a ct iva tic o record in local memory. Potn functions are

co n t r o l l e d  by ~ro c e d u r e  ~SG E N T4 , u sed  by n e s s ag e  t a s k s  4 ,

12 , and 20.

MS~~~NT4 will set up a p r i n t  flag vector varia bl e

r e l i ed  ?~~~~F L A .G and t h e n  w i l l  c a l l  p r o c e d u r e  S E T $ 1 R I T E ~
‘which In turn will establish connection with the system

console or the line pr in t er th is ~s based on the message

ru:”be r and the data byte received w itn it. a ’nen the

c o n n e c t i o n  is  a c k n o w l e d g e d  w i t h  m e s s a - ~e n u m b e r  28 , p r o c e d u r e

PP~ ~~ p r i n t  ou t the desired data. ?~~ p r ints the data ,

sendin~t message s in batches. The last —essage of a batch

reo ’.iests an acknow ledgo from th~ p r i n t~ ng messa ge task. The

ac~~no ’w l e d g e  me ssa g e  is mes sage numb er 26. ~hen ~SG~ NT4

receIves message numbe r 26 it lust calls or oc edu re

PFC~~ OST~ CODE ‘which continues w ith the next batch.

MS°1~~T4 als o receiv es th e message tha t tri gger



p r o c e d u r e  SENJ ~ TAS K t h a t  s ends  a r e ou i r e d  a c t i v a t i o n  r e c o r d

to a sp e c i f i e d  c o m p u t e r , ~EC~ T A S K  t h a t  r e c e i v e s t h e

activation record comin g from another computer , and

SFT$NEW~ StN ~ that change s the destination of all the

message s directed to the dummy function tha t uses the moved

activation r~ cord .

4 .  File F~ULA 4

The pro~ ran mo dule ?~
T
~~~4 contains the ~rocedur es

needed for the interaction w : t h  the  u se r  in order to rece ive

the real time system and e m u l a t i o n  parameters. kll these

nr~ ced’ires are directe d by p roc edu rr CEI?E$I’~?UT that is

call o~ oy ~ S ’ •~T 3 .

The ?nogram I~ UL~ 4 has several entry p oints. The

en try point a partic u lar a cti vat Ion gets tc , d~ pends on the

st a t e of the interaction ‘w1~~n the user. This st ate is

controlled by saving a val ue in va riaol e Sr~ TE .

Ihen variable ST TE has toe v a L u e  0, the entry Dolflt

will be pr~.redure STA TEO when va~ iable TA TF has the va li °

I , t h e  e n t ry  c o i n t  w : l l  be p r o c e d u r ~ S~~A T E 1 ;  a nd so o n .

Th e re  a r~ in t o  ~2 ~o s s i b l e  v a l u e s  f o r  v a r I a b l e  S T A T E  w i

it s corr es :ondtng entry Doi nt oroce dures. The last entr y

point ro r res p ondin2 to a v~ l’i.~ enua l to 32 in var iao e

STA TE , is nroc~ ’iure STAT~32.

T’~e v a r i a b l e  S~’~~~E i s m o d ’~ ’l el a f t e r  a p a r t i c u l a r

a u e s t : o n  ha~ bee n n e c o o r o e ’. tp the user , or a f t e r  a l i m i t

has teon r’-~ache’1 .
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V. CONCLUSIONS

~‘u l t i — m i c r o s  can be used by dividin g a tactical

application into explicit asynchronous (but coopera ting)

processes. The emulator makes it possible to evaluate

alternative process assignments (to processors ) as an aid in

desIgm in~ the process structure . Future work is required to

evaluate how man y processors can be effectivel y used .

There is a need for an app licatio n independent operat in g

system for multi—micros. ~uch of this thesis effort was

d e d i c a t e d  to t a i l o r  the  s p e c i a l  p u r p o s e  o p e r a t i n g  sy s t e m  on

hand. The operating system should manage global/local

-“~~‘ory. A more efficient emulat or could be constructe d if

the operati ng system provides a mechanism for traslati ng the

d u m m y  funct lcn s code between local and globa l m emory.

There is a trade—off between using m ore memory for

st orin g similar copies of a code in each computer local

memory or increase the possib Il ity of bus contention by

sharing c~ de in common m emor y .

The emulator design is not tied to whether or not the

functioflal m odules are in local or global m e m o r y , but th:s

i m p l e m e n t a t i o n  l i n k s  a n d  l o c a t e s  p r o g r a m s  in  a way t h a t  t h e

er ’u lator only rem resent s structures of multi p le comm uters

s h a r I ’i ~ c o d e  in .  c o m m o n  m e m o r y .

An emu a tcr for struct ures which use comm on m em ory

st r ic t ly for Inter p rocess com~unioat ion can be d er Iv ed from

the se-re pro ~ ra-rs by loc ati n g the m od u le ~~ULA1 in on— b oard
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memory. In order tc locate EMULA 1 in on—board memory, some

~odules from the 0/S mu st be disregarded , b e c a u s e  o f t he

limited space. Modu les PAl O and MO’J I are the most likely to

be disre garded for this purpose.
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ft??ENDIX A. SBC 8~ /20—4 DES c:~I ? T l C~

The SPC 80/20—4 is a member of Intel ’s complete line of

OEM computer system s which take full advantage of Intel ’s

LSI technology to provide econo m ical , self contained

computer based solution to OEM applications . The SBC is a

rorrpl~ te computer system on a single 6.75—by—12 inch printed

circuit card . Tir e C?U , system clock , read /write memory,

nor—volatile read—only memory , I/O ports and drivers , ser i al

com m un ication interface , interval tim er , interrupt

controller , bus control logic and drivers all recide on the

bo ard .

To facilitate the followin g descri u t ion , the SBC 80/20

can be dei ided into eigh t major functional bloc ks:

1 ) C?~J Se t

2) Bus In te r f a c e

3) Ran d om Access ~emcr y

4) ?ead Only Mem ory

5) Sert al I/O interface

6) ?arallel I/O interface

7) Interval Timer

8) Interrupt Controller

The CPU Set consist of the 8080A Control ?rocessor , the

8224 Clock ‘ enerator and the ~238 System Controller. The C?U

Set ~s the heart of the S~ C 80/20. It perform s all system

~ro~~ss1ig ~‘un rt iO n s an d provides a stable ti~ 1ng reference

for all other c ircu it ry ~n the system. The CPU ~en era t es a l l
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of the address and control signals necessary to access

memory and I/O ports both on the SBC 80/20 and externa l to

the SBC B~~/20. The CPU set is capable of fetching and

executing any of the 6080 ’s instructions. The CPU set

responds to interrup t requests ori ginatin g both on and off

the S3C 80/20 , and to WA IT renuests from memory or I/O

devices havir~ an access time which is slower than that

renuire d by  the SBC 80/20’s ~0~0A cycle time.

The Bus Interface allows tne SBC Bø/2~ to use a common

system bus wi th other master devices such as other CPUs or

TM~ ~evjces, thus sharing comm on memory and I/O resources.

The Bus Interfac e Include s an Intel Bus Controller , as well

as circuits for the generat lor of the Bus Clock signal

(BLCK/). The Bus Controller arbi trates all SBC 80/20 request

~‘or use of the system bus , synchronously with respect to the

Bus Clock. ‘*hen the SBC 80/20 acquires control of the Bus ,

The  Thi s Controller generates the a~~ r ’omi ate memory or I/O

ccr’rand sIgnal , gates the address into the system address

lines and gates data on/off the system bus. Operation

between the CPU and on board resources req :Ire no use of the

system bus.

The ~andom &ccess Memor y (RAM) section provides the user

‘w i t h  4096 ‘ 2 K )  x 6 — b i t s  of r e a d / w r i t e  s t o r ag e , u s i n g  e ig ht

I n t e l  21 14 s t a t i c  ~~~~M devic es . The 2114 r e au i r e s  n e i t h e r

refreshing nor clock i n p u t  to operate. All operations

between the CPU and on boar d ?AM require 03 W~ IT states.

The Read Only Memory (~ OM ) section provides the user
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with the  n e c e s s a r y  p r o v i s i o n s  f o r  i n s t a l l i n g  4096 x 8 — b i t  or

6192 x 8—bits of P.OM or ~PP.OM. Each SEC 80/20 has four

24—pin sockets that can accept either Intel 8708 Erasable

and. Electrically Programmable Read Only Memory (E?ROM ) chips

(1024x8—bits each) or Intel 8308 static MOS Read. Only Memory

chips . Each SEC 80/20 also include s the option of installi ng

four 2048 x 8—bits Intel 2716 Erasable and Electrically

Pro~ ranmable Read Onl y Memory Chips. The board includes the

n e c e s s a r y  a c k n o w l e d g e  and  a d d r e s s  d e c o d i n g  c i r c u i t r y .  A l l

CPU a c c e s s e s  to  t h i s  o n — b o a r d  R O M / E P R OM area  r e q u i r e  no CPU

WA IT states.

The s e r i a l  I/O In t e r f a c e , u s ing  I n t e l ’s 8251 USART

device , provi des a full duplex 95232 serial data

comm un icatio n channel that can be orogrammed to operate with

most of the current serial data transmission protocols.

Synchronous or asynchrono us mode , baud rate , cha rac t er

length , number of stop bits and the choice of even , odd or

no parity are all program selectable.

The Parallel I/O Interface , using the Intel ’s 8255

Programmable Periphe ra l Interface device , Pro vides 48 signal

lines for the transfer and control of data to or from

peripheral devices . Sixteen lines already have a

bi—d i rectio nal driver and termination network permanently

inst alled . This bi—d .irectio nal network allows these sixteen

l i n e s  to  be input s , outputs, or b i— di rectional (selected via

)umpPr5~~. The remaining 32 lines , howe ver , are uncommitted.

S o c k e t s  a r e  p r o v i d e d  f o r  the  i n s t a l l a t i o n  of d r i v e r  or
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s t a t i s t i c s  f r o m  the acti vation records.
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terminator networks as required to meet the specific needs

of the user system .

The Interval Timer capability is implemented with an

Intel 8253 Programmable Interva l Timer. The 8253 includes

three 16—bit BCD or binary counters which can be programmed

by the user to perform a variety of t i m i n g  f u n c t i o n s .  The

outpu t from the first two counters can be used as interrupt

request lines , thus allowing simple implementation of such

features as a real time clock or a program monitor alarm.

The output f r o m  t h e  t h i r d  c o u n t e r  is ap p l i e d  to  the  Se r i a l

I/C interface. ~Nhen properly programmed , this counter can

p r o v i d e  the  d e s i r e d  baud r a t e  fr e e u e n c y  f o r  s e r i a l

c o m m u n i c a t i o n s .

The SEC 80/20 also includes an In tel 8259 Interru :t

Controller. The 8259 device resolves priority among ei ght

dIfferent interrup t levels accordin g to an algorithm that ts

programmed by the user. A jumper area in the interrupt

section permits the user to connect any of ni n e external bus

interrupt lines or 17 on—board interr upt request to eight

pr io r i t y  l eve l s  i npu t s  to the 8259 . Thus , by j u m p e r i n ~
various interrupt lines to the apDr opiate priority level and

by programming the 8259 wIth the desired algorithm , the user

car. easily configure a custom interrup t structure.
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!PPENDIX ~ . MULTIBUS DESCRIPTION

A s i g n i f i c a n t  measu re  of the I N T E L L E C  MD C S y s t e m ’s power

and flexibility can be attributed to the design of its bus.L.
The bus structure allows for multiple master—slave

relationships between the vario us system modules. In fact ,

the  bus can sup po r t  eigh t masters in a parallel , prior Ity

network. By connecting adjacent masters modules with a

s e r i a l  bus p r i o r i t y  l i n e , the ma x i m u m  n u m b e r  of m a s t e r s  can

be expanded to 16. Ia such a configuration , each ma ster pair

contends for bus control , the two masters in the pair

further resolve contention via the serial m riori ty line.

This configuration allows for an increased number of m ast er

modules without incurri ng the timing overhead of a p u r e

se r i a l  n e t w o r k .  Where  a pure  s e ri a l  bus c o n t r o l  n e t w o r ~ is

imDlemented on the INTELLECT MDS Bus, the maxi m um bus

transfer rate of S MEz can ’t be guaranteed in that

app lication.

The  B u s  p r o v i d e s  i t s  own c l o c k  w h i c h  is  •I e r i v ed

i n d e p e n d e n t l y  f r o m  the p r o c e s s o r  c l o c k . The Bus c l o c k

Drovi tes a timi ng reference f o r  r e s o l v I n g  b us c o n t e n t i o n

a mong  m u l t i p l e  bus r e q u e s t s .  Th i s  f e a t u r e  a l l o w s  i i f f e r ~ n t

speed processors to share resources on the same bus. Actual

transf er via the bus , h c w e v e r , :~roceed s asynchronously w i t h

respec t to the bus clock. Thus , the trarsfer steed is

dep endent on the ~r a n s r r i t t j n p  and  r~ c e i v 1n g  l e v i c e s o n l y .

This design prevents slow m aster m odules from being
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I
ha n d i c a p p e d  in their a t t e p t s  t o  ga in  c o n t r o l  of the bus , but

does not restrict the speed at which faster modules car

transfer d a t a  via  the  same b u s .  Cnce a bus r e q u e s t  is

granted , single or multiple read/write transfers can p”oceed

at  a m a x i m u m  r a t e  of 5 M H z .  The m o s t  o b v i o u s  a p p l i c a t i o n  f o r

the master—slave capabilities of the bus is mult i— p roc essor

configu rations and high speed direct—memory—acce ss (LMA)

operations , but are by no means li—I ted to these twe .

The ~NTELL PC MDS System Bus (excluding power inp u t s )

consist of 56 signal lines , includin g 16 address lines , 16

b i d i r e c t i o nal  d a t a  l i n e s , an d  ~ m u l t i — l e v e l  i n t e r rup t  l i n e s .

Thu s , t he  sy s t e m  is c a p a b l e  of s ut r o r t i ~~ ~~~ ( 6 E , E3 6) w o r d s

of storage.
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~PP~ NDIX C. 0d TO US~ THE E M U L P T O R

The Tactical System Emulator is a tool dôsigned to help

the use r  in the alloc ation of tactical system fuctional

modules into a distributed micro—co mputer architecture.

A Tactical System is viewed as a set of functional

modules tha t interact with each other seeking the same goal. 4

Two functional modul e types are reco 2nl zet : Peri odic ~~d

r e m a n d .  P e r i o d i c s  will be activated by the system in a

constant period and Demands wi ll be activate d uton recei e

of a message with data input.

The emulation seouence consist of three steus:

(a) the definition of a network that characterizes

th e p r o c e s s  s t r u c t u r e  of the  t a c t i c a l  sy st e n ,

( b )  t h e  definition of the netw ork tarameters to the

em u la tion system ,

(c) tne control of the emulation through emulat ion

comma nd s.

A. T~ ORK EFIN ITI3N

ive ry T a r t i c a l  S y s t e m  can be p a r t i t i o n e d  i n t o  f u n c t i o n a l

~nodules that are executed as seDarate trocesses . Thi s

package does not support the software for hel~ ing in toe

d efinit Ion o±’ a tactical system network , but sev~ ral —~~ho~ s

can be found in 9eferences E3] and [4)

The emulator supports um to eight r e niod ic rodu les and.

e igh t  d e m a n d  mod ules in  e a c h  c~ m m u t e r .  Eac r i  module nan have



to initia li ze the emulator message tasks and the IS IS—Il
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up to four serd in~ mess age numbers , each messa ge number w i t h

a single destination . Each demand module can have up to four

receIving messa ge numbers .

B. PARAMETER DEFINITION

The emulation parameters are requested ant checked by

the emulator system itself. Upon system initialization the

emulator will be switched automatically to the inpu t state

where the user will specify the number of computers need ed

and the m odules allocated in each com~ uter with its

corresoor.d in~ marameters.

The initia liz at~ oo sequence is as follows:

— Bootstrap ISIS—I l om er a t ing syste~ in h~~S

Micro—com p uter Developme nt System. The hard~ are shoult

include the standard board s w i t h  64~ of me m or y a~d t- e

reau~ red number of Single Boa rd. Com Du ter s co~ neot ed . ~ach

SB C w i t h  the corr estordi r .g copy of the ~ . strIbute’I Syste— on

9 C M .

— 9 u n  the  p r o g r a —  EN~ L~~. !VULA c on ta In s the

e m u l a t o r  c o d e )

— ~un the program FUN w i t h  t he  n u m b e r  of  the 3 B C s

you want to use. (e.i. RUN 1 2 w Ill authorize SBO 1 and

SBC 2).

— The ~LS console wi ll be in HALT , and a the

em ul ator itentification tag w ill appear in toe Di strib uted

S y s t e m  Co n sole.

— ~‘rom there on, you must respo ’-I to the emulator



will suspend the periodic tasks ant it also will deactiv ate
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requests in order to define the network.

C.  E M U L A T I O N  C O N T R O L

Af ter the network parameters have been defined the

emulator will put itself into a wait state and will display

the possible commands it is able to execute. They  inclu de:

W <H~ < ? / D / S) < 1/ 2 / 3 >  — w r i t e  d a t a

E — emulate

S <~~/ 1/2 /3 /?)  — sub stitute data

M ~~ ,1/ ,2/ ,3>  — rove task number ~
•
~~ is a request for dtsp l a yt ~ g data. If only ~~~ is

keye d , a l l  t he  p e r i o d i c  m o d u l e , d e m a n d  m o d u l e , an t s t a t i s t I c

data from computers 1 , 2 ,  and 3 will be dis ~ laye d in the

sys tem console. If letter “H is specified the ~utp ut will

be t~~rec ted to the line m ri oter. ?, I , or S , specify a

subset to the dat a cor re sp on dir ~ to m erio di c , dem and or

statist Ics da ta. 1 , 2, or 3 specifies a subset of the d at a

oo r resrondin ~ to com p uters 1 , 2, or 3.

in~~t~ ates the emulation. At the end of the

em ulat Ion , the same c o m m a n d s  will be ava i lab le .

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

~ t i s  key ed a l o n e , t h e  i n n u t  p~~~cess  w i l l  be r~~p e a t e d ‘~~om

t h e  ~eg 1 o o I n g .  O t h e r w i s e , a sp e c i f i e d  m o 1~~le  numbe r ~~,

c o m m u t e r  1 , 2, or 3, or the em u lation p a r a T ~~t~~r ~TITe lI~~tt

cc  n o t )  d a t a  will be c h a n g e d .

m o v e s  m odule number ~ to comp uter 1 , 2, or ~.
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DISTRIBUTED SYSTE M ?RC°JRAM L I S T I ~~

The following table summari zes the content of
the d i s t r i b u t e d  s y s t e m  f i l e s .

~o .  F i l e  n a m e  P r o c e d u r e  Page

run r u n  96

2 exec  e x e c u t i v e
exec 111
sy s s t a r t  115

in t r s g  l n t m s~ 116
i n t r e s e t  119
i n t Z  119
Intl 119
i n t 2  120
int3 12d
i a t 4  121
l o t S  121
int 6 12:
m sgentf 123
se t~~ex~~d a t a 121
setSex~ -nsgs 125
Se t ~~ex~~in t e  126
~x $ s t a r t  127

s°lo se~ iod. ”cd 123
cscon’ixy 133
p a c k c r t o u t
pack
cs ou tpu t 175
s t a r t o u t  125
t e r m i c
csir.nut
sem rintas :rnc
:ot ~~a c t  141
se~~i n p u t $ r e q
se~~r r i n t S s y n c  1~~1
se~~iri nt~ 1inked
se~~t n p ~ a c t i v a t ’  144
oos~ cur 115
s e S n e w ~~1ine  145
se~ begdllne
i n 1t ~~~s a r t  l I d
sed i o s t ar t 147

S m a l o pa~ i o5mod
i u ~ ou t P u t
l p~ s t a r t o u t  E E l
i p p a c k  153
l p s n e w s l i n e  154

93



MS~~ NT4 also receive s the message t ha t tn1~~~er

80

pa~newpage 1E4
pa $m ri n t 155
pa~ orint~~lin~ced 156
pa~ cut~ artive 157
ma Sout ~ r e l ea se  157
pa to~ s t a r t  i SH

6 m o n i  m o r ~~t or  159
r e c e l v e $ n e x t~ command  160
~et $ p a r am e t e r s  160
ori nt$ lin e 161
change$computer 261
filler 261
d i sp l a y  163
novesmem ory 153
send5m em 154
s u b s s n e x t  154
substitute 165
going 165
t r a n s m i t  156
change$. or in c er 166
resetSin s t ru 167
m o n i t o r ~~t r a p  167
mo ni~ inter 169
r ’ion1~~i n it  169
m onl$enIe r 169

sd s c p u o l  l?~
,

f i l l l7C
c l e a r d a t a
sh f t  i~’2
bi t 173
c l e a r b i t  174
s e t b i t  1’S
lega l 1’S

9 sc2 s:mub2 .7.,
c o p y $ c l o c k  19’
set~ n er t ime 179
t i m e s c m p
peract
perchg i~ 2per sus~ 1~3

9 sc3 Scmu~3msg overfl ow
p ac~cmnbs end
ge t 133
release
set extms~’ 152
rece~ t :33
seodext 1 4
tllegil- ”s .a 196
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:~~~~~~ c . o ~~ na~ t~~~~~n r — s D o ~~:e t  ~ r t n e  us~~r . ~r a l t e r  a i i m i ~

h as  t een  r~~~cne1 .

10 sc4 scp ’ib4 198
p r i o r i t y  199
enter p rior 200
renDrlor 201
se t c c l c 202
e n t e r S i n t  203
ren~ int 204

11 sc5 scp u b 5  2~ 5
orint$async 205
p r i r ~~ syn c  206
con ~ input~~req 206
con~link~reo 22~p a r d . l i n k~~req 209
c on t r e l e a s e  229
c o n S n a w ~~l in e  229
co:Sbeg~ line 212
p r ~~n t s 1 I n ke d  211
parsrelea se 212
page 212
i rite 213
w r ~~t e S l i n ~c ed. 2 14

12 sc6 scpu b6 215
a c t i v e  2 15
umd stat 216
convas c 217
deblfc 219
g e t n u m  219
vect or~ add 22 1
vector~ sub 222
nurrout 223
~et5cha r 22~

13 Sc ’? scpu~7 225
e n t e r Y n s 2 ~ m od 22 5
m on i t o r 226
error 227
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~ 1ULA T O R P R O ’ R A M  LISTING

The fo1 low ic~ table summarizes th~ contents of ernu 1-~torfiles .

~4o . rile nane Procedure Pace

emula l emulal 231
send$rnsgs 232
emulate 233
correct~ in putsr’isg 234
correct~ id 235
per iodl c$mod 236
demand~mo d 237
data$f iller 232
set~mods 239

2 emula2 emula2 24
enter~ mo d 252
clearsrno d 252

~et~~task 253
p rln t$tirne 254
se t$out~msg 25~subs~~~a t a  257
~ove$tas k 259
ernu~ count 261
emu~cou nter 261
st art~ emu 262
send$wr ite~ms~ s 263
writ e~data 265
d i s c o n n e c t ~~cr~ 2 55
chec~~~~e~~c o n n e c t i o i  266
i ni t~~emu 266
stop $ emu 267
~ns~ ent3 268
ernula2 .r-ia±n 269

3 ~nula3 errula3 270
‘art 273
w r t ~~lInke ’t  273
set$buffers 274
p r n ~~:1ata ~~per  275
p r n ~ -~a t a $ d e r n  276
pr~ $ o r d e r  278
p r n ~ hea1~ p er  279
prn$ hea~~~-~em 222
p r n ~3p er  281
prn~ Iern 2~~1
st t ~~h ead 283
s t t ~~he ar iS pe r 283
s t t~~he ad~ dem 284
stt~hea~ $~ sg 234
st t$~I at a  2~ 5

229



stt~~1a ta$ms~ 286
stt~ msg 227
prn~ stt~ per 298
orn~ stt$rIem 263
prnSs tt~ ms~ 290
reset$wr~ ter 290
pm 231
rec~ co$t bccde 292
sendS task 293
rec$tas k 235
set$new$s1~ k 296
setSwr lter 297
m s~ en t4 238

4 em u l a 4 e~ u1a4 320
get Sr~~mbe~ 304
sen 1~ info 304
quest 305
save$ task 305
save $delay -306
check$rn sg~ 1d 325
chec~c$task$jd 307
prn~ sea uence 307
check~ less $tnar~ 308
sla’;el 30E
slave2 309
stateOO— state 2 312
rece iv e~ lnput 320
wr 1te$ ac~cSrece~ v-~d 322
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