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THE SA T M O D E L  U S E R ’ S  G U I D E

CHAPTER 1: INTRODUCTI ON

D u r i n g  the past severa l  years  a set of p r o qr a m s  has

been develope d at the  r J n i ver s i t y  of N o r t h  Carol ina to model

and opt imize the p e r f o r m a n c e  of s a te l l i t e  graphics  sy stems~

of the  f o r m  shown in Fi q ure  1. Details  of t he  m od e l l in q  and

optimization techniques have b€ en reported previously

IGra phics System Model ing, First Annual Report , U!IC, June

1974. Graphics Model Verification , Secon d Annual Report ,
¶5

~NC, Novem ber 1975 1. The p ro qr am s , o r ig ina l l y  execu t ed  as

batch lobs on an IBM 360 or 370 with OS/360, have  now been

converte d , extended , and au gmented to execute interactively

on a Honeywell 645 or 6045 with the MULTICS operating

syste m. This  gu i d e  describes t h e  basic concepts involve d in

u s ing  the inte r active p r o gr a m s , wh ich ar~ herein referre d to

as SAT M OD ? L . ~ comp an ion docum ent , Ih~ ~~Q~~L i~~~~~nc~
~~~~~~~ gives details of the sy s tem ’s use .

$1.

The cons idera t ion s in the design of 3atellite graphics

systems hive beer. Extensiv~ ly discu ssed in the  t w o

4 previously cit~ 4 reports, and elsew here FJ.D . Foley,

“Satellite Graphics Systoms ”, cQrn2U~~~~, 
Au gust 1976. 

, “ S o f t war e  tor Sa te l l i t e  Graph ic s  Sys t ems ” ,

~~~c~~iini~ Ac~1 121.1 ALn~L~1 ~2fl ~~~~~~ 
76-80.

“An A pproach to the Optimum De~ iqr~ of Computer Graphics

I
~~~-. -~~~~

-~ .-.~~~~~~ - -— .- -.



Systems ”, ç~ cM 14 (6), 380—390 , June 1971. 
— , 

“The

Design of s~ttellite t~raphics Systcm s ”, in Dd~~ ~~~~~~~~~~~

Pattern ~ og~j~~ on ~jid C~~~~ut~~c ~j r a~~hjcs ,, A. Klinqer , ~~~~

Acad emic Press, 1976. A. van Dan , et. al., “Intelli gort

satellites for interactive graphics ”, B;9ce~~i~n9~ ~f

~~ 62 (4 ) ,  kpril 1Q74. “Operating system design

cons idera t io r.s fo r  m i c r o p r o . i r a wm e d  m i n i c o m p u t e r  sa te l lite

sys tems ”” , P roceeding 1973 N F.C. The two basic issues are

choosi ng cap a b i l i t i e s  (spee d , s iz~ ) of the subsys tems  sho wi i

in Figure 1 .1 , and selec t ing th~ ap p r o p riat e “d iv i s ion ~t

la bor ” for the applications program. The subsyste..

capabilities should be in balance one with another , so tha t

no cne subsystem acts as a bottleneck to system operatiofls.

The divisions of labor must recognize that there are tw

computers  and storag e hierarchies in the satellite system .

and that pro~ rarn s and files must he assigned to them in at

e f f e c t i v e  w a y .  The hasic optimization process a ims to

des ign  a sa te l l i te sy ste m w i t h  r n i n i m u m  resp onse t i m e  ~~~
cost not e x ce e d i ng  a sp € c i f i e d  b o u n d .

‘I
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, ,.~ t i m e  is m e a s u r e l  f o r  a t y p i c a l , or ave r ~~q .
~~

interaction. An int eraction ~~.3 the activity of the syst~~t

w h i c h  o c c i u ”  ~~~~ t h ~ us~~r i n v o ke s  some command. T h u s  a

t y p i c a l  : n t •r a c t i o n s t a r t s  wh en  th e  ser h i ts  the  ca r ri ~ p~

r e t u r n  on ~~ k e y b o a rd , l i q h t p q n s  an op t ion  on t h e  ~~~~~

etc. At I t~j ~, p oint , the system mu s t  process + he c o m m a ~. d , .~c

r i r o q r a m  cm ~~rol wi l l  pas s to ~~~~ ie  of t h e  m a n y  sub r o u t i ne s O L

sections ir th~ pr o g r a m , e v e n t u a l l y  r e t u r n i ng  in f o rw a t i o i ~ ~~

t he  user .  1’he sy s t e m  t h e n  v a i t .~ tor t h e  u sei  to m it ! .

an o t h€r  ir ~t er a c t i o n .  T h e  r e sp on s e  t i m e  is the  t i m e  bet~~~~

t h e  use r ’s la.st ac t ion  in  i n i t i a t i n g  t h e  c o m m a n d  and  :I ~~

r e -~ponse ap p ~~ar in q  on t h .~ l i sp l iy .

The cost of a s a t e l l i t e  gr a p h i c s  s y s t e m  is d e f i n e d  h~~re

LO be tJ~ .~~~ai ü f  t h e  costs  of f i v e  of  t h e  s’i b sy s t em s  s~~:~~

i n  F ig ur e  1 . T h e y  a re :

I . Di~~p 1ay Process ing  U~~j t  (DP EJ )

( in c l u ~~in i  h a r d w a r e — s o f t w a r e  t r a d e o f f  op t i o n s ) ,

2. S a t e l l i t e  C o m p u t e r ,

1. Sit ~~1~~i~~r~ C o r n p u t~~r M a i n  M~~~o ry ,

4 . ia~~•~ l l i te  C o m p u t e r  b u l k  M i ? m o r y ,

~~. Co m m~~n i c a t i on s  L i n k .

Th e  s u bsy st ’  ~ costs ( an d  h~~nce  t h e  s y s t A m  cos t )  ca~ bc

sp ec i f i e d  ~. n . i r b i t r a r y  ‘in it s , a n d  w i t h v a r i o u s  m e a n i ~~qs 
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including, but not limited to:

purchase price in Dollars,

purchase price in Pounds ,

monthly rental price ,

monthl y rental plus monthl y maintenance price ,

purchase price p lus  f i v e  year ’s m ain te r 8ance .

The on ly  r e qu i r em~ n t is t h a t  all costs be cons i s t en t ly  g iven

in the same units and with the same meaninq .

The basic optimizati on process takes as its inputs:

1. A description of the cost and performance of a

number of choi ces for each of the five subsystems.

2. A description of the int3ractive application program

to be used with the satellite.

3. An upper bound on the cost of the system.

The results of the optimization process are:

1. The optimum choice of equipment for each of the five

su bsy stoms wh ic h , wh en  u se d w i t h  t h e  d i v i s i o n  of

labor from 2 b e l o w , mi n i m i z e s  r e sp onse  t i m e .  Total

cost of the subsystem is less than the upper bound.

2. The optimum division of labo r for the above optimum

selection of s u b sy s t e m s .

3. Detaile d information on the perform ance and

utilization of each of the five selected subsystems.

~ 

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



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .

U

Ther . ~re, ho wever , yet other dimensions to ~~~

optim izatiot~ proce3s. W~ cal l  t h e s e  hardware-soft u~~L~

t r a d e o f f s , i~~d .;~~lec tiv ~ s pe c i f i c a t i o n s .  T h e y  are descr i~ e~

in the followin g two sections.
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1.1 H a r d w a r e — S o f t w a r e  T r a d e o f f s

A numbe r of gr a p h ic s f u n c t i o n s  can be i m p l e m e n t e d  wi th

either special—purpose display—processor ~~~~~~~~ or with

satel l i te  processor sof y~~~~. E x a mp l e s  are dy n a m i c  or

static transformations and clippinq, subpicturing, and text

disp lay .  The special h a r d w a r e  is usually more expensive and

faster  in op erat ion than the  s o f t w a r e.

The tradeoff in designing a minimum response time

syste. is between the cost of the DPU hardware and the cost

of one or more of the other subsystems. The optimization

process automatically determines which of the alternatives

w i l l  y ield  the  fas te st response t i m e .  Th i s  can be done for

one or several such trad~ offs.

I —  - . - -  ... - . 
-

- . - ,

~ 
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1.2 selective Speci fication

Choo~~ n - I t h e  sub s y s tem s  f c c  t : s - ’ ~.n a satellite sy~;1 ~~

can involve issues oth~~r t h a n  cost and  resp onse  t ime . The

p r i m e  e x a m r ) l ~ ot  such  iss’i~ s is in t h e  a r e a  of d i sp l a y

guality , w h e  rt c r i t e r i a  s u c h  as i e.ioltit ion , lin .~arit y, s~~~t

-s i Z e , j i i t c n  ;j t y  l ev ~~ls , a i d  f l i c k e r  can a l l  he v~~~,

i mp o r t a n t .

We h~~ ’~ accor I in ~~ly  pro ’  i d ~d a g en e r a l  cu .  1!t~

(s~~l9c t i oT . ;  ~c ch a n i  sm to en s u r e  t h a t  o n l y  those  su b sy ~ c

me -~t i nq  sp e cj f i e d  m i n i m u m  c r i ter i a  ar~ c o n s i d e re d  ~or

se lec t ion  by t h e  bas ic  op t i m i z a t i o n  proce s. T h e r e  is a1~~o

a 3p~~c i a l — p u r p o - 3 e m e c h a n  isrn to han dl e t h e  i mp o r t a n t  L U 1

~n i q u e  a r i d  c o mp l e x  m a t t e r  of f l i c k e r — f r e e  d i sp l a y

c a n a h i l i ty .

The i n f o r m a t i o n  n e e d e d  to  a n a ly z e  h a r d w a r e~ so t t  w i r ~

t r a d e o f f  a n d  to  e f f e c t  s e l e c t i v e  sp e c4 . f ica t i o n s  is in c lu J ~~ i

in  th e  i i~~p ’1t s to the  o p t i m i z e r .

-~~~~--~~~~~ - - -
.—.~~--~~~~~~~~~~ -~~~~~~~--~

-. - .
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1.3 SAT~1ODEL

Us ing the  SAT M ODE L sy s tem is a mu l t i s t ep  process. The

File Editor subsystem (FED) is first used to build two

files , one describing the subsystem choices, and best

hard ware , the other describing the application program. The

op t imiza t ion  subsy s tem (OPT ) is then  us~d to perform an

optimization. Finally, the report generatinq subsystem

(BFP) is used to select that portion of the optimization ’s

po t en t i a l ly  v o l u m i n o u s o u t p u t  w h i c h  is to be pr in ted  as a

report. The three subsystems all op erate under the control

of the SAT~OD~L executive (~ X~C) . It is t h e  detai le d use of

EX~ C and its FEt~, OPT, and R~~P subsys tems  w h i c h  is discu ssed

in the companion document.

3



1.4 Pemarks

In the  f o l l o w i n q  ~Y~ct iO n ~31~~~ ~~~~~~~~~~~ L ’~~

names: program modul e names , fil .~ nam es, sub~ yst.~ m

etc. These n a m e s , w h e n e n te r e d  i n t o  t h e  sy ~~te~~ n~~i hc

to 80 characters in length. dowev~r , when print~ ’i ~)U~ ~~o

describe the results of the optim ization procens , t L e  ~~~~

may be truncate d to LeO characters.

All me a sures of s i ze , be i~- o t  a d i n  or h~~ck~~n m ~ ~~~:.

p rog rams , f i l e s, or messages , ir e  g i v e n  i n  u n i t s  :~: .~
while measures of time will he in un its of s~~~ n 1~~

will always be specified in byt e s  p er  seccn1 , or —:e c~~’

byte.

V a r i o u s  a b b r e v i a t ions u sed  are  t h o s e  of t h e  ~~~~~~~~~~~~

Ihe L~Q~~L ~~nc~ ~~~~~ r e f e r r e d  to h er ~~a f ~~e~ ~~
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CHAPTER 2: HARDWARE DESCRIPTION

2. 1 General

The basic hardware specifications are provided in the

hardware descriptons ( I f ? )  f i l e , of 1 SRt~, Section 5.2.2).

The purpose of the hardware description file is to provide

the optimizer with data concern in g all available hardware

components. This data , when combined with application data ,

yields the parameters by which per formance and cost can be

determined. This data is qleaned from manufacturers ’

catalogues and similar sources, and supplies the basic

speed, capacity, and cost information for each component

available from some ven dor. This  basic i n f o r m a t i o n  changes

slowly, and is generall y independent of the application

program which the SATMODEL user intends to optimizE..

The basic data is separated into five groups,

representing data links (DL) , remote fast stores (PFS) ,

remote bulk stores (PBS) , remote CPU’s (CPU) , and remote

DPU’s (DPU) . There must be at least one item in each of

these groups.

Pach h a r d w a r e  item in one of these groups is identified

by a n am e en t ry ,  u n i q u e l y d i s t i n gu i s h i ng  it from other items

in t h e  sam e gro u p .  For e x a m p l e , no two da ta  l i n k s  ma y have

the same name.

~

1

~

1. ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~
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Th~ Ti ani’ , co~ sjst j~ ’i of 80 or f . ? t i e L  c h a t a ct e~ ~~~~

n o r m a l l y  i d e n t i f ie s  i m a n a t a c tu r er  or so ur c e , an d a mo ~~e i

name , so that the item is readil y r ~cognized wh en .L

SA TNOD E L ou tp u t lists , by n a m e , t h e op t i m a l  c o mp o r e n t s . ~n I

so t h a t  it is e a s i ly  reca l led  for data  m o d i f i c a t i o n .

E ach h a r d w a r e  i tem is also supp l i ed  w i t h  a r i u m ~~eI o~

a t t r i bu t e s , m e a su r i n q  i ts  cost a n d  p e r t o r m a l c e .

pa r t i c u l a r, e v e ry  i t e m  h a s  a ~~~~~ a t t r i bu ~: .  I r e i t s  of  c~-

can  be a n y  m e a s u r e , such  as do l l a r s  per  m o n t h  ( I e L t a l )

dollars (purchase) . The choice of unit , h o w c i e r , mu st

cons is ten t  t h r o ug h o u t  t he  h a r d w ar e de s c r ip t i o n  f i l e  an d

ap p l i c a t i o n  t i le  t h a t  is use d w i t h  i t .  P e r f o r m a n c e  m e a s & -~~~

ar e  d i f f e r e n t  for  d i f f e r e n t  groups , a n d  w i l l  be rn

e xp l i c i t ly  d e s c r ib e d  in  section 2 .2 .

One g r o u p  in  th~ h a r d w a r e  descr ip t io~ ~i1e descr~ .,

the performance attributes of the ho st computer (UC) , but  i

not provided with a cost since S~ Tr~ODEL ~~ es ~ot p r o v i d e  c; ’-

optimizinq the choice a m o n g  a l t e r n a t i v e  host  m a c h in e s .  T : i ~

t group of performance att r i h u te s  is a l so  ‘~~cr ibed In sect

2 . 2 .

The h a r d w a r e  f i l e  a l ;o  p rov ides  d a t a  fo r  selec t~

based on specific ch~~~~~~Listics, supporting the “selectiv

specification ” capabilit y describe d in section 1 . 2 .  IL

f u n c t i o n  an . 1 c o n t e n t  o f  t h i s  d a t a  are le’cr ibed  i n  s e c t i o n
r

2 .~~. If a use r does n ot  i nt ~~n’1 to m a k e  &se of r e l e c I~~ i-

sp e c i f i c a t i o n  f e a t u r e s , t h ~ da ta  f i e l d s  a ss o ci a t e d  w i t h  th ~~.

L~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ _ _
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f ea tu re  ma y  be ignored .

Similarly, there are dat a f i e lds  associated w i t h

hardware—sof tware trad~ otf which are described in section

2.3, and may be iqnore d by a user who does not intend to

consider optimizations w here hardwar e-so ftware tradeoffs are

intended.

IT

r

— -—~~~-- — —_  ~~
-

~
- __-_ - ___
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2.2 basic P~ rtor man c-~ Data

The hisic p~~rfoL m anc~ da~~i~ t h a t  w ! i c h  is n ece ’ ’

e v e n  w h ø n  h~ird~~ar e— so f t w ar e  t r a d ’~o f f  t e at ire s  and  s el €c tiv ~-

sp e ci fic a~ ion f e a t u r e s  a r e  n o t  use d , is d es c r i b e d  in t h i s

s e c t i o n .  ~~ ch g r o u p  h a s  l i s t i nct i v e  f ie l d s  fo r  t h i s  d a t a , .

1 . Data  l i n k  ( 9 L )

2 .  ~e inote  Fast S to re  (FFC)

3 . P em ot~ P u l k  S to re  ( 9 3 C)

‘4. Pemot e  C o m p u t e r  ( C P U )

5. D isp l i~ Processor (D P U )

6. Host C o m p u t e r  ( H ( ~)

~~~~~ j~~L)

For each data link , a sj~~~d ~ir ~d ~r ~~~~~~~ m u s  L~

provided .

S~ e~ d (DLS~~) represents the transMission rate of wh~.~~h

the data link is capable in by t e s  pc’r s€ c o n i .  ~

sp e ci f i cat :on  is m a n d a t o r y  f o r  e a ch  d a t a  l i n k  c~n t . ry .
I , .

Q! (DL(~) repr~~sents the ov~ rhea 1 t ime in secci~L~

~tssociatei with one tran~~mis~; ion ~icross ti~~ I r i t a l i n k .

For each r ’~1ot~ ~as t  :~t er e  a si~~~ m u s t  he p r o v i d e d .
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~~~~ ( R P S I )  r epresen t s  the  n u m b e r  of by te s i n the

store.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ L~t~~~~.LB~~ )

For each remote b u l k  store a ~~~~~ a s ~~Aa~~ ncz t1i ~~~

and a ~~~~~~~~~ ~~~~ must be provided.

~~~~ (RBSI )  represents  the number  of bytes  ava i l ab l e  in

the store .

~~~~~~~~~ ~~~~ (SLT) represents the average seek

plus latency time (“access tim’~”) associated with the bulk

st ore f a c i l i ty ,  in seconds.

Iran.~fer  t ime  ( T R T )  represents  the t r a n s f e r  t i m e  per

byte associated with the bulk store, in seconds per byte.

For each remote CPU a ~~~~~~ a rn~~~~rn~~m 
~~~~~~~~~~ ~~~~ ~~~~~~~~~~~~~

and an op atj~j ~~~~~~ ~~~ must be provided.

p~~~j  ( C S P )  repre~ients the n u m b e r  of high—l ev el

instructions per secon ’l that the processor is capable ot

executing.

~~~~~~~~ £~~s~ store ( M P S )  r epr e s e n t s  t h e  la rges t  a m o u n t

of remote f a s t  store w h i c h  t h e  r e m o t e  CPU is capab le  of

r supporting , in bytes.
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Q2~i~i~~ini §11~~~~ ~~~ (O SS) r ~~ t .~ser ~ he n ’ w[,el of

h y te .i ot ~~ m ot e  f d s t  s t o r e  w h i c h  m i st ~ r e ser v e d  f o r  ( I i ~

n p er a t i n q  ~~,‘s t e m  ot t h e  r e n o + - ?  c P ~J .

For ~~~ c i  r em o t e  D P ( I  a s’~t of co rn t~~b1~ L P U ~~s ~ U S L  U

ij s t~~d , a n d  .~ s~~t of ~~ U ins~~~uct~~ons m u s t  be d e s c r i b e d .

c~~~~~~~~~le ç~~t ’ s ( C C L ~) is a q r o u p  wh o s e  e nt ~~ies ~ r~;

~a r n~~s w h i c h  m a t c h  e n t r y  n a m e ; f r o m  t h e  r e .’n ot~ ( J U  -~~~ c-~~p .

These  n a m e s  i d e n t i fy  t h o s e  C P U ’ s w h i c h  can  s e r v e  t h e  ~~~~~

n p u ~ ~ea~~cn s  f o r  on i i s si~~n o f  ~ CPU t r o .n s i~~:~ i l~~~t d

( 1 )  i r t a i e  ~u a t ~ s o f t w a r ~ s up p o r t  t o t  t h~~t ~~~~~ i u ] a ~.

i~o m L i n a t i o n , ( 2 )  1 nc o mp ~ tj t ) 1’~ w o r d  1 ~n q t h s , et~~.

DPH ~r s ~~t ’i ct c ns  (~W t )  15 i g r o u p  w h o ~~ - ~~L i~r . a L~~ ~. 1 I

j  ~ to ser ~e t h e h ~rdw a r~~—sot tw are t r a 1~~~r f  c a L ~ l i t,

( s ~~r . 2.~~~ ) a n d  L h e  f l i c k e r  tes t  ir . sel ’~ :t i v~ ~~~~~~~~~~~~~

( sec . 2. ~4 )  . w e r t n e l ~~ss , t h i s  g r o u p  al S )  p r o v i d e s  ~i~~ta

w h i c h  a l l ~~w s  t h ~ s ize  of t h t  DP T J p r o q r a m ~ to  be re 1le~~t~~d i h

t h e  a l l o mt i o n  of r e m o t ~ f a s t  s t o r e  t u d  i l low s  t h e  C~~(J

;up p or t  of  t h e  l i s p l ay  p r o 4 ; ’~~sor t o  be r e t t e c t e l  in [ t m . 1 ~~

a I Loca ~ ir  i~~d ~ :-~~on ’ ,e t c i  i t t  1. . J I I S.  ~a~ I ~P !

:nstL ’lctl )r . i. :, l i s tr i  L j  n t ~n~-~ ~ p citv::1 -j a :.~s~~I r ~ ol

~e r f o r m a r v ;€ a t~~r ib ’ i tes: ~~~ ;f ~rn~~ . t a i  
~~~~~ ~~ c I i~~ ~~~~

;fl~~~~~ g~~4 2 F  .i , PU t i a i~~, a n d  ~) P ’J  t i r n~~. T h.~ ,e a t t r ib u t e s

ar ’~ 1eSc r~~t , ’~’1 f u l l  v ;e ct i o r t  2 .  3. Wh - n •i ot  ~n v o i v ~ I in

~~~~~~~~~~~~~~~~~~~ t r~~i”n ~~f , DPU ~~ r t r u c t io ’ t . ; t r e  ‘ i v e n  i r  

-i _
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sing le “ option ” , and assigned a zero incremental cost (OIC),

since they are not separately priced from the DPU. If an

instruction does not require CPU intervention for its

execution , the procedure size (OPS) and CPU t ime (OCPT)

attributes are likewise set to zero. Instructions can

sometime s be aggregate d and given a class name and

attributes if the average value of these attributes does not

siqnjficantly vary from DPU to DPU , ann  if the application

descr ipt ion f i l e  data is similarl y aggregated.

119

A t t r i b u t e s  descr ibinq the host computer are east stg~~

~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~ ~~~ ~~ Q&~ g~:~~~~nQx ~~!~s
~to~~ ~r~~~sfe~ tjrne , arid CPU s9eed. Since only one host

compute r is considered in the optimization , ne ither name nor

cost data  are sup p l i e d .  The host c o mp u t e r  is assumed to

influence only the response time as its hardwar e is

preconfjgured .

~~~~ (FSS) represents th’~ ma xim um number of

byte s which can he oc cupied by programs and data from the

application.

~~~~~ ~jje (BSS) represents the number of bytes of

storaqe available in th° host bulk store.

~~~~~~ (BSSL )  r ep re sen t s  t he
r

average scq k / la t en cy  time (“access t i m e ”) associated with

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :.
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the  host h u l k  s t o r e  f a c i l i t y ,  in seconds .

Bu lk s~~or ~ t r a n s f e r  t~~rn~ ( f l .~’1 T) i e p r~~~~~n t :~ t h e  t r a I s~~~L

t i m e  per by t e  a s soc ia ted  w i t h  t h e  hos t  b u l K  s t or e .  lt  is

meas ure d i n  s~ con d s  per by t e .

C~ U s~~ ed ( U S P )  represents the number of h u h  1€ e i .

instructions per second t h a t  t h e host p r ocessor ~~u ~ a p a ~ 1~

of e xecuting, on the average, B ecause  it is used I i :

r e sponse  t~~ n c a l cu l a t i o n s , it is im p o r t a n t  t h a t  t h i s  sp ~ e

r e r r e se n t  th~ c ap a b i l i t y  seen  by a s a te l l i te , s u i t ab l y

le r a t e d , i t t h e CP~1 is t i~~e - - s h a r e l  to acc u n t  L

c or n p e t i t ir i  t r o n  o t her  j o b  s t r e a m s .

I



~~~~- -—- -~~~-- . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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2 . 3  H a r d w a r e — S o f t w a r e  T r a d e o f f  Da ta

The h a r d w a r e — s o f t w a r e  t r a d e o f f  f e a tur e s  allow the

op t im iz i ng  p r o g r a m s  of SA T M O D E T .  to consider  h a r d w a r e  opt ions

provided by the  m a n u f a c t u r e r  of a DP TJ . These options

normally take the fo rm of i n s t r u c t i o n s  w h i c h  are  supported

in h a r d w a r e  tha t  m i gh t  o therwise  have been provided by

so f twa re  suppor t .

Usual  e xamp Les  of such  opt ions  deal w i t h  transfor mation

hard ware , s u b r o u t i n e  lu m p s , charact er genera t i ons , scal ing ,

etc. Since not e v e r y  user will he interested in the same

sets of possible options, and since they can generally be

t rea ted  in a q u i t e  s t a n d a r d  m a n n er , no particular options

are provided automatically in the file organ ization. P~ user

lists the options to be considered , using suitably

descriptive names , in the ~~~~~~~~~~~~ subgroup (DPUI) of

the Q~ 11 cli ~~~ ~~~~~~ iroup 
(DPtJC) of the hardware file.

The entries (instruction names) used are identifiers of RC

characters or less.

w h et h e r  t he  i n s t r u c t i o n  is s u p p o r te d  by h a r d w a r e  or by

software affects bot h the performance and cost of the DPU.

Therefore each entry in t he  Remot e  D PU ( D P U )  g roup must
I

contain data describin g the incremental cost and performance

attributes of the alternative options. In SATP!ODEL no more

than two options are per m itted for each instriction. 



The D P U  e n t r i e s  c on t a i n  a g r o u p  ( D P U r )  of i n s tt  u c tio~is ,

identified by n a m e s  ~~tc h i n g those  pr o v i d e d in the  ) P d

Characieristics group. For coch  i n s t r u c t i o n  so list .i ,

t her e  are  on e  or two  op t i o n s, each h a v i n g  a t t r i b u t e s

sp e c i fy i ng :

1. Incr’~mental cost (OIC) - t he  cost of t h e  o p t i o n  as

an  a d d — o n  to t h e  DP I J  cost (DPC )

2. p r o c e du r e  size (OP S ) — t h e  n u m b e r  of bytes  of  rern ot ’~

stor ’~ r equ i re d fo r  t h i s  op t ion  to be a v a i l a b i e ~.

w h e t h e r  or n t  it is a c t u a l l y  i n v o ke d  by lie

ap p l i cat i o n .

3. Instruction size (O~ S) t h e  n u m b e r  of  b y t es o f

r~ mote store ald itio nall y reiuir ed for e~~:h

invocation of the instruction capability.

t4~ CPU tim e (OC PT) — t h~
. nuin h~ r of ba ’;ic CPU

instruction—times which the exe:ution of this DP~

instruction ~i1l req..ire p~ r parameter in thr

inic ,caticn . (The ~~~~ r e q  ~-c CPU t i m e  taken by t.is

i n s t r u c t i o n  w i l l  be t h i s  v a l u e , d i v i de d  by CPU ~ peed

(CS P )  f or  t h e  g i v e n  C P U , m u l t i p l ie d  by t h e  n u m b e r  ot

i n v o cat : on s  of t h i s  ins t r ’i c t ion  and m u l t i p l i e d  by

t ne  n u m b e r  of  p a r a m e t e r s  p er  i n v o c a t i o n  — b o t h  t a k e n

from the app iicdti cn f~~l • . )

5 .  D P U  t i m e : (ODPT ) — t h e  t i m ~~, iri ’;eronni s , whi ch th~ ~ H

regii ires p~ r p a r a m e t e r  it  t h e  invocation. (1 i~~

r aqgr~ qate CPU tim~ t ak~ r by t h i s  i : & . ;t r u c t  ion ~ i1 1 I

t h i s  v a l u e  ~ ,il t ip l i~ I by t h~ nu mber of invocat i c~~~

111J
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and the number of parameters per invocation.)



2 2

2. Ll Sele~~~iv~ Sp e c i f i c a t ion !~ata

In or der  ~c) a c c o m p l i s h  se1~~~t j v e  sp e c i f i .c at i o~~, t~

need s to  h~ a way to s p e c i f y ,  i n  the hariware t~~le ,

p e r t  o r m a n c ~ m ee ;ure s  w h i c h  do n o t  d i r e c t ly  at  fec t  re spo~ s’~

t i m e . N ~~~~ ure s such as r~~so 1u t ion fo r  a DP~J , a v ai l a h i  l ity

of f loat i j p o i n t  or r u g  ie lizaticn for a CPU , o~. ~cc

n i e t h o d s  (~~-~~u~~n t i al , direct ) for a r,i~l k store , I F U c t  be

i n  fe red ~he re.

No ~~~ c~~t m e a n u r e s  at~ :n (p lj cj t l y  b u i l t  i n t o  t h e  h a r u w ~~.

li C. r~ t:~a i , a set u - s  ~ t t i v .~ gr o u p s  ( D L C , 1- FC , ~~

P r J C , D P U ( ~) ar ~ p r o v i d  ~d in t h e  f i i c  -~o t h a t  a ~se: a~:

p r o v i d e  ~~~~~ f o r  e a ch  sp’~c i f i ca t i o n  o v er  w h i c h  he i i ~~~h t

w i s h  to s lect .  B o t h  n a m e s  an d  t h e  d i m e n s ion a l  u n i t s  b ’

w h i c h  t h e  q -H r t i t i es  a r € ~ m e a s u r e d  m u s t  he s p e c i f ied  j r  t h r  ~~

3 u p p l e m e n t a r y  g r o u p s .  ~‘hese  n a m e  e n t r i e s  a r e  c a l  ~~~

char~ c~~ &j~~~i~ n a m e s  and can ~e any identitier of t50

charicters or 1-~~s. TL~ d i n e n 3 i c r t l  un it . s  are  a t t~~i~- n  c-s

(DIM) and can  a l so  b ’~ a n y  i d e n t i f i e r  of 80 or 1~~~s

c h a r a c t e rs .
4

The  
~~~~~~ 

ot t l~ “s~ spe’- i uicat ion ; to~ i ndiv i luci

h a r d w a r e  1’e r n s  a re  er t er ~’ d vi a th e basin data lr~nIp~. (DL ,

PFS , Ph5 , C P J , nPU ) , thr ou gh t t i ~-

3ra~~t~~~~St i c~ su h g r o ’ i p  (D1. SC , F F S C , P B S C , CSC , D P ~~C .

r e sp e c t i v e ly ) . In e a c h  case , t h e  v a l i e  is q i v e n  h ;

or o v i d i ng  a gh a ~~~c ;:~~~~~ ~ arn~ e n t r y w h i c h  m a t c h e s  oi.e Oi ~

t h e  c h a r a c te r i st i c  n a m e s  in t h e  c o r r e s :o n d i n q  c h a r act e r i st . i-

-.. -~~~ - . .-- -



_______________ _
~~~~~~~~~~~~~~~~~~ w~~ -w

23

subcproup (DLC, RFC. RBC , CPUC, DPITC , respectively) and then

providing an inteqer value in corres ponding !~1ia~ attribute .

The application data will provide a criterion for

selecting f r o m  am on q the hardwar e items. ~ach hardware item

whose value in one or more listed characteristics fails to

exceed the  criterion wil l he excluded from the optimization .

The app l ica t ion  d a t a  wi l l  also prov ide  data  r eg a r d i n g

typical display scenAs which , when used with DPU instruction

data in the D2U gr o u p  of t h i s  h a r d w a r e  da t a  f i l e, p e r m i t s

ca lcu la t i cn  of d i sp l ay  f l i c k e r  rates . These are  also

compare d w i t h  a criterio n prov ide d  in t h e  ap p l i c a t i o n  f i le,

a n d  m a y  cause ‘~l i m in a t i o n  of a D P U - C P U  pa i r  f r o m

consideration.

r-

~~~~~~~~~~~~~~~ 
_~~~~~~~ :. - ~~~~——-- ~~~~~~~~~~~
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2.5 An Pxamp le

~iqure 2. 1 is a listing of a h~t~ I w ar e  file which illustral.es

all the feature s we hav e  de s c r ib ed .  The l i s t i ng  is i n d e n t e d

with the same format that is used in 59.M , section 5.2.
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hardware fi  le (hf )
data llnLs(dl)

1230 URi: 1 nil e
Cost(dlc)-~ 90
speed(dlsp)= l14I~
ovcrhcad(dlo)= 0~ i1U435
supple,icntary chnracteristics (dlsc)

i)istJncc
vuluu(val) 1

4S00 URi: 1 m i l e
cost(dlc)= 275
specd(dlsp) 57!
overhead(dlo)= 0.002 609
supp1ce~ntary cl taracterisrics (dlsc)Distance

valuc (val) 1
2, 000,000 3I’.: 1 r~i l c

cost (dlc) 14G5
speed(dlsp) 250000
overhe~’d(dlc)= 0.C0000l.
supI)lor cntary characteristics (dlsc)

11s tance
value (val) 1

19200 ~Ri: 11 mi le s
cost (J lc)= 050
51,cec(dlsp)= 22~ 0
ovcri cnd (d lo)
supplci ’entary ch. iracterist ics(d Isc)

Distance
11

reirote fast s~ores(rfs)
32~ 

3,’tcs Extra Core
cost(rfcs) 130
s izc( r fs i )  327 68
supplet~entary characteristics(rfsc)

Cycle Ti me
valuc(val) 1020

b4~ Jytes Extra Coreccst(rfcs)  3~, U
s ize ( r fs i )
suppler r?nta ry characte r is t ics(r fsc )

Cycle Tir.~va lue(val) 1020

Figure 2.1 A Hardware File

LT ~1t:t
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112~ L .~ ~~~~~ Cort .
COSt( i f ( - 5 )— 470
siz (r f ~.i)’ 11~Cl~C
supp l ecx~ntary cL aracteristics (rfsc)

Cycle TifF
valuc (val)= 1020

rc’I.otc ~t i lk st~ r es(r ’ ~ )
‘~YJ.l;1 ~~~cos~(rbcs) 27~

sizo( r h s i ) =  2I i~ 7G 00
seek— latency t i;.~~( s l t ) =  0 .070000
t ransfer t i~~ (t rt )=  0. 000005
supple r ~~n t ary  characte r i st ics (rhcc)

volle (vdl ) —2457C00
rc~tote cpus(cpu)DEC PEP 11/45 ~ it h  :~e~~ ry lrvv-enFnt

cost (cCs)= 750
speed(csi;) IG000
;i~1x 11u~ fcist st or c (mf s) =  131G72
op crat in~ syster sizc (o ss)=  1C38~supplementa ry cIaracteristics (csc)

Access Time
v u lu e ( v u l ) =  ~300

DEC PCP 11/70
cost(ccs)= 1C50

speed(csr) 2~)000
r~~X if lUi i f~ st store(n ~s) 1 1C72
or~C r a t i r ~ sy~~ter.~ size (oss) 1C3CII
supplc y .eri t r ~ry cI~ i roc ter i st i cs(csc)

~ccess Ti~~F v~ iue(vnn=
rc’note Jpu s(dpu)

13 Series 2 1)
ccst(di c)
~cc~pat i~1e cpus(ccp)

~E O P’~t’ i 1/ I ; C ~:i tJ~ ~ i- r ’; kill.’ ~
~jEC PhP 11/~,5DEC ~~ [) ~j /çc
DEC P~P 11/45 ~~~ ~er~~ry iii~~~~cnt
PEC I’ flP 11/ 70

Figure 2.1 (continued)

L~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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instruct ions(d p i )
basic Operation Set

~cgular D i s p l a y
jncr(?nCIlta l cost(oic)= C
procedure size(ops)~ 0
inst ruc t ion  s i z e ( o l s ) —  3
CPU t ir c (ocp t )  0
(lI)U t i v ~(o !~.t )= 0.000014

; i i ~,t ; Speed D i sp l a y
ir ~cra’icntal cost (osc)= liii
p rocedure size (ops)= 0
ir s t ruc t ion  s iz e (o i s )=  3
cpu tir’e(ocpl) 0
dpu t i rne (o dp t )=  0.000007

Subroutine Jui~p
oru stach

increnental cos t(o ic)= 0
~ procedure si.:e(ops)= 0

instruction size(ois)= 0
cpu ti:.i~(ocp~) I
dpu time (o :pt )= 0. 000000

.~otut ion
.sct at iofl  iar~ .:are Option

* incremen tal cos t( c ic)=  231
procN’urc si~:e(ops)= 0
instr uction nizc (ois)= 2
CPU t i F ( o C .~ t ) =  C
jpu t iir(O.ip~ ) 0. C000 10

;~otat ion ~oft~-;are 1’ac!~a~ej n cr r~ ntal  cost(oic)=
p rocedure s iz e (op s ) =  512
in s t ruc t i on  s i z e ( o i s ) =  3
CPU t ime(oc; t ) =  2
4JU t ime(o :~~~)= 0 .OCJ000

supplementary cParacteristics(dpsc)
rcsolut ion

va l ue (val)= 1774
colors

value (vol)= 1
dimensiona l i t y  of d i s p l a y

‘I v~lue (val)= 2
J~)U i nstruct iofl~(dp u )

DuI r o u t i r e  Juf p
Sasic ~J~x~r~ t ion  :je i
~Zotat ion

Figure 2.1 (continued)

L: .. -

~~~~~

. 

~~~~~~~~~~~~~~~ 
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hos t cor’i pu tcr (h c )
installati on r~nr.~~(hn~.)=U !CCC I ‘~~~ L 0/ 75
fas t  store s i z e ( f s s ) =  307200
bu lk  s tore si~ e(hss )= 3C720000
h u l k  store seek—latency t i ~~~(b s s l ) =  0.03~~ 0C
b u l k  store t ransfe r t i m e (h st t ) =  0.00000 1
CPU speed (hsp )= 10000

data l i n k  ctiar acter~ st i c s ( d l c )
~) i  stance

dir TFns i on s ( d i I ,~) = ¶j le~,ro’~~te fn ~ t ~ Lore ci ir ~ cter i ~i. I cs( r Fr)
Cycle Ti ~~

di’~ens i ons( ~ i f ) = erory Cyci es pc~r 1111 i second
rei ote b u l k  s tore char acter I ~.t ics( r ’ c)

~ize
dimc ;i~ iu i i s ( d i ~~) = l e ~ at i v c  of s ize  f i r l ~ ( r h s i )

c~ u charccteri  st i c s ( cpuc )
Access T I1K~d i :f ~~r 1sio i1s (d i~~)= :Ju~~er oF merrory accesses per m i l l i s e c o n d

dpu c h a r a c t e r i s t i c  descr ip t i ons(~ pu d)
dpu char acter i st i c s( dpuc )

r esoluL iOu
di~i?r1si ons(di:~ )=L it1es per inch

Co I or s
d im e r i s i o n s ( d i n ) = U u unher of Colors (1=h l acl . and wh i te)

d i n u s i o r i a l i t y  of d i s p l ay
ir i~ns ions(d ir- )=Uur her o Coor 1 I nates needed

to six’cify a Point

•

1

V .

Figure 2.1 (uüntirti ed )

I’
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CHAPTER 3: APPLICATIO N P R O G R A M  DESCPIPTION

In this section we explain how to describe an

interactive graphics application proqram to the modelinq

system. The file editor (F?D) is usad to insert the

description into the application program description file.

We first descri be the parts of the description needed to

perform thc basic optimization process of designing a

minimum response tine system , then discuss hardware—soft ware

tradeoffs and selective specificatio n~ , in that order.

3. 1 The Basic Optimization

3.1. 1 De scription of App l ica t ion  Pro gram ‘lodules

The system designer who uses SATMODEL must first

organize t he  ap p l i c a t i o n  under study into program modu les.

This modulari zation is essentially the first step toward the

actual design of the application.. As such , it must bc

recoqnizei tha t  t he r e  are m a n y  ways  a n y  g iven  app l ica t ion

can be modularized. The designer should attempt to develop

a realistic modularization , since the optimum division of

labor foun d by SA T MODE L wi l l  be in. t e rms  of these modules .

I The level of detail  of m o du l ar i z a t i o n  is comp le te ly  at
- .

the discretion of thc~ user. P vcry coarse, first level

mo dularization might b-~ lone , or th~ final detailed

m olularization m i g h t  h~ ‘isc- d i n s te a d .  Th~ gr iphic s packaqe

whic h bu i l d s  ari d moli tics DPU proqr;umn and har fdles



i n t e r a c t i o n  1~~v i c es m i gh t  he tr * at~~d dS a s inq ie  1ar q€ ~
module , or it mijh t be further broken down into its

consitituert parts. Th’~ latter 0 , t i . , i  would be nece ssar y ~ i

the designer were consid erinq th~ possibility of placinq

som e gr ap h i c s  p ackag e  f u n c t i o na  on t h e  host , and  o thers  on

the satellit~ . However , too fine a modularization can

result in very long execut ion t mes for t h e  op timizà t i or .

phase. The mos t modul 3s we hav~ Jealt with is about ‘~0.

There m u ~~i b€ at least c~~. mod ule in th~ proita~

description, ?i lurc 3. 1 showu :~ -c~~rs’~ no t’ilarization ul i

is ty p i c a l  of m a n y  in t er a ct  ~. v 4  i r a p h i c s  app l i ca t i ons .  i h.

f igu r e  is ~~~~ s t a nd a r d  bloc k i i u  ~i am of .i graphics prr i ~~

mod u la r i ze d to sep ara t e l e x i ca l , sy n t act i c , and  s e m a n t ic

p rocessinq .

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ 
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DATA BASE i DATA BASE
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BUILD ,NODIFY BUIL D, MODIFY
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TRAVERSER
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________________________ 
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PERFORMEDBYGRAP HICS ____________________  
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TABL E I
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DEVICES DPU
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Programs and con~ro/ flow f DPU

L
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-
~ Figu re 3.1 An A pp l icat ion I’rogrnm hlo k I) Ingram
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The detailed information required for each n o d u l e  is

n o v  desc r ibed .  For r e fer e n c e  p u r p o s e s , we g i v e  t he  FED

gr ou p ,  e n t ry  a n i  a t t r i b u t e  n a m e s .

~~~ ii~ ~~~~~ gro u p  M O D , en t r y  Module  Name .  Eac h

prog ram m o d u l e  is g i v e n  a u n i q u e  n a m e  of up to 8( .

c har a c t e r s .  T h i s  n a m e  w i l l  be used in o ther  par ts  of t he

ap p l i c a t ion  d e3 c r ip t i o r .  to r e f e r  t o  t h e  m o d u l e , as w e l l  a0

in  t he  o u t p u t  r ep o r f d€ s c r ih in q  t h e  o p t i m a l  d iv i s ion  of

I a t~or.

Each m o d u l e  has  severa l  attributes , all  of w h i c h  m u s t

be s p e c i f ie d .

j
~
l
~ 

Size: group MOD, entr y Module Name , a t t r i bute

M S I Z .  Th i s  is t h e  act ua l size of the m a c h i n e  code and  local

da ta areas  fo r  the m o du l e , in bytes .  Areas of I/O b u f f e r s

and  C O M M O N  or ~ X T E F N A L  d a t a  are  not i n c l u d e d .  In most cases

t h e  d e s i g n e r  w i l l  h a v e  to  e s t i mat e  t hese sizes , un l e s s  t he

ap p l i c a t i o n  a l r e a dy  e xi3t s  a n d  its  r e l ev a n t  c h a r a c t e r i s t i cs

can be measire l . tn practic~~, mod u l e  sizes w i l l  v a r y

somewhat from one computer to another , dependent upon

architec turaL details. Th e piar n~~d im p l em~ ntation langua ge

for the application mus t  also be c o n s i d e re d , since c om p i l e r s

u s u a l ly  pr o1uc~ mo r e code t h a n  w o u l d  a c l eve r  a s s e m b ly

l a n gu a g e  p r c q r a m m e r .

The m odul ’~ s iz~ will b~ u s e l  w h e n  t h e  o p t i m i z e r

c cn s id er s  d i f f e r e n t  l i ’ ii s i on s  of l ab o r .  For i n s t a n c e , some

L.~ ~~~~~~~~~~~~~~~~~~~~~~~~ .
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modules , or combinations thereof , may require more main

memory space than is available with the satellite compu ter.

~~~~~~ Ifl ç~jQfl~ : gr o u p  MOD , e n t r y  Module Name ,

attribute MINS. This is the average number of instructions

exec uted each time the module is invoke d (called). The

•eaninq of th~ wo rd “instructions ” is completely at the

designer ’s d iscre t ion, a n d  m i g h t  e q u a l l y  well  be cal led

“ un i t s  of work ” . These un i t s can he t h o u gh t  of as low—leve l

primiti ves such as add , subtract , text , move , etc., or as

h i g h e r — l e v e l p r i m i t i v e s  l i k e  l ist  i n s e r t i o n  and  s e a r ch i n g ,

sorting , or adding ‘ip a collection of numbers.

The i n s t r u c t i o n  c o u n t s  are  used by SATMODFL to

calc ulate the average  ~ xecu t ion  t i m e  of the module

(exclusive of all I/O) on bo th  t h e  host and  sa te l l i te .  In

the former case , a r e m o t e  c o m p u t e r ’s spe4 d , in instructions

per second (or work  un it s per s~~cor .d)  is u s e d ;  in t he  l a t t e r

ca se , the host computer ’s speed. These speeds are taker

from the hardware fjjc• It is t h u s  the  des igner ’s

re sponsibility to estimate. (or measure) the instruction

coun t s  a n d  speeds so t h a t  cor rect  e x ecu t i o n  t im e s  a re

arrived at  when the cour t is divided by t h e  sp eed.

~~~~~~ ~~~~~~~~~~ group MOD , entry Module Name ,

attribute ~MEM . The designer can specity one of three

different memor y management algorithms to he used with each

module in the model or he can have SATMODEL select the best

alg o r i t h m .  The l at t e r a l t e r n a t i v e , however , w i l l  cau se

— — —. — -- — ———- ——- — .— — .  — — 
_—_--_-,.- ______1 ~~ — .—— _________



SATMODEL’ s execution time to increase , and should be used

only with coniiderable reserve , and onl y if the total. numbe r

of optimization variables is wi thin reason (see section ~~~

on optimization performance) . We su qqes t  t ha t  i n i t i a l

°p4imizat~ ons in a system d~ si qn stu d y be done with a sinqle

m’na~-) r y  m i i n .-i j e m e n t  a l g o r i t h m , and t h a t  op t i m i z a t i o n  o’Jer

se ie ra l  a 1. 1 , .  i t h m s  h~- c o n s i de r e d  ord y in t h e  l at er  s t ages  ~ii

desiqn .

The v~~l’ie ~ f t h e  a t t r ih i i t e  i:~ a c h a r a c t er s t r i ng  ‘ -~~~

l e n g t h  h~~~~ee~i or.e an~ three , fo:med from the characters A~

F , a n d  W .  ‘~o c h a r a c ter  m a y  be r ep e a te d .  each c h a r a c t e r

~efers to c~ n~ of the three m emor y ma naqem ent algorithms. If

o n l y  a 2 i r ~qle  c h a r a c ter  is iiv~~n , t h e  correspond nq

a l g o r i t h m  w i l l  a l w a y s  he used .  If  two or t h r e e  a re  giver : ,

t h e  o p t i m i zer  w i l l  selec t the best algor ithm.

The c I a r ~t c ter  A r e f .~r ; to a r o a d  a l w a y s  a l g o r i t h m :  each

‘i me  th ~ ‘~o~~’j l e  i s  i n v o k ~~’1 , it ~’ code mus t be r e a d  i n  f r o m

b a c k i n g  s tcr e . T h i s  r o u g h l y  cor r e sp o n d s  to the  w a y  some
I

overla y systems work in sinicJ~~~uter o~ erat inq sy s t e m s .

Th e c La r a c t er  9 r~~fer s  to t h e  p e r m a n e n t l y  r e s i d en t

a l ’ ior i t hm :  t h c- mod u le is always in m a i n  m e m o r y ,  so i n v o k i n g

i t  n ev e r  j n c i r s  h a c k in ’j s t o r e  o v e r h e ad .  T h i s  is t h e  n o r m a l

s ub s y s t e m  of u sage  in m any o~ier~it i n i systems and

app licatiors . ‘lot e that the itol ol does n~ t tr y to account

b r  t h e  j~~ c~ t a k e n  to : n i t i a l i z u  a n  a p p l i c a t i on , a pr oc~~;~

w h i c h  v~~i t d  of cou r se  in v c lv ~ l o a d i n g  m a i n  m e m o r y  with all

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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the permanently resident modules.

The character U refers to the working set algorithm . A

simple probabilistic model is usad to calculate the

probability that each module wil l. already be in main memory

and  t h u s  need not be loaded f r o m  h a c k i ng  store . The

probabili’ y depends on t h e  f r e q u en c y  of use of aaeh module

with respect to other modules , the total size of all nod ules

beinq managed by the working set algorithm , and the amount

of main store available. Details can be tound in the f i~s.t

~~~~~ . The intention is to model virtual memory

environ ments such as ~ hose of the  IB M 3 6 0/ 6 7 , ~ E ~ 45 , PDP—

11/45, and PDP—11/70.

All modules are allocated backin q store space for

p e rmanen t  s torage .  R e s i den t  mo du l e s  a re  of course ass igned

space in ma in  m e mor y of w h i c h e v e r  compu te r  t h e y  are assigne d

to. The collection of read always modules assigned to a

particular computer tak9 space equal in size to the largest

of the modules. The collection of workinq set modules

assiqne -l to a particular computer requires at least as much

space as tho largest  of t he  modu les , but wi l l  use as muc h

additional main memor y as is available , up to the sum of the

sizes of the modules.

~~t~: group MOD , en try Mod’ile Name , attribute MSIT.

For each program modul e, the  designer indicates one of three

possibilities:

0. The module will he assigned to a computer site,

- - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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ei t~~~~ hos t  or satellite , by the optimizatio n

a l g o r i t h m .

1. Th~ ) i u l e  is p e r m a n e n t i ”  e ss igned  to t h e  host

Con ) U t e r .

2. T r ~e m o d u l e  is p er m a n ~~n t l y  ass igned  to the  sa t el l it ~

corn ~u ter.

The inteq -~cs 0, 1, and 2, corresponding to the thr°e ab -~~

o p t i o n s , ar e  ‘-he t h r e e  p er m i . s sab i e  v a l u e s  f o r  M 3 I T .

O p t i o r o  1 m d  2 w o u l d  h~ us~~i tor  t hor~ m o d u l e s  w h : c - } i

must be exe cuted on a sp~ cj fj c  c o m p u ter .  M a s s i v e  f l o a t i n i

point computations , for instance , are  n o r m a l l y  done by t h e

host  c o mp u t e r .  user i n ter r u p t  h a n d l i n q ,  DPtJ p r o g r a m

m a i n t e n a n c e , a n i  l i g h t  pen co r re l a t ion  are u s u a l l y  done bV

the  s a tel l i t e  c o m p u t e r . The n u m b e r of m o du l e s  a s s iqned

opt icn  0 , t h e  s o — c a l l e d  f ree  modu le s , has a direct bea r~ rq

on the ~x’~cu t io n  t ime of S A T M O D S L  (see section ‘4 .2 on

optimization performance ). The most free modules we h a v e

ever used is about 20.

It t h e  d~— siqner knows what division of labor h~

desire s, then all module s would be fixed to the hos t or

s at e l lj t ~ ~;i~~p u t e r .  In t h i s ca se ~ A T M O D E L  w o u l d  be used to

f i n d  the  a rp r o p r i a t e  s a te l l i te  h a r d w a r e c o n f ig u r a t i o n  to use

with the specified division of labor .

Usex t u L n P a r a m ~~t e . x L~~n~~t h : g r o u p  M O D , entry M c f l u l e

~~~~ attribut e REL. This ittr ih ’itc is the av erai ’. fl ’ I flI b~~~L

-- i~~~__ 
-- 
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of by tes sent by the  m o d u l e  t o  an output device (teletype ,

CRT , etc.) when the module terminates interaction. If the

module cannot terminat e an interaction , this attribute

should be set to zero.

Q Q b ~~bi].j t !: group  MOD , e n t r y  M o d u l e  Name ,

a t t r i b u t e  R?F .  This  a t t r i b u t e  is the  p r ob a bi l i ty  th a t  th is

module will terminate the  in t e rac t io n by transterinq control

to the user , rather than transtering control to another

mod u le.

Within each Module Name entry, there is a group o zero

or more File ~eferences which g i v e  i n f orm a t i o n  concern inq

module I/O ac t i v i t y .  A more detailed description of how to

describe f i l es  is in a l a ter  sect ion.  We specify the names

of each file actually accessed by a modu le , a count  of read

accesses, and a coun t of write accesses.

~~~~~~~~~ group MOD , entry Module Name , group FR ,

e n t ry  F i l e  N am e . This is a unique character string name , of

ma ximum ].enith RO , defined by the designer.

~~ ad~~: group  MOD , e n t r y  M o d u l e  Name , gr o u p  FR , ~ n t r y

File Nam e , attribute RA. This is t h ~ a v e r a g e  n u m b e r of

t i m e s  t h e  m o d u l e  reads t h e  f i l e , per i r . v o ca t i on  of t h e

m o d u l e .  9ecause we ar e  sp e c i t y i rq  an av er a q e , the

attribute ’s value need not be in teger .

yrites: r,rou r M OD , er. t ry  M o d u l e  N a m e , group FR , en try

File N am e , a tt r i b u t e  W A .  Th i s  is t h e  s a m e  as t he  R e a d s

—
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a t t r ib u te , ~)ut t o r  W r i t e s .

As wi  ~~ : een in  i l a t ~~r ~~OL e d~ t al l  ad d i scuss ion , a

r i l e  m i q h t  br~ e i t h e r  a l a rg e  aqqr eqa t e  of data i tems , or

1u ~-t  a f e ~~~ ; .  ~: i f i c  p ieces  o f  d a t a .

W i ’-h i .  - -~~-h Moi .le Name ~ntr y, there is also a grou p of~

?rtn~~ter~ Thic~ give in forma lior concerning wha t otI~~

mod u les ai~ t r a n s f e r r e d  to b y  t h i s  m o d u l e .  We s p e c i f y  t h ~
name of ~~~~ m odul e actually t~~,u~~t~~rred to , the probability

-) f  t h e  t r a~.s 1-n~, a n d  t h e  am ou ~~ : or  i n f o r m a t i o n  t r a n s f e r r e d.

A transfer can he a suhrouti~ ’~ call or return , or e v e~. a

simple jump .

12 ~~~~~~~ ~~~~~ ~roup M~)D, ~~~ t r y  M o d u l e  N a m e , q r o u ,

r a n~~fer s , e n t r y  t ’ ~1o d u l e  N a m e .  T h e  n a m e  of  a n o t her  m o d u l e

$ ‘  w h i c h ~~~ ~~ d u l e  t r a n s f e rs  c -on t ro l .

~LQ~~~~~~~~~y :  ~~~Ou p  M C I ) , ~r t r y  M o d u l e  N a m e , q r ) up

r r a r 3 f ~~r s . ‘-n ’:v To ~edu ~~-~ ‘ -a m e , a t t r i b u t e  P R .  The

p r o h a o i l i t .  t~ a t r a n s t ~~r o c cu r s  f r o m  t he  e n t ry  N o d u l .~

sa m e  to t h ~ ~~t r y  
~~~~~~~~ ~~~~ . Only transfers with non--

zer o  proh~~ ’ i l ~~t v  r~~ed be qiven. ‘T ’he p r o b ab i l i t i e s  i n  t- he

~n t r y  Mod ~~1-~ ~~ ie m u s t  su m  to  1 . ) .

~t L~~~~: I r o i p  ~ 1) , ~:•t ~t r y  Mo ~u l e  N a m e , q r u u ’~

r~- i n s f e r ~~, - i ~t r y  to M o d u l e  N - i rn --~, a t t r i b u ~~ PL.  The  ay e :  age

n u m b e r  of , ‘~~s f p a r a i ’ e~~.r s  p c-~~~ I I r o m  ~~~~~~~~~~~~~ t 1

~o i i 1~ )~~m e  ~h ~n t h k -  t L  •i fl  f a r  of con tr )l occur . ; .  ~ t th e  t w o

mod ules  a r ’~ n. l i f f e r e n t  c o m p u t ’~r .~ , t h I .r~ ~~~‘; t h e  l~~n g t }  ( , t

~ 

-.~~~~~~. ~~ — — -- —- 
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the messaqe sent between the computers. The length is used

to calculate the time needed to send an invocation messaqe

f rom a c a l l i ng  module  on one c o mpu t e r  to t h e  cal led module

on the other computer.

3.1.2 Description ot Anplication Program Files

Just as the proposed (or actual) appl ication progra m is

subdivided into m o d u l e s , so the  ap p l ica t ion ’s data base is

subdivided into files. Of course , there  need not be any

data  base , in which  case t h i s  grou p  is e mp t y .  A data base ,

in the general sense, is a collect ion of one or more data

i t e m s .  A f i l e  m a y  be as l a rge  as the data base, or as small

as a s ingle  d a ta  i t em in the  da t a  base. It is possible  t h a t

f i le s c o n t a i n  du p l i c a t e i n f o r m a t i o n .

While one might conceivabl y div ide a 10 item data base

i n to  10 f i le s , -loing so woul d serve no useful purpose. Data

bases are usually subdivided into a few files, with all

- 
- items in a particular file often being related or simila r to

one another in specific ways. The number and nature of

these files is es-tabl ishe l durin g the applicatio n design

process. ~s w i t h  modul es , the level of detail in the tile

s t r u c t u r e  is -~n t i re ly  at t h e  de s igne r ’ s d i sc ret ion .  The

more  f i l e s  use d , h o w e v e r ,  t he  more  t i m e - c o n s u m i n g  the

optimization process. ?ach file has an entry in the FILF

group :

~ i.__
~~
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~jj~ ne : g r o up  F I L E , e n t r y  F i l e  N a m e .  each f i l e  i~.

g i v e n a u n~~qu .~ n a m o  of up t o  80 c h a r a c t e rs .  each f i l e  as

several a1- t~:ihutes , ill of which mu st he sp e c i f i e d :

L ~~i Z ? :  group FILE , entry File Name , attribute PS.

T h i s  is t h e  s ize , in bytes , of the buffer needed to access

t h~ f i l e .  ~h i  s w o u l d  n o r m a l l y  be t h e  p hy s i c a l  rec ‘r ~

l en q t h , or ~
] 
~ck s ize , o t t h~ f i le .

IQ~~1 ~~~~~ grcup FILF , entry File Na~ue , attribute ~~~~~~~

The naximu ~- ~.izo , in bytes, of the file. This is the an o-lnL

of bulk storaq e space which will he set as ide  for the file.

Acc~~~: qL )up FIL?, e n t r y Fi le  N ame , attribute A C .

T h i s  is a character string of lengt h one wh ich in licates ho-

the file is accessed. An S means serial access, for  w h . c I

antici patory input buffering is modele l if more than re

b u f f e r  is av a i a l h l e  for  t h e  f i l ? (see s u f f e r  N u m b e r  b elo  - )

On ou tpu t , w i t h  mor e  t h a n  one b u f f e r , ove r l a p p e d  o u tp u t  a n t

p r o g r a m  ex e c u t i o n  is m o d e l e d .

An F~ me ans a random access t i l e , i: which case t~~;

a n t i c ip a t o r y  b u t t e r i n g  or  ov~~r l ap p e d  o u t p u t  is a t t e m p t e d .

~~~~~ fl~~~ .~at: q t ollp  F I L E , entr y F i l e  N a m e ,

a t t r i b u t e  3 M • The dc~s i qn e r  c~~n s p e c i f y  one  of t h r e e

a l g o r i t h m s  wi~~h wh i c h  t he  f i l e ’s buffers are to be manag ed ,

or can  h a v ~ S A T t ~O D E L  sel ect the best a l g o r i t h m .  But  j u s t  as

f t  w i t h  m e m o r y  ~n a r L a q e m e n t  f or  a l g o r i t h m s , t h e  l a t t e r

alternat i ‘~~ will cause increased execution times for th~

—~~ ~_1~ ~
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optimization algorithms.

The value of the attribute is a character string of

l ength  between one and  t h ree , f o r m e d  f rom t h e  characters  A ,

P , and W. ~o character  ma y be repeated.  each character

refers to a speci fic algorithm . If a single characte r is

give n , the corresponding alqorit hm will always be used. If

t w o  or th ree are given , t h e  optimizer will select the best

algorithm.

The character ~ refers to an ~Qç~~~ y~j~ algorithm.

B u f f e r  space is al located be fo re  each :/O ope ra t i on , t h e n

re lease d a f t e r w a r d s .  This  means  t h a t  main  m e m o r y  space is

not permanently dedicate d to buffers for the file.

• The cha rac te r  R means  j~jent buffers. Buffers are

permanently allocated , and do t a k e  m a i n  m e m o r y  space. Most

operating systems use this approach.

The character ~ mean s ~~~~~~~ s&t buffers. A bu ffer

will be in main memory unless “swapped out ”, or deallocated ,

in favor of the buffer for a more recently or frequently

• used file.

~~ffe& N~~~b~~I: gr o u p  FIL~ , entry File Name , attribute

BN . The maxi mum number ot buffers (each of size qive n by

the Buffer size attribute) a l loca t ed  for  t h i s  f i l e .  This

number is ignored if a buffer mana gement algorithm of

Allocate always is in use.  T h e r e  is no r ea son  to  s p e c i f y

more than one buffer for direct tiles ; ae their use is not

,1

_ _ _ _ j _  _s__ - - -~--~~ 
- - ~~~L~~



-, -~~~~

mode led .

.te: ~r ot p  f i l - ~, ~n t r y  i i  N a m e , attribu te r S T  -

T h i s  is i n t e rp r e tE d in  t h - ~ sa m e  w a y  as a t t r ib u t e  M SIT IUL

prog ram m I L 1 e s .  A v a l u e  o t  0 mear.s the opt imum s~~t ”

assignment is to b~ touri ; 1 , t h e  tile will he at t h e  li

CP ’l ;  2 , t~~ t i l e  w i l l  ho at t h e  ~~L t e l l i t e  C P U .

I-

- ~~1 
_ _ _
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3.2 Hardware-Software Tracl acffs

The hardware—soft ware tradeoffs examined by SATMODEL

have  to do w i t h  the  i mp l em e n t a t i o n  of d i sp l a y  opera t ions .

The applications file includes a description of all display

operations used by the application , an d som e basic

information associated with the operations. It the system

designe r is not in te res ted  in e x a m i n i n q  h a r d w a r e — s o f t w a r e

tradeoffs, most of t he  i n f o r m a t i o n  d escr ibe d here nee d not

be qiven . Some , ho wever , is needed if a flicker— free

d i s p l ay  capaci t y is sp e c ifi e d .  All  i n f o r m a t i o n  needed  fo r

t h i s  purp ose  is so i n d i c a t e d .

The d i sp l ay  ope ra t ion  set has one e n t ry  per d i sp l ay

op era t ion .  Ea ch op e ra t ion  being considered fo r  the

h a r d w a r e — s o f t w a r e  t r a d e o f f  w o u l d  he i n c l u d ed .  Al so , if

f l i cke r—free  d i sp l a y  capac i ty  is of in te res t , a basic

display operation such as “d r a w  p ic tu re  p r i m i t i v e s ” m i g h t  be

def ined , a l t h o u g h  th i s  could  be i n s tea d  r ep re sen ted  as

sep a ra t e  o p e r a t i o ns  fo r  each of t h e  p r i m i t i v e s  such as

• po in t s , l i n e s, and  t ex t .

The order  in  w h i c h  the  h a r d w a r e - s o f t w a r e  t r a d e o f f s  are

- - -  considered is the order in w h i c h  t h e  d i s p l ay  op e r a t i o n s

occur in t h i s  qr o u p .  Since F”D i n se r t s  o n ly  at t h e  end of

groups, changing the order requires deletion and re-entr y of

the  da ta .

‘a
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Q2 icn ri~~J!g: g r o u p  DOS , en t r y  Op er ~it i on  N a m e .  Th e

n a m e  is a s t r ing  of up t o  8~ ch aracters. The name mu s t

match a nam— in ‘-he instructiot .e~ list o t  each Bem ota I-~ (

i n  the h a r d w a r ~ f i le .  Thr ee  a t t r i b u t e s  are g iven  w i t h  each

~-n t r y  in  t h e  DO S .

P~~~~~~:~ L~~fl~~~h : gr o u p  DOS , entry Operation ~~~~

-~ti-rihute ~i PL .  T h i s  is th ~iv . raqe number of bytes or

i n f o r m a t i c i  r e q u i red  by t he  i i~~~~ -~ y operation each t i m e  i.~-

~s in v o k € ~~. For  in s c an c e , a s i m p l e  d r a w  i i . st r u c t i on  in a 7 --

• 1 ~P U w o u l d  nee d 2 by tes  f or  dfl z coo r d i n a te, and 2 by~ e.~

f o r  y .  A r ot at e  i n s t r uc t ion  r e q u i r e s  a r o t a t i o n  m a t r i x  p .! u ~

a l l  t he  coo: ’t in -ate s  w h i c h w i l l  be r o t a t e d . A d r a w  t e X t

1 n st ru c t i  c~ r e qu i r e s  one b y t e  p~~r c h a r a c t e r .

If tht ap p l i c a t i o n p r o g r a m  m odu l e w h i c h  i n v o ke s tL -

l i sp l ay  o m e r a t i o n  is ex e c u t i n i ~ n t h e  host , t h i s  is t h e

n u m b e r  of byt es  w h i c h  w i l l  h~ sent  to the satellite to cause

t h -  op er a t i o f l  to he p e r f o r m e l .

• ~~~~~ g r o u p  Dr) S , e n t r y  O p e r a t i o n  N a m e , a t t r i b u t e  O S I T .

Th i s  a t t r i b ut e ’ s v alu e  is c u r r e n $ 1y  iqrr red by S A T M O D ~~L ,

h a v i n g ~~~~ in c lu d e d  for  f u t u r e  ex p a n s i o n s , a v a l u e  mus t  b”

sp e c i f ie d .  The imp l e . e n t a t i o n  ‘~ f a displa y operation , be j 4

in  h a r d a r e  ‘r  s o f t w a r e , is f o r ’~ I t~~ be a~ t h e  s a t el 1i t~~.

The legal valies of the attribute are 0 , 1 , or 2.  T h e i ~

inte rpretaUons are the same as f o r  m o d u l e  a n d  f i l e  s i t e

a ’ - t r i b u t~- s .

- -  

_
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~t~Q.t1 ~~~~~~~~~ group DOS, entry Operation Name ,

attribute OMEN . This attribute ’s value is iqnored by

SATMODEL , but a value must be specified. The progra m module

used to implement the display oper at ion is assumed to be

permanently resident in main memor y . The attribute value

must be a character strin g of len gt h 1 to 3 containing no

more than one occurence of each of the letters B , A , and W.

The character ’s interpretations are the same as for module

memor y management.

~i~21~! 22i i~n~: group MOD , entry 
Module Name , Gr oup

DO. W i t h i n  each Module  Name entry, there is also a group of

Display Operations. One purpose of this group is to allow

the optimizer to account for the degradation of satellite

Cpu performance caused b y  a syn c h r o n o u s  user in te rac t ions .

For instance , in a 3—D d r a w i n g  app l ica t ion , the  user m i g h t

have a joystick to control the viewing angle. Moving the

joystick causes the object displayed on the screen to

rotate, whethe r  or not o ther  processin g is occu r r i ng  on the

satellite. If other processinq is i n d e e d  t a k i n g  place , we

assume that it has lowe r priority than the computations

required to effect the rotation. ~‘ha question of hardware-

software tradeoffs comes in here:  if the rotation is carried

out in hardware , there will be less CPU performance

degradation than if software rotation is necessary. Some

ap p l i c a t i o ns  m i q h t  not r e qu i r e  or a l l o w  t h i s  sort of

concurrency, in which case t h e  gr o u p  of d i sp l ay  o p e ra t i o n s

would not he use d in this way . The displ ay operation group

- ~~ iT~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ _ __
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is also u~~- to account  for  c~~t J p e r f o r m a n c e  d e q r ad a t i on

caused by p.- i f o r m i n j some disp lay o p e r a t i o n s  in CPU softwe r~-

r a t h e r tha i i n  t P U  h a r d w a r e , as ~~a L t  (~t tb  r e gu l a r  r et r ~ si.

process. P~~r f o r m i n q  s ub p i c t u r e r ai l s  w i t h  CP U a id  is an

~ x a m i l c - .

An o 1- L~ r p u rp o s e  o f  t h ~ cu sp lay  ope ra t ions  is to

iirectly i (
~U U f l t  for the ~~ct of hardware- soft w re

t r a d 4 o t f r  ,r . r e s p o n s e  t i m e .  ~~~~~~ all d i sp l ay  ope r a t i o ns

w h i c h  m i  ~~t ne i m p l e m e n t e d  in - i t  her  h a r d w a r e  or  s o ft w  ~~~

a nd w h i c i  ¶ i ~. au d u l e  d i r e c t ly  c a l l s , the designer specifie~

h o w  m a n y  t l m e s  such  op e r at i o n s  a r e  ca l l ed .

~p~~~~~~~r Na ~ e: g r o u p  MOD , ent r y  M o d u l e  N a m e , gr o u p  DO ,

~. n t r y  O p er a t i o n  N a m e .  This is the character—string name

(makim un l e n g t h  RO) of the display operation. The name must

matc i ’  a ~~ me in t h e  D i s p l a y  O per a t ion Set g r o u p ,  desc r ieed

above. This entr y has lust one attribute:

: orou p MOD , en t r y ~.c1u le Name , group

)O , e n t ry  Op e r at i o n  N a m e , a t t r i b u t e  DO C . T h i s  co un t  is tnt-

s u m  of t h r e e  q uin t i ti e s .  The f i r st  is t h ~ n u m b e r  of tim es

t h i s  d i s p l a y  o p er a t i o n  iS in v k e d  a sy n c h r o n o u s l y  by  user

ac t i o n s  ea( -h t i n e  t h e  m o du l e  is dctlve; the second , the

u m b er  ot t~~ me s t h i s  l i sp i  ~~ o p e r a t i o n  is i n v o k e  ~

asynchronousl y is part of th~ DP~J refresh cycle each t i m e

the modul e is act:ve; the thin , the number of times f I i - .

i i sp l a v  ope r a t i o n  is l i r e c tly  c a l l  ~1 by t h e  m o l u l e, ~ich

time the m , d u l e  is activ .~.
ii

— 
-
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3. 3 Select ive Sp ec i f i ca t ions

3.3. 1 F l icke r — f r e e  Disp lay  R e q u i r e m e n t s

The application designer can descr ibe how complex the

pictures to be drawn are , and how fast the refresh rate must

he. SATNOD’~L then discards those fl~ Us which are too slow to

display t h e  pictures flicker— free. The description is of

individual pictures. The designer should describe the

largest pictures, since they take the longest to display.

For purpose s  of conceptualization , each picture is

descr ibed as a series of suhpictures, each with one or more

occurences. Of course a p icture nay contain lust one

occurrence of one subpicture .

~-~ jck g~ IQ1~.~~nc~: group R~~~, attri bute FL. This is

the minimum refresh rate, in frames per second , neede d to

d r a w  a f l i c k e r — f ree pict ure with the phosphor selected for

~.he application .4

Q~~~i~i ~~~ ge: g roup  1~EQ , grou p  DII.  This  is a qrou p of

pictures. Each pict ur e has a name , and one or more

suhpicture’.

~~~~ N~~i~~: gr o up  P~~ç) , gr oup DII , e n s - r y  P i c t u r e  N a m e .

e A string of up to B characters.

~2icti~t~ Nate: group REQ, group Dli , entry Picture

T. Name , entr y Subpict ire Name. P. string of up to 80
t

I
- -
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cha r ac t e r~~.

1~~!i 3 t y q .oup 
~~

Q, ~~~~~ Dli . £‘n~~r y  P i c tu re  N a ia~

-~ntrv Subpi :tiire Na m e, attribut e ~MtJL. -rh e  n u m b e r  of t i m e s

this subpi~:t ir .~ occurs in t h e  p~~ct~~re bein g describe d

i ~~s: g r o u p  ~~~~ g r o u p  DLI , € n t r y  P i c t u r e  Na

n~~r .’ Su ~ t i ~~ N a m e , gr o u p  P ( I .  Th ~ t i s p j a y  o p e r at i~~.

is.~d by  t h ~ ~iu~~p i ct u r e  b.-~in q  -L~ -c~ ib e l .

.~~i ~~a n ~~~: g r o u p  ~~~~~~~~~ ~~ou p  L I ! . entry ~ic~

Nam e , eItLL y u bpicture Name , group POP , entry OI~erat~~~.-

Na me. The name must also occur in the instruction ~-t

descniptioT . for each DPt! in t he  h a r d w a r e  f i l e .

- 
‘ 

fi~I 1!1~ c~ t!: 
group RT!(), group DII , entry Picture Na ,~~,

e n t r i  Su b p i ct u r e  N A m ~~, gr o u p  PO P , attrib ute POM. The num ~

r f  times +h e operation occurs in the su b p i c t ’ir e s  be~~ t g

lescrihed.

The t i - n e  t a k e r  to d r a w  i particular ~:cture is the ~~.-~ i-

~- f  th e  t i m e s t a ,~en to  I r a .  eac~. j n :-~t ance  et  each subpict i~~~~.

I h4~ ~ax i n t  i~~ to dr aw any ‘)t ~ :~ p i c t i t i e s  is compared t

t h -~ r e f re  ~~ . ~a te  ~o d e t e r m i n e  w t ,~~t h c  r the DPU is acceptable.

Th e  t i i ’ -  t i~~~~ri to I r a ~ a - ~u h ~ i . - t ’ i r e  i~~ t~~- sum of ~~~

times ne-s Hi to e~ ec~it~ ‘~ich Lnvora~~i’jn of each d i sp l ay

op ’~r at i or . . These times ar~ t ak e r  from tho hardware file.

1’
~ ~f a d i sp l ay  o~~e r at i on  h~~~ t w o  ii~ - 1 cm e n t a t i o n s  ( h a r d w a r e  ~ n - i

~,o ft ~~a re ) , t h e  l e sser  of t~~e t w o  t i m e s  is u s e d  h e r e .
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1.3.2 c,en,~ral Selective Specification

Each hardware subsystem (Data Lin k, Femote Fast Store,

Bemote Bu lk  Store , Sa te l l i t e  CPU , DPU) in t he  h a r d w a r e  f i le

can have an associated set of supplemental characterist ics,

for use in selecti ve specification . These characteristics

might be resolution and spot size for the DPU , error rate

for the Da ta L i n k , etc.

T h i s  optional section of th~ appl ication file is used

to give  the  m i n i m u m  acc ’~ptao l e v a l u e s  for  each such

s up p l em e n t a l  c h a r a c t e r i s t i c .  A s u b sy s t em  whose  va lue  is

qr ea t e r  t h a n  or e q u a l  to t h e  m i m i m u m  w i l l  be accepted and

considere d in the optimization process; else, it is re lected

C and not considered further. klso, if the suppleme ntal

characteristic is missing from a subsystem ’s description ,

the subsytem is discarded.

Since tho acceptance test is “greater than or equal

to ”, supple mental al-tributes like spot size (where a smaller

value is better than a larger value) must be snecified as an

i n v e r se , i.e., 1/ inches r a t h e r  tha n inches. Also , non—

n u m e r i c  a t4 -r ibu tes  such as h a l f - d u p l e x  a n d  f u l l - d up l e x  mus t

be numerically coded in order of increasing preference,

i.e., 1 = half— duplex , 2 = fu ll— duplex.

Selective specification can be done only with

supple mental character istics of the subsystems in the

hardware file. Thus if only ‘lati links win- h speed greater



C-

than same mim im~im are to he considered , the speed mus t

duplicated as a s u p p l e m e n ta l  c h a r a c t e r i s t i c, even  t hough  it

also ap p e ar s  as a data l i n k  a t t r ib u t e .

The groups DLS , RF~ S, PBSS , CPUS , and DPUS are used to -

give the supplemental ct~aracterjstics names (as an er.t~~’?

and minimu m value (as an attribute under the name)

I
I

1•

‘I
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3 4 User characl-ertstics

Two u se r cha ra cte r is t i c s  ar e of importance: the average

think time (time bet ween interactions) and the probability

distribution of i n i t i a l  p rog ram m o d u l e  ac t iva t ion caused by

u ser in te rac t ions ,  These charac te r i s t i cs  must  be inc luded

in the application proqram description .

~s~~ thjnk Ij~~ : 
group USER , attribute UTT. The user

think time , in seconds.

!1~~~ fl2.~JLI~ ~~ç~~: group USFF , group UMR . A list

of all program modules whic h miiht be di rec tly  ac t i v a t e d  by

a user ac t ion .  These are the  modu les  wh i c h  ac tua l ly  wa i t

for a user action (pen hit , character string inpu t, etc.)

In man y application s, there is only one such module.

~ef~~encec1 ~Q~J!A~ ?Laju&: group USE’~, group ¶ 1MB , entry

Referenced Modu le Name .  The  n a m e  of such a module . The

name must match that of application program module.

~kjJ~i~y:  group USEF , group UMP , attribute UPP. The

probability that this module is the tir-~t module activated

by a user action. The probabilities for all modules in

group  l iMP mus t  sum to 1.0.

~~~~~~~ ~~fl2~~lL: group IISEF , group IJ~ R , attri bute

U P L .  The number of bytes and information passed by the

system software to tha modul e . ~ f the module is host—

resident then this is the length of the message sent accross

~~~~~~~~~~~~~
— - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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the data link to the module .

-—
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3.5 Examp le

Fiqure 3.2 is a block diagram of the modules and files used

to model the appl ication program of figure 3.1 .

Figure 3.3 is the listinq of an application file for the

pr og ram shown in figure 3.2. It is designed for a basic

optimization, wi thout regard for selective specification or

hardware—software tradeoffs.

Figure 3.4 is a copy of the application file in figure 3.3

which has been modified to study hardware-software tradeoffs

an d to use selective specifications. It has been agme nted

(in places marked by an ‘*‘) to allow hardware—software

trad -~offs for subpicture subroutine lumps , rotation, and

basic operations. It also provides information for

selective specification s on the basis of flic ker- free

display capacity and the supplemented characteristics for

each of the subsystems. The files shown in figures 3.3 and

3.4 are compatible with the hardwar e file shown in figure

2.1.

L: - -
— . -   — - -
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jpplication file (af)
display opcration set(dos)
requ i ren-cnts( req)

f l i cL e r  t o i e r a n c e( f l )=  0.000000
display usagc(du)

d~ tu l i n k  si~ecifjcatjons (dl~)re~iotc fas t  s tore spe c l f i c at ions( r f ss )
rc!Iote bul~. ~;Lore s ccifications (r~ss)
CPU SJ )CC if j C3tj of ls (C1 ; U5)
dpu specificatioris(d~us)
;odules(iod)

syntax
sizc(~~ iz)= 1U 2L ~0
instruct 1ons(i~ins)= 100.000000

r~ie’r~~ry ~ anagernentCi er’) w
site (msit)= 0
user return paraneter len’ tI (rpl)= 0
user return probah i i i  iy( rpr)= 0. OCC000
f i l e  refcrcnces(f r )

appdb
rc~ds(ra)= 0.200000
writes(wa)= 0.200000

r~icdhrcads(ra)= 0. !.00000
w r i t e s (w n ) =  0.300000

transfers(tr)
le xgp

p r o b ab i l i t y ( p r ) =  0. 50000
para~eter lenr ~t h (p l  )= 250

senant ix
probabil ity(pr)= 0.200000
parai~ ter lcr igth (p l  )=  2000

-. 1CX0p)
probability(pr)= 0.~50000
parameter len~ t~ (p1)= 250

• display operotjcgis(do)
I
. lex~p

size(nsiz)= 1000
in st ruc t lons (m in s)=  100.000000
r~~nDr y r~anagen~ nt ( i r ien) =w

-‘ s i t e ( r n s i t ) =  2
user re turn pa ra~~ ter length(rpl)= In
user return probahility (rpr)= 0.500000
f i l e  re ferences(fr)

corthi
reeds (ra ) = 0.500000
wr i t c s (w a) =  0.100000

Figure 3.3 A Basic App l ica t ion  Fi le
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- ~. trj s fv rs (t r)
i x

prohahill ty(pr)~ 0.CS ’ 0U0
ara~x~ter Iet~~tIi (i I )

5yntax
,,rohabi II ty(pr)~ 0. lOuuti O

~:r I~~ter I ?~th (l)J ) 250
1 CX.i~)~)

probab i I l ty (p r )=  0.200001)
parvcter lc,~~th ( p l )~ 100

(
~ll )UC()1~~

I)rob~b il it y (pr)= 0.10(JCOO
Pa r am eter lr~,r~th (pl )=

p r o h i b i l i t y ( p r ) =  0. 05 Q Ot )~i
par cL.Eter l eng th (p l )  500

displa y opcratlons (do)
< fort igp

S i Z C (t Si~~~~ 30 7 20
instruct ions(i;~in s ) =  300.0 0(JOCO
ne~.Dry nanager ent( 1I En) =~-i

s iLe(r s it )~ 2
user return pa rameter len gt h ( r p l) 0

- 
I user r c turn  probabili ty (rpr ) 0.000000

fi le re f e rences (fr)
t ransf ers (  Lr )

leXdpp
probabi 1 ity(pr)= 0.lu0000
parar ieter lengt l ( p T ) -  50

lcxi p
~robab i I ity (pr)= 0.100000
l)ar~r.ieter length(pl) SC

dpucc~ p
— probability (pr)= 0.300000

parameter l cn g th ( p l )  100
t rav erse

• prohab i l i ty (pr )=  0. 00000
: parameter lenr~th(p l) iOU

display operatlons(dc)
dpucc~’ipslze(n~.iz)= 13432

instruct ions(i’ins)= ‘OCj .COOOOO
:1YOr~ ~

)lhi: ei1Cflt( i~~E; : )— ~.‘

s i t e( ~~s i t ) =  2
user return p rane ter 1eii~;1l (r p J ) ~ 0

It user re turn probabil ity(rpr)~ 0.0000 CO
f i le roferences(fr )

co r t h l
r~~~s( r~) 1. ~UO000-. ; r i t cs ( . ia )~ 2.500001)

Figure 3.3 (continued)

-‘--— — -~ —-_ —.—---_ _- ---—_ _- —_-—--——
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t r ansfer s(t r )
lcxapp
prohabil ity (pr)= 0. 300000

paraiieter l e n g t l m ( p l ) =  100
1 CXCI)

probabi Ii t y(p r ) = 0.400000
pararieter l engtt. (pl )= 100

xforngp
probabi 1 i ty(pr)= 0.300000
pcramieter length (pl)= 100

dis play operatlons(do)
t raverse

size(msiz) 5120
ins truct l ons (n ’. ins) ~ 300.000000

i:~’rory r ianagemen t (~ j ier~) =w
site (ns it)= 0
user reture parameter lenrtli (rpl ) C)
user return prohahility(rpr) 0.00300C
f i le  referenccs(fr)

picdb
reads ( ru ) 10.000000

• t~rites(~-in)= U .C1OCOO
transfers (tr)

xforigp
probabi 1 i t y ( p r )=  1.000000
parameter length(pl)= 50

display opcrations(do )
• lex app

SiZC (i,1SjZ) 5l~ C
ins truc t ions (nins)= 50.000000

~errory r-1unageuient(i~T )er )=w
-

- 
s ite (t ,~s i t ) =  0
user rcturmi p.iram ieter l ength(rpl) 0
user return prohal)iliLy(rpr) 0.000000
file referenccs(fr)
transfers (tr)

scrantix
probal) iii ty( pr) = 0. 20~100Q
pcra-r�ter l~m~ th(pl)= 50

~ynt1x

• proI)n~ iii t’j ( pr) 0. 2000 30
parorr~ter I ;~t)(p1 )=  50

lexgp
prol)a’) ili ty (I~r)= 0.400000
p~ranetcr 1ct~~U(pl)= 10

:~ !pucc-x lp
r,rohn~ i J i t y ( p r ) =  0. 10000
p.mr arieter lcr~:;iTh(pl ) 10

xf orngp
p r o b a b i l i t y ( p r ) =  0.100000
parame ter lcn~ t! (pl)= 20

Ii sp la y oI)er~ t ions ( ~o)

Figure 3.3 (continued)
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~.;e~- -~.1iit ix
~ i .~t:( ~iz)~ .).L2OL
i , i s t r uc l i un s(  :iIis) S00.G 000U0

i - e; ) =w
~. i t L (  ~iO~ 0
user r~ turn p~’r~riete r leir’tI ( rpl )~ 0
user return pruba~; i l  ity (ri r) 0.000000
file referericcs(fr)

appdh
rc~ ds (r~~)=  0. 000J0
~i r i t e s (w i )= C. ~ 0000

p m  c~
rcads (r~ )= 0 .4C~ 000
t-i r i tc s (~.’~ )=  0 .20000 6

trum i~ fers( tr)

~~n tax
pro h al ) i I  i ty(pr)= 0. 750000
;~ ir~~~~tcr I e :mr - .i~ (p1 )=  2CC~

1 exI;l)
prol ab i i i  Ly( ~r) 0. 100!)0()
;)Jrarrtcr lero;t !(pl )= 50

lcxapP
pro~abil ity(pr)= 0.150000
parar-cter len.;1i (1~I)= 50

di splay o_ e ra t  ians (do )
f i  las(f i l c)

appdb
bulfer s iz e ( b s) =  5121)
ntzitcr of t)uffersthn)= 1
~u tal S~~ZC(ts)= IL2hiOC
Jccess(acc)=r
Luf fe r

picdb
uLffer ~ i ( ~~,)= 5j~c
nurll)er Of buffcrs(b. ) = I
tota l  ~i z : ( t s )
c,cces’~( -icc)=r
:~jffcr mm er.ent(~ )=‘~

3 s ite(f ~
;i t)~ 2

cort ’ l
- ‘. ,ufFer ~i:~(~m)=

flUfl~)2r :)f ‘ ,uffers(!;i ) = I
total ~iz~(ts)  2~ lm~ C)
access(acc) r
b u ff e r  ~~~~~~~~~~ b- -) =,i

sLc(f ~~i t)=  2
user (uscr)

user z~- ink ti..ie (utm )= . 70u0 3 0
user r0l ulc refcr enccs (u-: r )

1ex~~
prUb~l I ) ilit y (upr)= 1.000C00

ri~~~ te r 1 121 igtI m ( 1) = 00
Figu re 3.3 ( con t inued )

~ 
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applica tion file (af)
rrodulcs (rod)

syntdX
5ize( lsiz)= 10240
instructions (mins)= 100.000000

-i-l~ 1Dry naImag 1ent(mrr~2r ’ ) —% 1
site (msit) 1
user return paramuieter l ength (rpl) 0
user return probability(rpr) 0.000000
file rcfercnces(fr)

app(ff)
re s ( rc~~~ 0.200000
ur i tes(wa) 0.200000

p i cdh
reads(ra ) 0. W0000
nr i t e s(w a)=  0. ~00000

tr ansf ers ( tr )
lex’ p

probahi llty(p r)= 0 ~0000
paraiieter l e r m i t h ( p l  ) 250

ser~mnt i x

• probah i li t y (pr )=  0.200000
pa ram x~ter len,~th(p 1)= 2000

I exapp
probability(pr)= 0.450000
paramie ter l c n it h ( p l  ) 250

display operations(do)
lexgp

sizc(msiz)= 1000
instructions (rnins)= 100.000000

i~ie~:ory ~a,iagerient(ni~~r~)=w
s l t e ( rn s i t )=  2
user return aram~ieter l e n f t I m ( r p l ) =  $ 0
user return prob ab i l i ty ( rpr )  0.500000
file references(fr)

cor tO 1
rca (is (ra)= 3.5u0000
wr i tes (wa ) 0.100000

t ransf ers (t r)

• 
sc r- iin tix

• probab i1ity (~ r)= 0.050000
I
” 

pararie ter 1en ,~iJ’(pl ) 250
syntax

probability(pr)= 0.100COO
pcra-ctcr l en gth (p l  ) 25C

lexapp
probability(pr)= 0.20000 0
para-ieter 1en~ t t ’(p l  ) 100

dpuca~p
pr ob ab iU ty (pr ) =  0. Im0000
paraneter lcnrth(pl) 50

xfo rncp

r p r o h c b i l i t y (p r ) =  0.050000
para’ctcr 1en ~ t I ( p l ) =  500

dis play opcratiuns (do)

Figure 3.4 An App lication File wi th  Hardware-Software Tradeoffs  
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xforr~ p

5iZC (i iSjZ)= 3072 0
jristructlorìs (mins) 300.000000

~;~~ior y imnagcrient (i i y~r) ~~~
-,

site(nlsil )= 2
user return parameter lc~ngth (rpI)= 0
user return pr o babi l i t y ( rpr )= 0.000000
f i l e  refc rence s (fr )
t ransf c rs (tr )

1 cxapp
p robab i 1 ity(pr)= 0.100000
parar.ietcr Ic-ugth( i1 )= 50

lexcp
pro babi I i ty (pr) 0.130000
parameter Iength (p1 )=

~puccflp
probatdi I iiy(pr) 0.300000
paramcter lc;u’th(pl)= 100

traverse
probah i Ii ty(pr)= 0.500000
par am~ieter lcrm:;th(pl ) 500

d i s p la y operat ions(do )
dpuc~ -p

Si~~e(~- ) S i Z ) =  1~ 432
irstructions (r~ins)= 300.000000

,~~rory i~a rcnt (i.w~ )—~-.’
sitc (iisit)= 2
user return parar’~ter lemi;;th( rpl ) 0

~jer r~ turii 1)rO~a - i l  ity(rpr)= 0.00003 C
f ile rcfercnces(fr)

cortLi
rec’~s(ra)= 1.Su0000
nrites (~d)= 2.500000

-c  .~~~~ -Lr~~L~a er,.. Or
1 ~:Xd~ p

prc bnOa i ii ty (pr) 0. ~Q~30O
pararieter I12m;[;th(l;l ) IC!)

Icxi~p
I)rot~~

)i 1 i ty (pr)= 0.460000
]rarie~pr l.~:m :~tI (~~l ) 100

xfo n~;~
pro’~ib i I it y(~;r)= 0.303000

a parT~~ter len~;th( p 1 )= 100
1 snlay (J,)erat ~ons(do )

* i~~tatiorm
* o;c~r~2 t l O n  c’~~m i L ( d r c) =  3

traverse
5i .~c( ~i~ )= ~I2c
instruct ions(r~ins)= 300.C00 000
;.~ro ry ; ana~ er- ’ent(~ i - c i - ) =~-:
s i te ( r ;s l t )  2
user re turn  p%1 raTc~ cr lerm ~ th (rpl)= C
usar return probab i ii ty( rpr)= 0. 000000
f i l e  r~fcremmces (fr)

~ iC . 1I)
rcud s( rn ) ~u.~ 0U00C
~-.-r i L C s ( t i , I)  0. 0 ifi00~i

Figu r e 3.4 (contInued )
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I i le~
( 1 Ic)

appdb
uuffer si~ t(’m)=
mium -~ cr of )effers(L)mm)= 1
total sizc (ts) i024~O
access(dcc)-~r
buff3r ~~~~~~~~~~~~~~si t c ( f s i L ) r  1

piCdb
buffer ~ j / ~ (! ) . ,) = 512 0

rmLM ~l)er nf huFfers ( ho) = 1
total si.:e(ts)= 512LC
access(.icc)=r
buffer - -~ina~er r~nt(h ‘)=~i

~i te (f s i t)=  2
cor tb 1

buffer size(bs)= 5I�0
nUr~1l)er Df buffcrs (bn)= 1
tot a l s iz c ( t s ) =  204~ 0
access (acc )=r
buffer c-~uma~ement(bn) = -
sjte (fsit) 2

flsplay operation set (do s)
* ~ot at ion
* 3ra~eter ler)gth (opl)= 1
* sltc(osiO= 2
* ii~~im ry I . m - ~agel,T~i-mt (om ior )=r
* I iardwarc — sofL~ nre of~L ion(I1o)=hs

a * ~asiC 3per ..t iom i ..~~t
* pira~~tcr lcogth(op l )= 1
* s ite (os it )
* ~er’ory
* la rtt~iare—soft~-iarc or t  ior .(h o)=hs
* 3uhr out i nc  Jur .p
* para~ieter lengt ! (opl )= 1
* s i te (os i t )=  2
* -~ r-c ry •uima ~;er i~nt(o~-~- m - )=r
* -ard. ,are_softwarc O~. t 100c :)o)= ! 5

uscr ( user)
user tl - in I~ iirr (utt)= 5.700000
user ~.c 1ulr rc fercnccs(um r)

1ox .~;r~ II i Ly(upr)= 1.060000
par~r-~e2 ter I~.w’,tI;(upl )~

requirc~~nts(rrq)
* flicker tr lerance (fl) 0.0~C000
* d i-p lay  •~ ;e(~ u)

• * ~c~.ie- r fa~ ~1 i f i er
* Tr ..ni iswr
* ~.ultipI icity (s:~ il ) 2
* c, m,r at iof ls(P op)

-, * .asic Op eration ~et
* rnul tipl iclty (por ) 120.000000
* iut-rrjutin ’~ Ju i
* Ll ti ~ l ici ~y(p (w -) 13.000000

Figure 3.4 (continued)
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truns fe rs(t r)
xf orm ~~;probab i I i ty(pr)= 1.000000

~~ram~ietcr Ienj t!m(pl )= 50
displa y o~jerations (do)

I cXapp
5ize(nsiz)= 5120
instruct io 5(;~ i mm5 ) 5~i.C00U 0()

ienory . Iia~;(N )erst(r2 l Er ~) ~~ .

site (;msit) 1
user return partr-x~tcr le~o:tl,(rpl)= 0

user rcturn probabll i t y ( r p r ) =  0.000000
file n-ferences(fr)
tr~nsfrrs ( Or)

~t~ ’~flt ixprcI)a~)i I i  ty(pr)= 0.20001)0
par~rietc r lengt (p l)= 50

i i i  t~~( pr) 0.200000
p. rarcter lemm ~ th(pl )= LU

I t~ A~’~ ;

r. pro!.ohi l i t ’, (p r ) =  0.4 000 00
parameter l~ ru’th(pl )= 10

J; L X ~ i~
prol’-a!m i 1 i Ly (pr) 0. 100000

pc r.iI;uter 1~ n,~Ll ( p l)= 10
x fc.r ~~;j

prol)at )ilily (pr) 0.100000
— ~ mram’ieter l asi~ cJ.(p1 )= 20

dis~1ay opcrations(do)

si~c( is iz)- ~12C0
instruct ions(~~uns) .v0.u00000

mi em-Dry nk~r131ei~~l1 t(flhVer- )
~~d

~ s~~C - us  —

usl’r r( turn r~iieter lenr~tl~( rpl )= 0
uSCr return probab i ii ty ( rpr) 0.000000
f i l e  references(fr)

•* r ads(ru) C. ~)GU00
.!rites(

~
..1) 0. ~000U0

picdl ’
F - ra :ads( ra) = 0. 4O~O~

()
‘:rites(~;,3) 0.200000

t r~)rlsfers (ir)
s~fltax

pr~~baib iii  tyC pr) = 0. 753L )0
para-~t te r  leny,t l:(p l)= 200

1 CX 1)

proL’aHlity (pr)= 0.100000
r~ra ~?tc r lcn~th(pl )= 50

Icxapp
pr obahilit y(pr)= 0.150000
para ieter I eng tl (pJ)= 50

d is p lay ope rct ions(do)

Figure 3.4 (continued)
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* ;~esistur
* 1(41 tip l ici ty (s ~t~l )= S
* operations (pop)
* i)asic 3per~’t ion .;Ct
* nulti pl icity(pom )= 100.000000
* .kThrou tine Jc;-~p
* n~~1 tip 1 ici L y ( i x ~~i) 10.000000
* Rotation
* aiultipl icity (pam) 1.000000
* Capac i tor
* i-t~lti p licity(s.ul ) 2
* ov’rations(po;-~

)
* ~~.1E iC ‘Jper.it ion Set
* rn ul ti pl i iLy (pcx.i)= 60.000000
* Su~’routimi e Jui ’p
* nij lt ipl ic ity(~xxn)=  10.000000
* 1otnt ion
* e1t. ip I i c i iy ~~~r;;)r 1.000003
* Tra isforrier
* . iult ip lic i ty(sul)  2
* om~erat ions(pop)
* E~asic 3per~1Lion ~et
* ;-;u 1 t i i ; a l i~: i t y (p c ~~)= 10.000000
* ~ ij~; rout  i ne ~Jt m;
* mu it iplic ity (p o’~)= 1.000000 —

* .)i ode
* ,~u l t i m-’l icity(s~u1)= 1
* opcrations(pop)
* ~~ a~~~~ i C  0p erat ic~n Set
* ; . 1 u 1 t i p 1 ic i t y ( p o s ~) 70.00 0000
* ~ub rout inc Jo; 

~j

* i i u 1t ip l i c i t y ( p o r ~~ 10.000000
* :~cta o 501 )

* riultipl i;i Ly(pc~ )= 5 .000000
rc .,~~te fa st ~; tore speC i f 1 cat u~ns( r iss)

* Cycle T i c
* va l uc(v,ml )=

rerrote hulk st~ rc sp~cif i eati’~ris (rbss)* Size
* val ue(val)= —20C0006

~ •)U SPCCI Fl ‘~
-mt ions(c; u’,)

* ‘\ccCss Ti ’c
* valuc (val )=

-~~u spec i f i c a t i ons ( d~us)
* resol u t ion
* valuc(val)
* cc~Iors
* v~ luc(vcl ) I

~j a~ a link 31 cc i f icat i uns(dl~ )
* Dist ance
* v a l u c ( v a l )

Figu re 3.4 (cont inued )
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CHAPT ER 4: O P T I M I Z A T I C N

The op timization process has four ma lor inputs:

— a h a r d w a r e  f i l e, -Iescrjbinq the host computer and the

subsystems ’ pri ce and performance

— an application file, describinq the interactive

qra phics applicat ion proqram for which the satellite is

hein q desi qn ed

— the maxim um a l l o wan l e  cost of the satellite system

— the number of interactive display consoles connected

to th~ sat~ 1lite com puter.

Th~ opti mization output goes to a t i le, and is a description

of +he satellite system h a r d w a r e  and the software divisions

of la bor which nrovides th~ fastest response t ime  an d c osts

- - 
- no more than the specified ni a m cim um number of dollars. Since

response time is increased by selectir.q faster , more

- - expensive subsystems, the optimum satellite system in cost

wil l ,  be close to the  m aximum cost. Since we will deal with

a fairly sm~ 1l number of subsystems , wit h discrete costs, it

would be unu sual, for the satellite’s cost to exactly equal

.4 the ima xim urn cost.

The input ari d output tiles and other optimization

pa ra meters ~re specifi -~d to th~ OPT mode of SATflODFL . The
I’

optimization occurs in several steps: amalqaaatinq the

4 hardware an-I application program descriptions , and then
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searching for  t h e  o p t i m u m  sys tem.

The two files are first read and validated. Subsystems

not •eetinq the selective specifications are discarded. If

a flicker rate limitat ion is specified in the application

file, ther . DPIJ ’s which cannot meet the requirement are

discarded. Then the DPU ’s are  paired with compat ible CPU’s

chosen from she hardware file. At this point the entire

input data is checked for completeness and consistency.

Finally, the actual op timi zation is performed.

4;

- - S-.- . ~~~ - - - is- . .
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LI .1 General USe

W i t h i n  t h i s  gene ra l  o p t i m i z a t ion f r a m e w o r k , h~

optimizer can be used in several ways.

A hardware file, containing only one of each subsys1.1m ~

is created. The subsyste m s are those of the sate11it~

graphics system for whic h an opt imum division of labor i-

desired. The applicat ion Lii ~ ~l~~ .~ribes the appropri it

application. The SITE attribute for the modules and t i J -~ ;-

w h i c h  can be resident at either the host or satellite is ~~ t

to 0. For all others , the SIT? attribute is set to

represent the permanent assignment. The maximum cost is set

to any value greater than or equal to the sum of the

individ ual subsy stems ’ costs.

A full hardware fil e is used , wit h several different

entries for each type of sub~~stem . In the applications

file , all SIT? attributes are set to one or two , qivinq a

fixe d division of labor .  ~~ m o r y  management attributes would

also be assigrie’] a singl e value , so they don ’t enter l i t ‘~

the optimization process either. Since any divis ion of

labo r implies iinim um memor y requirem ents at the satellite ,

some satellIte main and bulk memor y subsystems may not la~

considered in the optimization.
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The desired maximum cost is qiven , as usual.

c Q ! ~~~~~~2~~~~I. ~~~~~~~~~~

Curves for cost versus mini m um response time , such as

those in .T1L~ ~~c2fl!1 Annu4 l  ~~port, are ver y us e f u l  in

findin g wh en the returns cn increase d investment be gin to

decrease, or to find the cost of attaining a specified

response tine. Data points on the curve are found by making

multiple optimization runs changing only the maximum cost

between runs. One should start wit h a maximum cost equa l to

the sum of the costs of each of the lowest- priced

subsystems, and end with the sum of the costs of each of the

highest— priced subsystems. From 5 to 10 intermediate costs

are generally sufficient to give a reasonably useful curve.

I 1-
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4.2 Optimi zation Speed

With th~ TUCC IBM 370/165, ~ ~~ Ui minutes of CPU time

we re needed to do a h a r dv a r a  op t i .~i.zat ion w i t h  about  4 or 5

different choices of each of the to ur subsyst ems and no more

than 20 unassigned modules or tiles in the applicatioi.

descriptio!4. we cannot directly relate this time to an

equi valent number of GP645 m inu t ’~s. Ho wever , since MUL T1C~

is a mu l t i u:~~r . i n t e r a c t i v e  s~~-r. ,, as m uch  as 20 or 30

act ual  miI4 ~~t I~3 m a y  be needed to - . t a m  1 m i n u t e  of CPU t i  e.

Assumin g a I to 1 spee d r a t io , m I ~~ 10 m i n u t e s  of CPU t i•.~

- 
‘ could r e q u i re  as much as fiv~ hours of elapsed time. We

t hus  suqqest  overnight “batch” runs for optimization of tiuis

scope. Some saaller optimization will  doubtless be feasible

to do interactivel y.

If  t h e  ri ’imber  of consoles at t h e  s a t e l l i t e  is more t h a n

one, optimization times are greater than in the single— u ser

case , sinc~ a n~ twork of queues is solved mi sinq an iterative

-
~ algorithm , RQA. Thus mul ti-corisole systems shou ld be

anal yz ed sp a rin g ly, and with as few subsystem choices and

— 
- unboun d  modu le s  and f i les  as possible. The m a x i m u m

allowable number of consoles is about five.

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ .-~~~~~


