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THE SATMODEL USER'S GUIDE

CHAPTER 1: INTRODUCTICN

A :
During the past several years a set of proqrams has

been developed at the University of North Carolina to model
and optimize the performance of satellite qraphics systeas

of the form shown in Fiqure 1. Details of the modelling and

0 b YR R T

optimization techniques have Dbeen reported previously
[Graphics System Mod=ling, First Annual Peport, UNC, June

1974. Graphics Model Verification, Second Annual Report,

Ay e

TNC, November 1975 1. 'The programs, oriqginally executed as
batch jobs on an IBM 36C or 370 with 0S/360, have now been

converted, extended, and augmented to execute interactively

on a Honeywell 645 or 6045 with the MULTICS operating
3 system. This quide describes the basic concepts involved in
using the interactive programs, which are herein referred to

as SATMODFL. A companion document, The SATMODEL Feference

N T
g ey

L4

3

3 Manual, gives datails of the system's use.

s

:

3 The considerations in the d2siqgn of satellite gqraphics
;'E systenms have been extensivaly discussed in the two
ii previously cit2d4 reports, and elsewvhere fJ.D. Foley,

q “Satellite Graphics Systens", Computer, Auqust 1976.

5 __________ , "Software for Satellite Graphics Systems",

u Proceedings ACM 1973 Arnual Copference, 76-80. __________ '

“An Approach tn the Optimum Dasig

=

nf Computer Graphics




.
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Systems", CRCM 14 (6), 380-390, June 1971V, _______ o "The

Design of Satellite Graphics Systems"™, in Data Structures in

Pattern Recognition anc

cs, A. Klinger, ed.
Acad2mic Press, 1976. A. van Dan, et. al., "Intelligent
satellites for interactive graphics", Proceedings of the
IBEE 62 (4), April 1974, "Operating systenm design
considerations for microprogrammed minicomputer satellite
systeas"", Proc223ding 1973 NRECT, ) The two basic issues are
choosing capabilities (speed, size) of the subsystems shown
in Fiqure 1.1, and selecting the appropriate "division of
labor™ for the applications program. The subsysteu
capabilities should be in balance one with another, so that
no cne subsystem acts as a bottleneck to system operatious.
The divisions of labor must recognize ¢that there are two
computers and storage hierarchies in the satellite systenm,
and that progranms and files must be assigned to them in an

aeffective way. The basic optimization process aims to

desiqn a satellite system with winimum response time and

cost not exceedinqg a specified bound.

bl s
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Defipition of F2sponse Tima
Respu.s2 time is measured for a typical, or averaqge
interaction. An interaction is the activity of the systen
which occurs whan the user invokes some command. Thus a

typical intoraction starts when the 'ser hits the carriage
return on the keyboard, ligyhtpens an option on the menu,
ztc. At this point, the systam must process the command, .c
program control will pass to some of ¢the many subroutines ot
sections of th=2 proqram, eventually returning information o
the user. The system than waits for the user to initi. i«
another interaction. Thas response time is the time betwece:

the user's last action in initiating the command and <he

response appearing on the lisplay.

The cost of a satellite graphics system is defined h-re
to be the sum of the costs of five of the subsystems shown
in Fiqure 1. They are:

1. Display Processing Ynit (DPU)

(incluiiny hardware-software tradeoff options),
2. Satellite Computer,
3. Satelli“n Computer Main Maemory,
4, Satnsllite Computer Bulk Memory,
5. Communications Llink.
Tha subsystem costs (and h2nce the system cost) can be

specified in arbitrary units, Aand with various meaniangs




-

including, but not limited to:

purchase price in Dollars,

purchase price in Pounds,

monthly rental price,

monthly rental plus monthly maintenance price,

purchase price plus five year's maintenance.

The only requirement is that all costs be consistently given

in the same units and with the same meaning.

The basic optimizaticn process takes as its inputs:

1.

3.

A description of the cost and performance of a
number of choices for each of the five subsystems.
A description of the intaractive application progranm
to be used with the satellite.

An uppar bound on the cost of the systenm.

results of the optimization process are:

1.

3.

The optimum choice of aquipment for each of the five
subsystams which, when wused with the division of
labor from 2 below, minimizes response time. Total
cost of th2 subsystem is less than the upper bound.
The optimum division of labor for the above optimum
selection of subsystenms.

Detailed information on the performance and

utilization of each of the five selected subsystenms.
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There are, hovever, vyet other dimensions to the
optimization process, Wa call these hardware-softuare
tradeoffs, and salectiva spacifications. They are described

in the following two sections.
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1.1 Hardvare-Software Tradeoffs

A number of graphics functions can be implemented with
either special-purpose display-processor hardware, or with
sataellite processor softwars. Examples are dynamic or
static transformations and clipping, subpicturing, and text
display. The special hardware is usually more expensive and

faster in operation than the software.

The tradeoff in designing a minimum response time
system 1is between the cost of the DPU hardware and the cost
of one or more of the other subsystenms. The optimization

process automatically determines which of the alternatives

will yvield the fastest response time. This can be done for

one or several such trad2o0ffs,




1.2 Selective Specification

Choosing the subsystems for us~ in a satellite systan
can involve 1issnes other than cost and rasponse time. The
prime example ot such issues is in the area of display
quality, where criteria such as resolution, lin=2arity, spot
size, 1intensity levals, and flicker «can all be very

important.

We have Aaccordingly provid:d a general culiling
{s¢lactiorn) mechanism to ensure that only those subsyst as
me=zting specifi2ad wminimum <criteria are consider=4d for

selectior by the basic optimization process. There is also
a special=-purpose mechanism to handle the important but
unique and complex matter of flicker-free display

canability.

The information needed *o analyze hardware-software

tradacff and 4o effect selectiva specifications 1is included

in +he 1nputs to the optimizer.
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1.3 SATMODEL

Using the SATMODEL system is a multistep process. The
Pile Editor subsystem (F¥D) 1is first used to build two
files, one describing the subsystem choices, and best
hardware, the other describing the application program. The
optimization subsystem (OPT) is then us2d ¢to perform an
optimization. Finally, th=2 report generating subsystenm
(REP) is used to select that portion of <+the optimization's
potentially voluminous output which is to be printed as a
report. The three subsyst=2ms all operate under the control
of the SATMODEL executiva (EXEC). It is the detailed use of

EXEC and its PED, OPT, and REZP subsystems which is discussed

in the companion document.
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1.4 Pemarks

1

In the fellowing s=ctions, ! i1l often
names: program module names, tile names, subsysten
etc. These names, when ent=rced intc the system, may b
to 80 characters 1in lenqth. However, when printzd out

describe the results of the optimization process, the

may be truncated to 40 characters.

All measures of siz2, be it ot wain or backing

programs, files, or messages, ars Jgiven in units of

while measures of time will be in units of seconis.

(]
3

will always be specified in bytes per second, cr

byte.

Vvarious abbreviations used are those of the con:

The SATMODFL Reference Manual, referred to hercafter a-
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CHAPTER 2: HARDWARE DESCRIPTION

2.1 General

The basic hardware specifications are provid2d in the
hardware descriptons (HF) fila, of [ SRM, Section 5.2.2]. i
The purpose of the hardware description file is ¢to provide
the optimizer with data concerning all available hardware

components. This data, when combined with application data,

vields the parameters by which performance and cost can be
determined. This data is gqleaned from manufacturers!
catalogues and1 similar sources, and supplies the basic
speed, capacity, and cost information for each component
‘ available from some vendor. This basic information changes
slowly, and is generally indepandent of the application

program which the SATMODEL usar intends to optimize.

The basic data 1is separated into five groups,

representing data 1links (DL), remote fast stores (RFS),

E .
F? remote bulk stores (KBS), remote CPU's (CPU), and remote
l; DPU's (DPU). There must be at least one item in each of
% these groups.
b
i
i 4 Pach hardware item in one of these qroups is identified
<
O by a name entry, uniquely distinquishing it from other itams
% in the same group. For =xample, no two data links may have
¥ the same name.
:
{
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The name, consisting of 80 or faver characters
normally identifies a1 manufactnrer or source, and a model
name, so that +the item is readily recognized when (h:
SATMODEL output lists, by name, the optimal comporents, end

so that it is easily recalled for data modification.

Each hardware item is also supplied with a number o

attributes, measuring its cost and pertorwaunce. !
particular, every item has a cos%t attribut:. inits of cos
can be any measure, such as dollars per month (rental),

dollars (purchase). The choice of unit, howecver, must o

consistent throughout the hardvarz description file and
application fila that is used with it. Performance measuvrecs
are different for different qroups, and wili be ¢

explicitly descrit=2d in section 2.2.

One group in the hardware description €ile describea;
the performance attributes of tha host computer (HC), but i:
not provided with a cost since SATMODEL does not provide (o
optimizing the choice among alternative hast machines. Thi:
qroup of performance attribhutas is also described in sectic

2.2

The hardware fila also provides data for selectic
based on specific characteristics, supporting the "selecti:
specification'" capability described in section 1.2. The
function and content of this 4ata are described in section
2.4, If a user does not int=2nd to make use of selective

specification features, th2 4ata fields associated with th)
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feature may b2 ignored.

Similarly, there are data fields associated with
hardvare-sof twvare trad2off which are described in section
2.3, and may be ignored by a user who does not interd to
consider optimizations where hardware-software tradeoffs are

intendad.

el
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2.2 Basic Pzrformanc= Data

The basic performance data, that which 1s necessor
aven when hardware-softwvare trad=off features and selective
specification features are not used, 1s described in this

section. Pach qroup has distinctive fields tor this data.

1. Data Link {(DL)

2. Femote Fast Store (FFCQ)
3. Femote Bulk Store (R3CQ)
4. PRemote Computer (CP')
5. Display Processor (DPU)

6o Host Computer (HC)

For 2ach data link, a speed and ar overhead must b

providad.

Speed (DLSP) represants the transmission rate of which

the data link 1is <capable 1in bytes per seconi. R speed

specification is mandatory for each data link entry.

Qverhezad (DLO) represants the overhead time in seccnds

associated with one transmission across the data link.

Por e2ach romote €ast store a size must be provided.
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Size (RFSI) represents the number of bytes in the

store.

Remote Bulk Store (RBS)

For each r2mote bulk store a size, a seek=latency time,

and a transfer time must be provided.

Size (RBSI) represents the number of bytes available in

the store.

Seek=-latency time (SLT) represents the average seek

plus latency time ("access tima") associated with the bulk

store facility, in seconds.

Transfer time (TRT) represents the transfer time per

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

Bemote CPU

FPor a2ach remote CPU a speed, a maxjimum fast store sigze,

and an operatipd system size must be provided.

Speed (CSP) represents ¢the wuumber of high-1lavel
instructions per second that the procassor is capable of

exacuting.

Maximum fast store (MPS) represents the largest amount

of remote fast store which <%he remote CPU is capable of

supporting, in bytes.

v-'-----n---n---n----n-u-..-............"
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Ooperating system size (0SS) represents the number of
bytes ot remote fast store which must be reserved for the

operating system of the remot= Cpl,

For eacn remote DPU a set of compatible CPU's must be

iisted, and a set of DPU instructions must be described.

Compatiple CPU's (CTP) 1s a qroup whose entiries are
nam2s which match entry names from the remote CPU group.
These names identify those CPU's which can serve the given
DpU, Feascns for omission of a CPU trom such a list a e:

() inadequatz: softwars support tor that particular

combination, (2) incompatible word lengths, etc.

DPU instructcns (DPI) is a group whose primary PUL PO S
is to serve the hardware-sotftware tradaorf capability
(sec. 2.3) and the flicker test irn selective specificaion
(sec. 2.4). Navertheless, this group also provides data
which allows the size of th2 DPUJ programs *o be reflected in
the allocation of remote fast store and allows the CPU
support of the display processor to be reflected 1in remote
stora allocaticn and response time calcaulations. Each DPI
instruction is 1listed by name, specitying a series of
performance attributes: incgemantal ¢ost, procedure sice,
instruction size, ZPU time, and DPY time. Thase attributes

are described fully 1in sectioa 2. 3. Wwhen not involved 1in

hardware=sotftware tradeotf, DPU instructions ire given in a
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single "“option", and assigned a z2ro incremental cost (0IC),
since they are not separately priced from the DPU. If an
instruction does not require CPU intervention for its
execution, the procedure size (0OPS) and CPU time (OCPT)
attributes are 1likewise sat to zero. Instructions can
sometimes be aqgqreqated and given a class name and
attributes if the average value of these attributes does not
sigqnificantly vary from DPU to DPU, and if ¢the application

description file data is similarly aggqregated.

Host Computer

Attributes describing the host computer are fa

n

t store
size, bulk store size, bulk store seek-latency time, bulk
store trapsfer time, and CPU speed. Sinca only one host
computer is considered in the optimization, neither name nor
cost data are supplied, The host computer is assumed to

influence only the response time as its hardvare 1is

preconfiqured.

Fast store size (F5S) represents the maximum number of
bytes which can be occupied by programs and data from the

application.

o

ulk store size (BSS) represents the number of bytes of

storagqe available in the host bulk store.

Bulk store seek-latency time (BSSL) represents the

average seek/latency ¢time ("access time") associated with
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the host bulk store facility, in seconds.

Bulk storz transfer time (B37"T) represents the transier

time per byte associated with the host bhulk store. 1t is

maasured in seconds per bhyte.

CPU swpeed (HSP) represents the number of higqh level
instructicns per second that the host processor is capaole
of executing, on the average. Becausa it is used in
response time calculations, it is important that this speed

represent the capability se2n hy a satallite, suitably

derated, T the CP1 1s time-shared to account for

competition trom other job s%treams.

a5
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2.3 Hardvare-Software Tradeoff Data

The hardware-software tradeoff features allow the

optimizing programs of SATMODEL to consider hardware options

provided by th2 manufacturer of a DPU, These options
normally take the form of instructions which are supported
in hardvare that might otherwise have been provided by

software support.

Usual examples of such options deal with transformation
hardware, subroutinae jumps, character genzrations, scaling,

etc. Since not every usar will be interested in the sanme

sets of possible options, and since they can generally be

treated in a quite standard mann2r, no particular options
are provided automatically in the file organization. A user 3
lists the options to be considerad, using suitably
descriptive names, in the Instructions subqroup (DPUI) of
the DPU Characteristics qroup (DPUC) of tha hardvare file.
The entries (instruction names) used are idantifiers of 8C

characters or 1l-3ss.

Whether the instruction is supported by hardware or by

| softwvare affects both the performance and cost of the DPU.
Therefore each entry in the Remote DPU (DPU) group must

; contain data describing tha incremental cost and performance

L attributes of the alternative options. In SATMODEL no more

2 than two options are permitted for each instriaction.
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The DPI) entries corntair a qroup (DPUI) of instructions,

identified by names matching those provided in the DPU

Characteristics group. For «ach instruction so 1listad,

there

are one or two options, each having attributes

spacifyinqg:

1.

2.

-

S A

i

Incremental cost (NDIC) - the cost of the option as
an add-on to the DPI cost (DPC).

Procedure size (2PS) = th2 number of bytes of remote
store required for this option to be available,
whether or not it 1is actually invoked by Ghe
application.

Instruction size (D1S) = the number of bytes of
remote stora additionally required for each
invocation of the instruction capability.

CPU ¢tima (OCPT) = the number of basic CPU
instruction=times which tha execution of this DPU
instruction will require pzr paraeeter in the
invocation. (The Aaggregatz CPU time taken by this
instruction will be this value, divid2d by CPU speed
(CSP) for +the given CPU, multipli=d by the number of
invocations of this instruction and multiplied by
the number of paramaters per invocation - both takeun
from the applicaticen fil :.)

DPI} ¢ime (ODPT) = the time, inseconds, which the LUl
requiras per parametar in  the invocation. (The
aggqregate CPI time taken by this instruction will be

this wvalue mul%tipliedl by the number of invocations




and the number of parameters per invocation.)

21
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2.4 Selective Specification Data

In order to accomplish selective specification, th- r«
needs to be a way to specify, 1in the hardware tile,
parformance measures which do not directly atfect response
time. M2asures such as resolution for a DPY, availability
of floating point or ruggedizaticn for a CPU, o1 acc=ss
methods (csequential, dirasct) for a bulk store, musi be

infered som2d4here.

No such measures ar= =2xplicitly built into the hardw.cr

v

ile. Instead, a series of five qroups (DLC, KFC, FiC,

U 1)

CPUC, DPUC) are providad in thae file 350 that a user «can
provide names for each specification over which he wiqght
wish to select., Both names and +he dimensicnal wunits by
which the guartities are ma2asured must be specifiad in these
supplementary groups. These name entries are calle
characteristic names and can be any identifier of &0
characters or lzss. Thz dimensiocna units are attributes

(DIM) and can also bs any identifier of 80 or less

characters.

The values of thesae spacifications for individual
hardware {*ems are oaptered via the hasic data qroups (DL,
RFS, PBS,; CEY npuy, throuqgh the sipplemertaty
characteristics subgroup (DLSC, KESC, RBSC, <C€sSC, PSC,
respectively). In each case, the wvalue 1s given by
providing a characteristic nam2 entry which matches onre ot

the charactaristic names in tha corresponding characteristic
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subgroup (DLC, RFC, RBC, CPUC, DPUC, respactively) and then

providing an inteqer value in correspondinqg value attribute.

The application data will provide a criterion for
selecting from among the hardware items. FRach hardvare item
whose value in one or more listed characteristics fails ¢to

exceed the criterion will be excluded from the optimization.

The application data will also provide data regarding
typical display scenas which, when used with DPU instruction
data in the DPU group of this hardware data file, pernmits
calculaticn of display flicker rates, These are also
compared with a criterion provided in the application file,
and may cause elimination of a DPU-CPU pair from

consideration.
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2.5 An FPxample

Piqure 2.1 is a listing of a hardware file which illustrates

all the features we have dascrib2d. The listing is indented

with the same format that is used in SR®M, section 65.2.
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hardware file(hf)
data 1inks(dl)
1200 BPs: 1 imile
cost(ulc)= 90
speed(disp)= 144
overhead(dio)= 0.010435
supplementary chlaracteristics(dlsc)
histance

value(val)= il
4500 LPS: 1 mile
cost(dlc)= 275
speed(dlsp)= 57%

overhead(dlo)= 0.002609
supplerentary characteristics(dlsc)
Distance

value(val)= 1
2,000,000 2PS: 1 mile
cost(dlc)= LS
speed(disp)= 250000
overhead(dle) = 0.60000¢

supplerentary characteristics(dlsc)
Distance

value(val)= 1
19200 2P3: 11 miles
cost(dlc)= 950
sieec(dlisp)= 2250
overicad(dlio)= 0.000€C7
supplarentary characteristics(dlsc)
Distance
value(val)= 11

raote fast stores(rfs)
32ik Bytes Extra Core
cost(rfcs)= 150
size(rfsi)= 32762
supplementary characteristics(rfsc)
Cycle Time
value(val)= 1020
LIl Bytes Lxtra Core
cest(rfcs)= 360
size(rfsi)= £H550
supplerentary characteristics(rfsc)
Cycle Tire
value(val)= 1020

Figure 2.1 A Hardware File




RPN SN

112K Oytes Txtra Core
cost(irfes)= 470
size(rfsi)= 114CS8
supplencentary cl.aracteristics(rfsc)
cycle Tire
value(val)= 1020
retote bulk stores(rlis)
RE1YT RiO5
cost(rbes)= 275
size(rbsi)= 2457600
seck=latency tie(slt)= 0.070000
transfer tive(trt)s= 0.60000%
supplerentary characteristics(rbsc)
Size
valuelval)= =2457¢00
ranote cpus(cpu)
DEC PCP 11/L5 with lemory [lanasement

cost(ccs)= 750

speed(csp) = 10000

maxinun fast store(mfs)= 131072
operating systen size(oss)= 1C58.

supplementary characteristics(csc)
Access Tine

value(val)= 3300
DEC PLP 11/70
cost(ces) = 1050

spead(csy) = 20000

meximuin fast store(mfs)= 131072

operating system size(oss)= 1C530h

supplesentary characteristics{csc)
Access Tine

value(val)= 3300
rerote Jdpus(dpu)
VG Serics 2 20

cest(dpe) = 576

compatible cpus(cep)
DEC PP 11/40 with lierery ianasenent
OEC PDP 11/45
DEC POP 11/4C
DEC POP 11/45 with flerory Hanacenent
DEC POP 11/70

Figure 2.1 (continued)




instructions(dpi)
Basic Operation Sct
regular Display
increnental cost(oic)= )
procedure size(ops)= 0
instruction slze(ois)=
ciu time(ocpt)= 0
diu tiie(o 1t)= 0.000014
High Speed Digplay
incremental cost(oic)= 114
procedure size(ops)= 0
instruction size(ois)= )
cpu time(ocpt)= 0
dru time(odi:t)= 6.000007
subroutine Juip
DU stach
increnental cost(oic)= 0
5  procedure size(ops)= 0
instruction size(ois)= 0
cpu time(ocpi)= 1
¢ dpu tire(o pt)= 0.0600009
P Rotation
Retation iHardware Option
incremental cost(cic)= 251
procedure size(ops)= 0
instruction size(ois)= 2
cphu tire(ocpt)= 0
dru tie(odpt)= 0.00Y010
Notation Software Paclage
incremental cost(oic)= et
procedure size(ops)= 512
instruction size(ois)= 3
chu time(ocpt)= 2
}?; dpu tinelodpi)= 0.3Cu060
2 supplerentary characteristics(dpsc)
& rcsolution
. value(val)= 1774
coclors
J value(val)= 1
5 Jdimensionality of display
3 vulue(val)=
4 dpu instructions(diui)
“ Sul-routine Juiy
d

i

e
i

sasic dperation Set
retation

r Figure 2.1 (continued)
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host computer(hc)
installation nare(haa)=UHCCC !Nt 2€0/75
fast store size(fss)= 307200
1 bulk store size(bss)= 30720000
‘ bulk store seek=latency tire(bssl)= 0.03C400
bulk store transfer time(bstt)= 6.0000601
cpu speed(hsp)= 16000
data link characteristics(dlc)
Distance
dimensions(din)=tiles
ranmote fast store charocteristics(rfc)
Cycle Tiie
i dimensions(dim)=erory Cycles per ilillisecond
reote bulk store characteristics(rhc)
size
dimensions(diin)=ilesative of size field (rbsi)
cou characteristics(ciuc)
? Access Tirk
i dimensions(diiz)=lluvher of merory accesses per millisecond
(pu characteristic descriptions(dpud)
dpu characteristics(dpuc)
resolution
ditensions(diz)=Lines par Inch
colors
dirensions(dim)=Hurher of Colors (1=blacl: and white)
dimcnsionality of display
dirensions(dim)=turber of Coordinates needed

e
v

=

to specify a Point
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Figure 2.1 (continued)
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CHAPTER 3: APPLICATION PROGRAM DESCPIPTION

In ¢this section we explain how to describe an
interactive gqraphics application proqram to the modeling
system. The file editor (FPD) is wus2d to 4insert the
description into the application proqram description file.
We first describe the parts of the description needed to
perform the basic optimization process of designing a
minimum response time system, than discuss hardware-software

tradeoffs and selective specifications, in that order.

3.1 The Basic Optimization

3.1.1 Description of Application Proqram “odules

The <system designer who uses SATMODEL must first
orgqanize the application under study into program modules.
This modularization is essentially the first step toward the
actual design of the application. As suach, it must be
recognized that there are many ways any given application
can be modularized. The desiqgner should attempt to develop
a realistic modularization, since the optimum divisior of

labor fourd by SATMODEL will b2 irn terms of these modules.

The leval nf detail of modularization is completely at
the discretion of <the  user. R very coarse, first level
modularization might b+ done, or the final detailed
modularization miqht be nsed instead. The qraphics package

which builds and modities DPIl programs and handles




30
interaction Jlevices miqht be treated 4as a single large
module, or it might be further broken down into 1its
consitituent parts. The latter option would be necessary 1if
the designer ueré considering tha possibility of placing
some graphics package functions on the host, and others on
the satellite. However, too fine a4 modularization can
result in very 1long execution t:mes for the optimization
phase. The most modulas we havz jealt with is about 40,
There BUSC be at least o module in the prograu
descripticnu Figure 3.1 shows . ccarse moliunlarization which
is typical of many interactive graphics applications. 71he
fiqure is the standard block diajram of a qraphics proqran

modularized to seaparate lexical, syntactic, and semaantic

processing.
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DATA BASE
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ATTENTION
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Figure 3.1 An Application Program Block Diagram
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The detailed information required for each module 1is

;AT P

now described. For rafaerence purposes, we give the FED

group, entry and attribute namaes.

Module Name: gqroup MOD, entry Module Naame. Each
program module is given a unique name of up to 8C
characters. This name will be used ir other parts of the
applicaticn descriptior %o refer to the module, as well as
in the output report describing the optimal division of

labor.

Fach mndule has several attributes, all of which must

be specified.

-,

Module Siz2: group MOD, entry Module Name, attribute
MSIZ. This is the actual size of the machine code and local
data areas for the moduls, in bytes. Areas of I/0 buffers

and COMMON or EXTFFNAL data are not included. In most cases

the designer will have to estimate these sizes, unless the
application already exists and its relevant characteristics
EA can be measured, In practics, module sizes will  wvary
somewhat from one computer ¢to another, dependent upon

architectural details. The plarned implementation lanquage

T

for the application must also be considered, since compilers

usually produce more «code than would a <clever assembly

LB <

lanquage prcgrammer.

. &

B The wodule siza will be used when the optimizer

censiders Adifferent Aivisions of labor. For instance, some
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modules, or combinations thereof, may require more main

memory space than is available with the satellite computer.

Module Instructions: gqroup MOD, entry Module Nanme,
attribute MINS. This is the average number of instructions
executed 2ach time the module is invok2d (called). The
meaning of the word *"instructions" is completely at the
desiqgner's discretion, and miqht equally well be <called
"units of work". These units can be thought of as lowvw-level
primitives such as add, subtract, text, move, etc., or as
higher-level primitives 1like list insertion and searching,

sorting, or adding np a <collaction of numbers.

The instruction counts are usaed by SATMODEL to
calculate the averaqge execution time of the module
(exclusive of all 1/0) on bhoth the host and satellite. In
the former case, a remote computer's spesd, in instructions
per second (or work units per s2cond) is used; in the latter
case, the hos*t computer's speed. These speeds are taker
from the hardvare file, It 1is thus the desiqgner's
responsibility to astimate (or measure) the instruction
counts and speeds so that correct execution times are

arrived at when the court is Aividad by the spead.

Memory Management: group MOD, entry Module Name,
attribute FMEM, The desiqner <can specity one of three
different memory management algorithms to he used with aach
module in the model or he can have SATMODEL select the best

algorithm. The latter alternative, however, will cause

T
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SATMODEL's execution ¢time to increase, and should be used

o AT P

only with considerable reserva, and only if the total number
of optimization variables is within reason (see section 4.Z
on optimization performance). We suggest that initial
optimizations in a system design study be done with a single
mepory mahagement algorithm, and that optimization over
several alyorithms be considared orly in the later stages ol

design.

Tha value of the attribute is a character string of
length between one and three, formed from the characters A,
F, and W. Yo character may bha repeated. Pach character

refers +o0 one of tha three memory manaqement alqorithms. 1f

b 2

only a single character 1is qiven, the corresponding

Algorithm will always he2 used. Tf two or three are given,

the optimizer will select tha best algorithm.

The character A refors to a read always alqorithm: each
tima the module is invoked, its coda mus+t be r2ad in fromwm
3 backing store, This rouqhly corraesponds to the way sone

overlay systems work in minicomputer operating systems.

The character ? refers to the permanently resident

e X s

alqorithm: the modules is always 1n main m2mory, so invoking

»
»

it never incurs backing store overhead. This is the normal

subhsystem 2t usage in many operating systems and

TR

applicatinrs. YNote that the molel 4oas nHt try to account

e

for the time taken to initialize an application, a process

which would of course invclve loaling main memory with all




the permanently resident modules.

The character W refers to the working set alqorithm. A
simple probabilistic model 1is wus2:d to <calculate the |
probability that each module will already be in main wmemory
and thus need not be 1loaded from backing store. The
probabili*y depends on the fraquancy of use of 2ach module
with respect to other modules, the total size of all modules
being managed by the working set alqorithm, and the amount
of main store available. Details can be found in the Fipst
Annual Report . The intention is tc model wvirtual nmemory
environments such as +*+hose of the IBM 360/67, SE A4S, PDP-

11,45, and PDP-11/70.

A1) modules are allocated backing store space for
permanent storage. Resident modules are of course assigned
space in main memory of whichever computer they are assigned
to. The collection of read always modules assigned to a
particular computer take space equal in size to the largest
of the modules. The collection of working set modules
assiqned to a particular computer requires at least as mwmuch
space as the largest of the modules, but will use as much
additional main memory as is available, up to the sum of the

sizes of the modules.

Site: qroup MOD, entry Module Name, attribute MSIT.
Por each program modula, the designer indicates one of three
possibilities:

0. The module will bhe assigned to a computer site,
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eithar host or satellite, by the optimization
algorithm,

1. The mnodule is permanently assigned to the host
computer,
2. The module is permanently assigned to the satellit:

computer.,

The integ=2cs 0, 1, and 2, corresponding to the three above

options, are the three permissable values for M3IT.

Ooptiors | and 2 wonld be ussdi tor those modules which
must be executad on a specific computer. Massive floating
point computations, for instance, are normally done by the
host computar, User interrupt handling, DPU progran
maintenance, and light pen correlation are usually done by
the satellite computer. The number of modules assigned
opticn 0, the so-called free modules, has a direct bearing
on the axecution time of SATMODEL (see section 4.2 on
optimization performance). The most free modules we have

ever usad is about 290.

If the designer knows what division of labor he
desires, ¢then all modules would be fixed to the host or
satellite computer., In this case SATMCDEL would be used to
find the appropriate satellit2 hardvare configuraticn to use

vith the specified division of labor.

User Feturn Parameter Length: qroup MCD, entry Module

Namza, Attributs RPL. This attribute is the average numbel

—
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of bytes sent by the module to an output device (teletype,
CRT, etc.) when the module *terminates interaction. If the

module cannot terminate an 1interaction, this attribute

should be set to zero,

User Eeturn Probability: group MOD, entry Module Name,
attribute RPR. This attribute is the probability that this
module will terminate the interaction by transfering control

to the user, rather than ¢ransfering control to another

module.

Within each Module Name entry, there is a qroup of zero
or more File Referencas which give information concerning
module I/0 activity, A mora detailed description of how to
describe files is in a later section. We specify the names
of each file actually accessed by a module, a count of read

accesses, and a count of write accesses.

Pile_Namg: group MGD, entry Module Name, gqroup FR,
entry Fila Name, This is a unique character string name, of

maximum lenjth 80, 1efined by tha desiqgner.

BReads: qroup MOD, entry Module Name, qgroup FE, entry
File Name, attribute FA. T™his is the average number of
times the module reads ¢the file, per invocation of the
mcdule, Recause ve are specifying an average, the

attribute's value ne2d n»ot be integer.

Writes: Group MOD, ertry Module Name, group FE, entry

File Name, attribute WA. This is the same as the feads

R
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attribute, but for Writes.

As will b= seen in a later uwore detailed discussion, a
file might be either a large agqreqgate of data items, or

just a few =pecific piecas of data.

Withii =ach Mod.:le Name entry, there is also a group of
Transfers which give 1informatior «concerning what other
modules are iransferred to by this module. We specify the
name of easch module actually troncsterred to, the probability
of the trauster, and the amount of information transferred.
A transfer can be a subroutine call or return, or eveu a

simple jump.

To Kodule Name: qroup MOD, ¢itry Module Name, group

(l3+]

~“ranzfers, eutry to #odule Name. The name of another module

to which this module transfers control.

Probauvylity: aroup M0OD, ~»ntry Module Nanme, group
fransfers, entry To Module Hame, attribute PK. The
probanility that a transfer occurs from the entry Moduls

Name to the antry To Modulz Name . Only transfers with non-

zero probability na3ed be given., The probabilities in the

1le Name must sum *o 1.0,

Paramet »r Length: qroup MID, entry Module Name, qroup

Transfers, =ntry to Module Name, attribu*e PL. The average

numbar of hytes of parameters passed trom Module_ Name to o

101ule YName whzn the tranfer of control occurs. Tf the two

modnles ar= on lifferent computers, this i35  the length ot
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the message sent batween the coamputers. The lenqgth is used
to calculate the time neaded to send an invocation message
from a calling module on one computer to the called module

on the other computer.

3.1.2 Description of Anplication Program Files

Just as the proposed (or actual) application progqram is
subdivided into modules, so the application's data base is
subdivided into files. Of course, there need not be any
data base, in which case this qroup is empty. A data base,
in the general sense, is a collection of one or more data
items. A file may be as larqge as the data base, or as swmall
as a single data item in the data base. It is possible that

files contain duplicate information.

While one might conceivably divide a 10 item data base
into 10 files, -1oing so would serve no useful purpose. Data
bases are usually subdivided into a few files, with all
items in a particular file oftan being related or similar to
one another in specific ways. The number and nature of
these files is establishad during the applicaticn design
process. As with modules, tha level of detail in the file
structure is antirely at the designer's discretion. The
more files used, however, the more time-consuming the

optimization process. Pach file has an entry in the FILE

qroup:
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File Namg: group PILE, entry File Name. Each file is

given a unique name of up to 80 characters. Each file ias

saveral atiribhutes, all of which must be specified:

Buffer Siza: qroup FILE, entry File Name, attribute BS.

This 1is ¢the size, in bytes, of the bhuffer neaded to access

the fil=a. This would normally be +the physical record
lenqth, or block size, of tha file.
Total Size: grcup FILF, =ntry File Name, attribute 5.

The maximum siz=, in bytes, »of the file, This 1s the amoin:t

of bulk storage space which will be set aside for the file.

Access: qroup FILF, entry Pile Name, attribute RACC.

™his is a character string of length one which indicates how
the file is accessed. An S means sarial access, for which
anticipatory input buffering is model2d if more than one
buffer is avaialble for the file (see Buffar Number below).

Cn output, with more than one buffer, overlapped output and

program execution is modeled.

An % means a random access file, 1in which «case no

anticipatory huffering or overlapped output is attempted.

Buffer Management: gqroup FILE, entry File Name,
attribute 34, Tha designer can  specify one of three
alqorithms wi*h which the file's bhuffers are to be managad,
or can have SATMODEL selact the best alqorithm, But just as

with memory mAnaqgement for alqorithnms, the latter

alternative will <cause increased execution times for the
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optimization algorithms.

The value of the attribute is a character string of
length between one and three, formed from the characters A,
P, and W. No character may be repeated. Bach character
refers to a specific alqorithm. If a sinqgle character is
given, the corrasponding alqgorithm will always be used. if
two or three are given, the optimizer will select the best

alqorithm,

Buffer space 1is allocated hefore each T/0 operation, then
released afterwards. This means that main memory space 1is

not permanently dedicated to buffers for the file.

The charactar R means Pesident buffers. Buffers are
permanently allocated, and do take main memory space. Most

operating systems use this approach.

The character W m2ans Working set buffers. A buffer
will be in main memory unless "swapped out", or deallocated,
in favor of the buffer for a more recently or frequently

used file.

Buffer Number: qgroup FILR®, entry File Name, attribute
BN. The maximum number of buffers (each of size given by
the Buffer Size attribute) allocated for this file. This
number is iqnored if a bhuffer management algorithm of
Allocate always is in use. There is no reason to specify

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

S —— —
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modeled.

Site: jroup fil-, entry File Name, attribute FS'T
mhis is interpreted in the same way as attribute MSIT ror
program modulas, A value of 0 means the optimuw site
assiqnment is to be found; 1, the file will be at the host

CPU; 2, the fila will be at the sarellite CPU.
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3.2 Hardware-Software Trad=2cffs

The hardware-software tradeoffs examined by SATMODEL
have to do with the implementation of display operations.
The applications file includes a description of all display
operations used by the application, and some basic
information associated with the operations. If the systenm
designer 1is not intera2sted in examining hardware-software
trad2offs, most of the information described here need not
be given. Some, however, 1is needad if a flicker-free
display capacity is specified. All information need2d for

this purpos= is so indicated.

The display operation set has one entry per display
operation. Each operation being considered for the
hardvarae-software tradeoff would be includad. Also, 1if
flicker-free display capacity 1is of interest, a basic
display operation such as "draw picture primitives" miqght be
defined, althougqh this could be 1inst=2ad represented as
separate operations for each of the vprimitives such as

points, lines, and text.

The order in which the hardware-software tradeoffs are
considered 1is the ordar 1in which the display operations
occur in this group. Since FFRD inserts only at the end of
groups, changing the ordar requires Aeletion and re-entry of

the data.
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gperation Name: group DOS, entry Operation Name. The |
name 1is a string of up to 80 characters. The name must
match a name in the instruction set list of each kemote [DPU
in the hardware file, Three attributes are qiven with each

entry in the DOS.

qroup DNS, entry Operation Name,

It
1=
.

Paramet-r Leng
sttribute OPL. This 1is th=2 avearaqge number of bytes of
informaticn requirad by the display operation each time it
is invoked. For instance, a simple draw instruction in a 2-
I' DPU would need 2 bytes for an x coordinate, and 2 bytles

for y. A rotate instruction requires a rotation matrix plus

all the coordinates which will be rotatad. A draw toxt

. instructici requires one byt> par character.

If the application proqram module which invokes the
display operation 1is axecutingy on the host, this is the

number of bytes which will b» saent to the satellite to cause

#; the operation to ba parformed.

§ Site: qroup DOS, entry Operation Name, attribute OSIT.
S This attribute's wvalue 1is <currently iqnored by SATMODEL,
-

R

i_ having been included for future 2xpansions, a value must be

R T T T

§ spacifiad. The implementation of a display operation, be it
@ in hardares nr software, is forced to be at the satellite.
8 The leqal values of the attribute are 0, 1, or 2. Their
' interpretatinns are the same as for module and file site
r
attributes.
1
1
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3 Memory Management: group DOS, entry Operation Name,
¥ attribute OMEM, This attribute's value 1is iqnored by
SATMODEL, but a value must be spacified. The proqram module

usad to implement ¢the display operationr is assumed to be

permanently resident in main memory. The attribute value
must be a character strinqg of lenqth 1 to 3 containing no
more than one occurence of each of the letters R, A, and W.
The character's interpretations are the same as for module 1

memOry management. 1

Display Op2rations: group MOD, entry Module Name, Group |
DO. Within each Module Name entry, there is also a qroup of
Display Operations. One purpose of this group is tc allow

'; the optimizer to account for the deqradation of satellite

CP!l performance caused by asynchronous user interactions.
For instance, in a 3=-D drawing application, *he user might
have a joystick to control the viewing angle. Moving the
joystick causes the obiject displayead on the screen to
rotate, whether nr not other processing is occurring on the

|

|

satellite. Tf other processing is inde21 taking place, we !
|

|

|

Eg assume that it has lower priority than the computations

t ? required to effect the rotation. The question of hardware- 3
;* software tradeoffs comes in here: if the rotation is carried
: ; out in hardware, there will be 1less CPU performance
“ deqradation than if software rotation 1is necessary. Some
¥ applications ®migqht not require or allow this sort of
i concurrency, in which case tha qroup of display operations
wvould not be used in this way. The display operation qgroup
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is also usei to account for CpPU performance deqradation
caused by performing some display operations in CPU softwere

rather than in 0LPU hardware, as pa.t ot the reqular refresh
process. Performing subpicture calls with CPU aid is an

cxample.

Another purpose of the display operations is to
directly account for the effect c¢f hardvare-softwcre
trad2o0ffs on respons=s time, to. all display operations
which might be implemanted in «ither hardvare ot software
and which tav wmodule directly calis, the designer specifiecs

how many times such operations are called.

Operation Name: group MOD, entry Module Yame, group DO,
entry Operation Name, This 1is the character-string name
(maximum length R0) of the display operaticn. The name must
match a oname in the Display Operation Set group, described

above., This entry has just one attribute:

Operation Count : aroup MOD, entry Module Name, group
DO, entry Operation Name, attribute DOC. This count is the
sum of three quintities. The first is the number of times
this display operation 1is invoked asynchronously by user
actions each time the module 1is active; ¢the second, the
number ot times this iisplay operation 1is 1invoked
asynchronously 1s part of the DPU refresh cycle each time

the module 1is active; the thiri, the number of times this

display operation is directly callzd by th2 wmolule, each

time the modules is active,
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3.3 Selective Specifications

3.3.1 Flicker-free Display Raquirements

The application desiqner can describe how complex the
pictures to be drawn are, and how fast the refresh rate must
be. SATMOD®L then discards those DPUs which are too slowv to
display the pictures flicker=-free. The description is of
individual pictures. Th2 designer should describe the

largest pictures, since they take the longest to display.

For purposes nf conceptualization, each picture 1is
described as a series of subpictures, each with one or more
occurences. Of course a picture may contain Jjust one

occurrence of one subpicture.

Flicker Tolerance: group RFQ, attribute FL. This s
the mwminimum refresh rate, in frames per second, needed to
draw a flicker=-free pictur? with the phosphor selected for

‘he application.

Display Usage: qroup REQ, qroup DU. This is a qgroup of
pictures, Each picture has a name, Aand one oOr more

subpictures,

Picture Name: group PFQ, group DU, entry Picture Name.

A string of up to 8 characters.

Subpicture Name: qroup REQ, gqroup DU, entry Picture

Name, entry Subpicture Name. P string of wup to 80
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characters

Multiolicity: qgroup &®0, grouvo DU, entry Picture Naune,
aptry Subpicture Name, at+tributz SHMUL. The number of times

this subpictuare occurs in the picture beinqg dascribed

Gperations: gqroup F?9Y, qroup DU, entry Picture Naue

entry Suboicture Name, group POP. The {isplay operativu:

used by the subpicture being described.

1-cn Name:s qroup REQ, gqroup D11, entry Picq

Ope

[

Name, entiy Subpicture Name, group POP®, entry Operat
Mame. The name must also occur in the instruction e

descriptiorn for each DPU in the hardware file.

Multiplicity: group RFQ, qroup DU, entry Picture Naue,
antry Subpicture NAme, qroup POP, attribute POM. The number
cf times +the operation occurs in the subpictures beiug

described.

The time taken to draw a particular victure 1s the suan
cf the times taken *o draw each instance ot each subpicture.
The waximum +ime to draw any of *the picutures is compared to

the refresh rate +o deternine whether the DPU is acceptable.

The time taken to draw a subpicture 15 the sum of the
times neadel! <o eaxacuta aach invocation ot each display
operatior. These times are taken from the hardware file.
‘f a display ov3ration has two implementations (hardware and

software), the lesser of the two times is used here.
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3.3.2 General Selective Spacification

AT T

FPach hardware subsysta2m (Data Link, Femote Fast Store,
Remote Bulk Store, Satellite CPU, DPU) in the hardware file
can have an associated set of supplemental characteristics,
for use 1in selective specification. These characteristics
might be resolution and spot size for the DPU, error rate

for the Data Link, etc.

This optional section of th2 application fila is used
to give the minimum acc=2ptaple values for each such
supplemantal characteristic. A subsystem whose value is
qreater ¢than or equal to the mimimum will be accepted and
considered in the optimization process; else, it is rejected
and not considered further. Also, if the supplemental
characteris*ic is missing from a subsystem's description,

the subsytem is discarded.

Since the acceptance test is ‘'"qreater ¢than or equal
to", supplemental attributes like spot siz2 (where a smaller
value is better than a larger value) must be specified as an
inverse, i.2., 1/inches rather thanr inches. Also, non-

numeric attributes such as half-duplex and full-duplex must

T g r—r

be numerically codad 1in order of increasing preference,

i.ee, 1 = half=1iuplex, 2 = full-duplex.

b S 4

Selective specification can be done only with

supplemental characteristics of ¢the subsystems in the

hardware file. Thus if only data links with spead qgreater
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than same mimimum are to be considered, th= speed must be
duplicated as a supplemental characteristic, even though it

also appears as a data link attribute.

The groups DLS, RFSS, EBSS, CPUS, and DPUS are used to
qive the supplemental characteristics names (as an entry)

and minimum value (as an attribute under the name).
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3.4 User characteristics

Two user characteristics are of importance: the average
think ¢time (time between interactions) and the probability
distribution of initial program module activation caused by
user interactions., These characteristics must be included

in the application proqram description.

Userthink Time: group USER, attribute UTT. The user

think time, in seconds.

User Modula EReferences: group USFF, group UMR., A 1list
of all program modules which might be directly activated by
a user action. These are the modules which actually wait
for a wuser action (pen hit, character string input, etc.)

In many applications, there is only one such module.

Referenced Module Name: groap USER, qroup UMR, entry

Referenced Module Name. The name of such a module. The

name must match that of application program module.

Probability: aroup USEF, gqroup UMP, attribute UPP. The
probability that this module is the first module activated
by a user acticn. The ©probabilities for all modules in

qroup UMF must sum to 1.0.

Parameter Length_: group USEF, qroup UMR, attribute
JPL. The numbar of bytes and information passed by the
system software to th2 awmodula. Tf the module is host-

resident then this is the lenqth of the message Sent accross

i b s e o
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the data link to the module.
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3.5 Pxample
Fiqure 3.2 is a block diagqram of the modules and files used
to model the application program of figure 3.1.
Fiqure 3.3 is the listing of an application file for the
program shown in fiqure 3.2. It is designed for a basic
optimization, without regqgard for selective specification or
hardware-software tradeoffs.
Fiqure 3.4 is a copy of the application file in figure 3.3
vhich has been modified to study hardware-software tradeoffs
and to use selective specifications. It has been agmented
{in places marked by an **') to allow hardware-software
trad20ffs for subpicture subroutine jumps, rotation, and
basic operations. It also provides information for
selective specifications on "'the basis of flicker-free
display capacity and the supplemented characteristics for
each of the subsystems. The files shown in fiqures 3.3 and

3.4 are compatible with the hardware file shown in fiqure

2.1,

e ———————————
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Figure 3.2 The Modules and Files of an Application Program
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application file(af)
display operation sct(dos)
requirements(req)
flicker tolerance(fl)= 0.0060000
display usage(du)
data link specifications(dls)
remote fast storc specifications(rfss)
rotiote bullc store specifications(riss)
chu specifications(cpus)
dpu specifications(dpus)
modules (inod)
syntax
sizelnisiz)= 10240
instructions(mins)= 100.000000
memory wanagement (v en) =w
site(msit)= 0
user return parameter lenqth.(rpl)= 0
user return probability(rpr)= 0.,08C000
file references(fr)
appdb
rcads(ra)= 0.200000
¢ writes(wa)= 0.200000
pith
reads(ra)= 0. '0GG00
writes(via)= 0.560000
transfers(tr)
lexgp
probability(pr)= 0. 50000
parareter length(pl)= 250
semanti x
probability(pr)= 0.200000
A parameter length(pl)s= 2000
. lexapp
. probability(pr)=  0.450000
parameter Tength(pl)= 250
display operations(do)
lexgp
size(msiz)= 100U
instructions(mins)= 100.006000
remory managenent (imen) =w
A site(msit)= 2
- user return parameter length(rpl)= 10
b ! user return probability(rpr)= 0.500000
. file references(fr)
corthl
reads(ra)= 0.506000
2 writes(wa)s= 0.100000

-w
e O L
-

Figure 3.3 A Basic Application File




transfers(tr)
sukintix
probability(pr)= 0.CL0000
parancter length(pl)= 250
syntax
probability(pr)= 0.100uu0
parancter length(pl)= 250
lexapp
probabllity(pr)= 0. 260000
pcrameter length(pl)= 100
dpuconmp
probability(pr)= 0.100C090
parameter lonzth(pl)= 50
xforingp
probability(pr)= 0.050000
paraseter length(pl)= 500
display operations(do)
<foringp
size(risiz)= 50720
instructions(uins)= 3060.0000C0
menory managerent(ren:) =w
site(nsit)= 2
' user roturn paramcter lensth(rpl)= 0
¢ user roturn probability(rpr)= €.000006
file references(fr)
tronsfers(ir)
lexdapp
probability(pr)= 0.1u0006G
paraneter lengthi(pl)= 50
lexep
probability(pr)= 0.100000
paraneter length(pl)= 50
] dpucomp
probakility(pr)= 0.35000C0
: parameter length(pl)= 100
s traverse
probability(pr)= 0. 00000
paraneter length(pl)= 500
display operations(dc)
dpucony
size(msiz)= 13432
instructions(icins)=  300,.C0G000O
menory aanagement (oo ) =
site(msit)= 2
user return parancter lengsth(ryl)= N
uscr return probability(rpr)= 0.0600C0
file rofercnces(fr)
coribl
roads(ra)= 1.5C00000
writes(wa)= 2.500000
Figure 3.3 (continued)
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transfers(tr)
lexapp
probability(pr)= 0.300000
parameter length(pl)= 1C0
lexgp
probability(pr)= 0.400000
parareter length(pl)= 100
xformgp
probability(pr)= 0.300000
perameter length(pl)= 100
display operations(do)
t raverse
size(insiz)= 5120
instructions(mins)= 300.000000
merory ranagement (irmerns) vy
site(msit)= 0
user return parameter length(rpl)= 0
user return probability(rpr)= 0.0Gd00c
file references(fr)
picdb
reads(ra)=  10,000000
writes(wa)= 0.C10rC0
transfers(cr)
xforigp
probability(pr)= 1.000G00
‘ parameter length(pl)= 50
4 display operations(do)
. lexapp
size(insiz)= 512C ‘
instructions(nins)=  50.000000
merory managerent (nvoer ) sw
site(iasit)= 0 j
user rcturn paranetcer length(rpl)= ] |
user return probabiliiy(rpr)= 0.006600 i
file reforences(fr)
transfers(tr)
5 scmantix
probability(pr)= 0.20000C
pcrameter lengcth(pl)s= 50
syntax
probahility(pr)= 0.2000900
parareter Tengsth(pl)= 50
lexisp
probability(pr)= N0.460000
: perareter lengsti(pl)= 140
Jdiuconp
probability(pr)= 0. V00O
parareter lensth(pl)= 10
xformgp
probability(pr)= 0.100000
parancter lenst!(pl)= 20
Jisplay operations(do)

Figure 3.3 (continued)
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seantia
sleelasiz)= 51200
instructions(izins)=  500.000000
menory anagerent(iver )=y
siteCsit)= 0
uscr return poraneter lencth(rpl)= N
ucer roeturn probability(rer)= 0.000000
file refercences(fr)
appdb
rcads(ra)s= 0 DGGUG
writes(va)= G. £0000
picdb
recacs(ra)= 0.4CG5000
writes(we)= 0 QLUOOr
transfers(ir)
syntax
probability(pr)= 0.750000
parancter leasth(pl)= 2C0
lexep
probabilicy(pr)= . 100000
parameter length(pl)= 5C
i lexapp
| probability(pr)= 0.150000
parameter lens;thi(pl)= 5C
display operations(do)
filas(file)

¢ appch

' huffer size(bs)= 5120
nuter of buffers(bn)= 1
cotal size(tu)= 1C24G0

access(acc)=r
buffer runagonent(bi-)=a
thC( .:IL)' g
picdb
! huffer size(hs)= 51¢C
E nunber of huffers(hi)=
£, total size(ty)= 512006
* access{ace)=r
b & vuffer managenent(bi) =w
: site(fsit)= 2
corthl
suffer size(bs)= 120
nuthar of huffers(hbn)=
total .al._\_(t.z)" o400
access(acc)=r
huffer i unive.cnt(u») = ,
sicte(fsit)= Z ‘
uscrluscr)
user think tiae(uit)= 5.700000
user rodule references(uior)
lexap
probability(upr)= 1.606C00
paraeter TengthCopl)s= o0
Figure 3.3 (continued)
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application file(af)
modules(od)
syntax
size(insiz)= 16240

instructions(mins)= 100.000000

merory management(men) =y
site(insit)= il

uscer return parameter length(rpl)= 0

user rcturn probability(rpr)=

file references(fr)
appdb
reacs(rea)=
writes(wa)=
picdb
reads(ra)=
writes(wa)=
transfers(tr)
lexsp
probability(pr)=
parameter length(pl)=
seranti x
probability(pr)=
paraaeter lensth(pl)=
lexapp
probability(pr)=
parameter length(pl)=
display operations(do)
lexsp
size(msiz)= 1C00

£.200000
0.206C00

0. G000
0. £00000

0.0G0000

0. 50000

250

0.200000

2000

0.453000

250

instructions(mins)= 160.C00000

merory managerent (nrem) =w
site(msit)= 2

user return parameter lensth(rpl)= )

user return probability(rpr)=

file references(fr)
cortil
rcads(ra)=
writes(wa)=
transfers(tr)
serauntix
probability(pr)=
poraneter lensth(pl)=
syntax
probability(pr)= 0
parareter length(pl)=
lexapp
probability(pr)= ]
paraeter length(pl)=
dpucorip
probability(pr)= 0
parameter length(pl)=
xformgp
probability(pr)= ]
paramcter length(pl)=
display operations(do)

Figure 3.4 An Application File with

0.50060060
0.10C000

0.500000

0.050000

250

.100C00

250

200000
1C0

30000
50

.050000

500

Hardware-Software Tradeoffs
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xformgp 60
¢ size(insiz)= 30720
e instructions(mins)= 300,000000
& menory managenent (i ern) sw
¥ site(msit)= 2
\ user return parameter length(rpl)= n
user return probability(rpr)= 0.000000
file references(fr)
transfers(tr)
lexapp
probability(pr)= 0.1060000
paraneter leigsth(pl)= 50
lexgp
probability(pr)= 0.100000
paraneter lenpth(pl)= 5C
dpuconp 1
probabiility(pr)= 0.200000
parareter lensth(pl)= 106 3
traoverse j
probability(pr)= 0.500000
parameter lensth(pl)= 500 L
Jdisplay operations(de)
dpucop
size(siz)= 16632
instructions(mins)= 300.00C000
namory managerent(iaiem) =y I
site(msit)= 2
‘ ustr return parareter lengsth(rpl)= 0
v user return probasility(rpr)= £.06003C
? File references(fr)
corthl
reads(ra)= 1.5u50000
writes(v.a)= 2.500000
cransfers(tr)
1¢xapp
probability(pr)= 0. *2C300
paraneter lensth(pl)= 169
lexep
' probability(pr)= 0.4GG000
N parameter lencsth(pl)= 160
£ xformap
H probability(pr)=  0.3006000
. parancter length(pl)= 100
2 display operations(do)
5 * P fap?
; fotation
3 * ojeration count(dog)= 3
2 traverse
- size(rsiz)= B120
A instructions(mins)= 30C.60G000
® qerory ianazerent(Goeent) sy
site(insit)= 2
® user return parameicr length(repl)= o

user roturn probability(rpr)= 0.0G0o0L0n
file roferences(fr)
gpicdb
reads(ra)=  106.000006
writes(uin)= 0,C100600

b o

t Figure 3.4 (continued)
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riles(vile)
«.)PP\JL’
buffor size(hs)s= 5120
nuber of buffers(bn)= 1
tetal size(ts)=  1u2Lu0
access(acc)=r
buffor wnareent(hi)=a
site(feil)= 1
picdh
bhuffer size(hs)= 5126
nurher of buffers(bin)= 1
tetal sice(ts)= 51200
access(ace)=r
buffer -vinagerent(ba)=w
site(fsit)= 2
cortbl
buffer size(bs)= 5120
number of buffers(bn)= 1
total size(ts)= 20450
access(acc)=r
buffer runagerment(b) =y ;
site(fsit)= 2
display operation sct(dos)
rocation 3
paraneter length(opl)= 1 i
site(osit)= 2
menory ranagenent(omen) =r
hardwarc-sof twarce opcion(ho)=hs
Sasic Jperation set
paraneter loeiutth(opl)= 1
site(osit)= 2
enory canagerent(oici)=r
hardware=software option(ho)=hs
subroutine Jurp
paraveter lengthi(opl)= 1
site(osit)= 2
erory managerent(oien) =r
lardvare-sof tware option(ho)=hs
A user(user)
user think tine(utt)= 5.700000
user iciule references(urr)
lexop
probatilityCupr)= 1.0660000
» paraoter lonpth(upl)= ¢C
requircents(reu)
flicker tolerance(fl)= n.C30000
cdisplay usase(du)
Povier Nolifier
Traensiscor
rultiplicity(s al)= 2
crerations(pop)
Lasic Operation Sot
multiplicity(por)= 120.000000
sulroutine Ju
pultiplicity(por)= 15.000700

R ol f e
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1 Figure 3.4 (continued)
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3
& transfers(tr)
% xforepn
E % probability(pr)= 1.0CC000
paraneter length(pl)= 50
display operations(do)
lexapp
size(isiz)= 5120
instructions(ains)=  50.,C00000
emory wnageient (nrmer ) =y
site(msit)= 1
user return paraneter leogth(rpl)= 0
user rcturn probabilityl(rpr)= 0.000000
file rcferences(fr)
transfers(tr)
senmantix
prehability(pr)= 0.2G0000
narameter length(pl)= 50
synt")X ;
probability(pr)= 0.200G00
puraveter lensth(pl)= 50
lexgn
probability(pr)= 0.400000
: paraneter length(pl)= 10
dpucaap
‘ probability(pr)= 0.100060
‘ paraneter lenpihi(pl)= 10
¥ xforgp
probability(pr)= 0.100000
parameter lengad (pl)= 20
display operations(do)
sChiantix
size(iwiz)= 41200
instructions(nins)= 590G, C00GOOC
merory nanagerent(mmer) =w
site(isit)= 1
' user return paraveter lensth(rpl)= 0
x uscr rcturn probability(rpr)= 0.060G00
By file references(fr)
i~ anpelo
: reads(ra) = C. TGGOO
';{5 vrites(va)= 0. 00000
o picdb
‘ ; r::uds(rn)= 0.L00000
o writes(va)= 0.206000
H transfers(tr)
- syntax
& probability(pr)= 0.750000
& parancter length(pl)= 200
§ lexzp
ﬁ probaLility(pr)= €.106000
i parawter lensth(pl)s= 50
; lexapp
probability(pr)= 0.150060
: parameter lengtl(pl)= 50

display orerations(do)

J
|

Figure 3.4 (continued)
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nosistor
multiplicity(siwl)=
operations(pop)
Basic Jdperation Set

Subroutine Jump
multiplicity(pon)=
Rotation
multiplicity(pom)=
Capacitor
multiplicity(siul)=
operations(poep)
sacgic Jperation et
multiplicity(pon)=
subroutine Jump
multinlicity(pom)=
Rotation
aaltiplicivy(por)=
Transforrer
qultiplicity(siwl)=
oierations(pop)
Casic Jperation Set
multiplicity(pon)=
subroutine Juap
multiplicity(pom)=
siode
aultiplicity(sawl)=
operations(pop)
Dasic Operation Set
aultiplicicy(pom)=
Subroutine Jup
ultiplicity(pom)=
Jctacion
multiplicity(pon)=
reoote fast store specifications(riss)

Fok ok ok F % % Kk O Ok Ok Ok %k % B Ok % ok H % % % % % % % % OF F * ¥ * * *

. Cycle Tiic

9 value(val)= 10Cu
raote bulk stere sjpecifications(rbss

* e

olZ€

* value(val)= -2(C00C0
cou specifications(cpus)

* Access Timc

* valuc(val)= 10U
Jpu specifications(dus)

* resolution

* value(val)= L

* colors

* valuc(vel)= b
data link specifications(dls)

® Distance

* value(val)= i

Figure 3.4 (continued)

multiplicity(poir)= 1¢0.000000

1c.G0GCO0
1,00000C

4C.0006C0
1¢.000000

1.000000

1£.500000

1.0C00G0

7C.00NCO0
10. 000600

5.000000
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CHAPTER U4: OPTIMIZATICN

The optimization process has four major inputs:

- a hardware file, describing the host computer and the
subsystens' price and performance

- an arplication file, describing the interactive
graphics application program for which the satellite is
being designed

- the maximum allowanle cost of the satellite system

- the number of interactive display consoles connected

to the satellite computer.

The optimization output qoes to a file, and is a description
of +he satellite system hardware and the software divisions
of labor which provides the fastast response time and costs
no more than the specifiad maximum number of deollars. Since
response time is increased by selecting faster, more
expensive subsystems, ¢the optimum satellite system in cost
will be close to the maximum cost. Since we will deal with
a fairly small number of subsystems, with discrete costs, it
would be unusual for the satellita's cost to exactly equal

the maximum cost.

The input and output tiles and other optimization
parameters AaAre cpacifiad to tha CPT mode of SATMODEL. The
optimization occurs in several steps: amalgamating the

hardware and application program descriptions, and then

e it ada
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l searching for the optimum 3ysteam.
b &
] The two files are first read and validated. Subsystems
not meeting the selective specifications are discarded. If
a flicker rate limitation is specified in the application
file, ther DPU's which cannot meet the requirement are
discarded. Then the DPU's are paired with compatible CPU's
chosen from ¢t+he hardware file. At this point the entire
input data is checked for completeness and consistency.
Finally, the actual optimization is performed.
X
;g
E .
2
-
(f' »
.‘5
2
]
-
®
E 3
{2

LR -




66

4.1 General Use

Within this general optimization framevork, t he

optimizer can be used in several ways.

Division_of labor Only

A hardware file, containing only one cf each subsysten,
is creatad. The subsystems are those of the satellite
graphics system for which an optimum division of 1labor i=-

desired. The application fila describes the appropri:t:

application. The SITE attribute for the modules and files
vhich can be resident at either the host or satellite is set
to 0. For all others, the SITP attribute is set to
represent the permanent assignment. The maximum cost is set
to any value qreater than or aqual to the sum of the

individual subsystems' costs.

Optimum_Satellite System Only

A full hardvare file is used, wWwith several different
entries for each type of subi;stem. In the applications
file, all SITP attributes ara set to one or two, giving a
fixed division nof labor. Memory management attributes wvould
also be assigned a single valua, 30 they don't enter {intn»
the optimization process aeither. Since any division of
labor implies minimum memory requirements at the satellite,
some satellite main and bulk memory subsystems may not he

considered in the optimization,
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The desired maximum cost is given, as usual.

Curves for cost versus minimum response time, such as
those in The Second Annual Rgport, are very useful in
finding when the returns cn increased investment begin to
decrease, or to find the <cost of attaining a specified
response time, Data points on the curve are found by making
multiple optimization runs changing only the maximum cost
between runs. One should start with a maximum cost equal 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=priczd subsystems. From S to 10 intermediate costs

are gqenerally sufficient to give a reasonably useful curve.

, | —=
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4.2 Optimization Speed

With th2 TUCC IBM 370/165, © <o 10 minutes of CPU tiume
wvere needed to do a hardwar=2 optimization with about 4 or 5
different choices of each of the four subsysteams and no more
than 20 unassiqned wmodules or tiles 1in the application
dascription. We cannot directly relate ¢this timwe ¢to an
cquivalent nuaber of GP645S minutes. However, since MULTICS
is a multi-user, interactive syst &, as much as 20 or 30
actual minutc¢s may be needed to . itain 1 minute of CPU tiue.
Assuming a | to 1 speed ratio, ihe 10 minutes of CPU d{time
could require as much as fiv: hours of elapsed time. We
thus suggest overnight "batch" runs for optimization of tiis

scope. Some smaller optimization will doubtless be feasible

to do interactively.

If the number of consoles at the satellite is more than
one, optimization times are greater than in the single-user
case, since a na2twork of queues is solved using an iterative
alqoritha, KQA. Thus multi-console systems should be
analyzed sparingly, and with as few subsystem choices and
unbound modul=s and files as possible, The wmaxiamum

allowable number of consoles is about five.




