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ABSTRACT hardware and human performance in the context of a
single model. This a f fords the sys t e m eng ineer tI~

SAINT, Systems Analysis of Integrated Networks of opportunity to anaivze system - f f o c t i v~ n~ ss and
Tas ks , is a nctwor k modeling and simulation tech— isolate  and h o p e fu l l y  qilanti iv tli ~ retat ho
niquo designed to assist in the desip,n and ~naiys is butions of man and i~achine. ‘l iv- S M N r  conce pts and

terminology for per:orming suc h eir~ulat1on analysesof comp lex mon—mach ine systems . SAiNT provides the art, described herein.
conceptual framework for representing systems that
consist of discrete task elements , continuous s ta te  SAINT CONCEPTS
variables , and Interactions between them. It facil—
itates the assessment of the contribution system A graphica l—network approach to modeling is taken ,
components make to overall system performance, whereby a user of SAINT describes the system to be

analyzed via a network model ~nd aux iliary descrip-
INTRODUCTION tions (e.g., equipment and operator pcrformar.ce

parameters). The SAINT computer simulat ion program
SAINT is a computer simulation tool for modeling accepts a description of the ~etvork to be simulated
and analyzing man—machine systems. SAINT consists and automatically performs an analv~ Is to obtain
of a synibo~ set for modeling systems and a computer statistical estimates of system peiformanc.e.
program for analyzing ouch models . While SAINT was
desi gned for modelinN manned systems in which human A SAINT model contains two basic components. The
performance is a major con cern , I t is potentially discrete task—oriented component of the nodel i~ a
app licable to a broad class of problems——those in network consisting of nodes, branch es , resources,
which discre te and continuous elements are to be and information. The continuous state variable
portrayed and the behavior exhibits time varying component is comprised of the math ematical descri p-
properties. SAINT provides a mechanism for describ— tions of variables whose values change cnntin” usl~
ing these dynamics so analyses can be performed . over time. In addition , SA iNT provides concepts

for modeling interactions between the discrete task—
SAINT evolved from two separate technologies. Task oriented and continuous state va r iab le  components.
analysis and the Monte Carlo simulation of operator
porformaocc under workload stress as represented by Discrete Task--Oriented Model Component
Siegel and EoI ((1), wero the o rig i n  for the human 

—_______

fac tors development. Many of the features eventu— The d iscrete task—oriented component of the SAINT
ally incorporated into SAINT e~ rt ident i f ied  as mode] is prepared in netwo rk form. The network
requirements based upon c’xp rience in applying this consists of nodes 05(1 branches , c~s-1i c~ dc p ~t
tec hnology. The second origin of SAINT was in the a task. Tasks are described by a set of 4 ho r u-  ic’ -
GASP family of simulatIon techniques developed by istics (e.g., performance time duretion , pri orI iv ,

Pri ts ker & As~ oc I a res (e .g .  , GA.SP IV and P—GEETS , resource requirement s). Branchos c000C I. hO t’. a

(2, 3) .  Tbu ear l iest vers ion of SAl ’~T was an nodes ind ica te  rrcccde nce relations ~nd -ire usec to
incorporation of  the Siegel—Wolf model in n modi— model the sequencing ao l  looping reqtil r 00. - l i t  S

f led P--C;ERT iekat ’ e .  The subsequent evolution of the tasks. Complex precedence re lat ions have l-~ en
SA INT ado pted f~ ; r - i r e s  of GASP LV and a l lowed SAINT designed into SAI NT li, allow prei!ecc’~ 
to ls coee a f l e x i b l e , sophi e L i  r- ,i i- i t , c- no b I nod relationshi ps which are determini St IC • pi c-: c -ihi I
podel I n~ t ’,.’hn 1 g m -  who re ne t4 - c , r t -  o f  s4 - re te -  tic , and condi tion: l . ReSo urces , t ’ i t l tm ’ tur n
events could be : Ic cde l  ed -i long s i t  h the dynam ics of ope ra tc rs  or Ii~ rdwnre equipment , perform the i i  .

~ s
continuous pro m os -s .  in ac c om - clnnc,’ w it h the presc r ibed prc - . - . i onme

relations , sub-sect to resource aval l ,mlci  l i t y .

f it Is th i obli v to combine n u t - i s  of dynamics
( ,- . . , a m  c r a f t  i I - ‘ c i  S of  ma’ i c-n t w i t  Ii mod~ - l~ o I

~~~~
‘ d ,s~- r . - i  e - I i  in- c t~ .o - ~~ 54 ~ 4 4 0 5  ~~~~~~~~ . cq - r . i i c -cr l i i

~~ Lu - ’ p- - r o t  1I~- .- ~4- . , . 1 O r - S  , .nc1v ~-.I to .tcv.c r i l - b o t h

C ~‘ l tc i ~ rc- ,.c ac - c - l i  ho~ been ~uppotted by the u nited Sta tes  Air Fore~ under cent r u t  no.
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In addition to specifying predecessor—successor Frequently the task performance time is also a
requirements among t asks , the precedence relations function of the type of task , the resource or
indicate the flow of info rmation through the net— resources performing the task, the etmmt u s of the
work. Inform at ion Is organized into packets with sy s tem , or the condi t ion of the environment at the
each information packet containing attributes that time the task is executed. SAINT provides for the p
chat-ac terizc the information being processed . The specification of factors which influence task
informatim n packet can characterize items flowing performance via user—written moderator functions . - -

through time network , signals being processed by the It is presumed the modeler can describe (e.g., by
network, or any other concept related to network least squares techniques) the functional relation—
flow. When a task is completed , the i n f o r ma tion ships between a set of conditions and a performance
packet residing at the task is transmitted along parameter or attribute of interest. For example ,
each precedence branch selected. Information one mi ght hypo thesize that fatigue affects operator
attribute values can be assigned or modified at any performance such that the average task time in—
task in the network and can influence both task creases as a function of mission duration . The
performance times and task branching relations, results of laboratory studies should provide a

basis for postulating the form of this function and
Resources perform tasks either individually or in data appropriate for modeling the relationship.
groups. liach resource included In a SAINT mode] is This empirically derived relationship can then be
described by a set of attributes. These attributes imp lemen ted in SAINT as a modera tor f unct ion to
are also organized into packets, with each packet determine the possible Impact fatigue cou ld have on
charac terizing a particular resource. Examples of operator performance , and in turn , on total system
operator attributes include such things as level of performance. In addition to moderator functions ,
tr a i nin g ,  age , heigh t , etc. Machine reliability is user—written functions can be developed for
an example of an equipment attribute. Resource specifying attribute assignments. Both types of
attributes are used in conjunction with the task functions are written in FORTRAN or a FORTRAN—com—
descrip tions in order to make a general network patible language.
model resource—specific. The initial values of
these user—defined resource attributes are assigned SAINT provides for the development of dynamic and
prior to the start of the simulation. The values realistic system simulation models. Contingencies ,
may be dynamically changed at any task in the net— decision making, and emergency conditions can be
work and can be used as para meters in de termining represen ted via SAINT ’s flex ible attribute assign—
both task performance times and precedence ment and branching logic. SAINT provides two
relations, addi tional mecha ni sms fo r  model in g dy nam ic sys tem

performance .
Iu mauy i:malacu es it. may be desirable to specify The firs t of these is termed task modification.
attributes which are net directly applicable to an This feature enables the user to modif y task
information—oriented or resource—oriented character— parameters as a function of ongoing system events.
ization. These attributes are global in na ture and For exa mple , consider a task which C liv re 4 uire
do no t flow thro ugh or move abo ut the ne twork as repetition due to a possibility of failure on the
information and resource packets do. These first attempt. The second tire the task is~x’rformed

attributes arc defined as system attributes , with the performance time may be significant ly smaller
one set of system attributes being associated with than the initial execution. SAINT providc- s for tim e

a SAINT model. Temperature and time remaining in a modification of the task time distribution after

mission are  exa mp les of model parame ters wh ich may the initial attempt. Other task parameters can be

be charac terized as system attributes. Just as 
modified in a similar fashion .

with information and resource attributes , system
attributes may influence the task network perfor— Clearing is the second SAINT modeling construct.
stance and flow. Both tasks and resources can be cleared dynam lcal1v .

‘Task” clearing hal ts a specified task In progr ess ,

Each task In a SAINT network has two requirements contingent on the completion of another task.
which must b~ sa t isf ied be fo re  the task can be “Resource c learing halts whatever task the
performed. First , a spec if i e d  number of predecessor specified resource is performing. Both types of
tasks must be comp l i ed before the task is released. clearing may specif y an add it ional  task to he
Second , once the task has been released , the signaled . As an examp le , consider the simulation
resources rm -qu l ted to iu-rform the task must be of an emergency condition in which all operators
availab le , (i. e., they are not busy performing muSt stop their ongoing activities to assist in the
other tasks). All tasks which have been released emergency operations. This situation is best
(all predecessor requirements have bcen satisfied) modeled in SAINT with resource clearing. The o nset
hut whose required rcsources are not available are of the unexpected event would “free—up ” (clear) the
ranked In mm queue ancordin g to their priority, operators. Concurrently, emer gency handling tasks
Task priority Tc.ly be assigned at time start of the would be Initiated . Task and resource clearing
simu lat ion 111(1 nov change dynamically as a function provide dynamic realism in man—machine simulation

of s~ sttm parameter s and contingencies. When the modeling.
r cqi i f red resources are made available due to task
c omp le t ions , t i -  t ; o . ks  in the wai t ing queue are Time symbol used to model a task in a SAINT network
starred . The t I n -  to perform a task may be spe d — is i l lus t ra ted In Figure 1. Time Input side of time
fled as a r m n t ’ n  v .irlahle defined by a probabilit Y node rof li-ets the precedence requ ircnm c-nt s for
diet r i h i t  ton. Ai~. r supp l tea  the user with eleven releasing a task. The nminita -r of requirements f r

diff erent di stributions (Normal , Gamma , Be ta , releasing a task the first tins’ is on the top (i’Rl )
We i bu l l , etr .).
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and the number of requirements for releasing a task or difference equations that govern their time—
on subsequent times Is on the bottom (i’R2). dependent behavior. The use of State variables in

SAINT is optional.
The center portion of the task symbol shown In
FIgure 1 contains all tash description information , The SAINT user writes the state variable equations
such as performance time ci’aracteristics, statIstics in a FORTRAN subroutine (subroutine STATE). State
to be col lected , and attr ibutes to be assigned. It variables represented by algebraic or difference
Is subdivided Into rows , with each row containing a equations are defined in subroutine STATE as SS ( ’ )
specific type of descriptive information about the variables. Those represented by d i f f e r ent ial
task. Further , each row is divided into two parts . equations arc written in terms of DD(.) variables.
The left—hand par t contains the task description SAINT employs a Runge—Kutta—England (RKE) numerical
code. It is used to identify the type of informa— algorIthm to integrate the equations of subroutine
tion that appears In the right—hand part of the STATlI written in terms of the DD(.) variables (2).
row, and can be any of the 17 available codes shown ‘Ihe B.KE algorithm obtains a solution to a set of
in Figure 2. By using the description code , only simultaneous first order ordinary differential
the information necessary to describe a task need equations. h i gher order differential equations can

-be shown on the task symbol. In this manner , any be modeled by placing the equations in canonical
or all of the task description codes can be form. Subroutine STATE can be used to model state
specified for a particular task. If more than the variables using a combination of DD(.) and SS(.)
four rows provided are required for a complete variables .
descript ion , the user simply adds the necessary
number of addi tional rows to the bottom of the task In SAINT, simula ted t ime is advanced in accordance
description portion of the task symbol . with the type of system being modeled. If no state

variables are Included , simulated time is advanced
The output side of the node contains the task from one task completion to the next . When state
number (TSK). In add ition , the shape of the output variables are included In time model , time is also
side indicates the branching operation to be incremented in steps between scheduled task comp le—
performed upon task completion . It specifies the tions for the purpose of updating the values of the
process to be employed in selecting the successor state variables. The step Size is a function of
tasks whose precedence requirements should be user—specified accuracy requirements.
reduced by one. The four branching types included
In SAINT are deterministic , probabili stic , Discrete and Cootinuous Component Interactions
condi tional take—first , and conditional take—all.
Their shapes are depicted in Figure 3. SAINT provides the capabilities of discrete—event

simulation via the task—ori~ ntcd network model
When deterministic branching is specified , the component. With the I ncorporation of methods for
number of requirements for all successor tasks is modeling state variables , SAINT offers those
reduced by one. For probabilistic branching, each capabili ties most often associated with analog or
branch emanating from the task has an associated continuous simulation. In addition , SAINT provides
probabili ty of selection. These probabilities may a number of concepts for modeling and simulati on
be specif ied d i rec tly or ob tained from inf orma tion , interactions between the discrete network and time
opera tor , or system attributes. Only a single continuous state variable components .
successor task is selected. For conditional take—
first branching, each branch has an associa ted The interactions between tasks and state variables
condition, and the branches are ordered . Each are initiated either by tasks being comp leted or by

P condi tion is tested in the prescribed order , and state variables crossing specified threshold ~‘almic -s.
the f i r s t branch whose condi tion is sa tI s f i e d  is Upon the comp le ti on of a task , state variabl es r mcv
selected. Conditional take—all branching operates be discretely regulated by increasing or d e e r ,
in the same man ner , hut selects all branches whose their values. ln addition , task comp let i c cmms can
conditions are satisfied . Conditions may be based change the values of logical variable-; whli-h c cci Ic,-

on task completions , s imula ted t ime , or attribute used to alter state variable equation forms or th e
values, network structure . In this manner the d iseic -t e

task—oriented component of the model af tc - c - t s the
The above discussion only included the basic task continuous state variable component.
node symbology . Addi tional symbolism is available
for task modification , task signaling as a result Threshold crossings by state variables can si c - n i l
of task or resource c l e a r i n g ,  task si gnaling or initiate tasks. Thus time values of state
resulting from a threshold cross ing, and state variables can Influence tjsk performance c h i c — t o t
variable monitors. istics and precedence relations. Threshold c r - s c -

ings can a lso change the vaIue~ of logical v-tm; . ibl , s
Continuous Sta te  Var iable Model_Component which , in turn , can be used t o  alter eq ima t i cc ims  f c ’ rs s

or c hange task precedence.
The second component of a SAINT mod el is the s ta te
variable descr ip t ion.  W hile variables describing As an examp le of d iscrete and continuous c - -sbu-l c.-nt

t he task—or iented model component , stin t mis  resou r ce in ter ac t ions , consider a syStem in which ;c p i l o t
busy/Idle status , c hmm ngc - vs li mes at d t~~c i i t  c- poInt must keep t he a i r c r a f t  a lt  linde w ith in  sped f t c - cl

in time , s t a t - va r im ih iom ;  c-im mnge values runt inuously constraint  cm . The p ilo t ’ s In icict  a a r t -  modm ’ l.-d as
over time . The SA iNt cm -e r def 1n~ s t itc- ~~- at a te d iscrete’ tasks and ti c, - a I I c r ; c i t  dynam ic-s as

variables by w r t t i n~-. t he al gebraic , d i f f e r e n t i a l, continuous 5t~m t e  va r iab les .  When ti me a l t l t , , dc -  m t a t p
crosses t he ~ 1 I owaim It’ t hreslcc c I d vs I ,ie , t 1w 
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corresponding discrete pilot correction task is THE SAINT PROGRAM
signaled. The pilot makes the appropriate Input
and regulates Lice state variable(s) which determine Development of the SAINT simulation package has
altitude. Thus, thro ugh th is componen t int erac tion, been completed and is fully documented (4,5,6,7).
the aircraf t altitude is brought back within SAINT was developed in ANSI standard FORTRAN and ,
acceptable limc;t ts . consequently, is machine—independent. The user ,

however , must supply his own system—specific random
STATISTICAL OUTI’ljT number generator. Time task network data is punched

on cards in free—form. SAINT includes an extensive
Once the model has been built , the modeler can Input error—checking fea ture to ass ist users in
Impose a data co llection structure to obtain debugging their models. For production runs , users
Information about his description of the system as can select a more efficient nonerror—checking
it Is exercised. A variety of data can be obtained; version of SAINT.
these fall into three major categories . The first
type of output Is a statistical description of the SAINT APPLICATIONS
execution of specific nodes or collections of nodes.
Table I provides some Insight into the variety of SAINT has been used to analyze a wide variety of
possible measures one can create using the built—in man—machine systems. The following is a list of
features of SAINT. Since users can create their some of the organizations which have applied SAINT.
own functions for updating attributes and for They have developed SAiNT models in order to:
moderating network parameters , it has been necessaty
to allow the user to collect his own statist ics on S Aerospace Medical Research Laboratory
those parts of the model which cannot be predefined
beeause the user creates them himself. SAINT — Evaluate alternative system configurations In a
supplies sta tis tical  subrou tines for  collecting mul tlopera tor Remotely P ilot ed Veh icle/Drone
data on user—supp lied parts of the model. Tabular Control Facility (RPV/DCF) in which operators
summaries of the computed descriptive statistics monitor and control the flight of RPV’ s t hrough
can then be generated to portray the results of a the use of visual (CRT) displays (8).
single Iteration , a se t of itera ti ons , or a series
of iterated runs showing the trends induced by some — Provide flight control performance predictions
systematic variation of run conditions, for the Digital Avionics Information System

(DAIS) cockpit configuration in vhich dedicated
instr umen ts, disp lays , and subsys tem sta tus

TANLE I displays have beer. te placed wi tIm itctecmmcti veSTATISTICS CODES mul tipurpose displays and multifunction key—
board switching (9).

— 
— Analyze design proposals in a B—52 strategic

What 
________ 

When 
__________ _________ 

navi ga t ion syst em Inv o lving comp lex crew
activities and task management (10).

Release Star t Comp letion Clearing

— Demonstrate a psychological model of the
First FIR REL FIR STA FIR CON FIR CLE theoretical stages of a choice reaction time

task (11).
All ALL REL ALL STA ALL CON ALL CLE

• Air Force Human Resources Laboratory
Between BET REL BET ST.~ BET COM BET CLE

— Explore the feasibi l i ty of employing computer
Number NIIM REL NUN STA NUN CON NUN CLE simulation for evaluating h uman e f f ec t s  on

nuclear syste m s  s a f e ty in a miss i le  loadin g

- operation (12).

Thc second type of output is a graphic portrayal of 
• Air Force Weapons Laboratorythe probability and cumulative density functions

tot- a distributed variable. They provide a quick 
— Examine workload sharing and nuclear radiation

look at the shape of the  data. An experienced user effec ts on pilot performance in an air—to—air
car. Store the actual values on an external device; refueling mission (13).
l a t e r , the data can be fed to a plotting package
for reproducible drawings. 

• inland Steel Corpo’-ation

The third trne of output are time traces of the 
— Investigate the effect of higher degrees of

State variables. Up to ten variables can he p lottei automation , d i f f e r e n t capac i t ies c i  pro cess
on the same grap h wi th user specif ied  scale factors limitIng opet- at lons , and alternative task
and plotting sy mmmlm ol s . Tabled va lue-s of Lice a l locat ions on the operator ’s idle’ times In a
variables may also be obtained , there again , an hot strip mill (14 1.
exper Lenc~~d pr cc~~r Lm- -c er can save t ic -sc ’ dec t i  f u r  c - - c r c
prec ise p lots , l imi t m i c e  t;thulat ,,i plot provided by
SAINT equips the its- - r L i i  q um i ck i y x c r n i  cm , - lit,-
resul ts of hit s ix t h mt Ion run .

4
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• Marshall Space Flight Center (7) Wortuman , D. it., Duket , s. fl., Mann, R. L. ,
Chubb , C. P., and Seiftmrt , D. J., A n F xample

— Evaluate alternative task sequences and human Ill mst rnt is or the Analysis
factors considerations In space shuttle mission of a SAINT Model , Aerospace Medical Research
opera tions. Laboratory, Wright—Patterson AFB , Oh io , In

preparation .
• School of Aerospace Medicine

(8) Wortisan, 11. B., Duke t, S. D., and Sei f e r t , D.J.,
— Provide crew vulnerability/survivability SAINT Simulation ~~~~~~~~~~~~~~~~~~~~~
e~ timnates of B—52 flig h t missions subjec t to Vehicle/Drone_Con trol Fa ,J~ity: Model Develop~—
nuclear radia tion exposure. ment and An~~ysimm , Aerospace Medical Research

Laboratory, Wright—Patterson AFB , Oh io , AMRL—
• U.S. Dept. of Commerce OfficeofTelecommunication cn TR—75— l18 , June 1976.

— Analyze communication frequency utIlization in (9) Kuperman , C. and Seif e r t , D. J., “Development
a rai lroad switching yard . of a Computer Simulation Model for Evaluating

DAIS Concepts,” Proceedings : Human Factors
• New Mexico State SoctetLj9th Annual MeerIn~~, Dallas , Oct 1975 , C

pp. 347—353.
— Compare theoretical human perforcnance

predictions wi th  empirically derived (10) Chubb, Gerald P. and Berisford , Kat hleen M.,
performance data (15). “Manned System Modeling : SAINT Applied to

Strategic Navi gation ,” Proceedin&s_of the
CONCLUSION Tenth Annual Simulatiott Symposium , March ln ,7.

SAINT is a combined discrete/continuous network (11) Mann , Reuben L. and Kuperman , Gilbert C.,
simulation technique based on GASP IV and P—CERT. “SAINT Model of a Choice ReactIon Time
It has the flexibility and complexity for modeling Paradigm,” Procecd~~~ s : Human Fac tors_Societi
a surprising variety of applications at virtually 19th Ann ual_Meeti~~~, Da llas , Oct 1975 , pp.
any level of detail dealt- ed. These features 336— 341.
provide the systems engineer with unique capabil—
itiemt for modeling san—machine systems. (12) A~ kreo , Wil liam B . ,  Cam pbell , Wendy Bohnett ,

S~Ifert , Deborah J., Hall, Thomas T . ,  Johnson ,
Addi tional information on the SAINT program and Robert C., Su l zen , Robert 1., FcI.5i bi~~~~~~~f a
associated documentation can be obtained by Co~~~aer_Simulation Method for Fvaluat~~ JL
contacting the authors. iluman Lf f ec t s on Ncic lear  Systencs S a f e ty ,

Air Force Human Resources laboratory , Air
REFNRENCES Force Systems Command , Brooks A i r  Force Base ,

AP1IRL—TR—76—l8, May 1976.
(1) Siegel , Arthur K. and Wolf , J. Jay, Man—

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (13) Wortman , David B., Si gal , C. Elli ot , Pritsker ,
P s~~ hosoc-ia1 Interaction , John Wiley & Sons, A. Alan B., and Sei f er t , Deborah J., New 5MNT
Inc., 1967. Conc~ pts and the sA TN - r II Simu la t ion  Pz~~~~arn ,

Section VI , Aerosp ace - Medical Researc h
(2) Pri tsker, A. A. B., The GASP IV Simulation Laboratory, Wrigh t—Patterson APE, OhI o, AMRL—

, u~~~~, John Wiley & Sons , Inc., New Yor k, T R—74— 119 , April 1975.
1974.

(14) Maltas , Kenneth L. and Buc k, James N.,
( 3 )  Prltsker , A. A. B., P— GERT User ’s Manual , “Simulation of a Large Man/Mac hine Process

Pritsker & Assoc iates , Inc ., 1974.  Gontrpl System In l Ime Steel Industry ,’
ProceedinJs: Iluncarm Factors Soc let 19th

(4) Wortman , D. B., Duke t , S. U., ltann , R. L., Annctal Moetip~~ h)all as, Oct  1975 , pp. 19 3—205 .
Chubb, C. P., and Sel fer t , D. .1 ., Sinccml :ction

n MNT Ajjser—Oriented Inst rijet ion (15) Te’ichner , Warren H., Human l’er formanee
Manual , Aerospace Medical Rescm cr el ,  laboratory ,  S immmla t  fon , Annual Report , AFOSK Contract  Nc~.
Wright—Patterso n A PR , Ohio , in preparec rlon. F44 62 0—7 6—C—0 01 3 , Sept 1976. —

(5) Wor tman , U. B., Dtmkot , s. n., Mann , R. I..,
Chubb , C. P. , and Sel fer t , 1). .1., The SA INT
Uscr ‘a Manual , Aerospace Mcdi c a l  Researc h
Laboratory, W r l g ht—i’atterson A fhL , Oh i o, in
preparation.

(6) Wortman , 0. B., Dtmket , S. 0., ih ann , R. h~.,
Chuhb , C. P., and Sc i f e r t , P. 1 ,, ~)r cc icme,iLa ~
t ion for the S\TNT Slnulo t ion cc m ~~c liSt ,
Aeu-omepac -e Ned i c -- i l Rc -s~ a re - i t  Lah cc ’r.m t c i m y  ,
Wri ght—l’ at terso il AFt,, Oh io , in paeparat ion.

5
--



INPUT TASK OUTPUT
SIDE DESCRIPTION I SIDE

I I 
-

-

PR 1 number of pred ecessor comple tions
required for first release of the task

PR 2 number of predecessor compl etions required
for subsequent release of the task

TSK task number

Figure 1. Task Symbol

LABL task label
TIME performance time characteristics
RESR resource requirements
PRTY priority
IN~ M informa tion choice mode
DIFF dif f e r ent predecessor op t ion
PREC completion precedence
ATAS attribute assignments
STCH system—speci fic character ist ics
STAT s tat is t ics
MARK mark information
MODF moderation functions
UMOD dis tr ibuti on mod i f i c a ti on
TCLR task clear ing
RCLR resource clearing
SW1T switching
REGL regulation

Figure 2. Task Description Codes

DETERI’IINISTIC ~~~~~~~~~~~~~~~~~ PROBABILISTIC

CONDITIONAL CONDITIONAl

Figure 3. Tac;k Ryanching Syncholism
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