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Georgia Institute of Technology

School of Industrial and Systems Engineering
Atlanta, Georgia 30332-0205

GEORGIA TECH ms-ﬁas (404) 894-2300

DESIGNING TOMORROW TODAY

4 August 1987

Reference: '"Automated Project Management System for Z120" (SARA)
OQur project E-24-609
Your order MDAS03-85-M-8415

Mr. Jesse Cox

Defense Systems Management College
PMSS Directorate

Ft. Belvoir, VA 22060

Dear Jesse:

We are pleased to enclose the Final Report for the SARA
system, which includes the following items:

1. The SARA User Manual on Wordstar diskette under filename
USERSARA, excluding the separate Appendix 6.5

2. The complete source code on a set of diskettes.

3. The complete executable code on a set of diskettes.

4. The Program Documentation Appendix 6.5 of the User Manual
in hardcopy form.

We believe that this Final Report is complete and will give
you an easy-to-use, easy-to-change scheduling software system that
the Defense Systems Management College will find very useful both

in teaching project management to students and in scheduling DSMC
research and development projects.

We will continue to be available informally to answer questions
and give advice, especially with regard to the repair of minor

deficiencies. We would very much like to be given the opportunity
to bid on further enhancements of SARA.

Sihcerely,

-

Donovan Young \ )
Associate Professor

An Equal Education and Employment Opportunity Instituticin A Unit of the University System of Georgia
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Briet Descripbion

SARA (Bocheduls And Resouwrce Allocation) is an interactive,

amall-computer progeam o aid a user in scheduling a small- to

i
>
n
3
]

medium-size project (up to 7% activities and 14 pesourioes
there is contention among activitiess for scarce, shared

SOLNE 2 S, Soveral of the various activities in a sofhware

development project, for example, may need to use designer labor,

programmer labor, computer access, and obher shared resources.
If the user defines the activities, their durations or duration
ramnges, their nrecedence relationships, theie resourcs
consumptions, and the availabilities of resources, then SARA can

e aim of schedu
i

help tihe wuser scheduale the project.

normally be to Find the shortest schedule among those whoss

activities are sufficiently o oul Yo kesp reasouwroce

consumptions within availability limits. BARG 1s designed To
help the user develop and enter the data and to perform the

srheduling interactively. The user makes trial changes in the

srheduls, or accepts scheduling recommendations from SORA s

Juling hewristic, and can immediately see the consequences.

Fo mwample, the user may reduces the duration of a oritical

tivity: SARA will respond by reschedualing, and the wser can
see, in detail, if thers is any reduction in the project duration

and whethar there are any resource overconsumptions caused by the

changs, including, for sxample, an overconsumption caused by

war 1 er arting of a later activity whose start time directly o

indirectly responds Lo the raduced duration.



5 simple instructions as to how to invoke

This user manual giwve

and use SARG. The menus on the interactive screens in SARA and

the srror messages provide instructions that are compld snough

50 that references to this manual should seldom be nece

Al

atter initial familiarization.



latal Wardk Breakdown and Activilbies

is oa oollection of such Lhat iFf and

witen each of the activities are completed, the project is

completsad. The first step in scheduling and essouwoce planning

using SARA is work hreakdown - defining the activities.

An activity should represent a cohesive efforik. it has a

detfinite

a definite duration, both of which are

ailther to be fi

2ol dn advance or to be fixed during scheduling.

A activity cannot be interrupbed

T
il

For nights and

waekends) whan the snbtire project is interrupted. Fir DUrposSes

of snforcing rescource constraints, an lactivity is considered to

consums each oF its at a steady rate.

sources cannot

b}

o~

e substituted Ffor one anobhs sept by altering project data.

Activities nave nrecedences, by which a activity

may ot bhegin until the ne

b period after the Finish period of

zhing pred agmor activilty.

fBotivities showld be defined so as to be as separate and

indepandent. of @2ach other as possiblie. In SORA, they die

interact with =ach other only through precedence tionships

argd by comp g For constrainegd resources. oAl

lTimitations on activities--~uninterruptibility, steady

srsump T ion

lack of resource substitution, and

ienCes--ara

jistinguish critical-path-method o

v SARA, From
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work: breakdown, wshich is donsg outside o

kdown: i+ part of an

ig bhest only For a specilfic work bhres
activity can bhe delaved, or can wuss differant resouroes, or can

wEe rssouress at oa diFFerent rate, or can allow 2 successor Lo

complete-—then the

start bafore the rest of the activity

proken into hwo or mors

activity should bhe redefined or
spource allocation +for

heduling and o

it

SAHERA perforns

achivithioms.

EHpressad

a project whos2 methods of accomplishment are ales

by the work breakdown.



.22 Constrained Resowr:

Fltiple constrained

SARAs distinction from

appropriate tool for

resouwrces have limited ava

as fast as 1F

ber completen

i overy simple

sAm e

i

WO Y

at

I+ vou look

nroject of @armning a

are precedencog LR )

preregquisites. The longes

s no more than Five o six

take a student at least

reason, of courss, 1s that

If a

then

hoees

were allowsd,

imnediately afier its

const i tuts obther activiiid

additional resource.  Wher

show an unrealistic schedu

aBffocts of resaurce consthe

Facim in

as davs,

=

time spans

longtih. If the cyoles
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presacguisites.
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lea,
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have a

handled by 20RO this is

A

CFM software packages. BaAFS 1e an

a proajsct in which ong or more

w0 thalt the project cannot

infinite resources availilable.

wWwill show how resource constraints

talog while plamnning the

sach Course 1

A5

reduilres

COLP GBS Why, than, o

lang.

o oparn The

2 degree?

is conshtrainod

time

student g

thea A

of mo more than fifteen credit

..... could bhe taken

BV EY

Fart-time work couwid

and money could constitute an

noan-resource OFM methods would

SAaRA would show the delaying

aints.

has availabhility

reprasenting

or months, of ariitrary constant

length af one period, the



availability constraints are those for a Fully "renewabie

rasource:; 1f the cycle length is so long that there can only be

one cvole in the entire project, the availability constraint is

that For a "nonesnewable! resource. Mere can be a different

avalilability in sach ovoles for ample, 1f a cycle represented a

El=-shift wesk for a resource coded "FREY and named “praogemes’,
the user could spescify how many programmers could be used during
each week ssparately.

Different limitations on what is, in She real world, he

FAINS resource can be exoreossed as saparate SARA o

mple, another resource with 2 oode different feom PRE could be

used to express a shift-by-shift limilt on programmers.. In one
L hY

o o o YT G R

rammers avaliable, but no or

T alw iy

mer weel . Two SARA roeasourcRs  wWer s

i F

g work more than

et in one gasve s limit of programmer-shifts per one-snift

e le, and the other gave a limit of programmar-r-shifts per

Sl=shift oyole.

Fesouross are

activities, and in anv ove

cont iguous periods the total comsuamption of a particular

fresrrce s bhe sum of the consumptions by cach of Lhe activiti

That consuns that particular resoorce and are ongoing durino all

o part of the oyole. This summad consumpbion is what

5oy sumnt i

compares wWwith availability to determine the excosd

of sach resouwros For e

ch ovole. I+ a

i Lo

o resources oot Lo

T =i



nexe Ly bhe amount of

are data

hility seqman

amEnt s a numbear paird Art

resourcg avallable per cvols. Each

in which the

imteger giving the serial number of the first o

numipes gilving the

avalilability is a certain amount, and a ve

anc the

iods represent

amount. For esxample, i¥

Lv smegments

then the availlat

for PRG is one

[ s s -
nmer sl s (l.2. man-da Ve Ot

DE progre

wou ol soeo

ailaple per shith Fforr the First 21

nrogranmear 2fFrort ares

Again Ffor the

21 oswmhifts, then

zhifits, than none For

amp Le, LF the cvyois

i anobther e

aulent sh i F

dEmrd &

inct Feom VYPRGTY 1w 2

aureoe ooode di

length For "peg® (a

cpmer b

shifts, the availabiiity

Al-whidt ovols, only

beginming with tha fies

woouwlad specify bh

HH

progranmer -shifis are availlable per 21-shift oveles.  The

sovrces UFREGT and Yprg’ oand giving them

et

ofF detrining SARA

These avallabilities is that SARO woulc show resaoaroe

more than

infFeasibility For "FREGY DF a schedals propo

any one time (or any orogrammer in the shifts

peogrammers at

-7
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Ladw s Consumption and Durat ion

by wmach activity depends

The consumpiion of @ach eesouero

the acbivity's Fach activity has three bkey durations

calied FIMimam, MIMinal and MAX Dmum cwration. They can all bs

eaqual, or NOM can equal either MIN or MAX, or they can be three

distinct durations: of course MAOXIMOMEMINM.

Far sach of an activity's key durations, there iz a

corresponding key consumption of sach resource that the activity

CIONELITESE . Hey durations and consumptions are provided as data.

Ouring scheduling, when any other duration between MIN and MAX i

tried, SARA Interpolates consumptions accarding to a by

interpoletion Ffunction. In this way the data reguirensnits ars

helod to a reasonable volume vet 1t is possible to consider all

Feasible durations inste of Just three.

The hvperbolic intasrpolation function, which 13 ylained in

more detail in Ssction 4.3, i3 based on a semiempirical model

]

which assuwhes theree components of resource consumptions: an

intrinsic work content independent of duration: an ewxbera conbent

proportioned to the rate of rasource usages and an Crma content

pragportionsd to the duration. The intsrpolation foroula

whare = is the duration, v is the consumption (total consumption



of the resource by bthe activitvy),

are compubted s0

that

durat lon/oonsuwmnmphion

g Ao
LESN S

fe oan axathple of

acktivity that can

e

the «

point

units per period Wil

Myperbolic

LUy 3t

i
Bl

S5 The activity is

fMinm 1ts duration.

accomplished by workers

and the constants

25 therough

interpolation,

.
e

the thres key

assumad o Consume

CONSLder an

as Followss

clueat don,

consumption,

(consumplt ion rata,

{MIMD 17 e

¢ S0 e

(0 10 e

170 wor ks e

o ke - hee

W b - e
t

C1G workers:

{5 workers)

For this emamnpnls

wotld input 17,

200G as the corraspondilng

calculate ths
duration of,

wolad compute s o

WO ke Y,

(2. 173

result to approsi

and

LUME L Mgl

103

periods repressnt

as the key cduwrations and 170, 15
bey consumptions.

Then, 1+ the user

Fresponding consuamption of

stehy bhelow shows the

houwrs, the asar

The computer would
warae to ey a

howrs, the interpolation routine

p—
i

17 . FE WD e

1

interpolation

and



1, 3.4 Iocirad Start and Finish

SARA measures time internally in aoecking paeiod

commonly represent woriking days. The sariiest representable time

in SARAG is the desired start bime (D), which provid

(parlisst) reference point for Limse scaling. If the wuser does

start times of acihivitil artivities that have

no pradecessor and that are not g #=plained in

Saraoraph Le.2.S and 1.2.48) to follow other activities will start
I ap

it 08, which is krown internally as period {0 and exsternally

aither as a date or by a period number, according to bthe

option chosern.

vl

ELR i 2

Tiwe to DS, That i, i oan

Fized stari date of, srited In SARA

. 15 g 1% {r@pre

brer

the Fims start date will also

. then 1f DS is

3
i

OF, the gesired finished Ltime, is

pree et Tt, too, is relabtive to

Ly oooour o the

the project

and/or serializations. )

nrecaedence regu irements

schedule has o time conflichs.



Peacedenoos and Seseialil

spoacified in input data, and a seprialisz

(ouasi-precedencs), specifisd in scheduling, are hoth palrwise

Felationships which provide For a2 gredecessor activiity o Findsh

efore a sucgessor acktivity ocan begin. Gpecifically, precedences

angi

wializations provide that (1) aybomated schedoling will nob

sciheduls an activity to start before its predecessors or

crtas il ~predec sores Findsh, (21 fhe

Lic will mot contempiate

Meduling an achivity Lo hefore all its predecessors or

pulas i -predecessors Flnish, and (3 1F the use

paeriuid on o or bhefors bthe Finish period

sor e

S0 remciule will

YOI

p ] ~precdee

incdicatorg on the

sivow Mol Far i1

sl fFEed Lefh or right te obesy the precedences or

el e

treatse bthe dus

anrci

B WA g

ar to the latest-finishing ac

Al Lues Bo me the due date ara

ime infeasibility from £

raporteds 1F 8 schedule vioclat precedasnoces o QuUasil-persoed

armd also Fails thee choe

e reported bime-

iLrife

ibility ds swmmed, the negative = Aoy mot

2l

ST

grd beyvond the = Lo oobey precedenos

sE=Tat the ohte date.

Loparm




intandsd to represent a2 technologic

necessity to complets one activity before starting anothar (For

ample a roof cannot be installed before its supporting wails?.

A omerializabiaon (o wi -precacdense ) on bhe other hand, s
| b 't

4

intendad to represent bthe user's intention to schedule one

ivity afbter another one (preswnably For the oweposs of

avoiding resouwrce contlichs), Fracedences ars parct of batch data

imput and apply to For a project: sorializations apoly

Orly ho the plan in winich they are speoi1fied. (Sme parageraphs

.25 ang 4.1 For oa




Ml imo

A G done dntara

ecluling Ln

chEr Gantd art Soresn, which displavs a bar-ochart

resouros conflioh graphs, and a eesowros consumntions

profile, all on the same time scale. The ussr views the

e

males changes, and visws The schedols again to

ZOMSSCPLLEN CES o

Thera are these Rinds of scheduling activities available to

Ehe wassers oo ana duration ohanaging.

InlcTated

G I F

tivitiss to walt for completion of guasi-

art Fiming bthe usar specifies sha

activiti

1o chanoing the wuser alters bthe

times For activitiss. In

curations.

anc displavs them. o

DARA computes The Conseguerns

the duration of an activity, SOFdS

pxample, whan the wser

computes the new timespan of the acthivity (From i

o later Finish Limer, computes the activit

A TR

raragraph S.5, Hyperbolio

consumptions s

polatdoang computes the new resource consumphtion ratl

Jl that have the

bhe rmew imsspan, resche

Activity as a direct or indirect srsdecessor or ouasi-predeceassor,

all the ourcs consuwnption profiles, compares chem

Frosc Oy i

and computes resource oonfliots,

Wwilth availabilitiss



A saved schedule in SARA is called a pla

Serialization,

(1.

start Fixing and duaration scheduling apply only to one plan. The

variows plans Foeoa peog

R

same projech. Lp to five plans can be saved

(IREC

Chiapt 4 For scheduling proocesd

From thne poink of view of the user’s DUrpos

At di FFerent schedules for the

For a project. |

in nerforming

schecditling in the multipie-constrained-resouwocse enviconmant Far

which 5ARA is designed, most scheduling achiviiiss

coms i ciered

i
0

wWaves of converting o

constraints so bhat they can be snforced by

mple, & sheing of actbivities

computations. Foare g

o at

At time may be fi

than ths activity's  "sarly start fLime” z0

T L at t.he

Lime they are plent

could  De  changed Lo consserve rescources or

avallabiility over & shoebt ©Odmes

Fwean Dedo

lam 1.

e e iy

clesre ey

prloan

Piabilities.

vicl hmat

in SBARN fraachel ing, 1t can be

hees care OF PRs0ouUrCes.

3

vimaz o while the wuser €

mermsly Ycomplains” aboot o cesowsce contlicts

by kHeen them Fom oonsuaming tThe same rasourc

heduling, +

o bhme

SaRGTs sohedul 1ing

mAn- De

iR A A o oa duration

a  high

one

1M

L= Lihe B | o

[MLRY A4

e,

Sy

but dgnores them in



comput amg the schedule, which is computed on

as possible while cheving all

starting each activity

art Timess

precedences and guasi-peece obreving all

whether from the data or From & olan-specific ad justed start

pFied dn dalta o

C LIS

Lime, and wsing the scheduled doe

plan-specific user adjiuwsted durations. Hecauwss SORA has no

anc the project cdus date (OF)

control over fFilaec
o b

cannot totally enforce time Feasibilitve 1t "complains' about any

time conFlicts Foroed apon it

Time condFlicts are displaved dn the form oFf negative sia

stwmt bo the Lofih

Chart, which

Times {(s=olid

e Far the

Ll i

o right of

i

st o Fimlsl

Ty bhe le+rh oFf oribi when Lhe schedols

sibive stack 11

bhresyoro

Fiow Far an activity couid be

toy ity

Limest area

i

syercl witihout o i Time inf



Hardware ans Software Limihs

s
[

Harodware! SARA reguires a 2100 military standard miceo-

compubtsr with a hard disk, A40E of memory, and screen graphics.

SofFhtwared A plan with wup to seventy-five activities and

oueces can be scheduled on BARA. There can bhe a

al of 150 precedences and 1350 serializations. The

gpacifisd schedule cannot last Ffor over 104 time periods (fwo

calendar e the periods ars defined as weeks). There is

planty oF room for resouros as

z0) e user shoold never snoountee any problams with tThese

constraints, File namess can bhe wpn o eight alphanumsaric

~Fy

2 mtist he a lettee ) oy L d e

cihraracters {(the First oharaot

BSGLON. The

period and an aup to btheee character alphanumerio

sohedule soeeen can display wp to a time, or a

total of activities and re and =

L, o 1S

rresouroes profile.

ailabpilities and code weigbht pairs,



L4 Time Scaling in SARA

in terms of working oeeilods.

Time is representsod in

& working period, or period, is oan indivisible measurs thalb can

tor smample, five

raprassnt any wordking time span

Ny

working davs, which could be, sav, Thursday and Friday of one

Folicday - Tussday

weelk and - 1F the fFollowing Monday wers

N Feriods are mnumbered

e

theougin Thoesday of  tha ng
merially, and SARA can work with wup to 04 of tham, swuch as

Lo Bl The ©imea o

periods 1oto 104, or

Forms depanding on Lhe loandar

prriocds are of two ali

options described in L4010, and Lthere are two special psriods

s Fipdish (LFY - thalt Fi= the

desgired start (

he oo et




1.4, 1 Time Boundarilies

t

shown on the Santt chact

The earl i85 anc latsst

seresn ars bimne boundariss, which are set by the user on the

sohadule screen using the “Set time boundaries" menu item. The
cusar enters the appropriate code, depending on whether the

MORMAL or WORKDAY calendars option is o in sffect

@ oaragrapn

Tada2).

The Gantt chart can show up to the full 104 fime periods

tirat SARA recognizes, bul for the user to see small differences,

than about

itodis good practics to show no moes periods at

TR The defaullt timse bhoundarieos

arw 1 and Tne Gant

o work with o when the bhoundacies span abowk

(With 104 periods the

are bthree pixzels aps

mEariocds, tTheay are

apart: with 2% periods, they are

@toht L bl e

apart, and slightly over a third of the

oy b ne, )

ful

span is vieweod at



Lo i

arndar Timescale Options

Thiere &

two calendar opti

timascales 1 NORMAL and WOREILDSY .

mimple serial numbering of osrio

whan &

period represents a

ek

when & period

afilifh, that is not a number of o

calengar dat

5. e numbering . sy

Cealacly, COis0Ry .., (Gl

gy

The numbers X587

I the current version ofF S088 T

peeriood moceles.

When the PNOFMAL opbtion is 3

ample, O

integeres. Foroe wei iad

aried 70 owowld indicate the

DAY option is

Iy appropriate whsn

A propnelate when s

working days. The calendar oa

the First working day in the

e

e poriod SORS Interpeots

work ing day is nearest LThe

Ve i ok Wa The working davs

amaumacd to he

all Mondavs

wup o

RECTal Rl

memant is

throuah

s

Cl

sl

ayes or 1S

wlem

g wser

vomF et
indicate

per 1o

attached

iy when

LUtReR ™ - S8

i b

K

oate

tihe

Fradays,

labeling of

eepecially

not

L, LOEAIOLY L. COEE 52
Yymapr "

canmot

e

the

lJabelingy

represents BN
to
e

o
date. In
VE AN G

g el

£

L

Tie NORMAL option is

to e

LA and

mod 1 Fy

oer o

Wi

R

For

represents an arbitrary sorizing timespan,

u

"

SR

et

=L

tied ©

e

the

it

[WR%

Fir

Thes

14

A perdod represents oneg working

tnpute

o

LA

is marginally appropriate

- l..!

[w}

consecutive

RS A

F ol

appropriate

28 A

olay

1=

data,

Current

e




Following haoli

New Year - darmwary 1 oo
MLED Day - third Monday in Januaery
Fresident s Day - third Monday in Febroary
Memoerial Day - last Monday in Mavy
Independesncs Day - July 4 or nearest waebkday
Labor Day - first Monday in Deptembse
Columbus Day - second Monday in Octobee
Vataran's Day - bovember 11 gr nearsst weakday
Thanksgiving - fouwrth Thursday in November
Christmas - December % o nearest weelday

- Nearest weekoday

A

The fFormat of calendar date codes is AT7YILZ or XXY

" W

A oor XX o ils the day of the month From 1 oto 21, YY 1z a

and 27 is the 1.

two digits of the year, such as

The month codes ares

e

Juily
August
Teamber

Ooctobae
MNovamber
Ve emb s

Fule For ramembecing month codes is That they

Fire

that the

twn characters of the full name, =

charactsr is replaced by the third 1F the s2cond would

wrigue cocde. Thus Maroch and May ars MR oand MY, argd Jduneg

Y737,

ot code

o

B

whare

1

the

mecond

nat

ara JM oand Jlo January is JA, since no other month starts

T

and

qive

with

du iy



=l Frograms and Doooment

The SaRA system 1o comprizssed of bten ssperate progerams:  ons

fFor the entry scresn (ENTRY.EXE), ons For batch data sntry

(L. EXEY, ftwo for scheduling (SCHEDULE. EXE, SCHSCOR.EXEDY, and five

for reporit generation (KL LEsrkE, B1.ERE, QL.EZE, MLLEZEDY.

There are six reaserved File namess in addition to these

cutbabhles, They arsi SAFRS.BAT, the batoch File that szecubtes

SaRA: AMALRAA, an original form of H.EAT, the acitual batch

7

File whioch transfers control to the various programss

DAT, & bemporary Files GITHFAOSE.WRE, a second

tamporary data i and DITRFABE.RFT, a temporary

el t editor.

|3 Fr O3 F E

.0 contains all the program documentat ion.

. im

]

on & 100G Microocompuise, all ftnz

= onto s bhaoed

reguirad 1s Lo cooy the three progeram dis

SEaRA as wrltten will not eun onoa mearely Floppy disk

Entry and E

A mAake s

siom,  byps "SARAY afbter moving to bhe

containing &ll the SARA-executabis Files. T

“Eoc proogeamnt on o the it CeERn, or e aFF fhe

compuber.,



2.4 Deneral Interaction Principles

There ars o F

S5RRA progeam. The un, down, lefi and right arrow kevs pesroil the

wzer to select an action which a carriage return Lhen activates.
In any instance whears a btyped inpult is regquired, a null aentry

carriage reboarn only will abo-t or skip the action. Tha only

gxoeption to tnis is the entery of a Fil

i

names wWhen saving & Fils,

In this a PR de reguired to abort the save, wnile a blank

Carriage return 5ave to the defadlt Ffile name.

Samo Dontrol of ano BEepor

Thare 1s no ezial ment @f Foeh required to btrack F1

The following are sithsr suggested or reguics

sted).

Pl d enod in

23 0411 data fFiles should end in " DATY {suggestadd.

~tive fFile nams wibth

are The 3

L2 don (raquired).

report ds appended to The

41 Any

File (reoguired).

HY oA binary (SARA-usable) file may be saved over one of the

anly if that nams is bthe default file name |

isted in

Chuman-reacdab led £i Freom o wihich the binary File was

creataed (reoguired),

genaral user principles found throughout the



ot RN
et SLARA

All SARA data are provided originally by oreation of a

ey

data File. his File contains, qeneral information (a

defaunlt File name, a project description, calendar times

—ate options),

resource Lnformation (resource codes, names, descriptions

and availability constraints), activity information (activity

numbers, names, descriptions, duration/consuamption relations, and

soheduled durations if provided as data) activity Fi=ed start
9

times, 1+ provided as data, and precedences.

SERA uses process o enter data into the

Sy T e, Fipsh, the o

File must bhe oreated by the user in the
[} S

<t File must not contain

Format shown o parageaph 2.0 0. This o

P—

any s@pecial ASCII o

whrol ocodss such those ing

stedd by most

L le shoold bDe

WOrG Proc

ted using the

Limne editor s hioce

LIN fthat comes with D05, or a word prooe

aurh as Wordstar's non-

Fhat oreates straig

cocument mode.

The second stap

to convert the text data File into binary

Fopan that is readabls by S6RA. This is accompli b melecting

ol datas mogde™ From SARATs main entry soreen. When in tha

batoch data mode, Lhe File can be loadsd inbto memory via

ophion 1 and saved back to disk in Dinary form via option &,

The third step is to Open the Binary File via option 4 on

the Main Zntey Sceeoen. SGfter this 1s dons, vowr data




and ready to use.

The EBatoch Data Mode is a separate facility for dealing with

b oand ra-erber

nateh data withoot causing the user to have to

but doss not

SARA. The Hatch Data Mode is controlled under
share data with it. One of the congseguences of the  separated

La Mode with

structure iz that the user can work in btha Batoh Dz
pnoth patch and bhinary fFiles, vet go back to SARA propsr withoot
having changed the active binary files another  Consequence,
converasly, 18 that saving a binary file in the bnatch scoreen doss
make it SARAs active binary File, =0 the user must  perform

ot

e Open a Binary File option on the Main Entey Soreen aven 1F

=1
11
+
o
2

, B o : Il 1 H T -
the bhinary data has just Dbesn prepared in the Batoh

i

The Batoh Data Mode provides a computer-supported way

data Filse to reflect bthse potentially

Fevisinng & baboh

contfusing  and comples changes bhat ocowe in deleting activities

ALl obther peroject deta changes are made i+ the

uwser directly by editing of the batoch text data File.



atoih Te=t La

ta Formal

M bhatoh best

in Five ar

2 F 2

arera

51 hef

e

a3 =

G4 Cal

IfF calaen

G e

(53 e

e

4 iz

Frirtier

Fuoethyer

ArTiZa

Al At

data +ile

contains & variable numbser of lines

mas (groups of lines) arranged as Follows:

of batoch

ault fFirle

Ject

ftewmt Filet

My afe

cription, fFirst lina

dject desceripltion, second lins

endar oho

dar oholocs 3

Edayvs per

ired star

oo e ol
iod in owh

la length

lTines HE

L F:

i

Wik ay s
Lrers i o

Le ' >

il

de and nams

ioh First available ovole Degins

in paeriods

fvailability segment

e AN WY

Fore acdaditional avails

mots R1I-25 Ffor additional resources

CLIRCES

o

Lime

iviity number ancd nams




Aot ivity description

R

fn Feyw durations

1< Fey consumptions of a resouroce

Further lines A4 for additional resQueoss

Further lines AL-A4 Ffor additional activi

EMIY OF ACTIVITIES line

ouree arsa ofF

1 Indirect consumption line
Furthier liness Il For further indicrect consumpiions

END OF CODE WEIGHTS line

alrea of Dhatoh e

1 Activity start Fi:

of additional

Further lines Fl for start Fise

activities

ERD OF

eprnces area of batoh btest Files

[

U
1
)

2

B

s palr

=1 Froverd e g s S O - S L

Fuether lines P11 For additional precedences

Thes Forrrmat and content Foro o sach kind of Line are

{all lines begin in coluot 1oand contain no @«<tra blanks):




NOTE: {Linme labels

mho.y oo NMOT appear in the File.

Line G1 is a i mame (up to & characters with oa

character

for the projsct. The arnsion must bhe DAT.

Ervamp Let FrisEFROG. TAT

Liimes 8 and G323 are twe aG-character lines that serve to

describe the project.

n [

Line 04 specifiss

calendar choice. I+ it

Lhe woara WOREDAY in unpercass letters, the calendar assumss a Se

-

day work wesbk wiith Saturdays, Sundavs and standard holidavs

vt
L

comitted: Lthe ne«t Limne O

. [ - .
the intsger number of workds

.

Time (G&a)Y dis the cal

T

macly SDARS period: and the o

the [ (desired start Lime) For the nroject. I line G4

of the woed NORMAL in upparo

ietlters, the periods are simply

numbered serially, and there are no G5 or G4 lines. S

ab ion

Tod For calendar and ©lmes e

loine K1 de source ocode and nami. Tie First &

Characters are

clared resouwrce code thalt will be used

o bhe soreen to ddentify the resourcey the code, oF ooursss, must

fl

RO resouroe., The F

e i FfRerent for sach

ot character i

Blanlk. The resouro mame s the nest 10 chars

cheres. Whar the

e the ocoode s also peinted, so mo

LS ERE S s A

NAMmLNG

code be the Firet leblters of the

in ths =

CE v rame

ampy b FRO

T LARL and




distinction between uppsroca and lowsrcacs letters, They woul
PR Y

bhe distinct sven wibthouth bthe 1 oand 3 in the names.

Line REZ gives a dS-character desciption of the resource.

RZ gives the integer period number or bthe calendar date in

d

T LABLD are legal resouwrce codes and names, and because of the

which the first availability cycle bheoins. Avallability is zero

befors this.

workday nearest May 4,

Line R4 gives the integer availability ovole lengtih in

periocs., Example: I For availability in Z-pariod oveoles. )
L S

Line RY gives an availability segment oo
integearr and a real number gsenerated by one blank. The integer

2 for starting in the second

ives a oyole number (e

oy led The real number gives the maximam number of wunits of

rasouecs allowed to be consumed per cyocle from the given oy

arvdar ., Ay number of lines RE9 can be included to collectively

defing the stepwise avallability function. Exampletl two lines,

S0 and SO1E.E, dndicats bthat the availability of the resourcse

thirty in the first four cyocles and 5.5 in subseguent oy

Lines R1 theough RIS are given for each resourcs.

rothe last RS line for the last resource, there iz an

amp les: 2 for Lthe sscond period or AMYE7 Ffor bhe

1

i

ZND OF RESOURCES line containing the exact sizteen charactersEND

T



OF RESOURTES

LS

.irme &1

characher na

the First in

(e 0
e

wWith o ]

Line A2

Line

{ =g

integars

o

activ

and the

3

Loifreses

nives the ke

For @

mampy Le,
consumas 10

NOM duration

interpolate

Fortheer

£ ey

2w

activiitl
B le

AEEA ¥ othes

)

v lanks

Yoin uppercase letbters with twoe internal bDlanks.

gives a serital actbivity number, a colon, and

e Activities must be numbered serially

with

the

stance of line a1 must staert A -

ti

gives a 4l-character description of the acbivittby.

the three

gives ey durations (MIN, HOM, and MAX) as
2pyerated by ingle blanks), and, optionally, a

the activibty. The default soheduled duration is
ample, the anrby 1 7 als Lhe mindimom chorat

ity at ¥ psriods, the nominal at 2, ths masimum at
schaduled dueation 7
4, one for sach resowrce that the activity consumes,

y o consuwnptions of the resource as three real numbers,

the specifiss that the activity

wnites if done in its minimum duration, & ou o

o Founits For MAX. For other durations, SORA will

b

consumphions whenaver the dwration is changec

sets of lines Al - 64 are sntered for Ffurtbor

The END OF ACTIVITIES line (all uppercase,

Wk

separating words) signifies the end of the activity

File.



Line Ii gives the code of an indirectly-consumad resource, a

hiank, the code of one of its consumers, and its consumption

Factor. e conswmphion factor is a positive number of up to 7

o]

digits, expressed (with a decimal point) in up to 2 characters.

i ample, if REL represents wages, REZ represents workers paild

at rate 13.79 per period, and REZ represents workers paid at rate

132,75 and <RE]1 REZ

2715 per period, then the lines <REL

2715 would express this. FEZ and REZ could themselves be

R N

i

indirect resources.

AfFter the last [1 line, therse i1s an END OF DODE HEIGHTS line

containing the exact nineteen characters "END OF CODE WEIGHTZ™ in
t h)

wilth these intsrnal blanks.

WP R aE

Line Fl, one for each activity whose start time 15 to De

sertal number {(an

Fimeod in the data, contain
integer) ., a blank, and the date or period number in which the

.

activity is to starh.

The END OF FIZES line (all uppercasze, with single blanks

hetwsen words) signifies the end of the fix area of the File.

Lires B, one for each predecessor-successor rolatiosnship

hatwsen activities, gach consist of Ltwo integers separated by a
single hlank: the First integer is the activilty number of the

and the second integer is ftha activity number of the

nradare

LI CESR0r .



Se e How

and Revise Batoh T

Dat s

“r
ar

Lincler MZ-D0S the user can ocrsate a e wusing any

available editor or word processcor in a mode that oreates a

z=traight ASCT

Wordastar in non-documsnt mode). For example, if the 005 EDLIN

1

eclitor is gets into ths SARG-s

e, the

cessibie directory

ang enters

GLIN Filename., TXT

where "filenama" is replaced by the Filename under which the usee

desires this projech batoh test data to reside.

Then the user creates the baltch data File according t2 the

Format given in section .. Fhe first line of the File shouold
byes
filenams. AT

o provide a default name Fore the File that will be

preparaed later (althouwgh the wser will be able to chance that

the binary filel.

riarme when

ke File appears to be correct, the user

aditor in o under the

a way that the batch fils is

i lername. TXT name., With EDLIN, the "EY command ooes this

y -

Chapter 132 of the Zenitih Z-120 manual for EDLIN documentation).

The n s o anvioke SBARO, go to the "Baten

s et aption to retrisve the batch

e

file without any special control cordes (e.g..




Filw from disk and convert it to computer memory foem,

then the "Save binary data" option to convert the data

from compulber mamory Lo SARO~-wsable bhinary Form. I+ ereror
mEssaAges ars recelved in response to the save attempt, the nest

slen is to go back to ME-DOS (select "Retuen Lo entery, " then on

b
the 2nitry scoreen select "End session'ly invoke the editor again,

¥ o

and change the batch text file to conform Lo the required Formal.

I no errors are noted upon a "Save binary data’ in the

batch data mode, there now exists a bhinary data File for the
project under the Filename. AT nams in the ZaRA-acocessible
diractory,

. . . . L . \ . BN
To a project s data, the user can simply edit itz

’ i ’

batoh te=t data fFile. However, 1t 1s necessary Lo s e

control over File namss to avold confusion (see parageraph S.4.2).

While thers is little confusion if the new version is given the same

MAme, 1t 18 necessary to exercise tight control. To praevent

2N

inadvertant overweiliting of valid data,B86REG pr

a binary File

sve by oan e

Ling File already in the directory, unless the

rrame 1s bthe Filename. AT name Lhat appears in the First line of

the batoh data File. Tk s Tthus azssumed that the user intends a

save to the ds it name to represent saving a replacement

verslion of the binary File, while a save to a Wl ol

represent a new version that would not have the same name as any

other file s=capt by mistake,

I+ a project’s data is o be changed by deleting activities



and/or resources, the wser would be faced with uansavory tasks
such as changing the activity numbers, refliecting the changes in

lists of fizes and precedences

and removing multiplie mentions

»

and cosequences of the deleted activities o resouero " Hince

that would be sssentially as difficwlt as building a new batoh
data file from scratoch, and since the consegquences ot deletions
are well defined, SARG provides a "Uelste activities” function

and a "lelete resources” functbion in the batoch data mode (see

i
iy

spction E.4).

In general, & revision to a bhatch ftext data File reguires

that the binary file saved from the old test File be destroved

{rleleted) and that a new binary Flle bhe saved. fAny plan
1

section 4.1 under the old Ffils becoms meaningless, and ares

destroyed when the binary File i desteoved.



How to Load and Save Batch Test Hata

hatoch e

o~
-7

data means to retrieve a bhato

File and oconvert it to computer memory formn. This 1s done in tha
hatch data mode. It is done to allow saving of the data in a
binary File or to allow automated deletion of activities and

resources as an alternative to tedious manual editing.

Load ing batch test data files does not interfers wiih

Sara’s active bhinary file, so a user could interrupt a 5100 Lo

=

Wwork with the batch data of another project (though this would seldom

¥
i

e desired) wilthout n

wiing to reopen bthe active binary File wupon

returning bo SARA propee From o the batoch scoreen.

To Ioagd » bhatoh te

boh olat;

the bhaboh soraen. Then provide the nams of a rile that

in the SERG-accoessible dirvectory. (The user must remembor the

¢ .

to gquery the direcitory. )

Tame or mu

il B5ARA and go Lo

By convention, all batoh te gata Fors SARA contain khe

S L O0 LTETH

ave bhatoh te: means to convert fthe current batoh

data From compubes memory  Foem Form and oreats a

hateoh text data Ffile Feom b under a user-provide PY TGS THee e

are two situations in which the usa2r would need to do this.

achivitis

First, the user could have dels

QF e s oL

LS 1 ng

Lhe automated methods availlable in the batoh odatas sors

(s




paragraph ®.4), so that the file would archive thess changes.

could desire, for any of several reasons, to

Second, the
creats a baterh tesxt copy of the current data under a different
mame From that From which it was loaded. {FRenaming can also be

done in FS-005. 0



o4 hDeleting Activities andgd Resources

To delete activitiss or resources, go to the batch screen

arnd load a batch data file by selecting "load batch data® and

Tvping one of the available File names with the ".TXT" sztension.
CBARA provides a special procedure Lo awtomatically revise a batoch

t

=t File to incorporate all the consequences of deleting

activities or resouroes. IF = file is to be prepared Ffor s
nroject identical to anobther one sscoept for having fTewer
rasources o activities, the text file for the "reduced” project
would be cdifficult to prepare by editing of The old Ffile. o

sxamp le, 1F one resource s delebted, all references to that

Faesource by any activities that consume it must also be del
A5 another sxample, 1if an activity is removed, all activity
numbers Delow 1t and all precedence relationships must e altered
Lo reflect tha new numbering. Therefore two utilities are

orovicded to snable prepacation of a new batch File by simply

spaciFying Which activities or resowrces are Lo be remnmoved.

oy delets activities, make @ure that the proopsr baboh te

o 1

File 1w loaded and select "TNelete activities" on the batoh

ST . A list of activities is displaved. Select the activity

Lty bhe delst To conFirm the deletion, seliect the actbivity

Again.

mocley that is nobt rea

ince the bhauvch mode 13 &

1i ki

viad i oa File to ne

pDart of SARA propser, the eesults oust be



Llss e . To maksa the new data wusable, select "DSave

the batoh and provide s ther in

s

S NEW Name,

the new data without destroving the previous binary

mams, o replacs the old binary File with the

the new data

over the old fFile, make a null entery

the "Save which hinary File?" promptl.

o

the new File in SARA will make the new data

lerss o red

to update the batch data File, a

procedure can be initiated by selecting "Save batcoh

Datoh soresr.

(o) e b FErsources

sorean and |3

o] g

abhove for L@t g

Binary

o cles e

[TE2M

in

Bubsecuent

Aactivibi

data" on

to save
File, ar the
To write
T

RS ONGea

loading of

effective.

=imilar

data™ on

o the bhatboh




2.5 Binary lata Files

-

To o any scheduling in S8RA, there must be an open binary
File. A binary file is & file which, by oconvention, has the

ernsion "LOATY and is the data file that SOoRA uses. it

contains all the plan-specific information for up to Five plans
(srhedules) for a project. By contrast, the batch test file has

the Y. TEXTY exbtension and containsg only the non-plan-spscific data

for the peoject in human reacdable ARCIT Form, as

sechtion E.1.

To create a binary fFile Ffor the First bime, after a batoh

4. and convert computer memory batoch data

ile has bheen loade

T

cdata

oy EARA-readable data, the us

s misl select "Save bhinary data®™ in

batch mooe. In angswer to the "Save as which binary file?"

pieompt @ el l o entery will cawse an attempt to save a binary data

File whose name ig the default File namse listed in the fievst

lime of the batoh File. This naming can be overridden oy
supplying a new name, which shooid incliude a ".0ATY sstension.
AN entery of The letter "0 will sbort the conversion and saving
o binary data. IF the conversion of batch dats to binary data

succesds, the name of the bDinary File will be shown as Lhe

s

"Rotive binary data File" on the soreen, and SARA will be readw
T scheduls using this data. IF the conversion atitempt Fails, an
error message will be recieved, and it will be necessary to

cial diagnostic error message

e

Frean s the batoh data File.

that 1z perovided gives the Lline number at which the error occured



i bhe bateh #File.

When a new plan iz oreated and =aved in the scheduling mode

of BARA, 1t is saved only in the computer memory so thnat the sams

plan can be recovered later in the sams® s2sSs100. For a plan to

bhe archived z=o that it can be recovered in a later session or

after a powser Failures, selsch "Save cuwreent binary F1ile” on the

2y sorEen.



DL Data and

HName

Control

SARA doss
the

not enforce the
YLOTXTY extens

sion, nor the
bimnary file for a
extension.

convention that batch fFiles have
convention that the batch File

gliven project have the same name,

These practices are

The

and

Fracommended .,
firset line

I amne

Detrore the
Mowaver .
of a bhatoh

test
for the corresponding binary
saved | by

pe

tFile i1s the
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e
File.
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s that
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When
aver previously saved

File
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pinary daba”™ i1n batch
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that is, a

hinary file is
mocie
[ imary
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Dinary
File

e defaulit
data will be
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s File
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From

SARA.

i
-



el Mew Project Data and Name Control

Upon prpacring the te=t File for a new projeci, ths ussee

should decide whether thers will be more than one version of the

bDasic project data, and whether numan-readable batonh b

will be maintained for each varsion. HGince file names ares

Limited to eight characters plus a three character
is difficult to create a series of related names. The wser may

YLTxRLY, UL.TXE", emtoc., For batch

wiszh to use extensiocons such

ensions MLALY, tLDaRY, eto. ., For The

corraspanding binary Files.



Tede s FPevision of Froject Data

Froject

a, which San be espress2d in the bpatch text File,

includes all data exceplt plan-specific data.

includes only Fixed start-times, serialization (guasi-
precedencss), and fFixzed durations. A maximum of five sets of

plan-specific data can Dbe

savid 1n o a Dinary file as five plans

Oftern, however, schedaling points out the npesd for more

Fresources o a different work bresakdown (definitions of
activitiesl),. Such changes are more profound and must be

as diFferent versions of the project, rather than

HUDMS
simply as different plans. Ty make such changes, decids on a

name far the revised projecty decide on a nams For the bhinary

Ffile of the revised

I project: edit the binary File name amad oabhere

changes into the Datch s

iler change the name of the bhatch

text File: use the special wtilities

ancl

activities, 1f necessary: savs the new batch

the

rizw binary data File: and retuarn to schedoling.



4.1 Plans in S56R4

in SARA dis one of up to Five different schedules for

Al
a project. Sechedul ing changes by the user are always peeformed on
specific plan -~ the one that is loaded.
The plans for a project ace numberad 1 theowugh 5. Flan one

i traditionally called the minimum-duration plan and is

identified on the screen as “l=pIN", imilarly, plan & is
traditionally called the nominal-duration planm and is identified
on the screen as "Z=N0MY". Plan 3 is called the masimuam doration

(DA IF fhe us

plan and identifisd as "I @ follows hthe

traditinonal convention, the shortest-duration feasible plan will

oy

be saved as plamn 1, the plarn thalt s oonsidered most oy

overall will be saved as plan 2, and the plan that

longesst reasonable duration (which ofFhen

implemsntation costs o regowrces consumptions) will be

prilian . A4 and 5 oars ot associated with oany traditional

MEANLNgS.

Foue A given project nave the same project data,

including resouwrcse availlabilitie ey activity durations,

as a Ffunction of activity durations,

consumpt ions of resouwrs

In addition, the user can optionally Fix Lhe

and pr

ivities

art time and/or the chuation For any s

se2d duratiorns in the

by oincliuding Fixed start Times andsor

ca File For bthe peod wally, howswver

-

arw Frea to vary from plan to plan.

A



Within the scope allowsd by the project data, different

plans represent different approaches to seeking a bhetter

stheditle. For s=ample, it may be wise to hurey up an activity so
as to take advantage of a bhriefly plentiful availability of the
resources 1t consumes: on the other hand, it may be wise instead

ta bty giving the same activity a long duration o as to wuse only

a small amount of a scarce resource at any one time.

To express various strategies and obtain variows plans, the

start-time

as

user has three scheduling actions avallable in SARG

Y

Fiming (4.3, 1), duration Fixing (4,.2.2), and sarialization

e an

Hefore the user can schadols in 54RO there

chive plan. In none is active, one must be loading by zelecting

“toad plan’ on the scheduls screen and giving the intager numbsr

sheduling

af thne desircsd plam, from 1 oto 5. Once the availl

acthions have been used to sfaction, the completed

plam can be saved by selecting "Save plan' on the schedule scoreen

LA

and entering an anbeger in response o bthe "SAVE WHITCH

promat, The prompit includes a list of all = Ling plans, ITF the

nLmb e the same as one listed, the old plan of that

rumber will be replaced by the current plan. There i1s no way to

ey a plan, only to weilte over it



4.2 Secheduling Actions in SARA

To schedule a project means to adjust start times, sequences
and durations of activities, =0 as best to meet scheduoling
objectives. Usual objectives are to achilieve Lthe earliest project

completion while maintaining resource feasibilitv.

The user

scheduling in schedule mode, which is sniered

From the snltry screen atter a binary file has been opened. It a

Binary 2, the first step in getting ready to schedule

is o select "Open a binary file" on the sntry screen, and to enter

its mame, including its ".04aTY extension. Then select "Schedule

o s - . 5
mode., IfF a bhinary file doss not ex select "Batch data mods”

and prepare a bhinary File from a ftext Ffile as described in

Chapter 3,

The three wmajor functions in scheduling - start-time Fixing,
duration fixing, and serialization - are described in the

fFollowing sections.



4,7, Starit-time +tixing

The start time of an activity is the period at which it
Degins. This time ocan be sel at any time such that the activity
does not extend beyvond the due date (OF, or desired finishl. To
the start time of an activity, select the 5F command in the left
Wi ncow, Select the name or bar of the activity whose start time
1% to bhe Fixed. This becomes the active activity. Tte namsa is

highlighted with a box, all of its predecessors are labeled with

a F to the vright of their name, and all its RHH0NS are

labeled with an 5. Buasi-predec

(saa parageraph 4. 2.4) and

i

quasi-suscessors are labeled with 2P o 58,

At the same soresn height as the activity’'s bar and name,
s@lect the time period at which the activity’'s start is to be
fised. The Gantit screesn will then zhow the consequences: ths
activity will bhe deactivated; a fixed start tag resembling an “L®
Wwill appmar to the left of its name; its bar will bhe moved
horizontally €0 as to start in the szlected period: its
sucoessors and gquasi-sucosssors will move accordingly, i their
shtart times are nob fixed: negative and positive slack indicators
will be revised; the bime infeasibility and resouwrce
infeasibility numbers will be revised:; the resouwrce profile, 1F
any, will be reviseds and the resowce conflict graphs, 1F any,

will be revised.

To free activities so that their start times are no longer

Fiw



wed, select

im to bhe fFresd.

time

above, wWill be shown,

Tha SARA

atart Fixes

program o identify a

25

suggestions

select the HEL

time-fixes in one act,

ACC command.

Ty aid the

by

Gantt chart screen

Fositive
Resouros
Fesourioe
and

T 1

A positive slack

Left or eight of an

could be moved o the

other schedal ing

for ample, 1f an

its

pushing

itridicator will b

A negative slack

the~8F command,

aciiecihal i

in

HRowes

antci
conflict
onsLmp L

FrEREOUr e

activity bar that

acts)
act
HILCCERHEOTS

AR T 10

and the activity whose start

ALL the scheduling conseguences,

ng heuristic (see section &.4) provides

for activities, in an attempt by the

T

resource- and time-feasible schedule.

displayved in shadow bars on the Gantt

Command. To accomplish all the suggested

accept the suggestions by selecting the

making Fix and unfix decisions, the

many informative itemsd

negative slack indicators
giraphs
ion/availability pro¥file

nuambis-s

infa

A4

ifrility

a dotted line to bhe

15 tending

ndicator

shows how far the activity

ight o left (bhy stert bime Figing or

without cawsing time inteasibility. Thus,

ivity couwld be scheduled later, without

bayvond the due date, a positive slack

to its right.

indicator is a solid line extending to tihe



right or lo2ft of an acltivity Dar that shows how far the activity

naeeds Lo be moved to the right or lefft to restore time

tart time i1is

it

feasibilitby. For example, 1F an activity s

peridods bafore Lhe ne: periond a predecessor’s Findsh

stend N operiods Do the

o Wil L e

0

Timea, a negative slack indi

right. Negative slack indicators are often useful in scheduling

to oa cdue dats @ h time is

AL @VEry @A

“tivity whose +Finmisz

inconsistent with meeting bthe dus date will have negative slack
indicated to its left.

The thres character codes for all resowrces ars listed o
Lhe wupper left of bthe Gantt chart soreen. SBelecting one of thess

eSO the resource conflict graph to appear bhelow the

Callnes

Gantt chari. A confFlict graph is a bar of varying height, whos

hedight in any period cepresents the relabtive amount by which

total wuse of that resource by all activities exceeds

availability. The heigbt zern 1F bthers is no overconsumphion,
and up to six pixzels if Lhe overconsumption ie twice the

ouros s greatest infeasibility.  The activities that are

caunsing overconsumpbion of a resources can often be itdentified as

the ones whose start or Finish Dimes coincicde with B LD o

down din the conflich araph. The reasowrce code and name Ffor each

contlict gre im shown Lo its left.

2 consumphtion/avai lability

L

Fir any one resoueoe, & re

profile may be shown above the resourcs confdlict graph by the

LeEEr T e lection of bthe appropriate resource s conflict ge

ph (o

-



its code or name bto the left, but NOT its code in the upper left

corner of the scresnl. Selecting a diffferent conflict graph
raplaces the current profile, 1f any, with the new one.

FReselecting a resource’s canflict graph whoss profile is

currently shown causes the profile to disappear.

The solid line in the resource profile shows the total

relative consumption in sach btime period For the resource. The

dotted line shows bthe availability. IF the availability cvocle of

the resource has length 1, there is overconsumpition in sach

period where the solid line iz bigher than the dobtted line. iF

the ovole is larger than 1, there is overconsamption when bthe

area of the solid line abowve the datted line is greater than the

area of the solid line wuncder the dotted line in the cvocle.

The time infeasibility number, shown as "£iY at the lower
left of the screen, indicates the amount of time infeasibility
activity-period units. That iz, when onse activiity violates a
precedence, gquasi-precedsnos or doe date by one perind, i is
increasad by one.  The resowrce infeasibility number, shown as

[ RSERT
L

indicates the relative amount of overconsuamption of

kd

in urnits such that 1F one resource is overoconsumed by

LTOOZA of its largest availability in one availability ovaole, ri

increasa2w by one.

4=

in

i



Duration F1=3ng

To Fix durations of activitiss, it is necessary to exit the

Gantlt chart screen and to select "Change schedoled activily

durations®” on the schedule sCoresan. AL of bthe aschtivibty
numbers and names is displayed. Seleclt an activity, and the MIN,
MAX, NOM, and curerent durations of the activity are displayed.
Enter the maw schadule duweations, This new duration must bhe
withim the limits of PFIN and MAX. A carriage return will leave
the cuerent daration as it is. Splect "EXITY to return to hhe

srherdule screen ancd "Schechile’ Lo e

wen Lo bthe Gantt chart and

view and sxploit the conseguences of the duration change.

artivities whose durations have been changed from the PNOM

duration have a duration Fix Lag displayved to the left of the
TLENE W This duration tag is & “"lazy DY, or a left bracket rotated

nimaty degreess oounterclockwise. i¥ therse iz also a start fisx

tan, the duration Fix tag will be superimposed on it, giving a

kl

combination that looks like an "L with a serit on righlt +Foot.



"

A, 2.3 Serializatian

Decause Too many

When reasouroce Ovaroonsum 2 tion oooue

activities are using the same resources ab bthe sams time, a mores

flexible scheaduling toonl than start Ffixing is serialization
aectinn 1.2.3), which spreads resouroe wsage over time by

introducing guasi-precedences.,

To specify a dalised segquence of activities, it 1

i

necessary to 2:xit the Gantt charl and select "Serialize

- Fl

activities" on the schedule soreen, A list of activity names

muimbers is displaved, Towesh an activity Lo activate it, 1iF

of the achive

1w athive. I+ one is achive, A

{mme

andci

e

activity deactivates it, while the selection of another achtiviby

Lablishaes the second activity as a serial cguasi-predecesszor of

the active activiby. Selection of a previously defined guasi-

mredecsssor of the active activiity deletes the relationshnip.

Whaen an achtivity is active, the cuwrsor estuens to 1h after

solection of any obthsr activiiiy. When an activity is active,

nf its serial predecessors ars Lz

Tin serialize activity one before activity two bheFors

gacd to fthe right with Yspt

all

activity thres, selesct activity threse, then two., to establish two

A% & quasi-prade

Fesolact three bo deactivate, activate ¥, amd select one to

fabhlish bthe one-two relationship, and the

o to bhres, The cursor returns to bhrse.

ia created.



Any guasi-precedence relationships that would cause a

precedaencse ocvocle {(l.e., any activity bheing a predecessor o

nquasi-predecessor of dtself) is prevented by SARA. Since the

cursar ankomatically returns to the acthive activity, and sincs

(reverses) the relationships, care must be

taken. To review the guasi-predecessor relabtionships, deactivate
the active achbivity and activate each activity in Lturn to display
itz serial predecessors, taking care to usa thae arrow Beys only

when no activity is active. {This prevents unintended alteration

of serial relabionships.)



4,3 Screen Control Using SARA

The scheduls scresn is tThe antey screen for scheduling acts,

accessed by selecting "Scheduls mode” on the 5ARA entry screen.

The =zchedule soreen meng 18 as Followss

Load plan

Save plan

Serlalize achivitiess

Helt bims boundaries

et desired start and finish

o
—

o
1

e D
mn

i~ L

Soheduls
7Y Selt soreen movement constant
2y Change scheduled activity durations

Change soreen sequence of activibties
E=it to 2ntry scraen

3
— e

10
The screen also shows the name of fthe binary Fils that has beasn

openard and the name of the plan that has been loaded. "Moo pian

14 loadad" appears upon Fies entiry Lo the scheduls soreen, and
the user mush select "Load plan', and provide a plan number from

among those listed. ¥ no plan is loaded, abtempted selection of

scheduling acts will he ignored.

To ac

the Santt chart, select "Schedule, Tha main
window contains activity bars, wilth activity names to the laft.
The achivity bar begins at the activitvy's start period and

Lends Lo the activity's Finish period.

The appearance of the Gantt chart scoreen can be control led

tting time boundaries and desired start and Finieh dates of

the project. The desirsed project start date controls the

garliest start of activitiss that have no predecesszors or guasi-

predecessors, and the desicred project fFinidish date controle the

4-11



inst which positive and negative slack are

dus date ag
determined. The wser may wish to delay the desired start date as
an alternative to Fiszing all start times, or may desivre bto make

the due date temporarily earlier to identify the most critical

activities with positive slack indicators.

To set desired start and finish times, select "Set desired
atart and finish" on the schedule screen. I+ the NIORMAL calendar
option is in effect, enter the new btimes as integers or NORMAL
codes (zee section L.4.023. If the WOREDAY option is in effect,

section l.4.27.

arler Lhe new times as WOIREDAY codes (s

MOTE: Desired start and Finish times are

apnly To all plans.

Time bhoundaries determine what span of periods will be shown
on bhe Ganth chart at once. To met time bhoundaries, selecht "Set
time bouwndaries” on the schedule scrsen menu and enter the displav

start and the display end in the same mannar as start and Finish

times ware antored.

The rasowrce conflict graphs and the resouwrce Consumption/

at the bottom of the Dantt

availability profile use up s=Pa
chart | o the user may want to eliminate unnecessary condlict
graphs or the profile, in order to see more activities ab one time.

The user mav also want to adjust the scoreen oovemnsnt constant to

conterol how many activities are rolled on or off the screen by



the UF and DA

are presently below the sorsen,

into visw M activities

command . M odis the

changed From ite defau

command , Lo go to the

movaement constant!.

return ho the Gantil

The usse also

may

activities so that the

those curvently of inters

€ of activities

SN CLIEMTI e

and

activity names

L=

now b afFher bthe seleo

rewritten showing the
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[ri= as desired
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numhers

ternl

atter thi

To bring N activities into view bthat

select UF commancd. To bring

e

above the Gantt chart, select the UTKWN

movemnent constant, which can be

I value of four by selecting "EXITY

soresn, and bthen "Sst sc

antar new integer number of lines and

=

by selecting "Schedulse®.

desire Lo change bthe scorsen seguencs of

arte

of activitiss cuwrrently displayved

. Too dio this ST Een

"Change

Aol e The list of

on the so o

e Jutivate

will displ AN

avard.

other acthivity. Thia

activity. The 1141

Wil

Mt this order the ons on

o clers

left at the

le

CTLAFT AR LI e ation of the

vity, and no activity 1 1E .

« This input protocol obeys the metaphor

e, Y

F
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S The Hohedule Table Reporht

To oreate & schedule table report, seliect

Fraport on the report menu.

The firet lins of the report will be the general title
TEACTIVITY SCHENULE REFORTY, followed by the Filenams of the open
bimarsy +1le. {The specific plan number is not given.) The two
lineg description of the project as defined in the batch file
comas next, The body of the report lists sach activity and the
Foliowing informationt its scheduled start, Findsh, and durationg
ites scheduled consumption of sach consumed eesource, o luding
its total consumption and the rate of consumption at the

- i1

soheduled duraition:; and the "key data” -~ MIN, MIM and FaX

durations -~ and the total consumptbion of sach conzumad resourcs

itical (has

]

at sach of these durabtions. TF an activity

zero or negabive alackl, it will have a "=crit=" {ag to the right

of its name. The rest of the report contains the “gensral

prececdences” - a list of sach activity’'s predecessors and guasi-

e

SO,



S -
et t

ne Resource Table Repoerh

To gensrate a resouwrces Table ereporl, seleoct

zonrce table

repoct!' on the report menu.

The firet line of the repordt contains the title "RESOURCE

SCHEDUWLE REFORT? and the namse of the binary File from whicih it
was prepatred. The specific plan numbar is not listed. The two
line desceription of the project follows. The body of the report

lists each resource’s

avallability and consumption data,

i
3
L
I
—_
pui
iT

consumption rates by e

activity of that resource.

A



Gam The Gantt Chart Report

T prepare a Gantt chart report, select "Gantt chart repoert®

on bhe report menud.

The Gantt chart congists of a Lime scale bar chart. If an
Activity is critical, its bar is represented as a string of egual
signs ("="). WNon-critical activities T bars are shown as a string
of eszes ("5"1.  Serial period numbers are given at the bottom of

the chart, and period codes are given at the top.

B )



S.4 The Resowrce Chart Repart

To gensrate a resouwrce chart, select "Resowce chart report?

N bhe eeoorl menu.

The resource chart is a timescale display showing @ach
Fresource and its availability, consumption, surplus and

defencisncy in =ach time period.



S.0 Reporl Generation and Control

any nunber of reporbs can be generated Ffrom SARAO without
leaving report mode, After each selection, thers is a waill while
SAaRA performs the necessary caloculations and stores the resulbs.
Tt is a good idea Lo put reports for the same plan together,
though a series of reports feom different plans can be oreatad by
loading a new plan in between report selections. Faper records
should be kept of which plan pertains to, as the plan number does

not appear on the report.

Ewvery report oreated for every plan of a project is appendead

- . . t , 5
to the report file in the order in which they were oreated.

Ta view a report, the uvser must exit SARA and either “type”
the file under D08 ar view it through EDLIN. In printing &

caechs S0

Feport, an So-column peinter is assumad. If a report =
columns, such as the chart reports, which are of arbitrary width,
SEaRA YFolds them over” in such a way that the resalting oubput

can be cut and pasted into reports of the propers width.




ol Hyperbolic Interpolation

Donsider the following scenariod

"o dob raguires 12 man-days of computer programming, plus @
man-days of familiardization work by each non-supervising
programmear, plus a Full-tims programmer to do supervising for the

Jjob s duraltion.
This scenario implies 2 specific model of resouroe
sonsumption as oa function of duration. I¥F we let v represent the
effort in man-days by non-supervising progeammers, and lat ow
represent the effort in man-days by the supervisor, then the
total effort is v = v + w, I+ the duﬁation im = davs, -a diy@ct

translation of the scznario shatement is

wo= LE ok Bl o C13

T
-
()

which which w = = and v = yv-w leads

+
>4
o
i
r-
i

ar

wom (R0 bk w0 - B )

-~
{13
—

which defines a hyperbola with a vertical asvmptote = = =z AT

3
obligue asymptote v = 10 + =, and a center of (Z2,12). Figure
.31 shows the relationship of total effort v, in man-days of
programming and supervision, to job duration, for durations from
oo 10 days.

bla =

both Ffrom ths scenario statement (Y...plus 2 man-davs

of Familiarization work by each...”) and from Eguation 3 {1 - 2/

denominator) that the meaningrul domain is = & 2. For = < 2

fo= 1



nothing but Familiarization work would be done and Equation =

would yielod Tthe lower bhrancih of the hvperbola.

The duration = that minimizes effort can be found in the

region = X oy by sstting dy/dx = O in Eguation 3@

=

cays

diving the minimal effort v = ZE.79230 man-days.

The consumption rabe of manpowsr can be defined as o= v/,

which has wunits of man-days per day and simply represenkts the

numberr of programmers and supervisors., Inm tmrms of the rate =,
Equation 3 bhbecomes l

. N - N 3
= LG R S e - 2 (4

4

This forowla defines a rioght hvperbola with a vertical asveptote
= 2, a horizontal asymptobts = = 1, and a center-to-foous

distance of Z.4441. Figures 4A4.3-2 shows the relationship of

consumption rate (number of people) to job duration.

The simplicity of Eguation 3 oar 4 as a model of the
comsumphionAduration relationship given in the above scenario

prings wp bhe possibility of a more genecal Form of the moodsl.

Faramete~ization of BEguations &2 and 4 gives the Following

arpationss

oo




These eguations give three descriptions of a hyperbolic
consumption/duration model fthat has threse paramelbers: o - and
. Fouation 9 can be called the "modeling" form. It whows that
Lhe model sxpresses resource consumption as & sum of three termsd
an intrinsic work content ©,, an additional component of work
Lhat is proportional to the rate of work, and a third component
of work that is proportional to the duration. Foguation & can bhe
called the "vonsumption" fForm of the model, and Bguation 7 can be
called the Y"rate" form.

.

The consumption form, Eguation &, definess a hypearbola with

vartical asvmptote = = o, and obligus asymphtote y = cj -+

The rate form, Eguation 7, defines a «ight hyperbola with

vartical asyvmpitobte = = c. and horizontal asvmptobse z o= 0.,

e L



AL The BARA Scheduling Heuristic

-~

SARA has a scheduling heuristic that attempts to Find a
rasource- and time-feasible schedule of minimum duwration. Thiss

heuristic can be called for on the Gantt chart by selecting the

HEW command, whereupon SARA compubs zchedule and reports 10

in the Form of shadow bars.

I+ the

recommendations are acceplted by The uasee
Ehrouwgh the selection of the ALDD command, start times of
acltivities are fFixed for those activities that the hearistic
Fracommends should be started after their respective =arly start

o : 5
fimes.

The heuwrishic doss not bey aialization or duration

changes.,

Hers is how the heuristic workss
For each activity that has not vet been given a trial start
time and has no predecessors that have not been given a

recommanded start time, the hewistic in turn bries various start

times, starting with the sarlie possible, wntil bthe

can he schoeduled. Then the activity becomes one that has hoen
givan a trial start time. Its consumpltions are subtracted Feom

availabilitiss, and another achivity is Tried. Whean all the

ivitid Mave hesn given a s

arvt time, the hoeuristic stops.,

&=
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.7 EBError Messages in SARA

All soreens e Hohedule
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=
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£
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e
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Menu ltems on Main Entry Scoreen:

Entry Screen

Batch data mode

Soheduale mode

Report mode

Open a binary file

Save cuwrrent binary file
Change file description
End session

‘! —t
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[ AN
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R

L P IR W AN
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Manu ITtems on Batch Soresn:

Batch Screen

s

l-oad bhatch data

21 Save hatoh data
)Y Save binary data

x,
-3
P

[plete activities
5) Delete resources
L3 Return to entry




-

Meanuw Ihems on Schedule Soreens

Schedule Scroesn

l.oad plan

Save plan

Serialize activities

Set Lime houndaries

Set desired start and Finish
Schedule

Set screen movemsnt constant

o 03 By
~

2]

i

i
A

) Ewxit to entry screen




Menw Items on Report Soreen:

Roport Soreon

Load plan

Schedule table report
Resouwrce table report
Gantt chart

Resource chart

Ewxilt o sntry screen

-
PN

A
e

L



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79

