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OBJECTIVES OF PERT COURSE

RERREBRERERARERERERERBEELEER

TH® OBJECTIVES OF THIS COURSE ARE

o TO INTRODUCE THE STUDENT TO PERT CONCEPTS.

'8 TO PROVIDE PROBLEMS AND EXAMPLES THAT WILL SOLIDIFY HIS LEARNING.
o TO DEMONSTRATE HOW A COMPUTER IS USED WITH PERT.

o TO ASSEMBLE IN ONE SOURCE INFORMATION ABOUT THE ENTIRE PERT CYCLE.

UPON COMPLETION OF THE COURSE THE STUDENT WILL BE ABLE TO

“ n SELECT A PROJECT WHERE PERT MAY BE BENEFICIAL.

{ o PLAN THE PROJECT USING PERT.

| n SCHEDULE THE PROJECT USING PERT.

n APPLY COSTS TO A PERT PROJECT.

o PROVIDE MANAGEMENT WITH USEFUL . INFORMATION DISPLAYS.




INTRODUCTION TO PERT

REBBERERERERERTRRERRER

ONE OF THE MOST SIGNIFICANT ADVANCES IN MANAGEMENT MEYHODS
DEVELOPED RECENTLY HAS BEEN PERT, PROGRAM EVALUATION AND REVIEW
TECHNIQUE. THE PERT TECHNIQUE WAS DEVELOPED DURING 1958 AT THE NAVY
SPECIAL PROJECTS OFFICE UNDER ADMIRAL W.F. RABORN FOR THE APPLICATION
OF STATISTICAL AND MATHEMATICAL TECHNIQUES TO PROJECT MANAGEMENT FOR
A LARGE WEAPONS SYSTEMy THE POLARIS MISSLE AND SUBMARINE. THE TECHNIQUE
WAS INSTITUTED TO AID IN PLANNING AND CONTROLLING THREE MAJOR FACTORS
OF LARGE SYSTEMS DEVELOPMENTeeeeoTIMEy, COST AND TECHNICAL PERFORMANCE.
ALTHOUGH PERT WAS THE BASIC FRAMEWORK OF MONITORING AND CONTROLs ITS
INITIAL USE WAS IN THE EVALUATION OF SCHEDULES, THE TIME ASPECT.

PERT BASED SYSTEMS ARE SOUNDs DYNAMIC MANAGEMENT TECHNIQUES WHICH
HAVE BEEN USED IN A VARIETY OF INDUSTRIES. USERS HAVE INCLUDED THE
MILITARY, AEROSPACE INDUSTRIESy AIRFRAME FABRICATORS, PETROLEUM AND
CHEMICAL INDUSTRIESy MANUFACTURING PLANTSy ENGINEERING FIRMS, AND OTHERS.
THESE PERT BASED SYSTEMS ARE NOT THE ULTIMATE, BUT THEY AND THEIR REFINE-
MENTS PROVIDE THE NECESSARY INFORMATION FOR BETTER PROJECT MANAGEMENT,

THE TYPES OF PROJECTS FOR WHICH THE PERT SYSTEM CAN BE USED ARE AS
VARIED AS ANY THAT EXIST IN INDUSTRY. IN GENERAL, PERT CAN BE USED
ON ANY PROJECT MADE UP OF GROUPS OF ACTIVITIES WHICH CAN BE SEQUENCED
INTO A COMBINATION OF PARALLEL AND SERIAL CHAINS. SUCH A SEQUENCED
SET OF ACTIVITIES IS THE PERT NETWORK. THE BASIC OBJECTIVE OF THE
PERT SYSTEM IS TO ASSOCIATE THE VARIOUS ACTIVITIES TO BE PERFORMED
WITHIN A PROJECT WITH THEIR RELATED SCHEDULES, MANPOWER REQUIREMENTS,
AND COST INFORMATION.

PERT IS A DYNAMIC AND RESPOMSIVE PROJECT MANAGEMENT SYSTEM.
IT IS USED TO PLANy, CONTROLy AND EVALUATE PROJECTS. PERT IS A DISCIPLINE
WHICH REQUIRES A PROJECT TO BE CAREFULLY ORGANIZED AND DESCRIBED WITH
CONCISE TERMS. THIS METHOD OF PROJECT MANAGEMENT SELLS ITSELF TO
ALL LEVELS OF MANAGEMENT AND OPERATING PERSONNEL. PERT ENABLES
MANAGEMENT TO TEST ALTERNATIVES AND DETERMINE YHEIR CONSEQUENCES
BEFORE A DECISION IS MADE. PERT PROVIDES REALISTIC AND EASILY UNDER-
STOOD OPERATING PLANS. THESE PLANS ARE BASED ON THE ACTUAL CAPABILITIES
OF AN ORGANIZATION. PERT MAKES MAXIMUM UTILIZATION OF ALL AVAILABLE
PLANNING DATA THAT MAY HAVE BEEN PREPARED IN CONNECTION WITH A PROJECT.
PERT PERMITS A HIGHLY OBJECTIVE ANALYSIS OF THE STRONG AND WEAK AREAS
OF A PROJECT. THE SIMPLICITY OF PERT RESULTS IN A VERY SHORT LEARNING
CYCLE. THIS PERMITS IMMEDIATE IMPLEMENTATION OF THE SYSTEM. MAXI-
MUM BENEFITS ARE REALIZED IN A SHORT PERIOD OF TIME WITH A SMALL
EXPENDITURE OF EFFORT.

THE PAST DECADE HAS WITNESSED A STEADY GROWTH IN THE APPLICATION
OF ANALYTICAL AIDS TO PLANNING. IN THIS AREA THE DEVELOPMENT AND
APPLICATION OF PERT AND PERT-LIKE SYSTEMS IN PROGRAM CONTROL HAS BEEN
PERHAPS THE MOST WIDELY DISCUSSED. THE TERM PERT-LIKE IS USED AS
AN IDENTIFIER AND FOR PURPOSES OF ECONOMY. MANY DIFFERENT NAMES HAVE
BEEN APPLIED TO OR COINED TO DESCRIBE THE NETWORK APPROACH AND CHANGES
TO IT. THIS JUNGLE OF TERMINOLOGY HAS BEEN CONFUSING TO MANAGEMENT.
FOR THIS REASON, THE TERM PERT WILL BE USED AS A GENERAL IDENTIFIER.
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VALUES OF PERT
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PLANNING VALUESeceees

o ARROW NETWORK CAUSES EVERYONE TO PLAN |
o0 MANAGEMENT RESPONSIBILITIES ARE ESTABLISHED %
o AN UNDERSTANDING OF INTERRELATIONSHIP OF ACTIVITIES IS GAINED |
0 ASSIGNMENT OF RESPONSIBILITES IS CLARIFIED

o A BASIS FOR EVALUATION OF - THE PLAN IS GAINED

0 MANAGEMENT CAN EXAMINE ALTERNATIVE PLANS a
o MANAGEMENT CAN PLAN ONE OF A KIND PROGRAMS

o MANAGEMENT CAN PLAN PROGRAMS WHERE NO STANDARD COST AND TIME
DATA ARE AVAILABLE

o A PROBABILITY OF SUCCESSFULLY MEETING DEADLINES IS REACHED

CONTROL VALUESceeoe
o PROGRESS REPORTING IS DYNAMIC RATHER THAN HISTORICAL

o PERT ALLOWS ANTICIPATORY MANAGEMENT ACTION AGAINST TROUBLE .
LIKELY T0O APPEAR

a ABILITY TO TRADE OFF RESOYURCES

l o ABILITY TO SIMULATE PROGRAMS OR DECISIONS ON PAPER -OR IN A
*; COMPUTER 'INSTEAD OF TAMPERING WITH EXPENSIVE OPERATIONS

o MANAGEMENT CAN CONCENTRATE ON CONTROLLING CRITICAL ACTIVITIES
RATHER THAN THE ENTIRE PROJECT

o A LARGE AMOUNT OF DATA IS PRESENTED AND SUMMARIZED ‘8Y PERT IN
AN ORDERLY FASHION

SOURCES...REFERENCES 1 AND 2
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TYPICAL USERS OF PERT
FRRNFRBRBVERRERRBRBRRER
DEERE AND COMPANY
USE..,.....PRODUCT DEVELOPMENT ' IN OTTUMWA WORKS
RESULTSceeESTIMATED TIME REDUCTION 28 PERCENT. NOW APPLIED TO
eesesALL PROJECTS OF :MORE THAN 200 MANHOURS.
DUPONT
USEeveoeee e SHUTDOWN MAINTENANCE OF LOUISVILLE PLANT
RESULTSee«REDUCED SHUTDOWN TIME BY .37 PERCENT. GAINED MORE THAN
eeoeeIONE MILLION POUNDS OGF :PRODUCTION.
INTERNATIONAL MINERALS AND CHEMICAL
USEcocoecoe «c MAINTENANCE OF MINE HOIST REQUIRING SHUTDOWN OF - MINE
RESULTSceee27 PERCENT TIME REDUCTION.  $100,000 SAYED.

CATALYTIC CONSTRUCTION COMPANY
USEcececoeces?7 CONSTRUCTION PROJECTS
RESULTS.;..AVERAGE TIME REDUCTION FOR PROJECTS 22 PERCENT.
eeeEXPEDITING COSTS REDUCED AVERAGE OF 15 PERCENT
SUN MAID RAISIN GROWERS
USE.......;CONSTRUCTIDN OF ‘PLANT: PROPERLY ' TIMED TO .GROWING SEASON

RESULTSeeeTIME REDUCTIDNvDFsZS-PEﬁCENT;
e2¢oESTIMATED SAVINGS OF$1+0004000 :

SOURCE. .+ .REFERENCE 1
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APPLICATION AREAS OF PERT
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THE FOLLOWING APPLICATION AREAS UTILIZE PERT OR ARE BEING
CONSIDERED BY COMPANY MANAGEMENT -

o SECURITIES ISSUES

o LONG RANGE PLANNING J
o MARKETING PROGRAMS ;
o MERGERS OR ACQUISITION PROGRAMS i
o INTRODUCTION OF NEW PRODUCTS i
o ADVERTISING PROGRAMS

o STAFFING OF PLANTS

o INSTALLING OTHER MANAGEMENT CONTROL SYSTEMS
o INSTALLING ORGANIZATION PLANS

o BOOK PUBLICATION

o PRECRISIS PLANNING

o RESEARCH. AND DEVELOPMENT

o CONSTRUCTION :PROGRAMS

o PROGRAMMING OF COMPUTERS

o PREPARATION OF ‘BIDS AND' PROPOSALS

o MAINTENANCE PLANNING |

o INSTALLATION OF COMPUTER SYSTEMS

o DISTRIBUTION PLANNING

o COST REDUCTION PROGRAMS
o SCHEDULING Of PAPERWORX
o OTHERS AD INFINITUM

SOURCE. . .REFERENCE 1




OBJECTIVES OF PERT
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THE PERT SYSTEM AIMS TO PRESENT MEANINGFUL INFORMATION FOR PLANNING

AND CONTROLLING PROJECTS. ONE OF -THE PRIMARY BENEFITS IS A DEFINITE PLAN

OF ACTION IN ATTACKING THE PROBLEM ONCE THE OBJECTIVES OF MANAGEMENT
HAVE BEEN STATED. ANOTHER BENEFIT IS THE DISCIPLINE OF .THINKING THE
JOB THROUGH AT EACH LEVEL OF MANAGEMENT.

TO CARRY OUT THESE OBJECTIVES, THE SEQUENCED ACTIVITIES ARE
GROUPED INTO A NETWORK. THIS NETWORK IS A PLAN OF ACTION. 1IT IS A
REALISTIC AND UNDERSTANDABLE REPRESENTATION OF THE PROJECT AND PROVIDES
THE FRAMEWORK OF THE SYSTEM. THE ELEMENTS OF PLANNING INFORMATION,
COST ESTIMATES, ESTIMATED COMPLETION DATES, MANPOWER REQUIREMENTS, ARE
THEN RELATED TO THE ELEMENTS OF -THE NETWORK. THE PERT SYSTEM .USES THIS
INFORMATION IN PREPARING REPORTS FOR INTEGRATING THE PLAN OF ‘ACTION AND
ESTABLISHING SCHEDULES, BUDGETS AND MANPOWER -ASSIGNMENTS.

WHEN THE SYSTEM IS IMPLEMENTED ON A PROJECT, THE ACTUAL OUTLAYS
OF TIME, LABOR AND FUNDS ARE CORRELATED AGAINST THE PLAN, AND THIS
INTEGRATED INFORMATION 1S PRESENTED TO MANAGEMENT ‘FOR REVIEW. FOR
EXAMPLE, TIME, COST AND MANPOWER SUMMARIES CAN BE GIVEN FOR /1/ THE
PROJECT THUS FAR, /2/ OUTLOOK AND ESTIMATES AND /3/ THE PLAN VERSUS
ACTUALS.

FOR THE EVALUATION OF :THIS INFORMATION, THE SYSTEM PROVIDES REPORTS
WHICH MONITOR THE PLANNED PROGRAM AND ‘PINPOINT THOSE AREAS WHICH MAY
REQUIRE REMEDIAL ACTION. MANAGEMENT DECISIONS AND ACTIONS CAN BE MADE
TO BRING ACTUAL PROGRESS CLOSER TO THE APPROVED PLAN OF -ACTION.

AL U RIS
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SELECTION OF A PERT APPLICATION
FE SRR R RN BRRRRR RN RRERRRRS

THE APPLICATIONS OF PERT ARE INCREASING RAPIDLY .AS PEOPLE BECOME
FAMILIAR WITH THE TECHNIQUE. THE SIMPLICITY OF THE PERT CONCEPT IS
RESPONSIBLE FOR ITS EXPANDED USE IN INDUSTRY. PERT USERS HAVE FOUND
THE FOLLOWING CRITERIA HELPFUL IN SELECTING A PROJECT ‘FOR PERT ‘USE

o PROJECTS THAT INVOLVE SEVERAL PEOPLE, DEPARTMENTS, -OR -FUNCTIONS
o PROJECTS THAT HAVE A CRITICAL COMPLETION DATE

D PROJECTS THAT REQUIRE COSTLY RESOURCES

o PLANS THAT MUST BE TESTED BEFORE IMPLEMENTATION

o PROJECTS THAT ARE IN A CDNSTANTYSTATE OF -CHANGE

o PROJECTS THAT REQUIRE CONSIDERABLE COORDINATION AMONG THE
FUNCTIONS THAT ARE CONTRIBUTORS. TO THE PROJECT

o PROJECTS THAT MUST BE CONSTANTLY REVIEWED TO DETERMINE THE
EFFECTS OF ACTUAL PERFORMANCE

o PROJECTS THAT INVOLVE A NUMBER OF . INTERDEPENDENT -EVENTS

THE ABOVE ITEMS COMPRISE ONLY A PARTIAL LIST:OF CRITERIA WHICH
THE PROSPECTIVE PERT USER MAY WISH TO CONSIDER. . IT 1S RECOMMENbED
THAT INITIALLY A PROJECT OF RATHER SHORT DURATION AND NOT EXTREMELY COM-
PLICATED BE SELECTED. A FAMILIARITY WITH THE TECHNIQUE WILL OPEN NEW

AREAS OF PROFITABLE APPLICATION FOR PERT. .

KEY WORDS IN PROJECT SELECTION ARE
o COSTLY o LENGTHY 2 URGENT o COMPLEX a DYNAMIC

SOURCE. . .REFERENCE 8




PERT CYCLE
HERBRBNBEE

THE ILLUSTRATION SHOWN BY FIGURE AO DEPICTS THE CYCLE THROUGH
WHICH PERT SUPPLIES A CONTINUOUS STREAM OF :TIMELY 'INFORMATION REQUIRED

FOR EFFECTIVE PROGRAM EVALUATION. -

THE CYCLE BEGINS WITH COMPUTER INPUTS FROM THE GROUP :OR AGENCY
CHARGED WITH MEETING A MAJOR END OBJECTIVE.  THE OUTPUT :REPORTS REQUIRE

RIS G

ANALYSIS. NECESSARY CHANGES OR -CORRECTIONS ARE SUBMITTED FOR FURTHER

REVISION AND: REDISTRIBUTION.

PERIODIC REQUESTS FOR -ADDITIONAL DATA WILL FOCUS ATTENTION -ON RE-
LATIVELY CRITICAL PATHS AND. PERMIT THE AUDIT OF :A FEW SPECIFIED EVENTS.
RE-ESTIMATES MAY BE REQUESTED FOR-?HOSETIHES'THAT'LIE‘ALONGiTHE,CRlTlCAL
PATHS. THIS SERVES TWO PURPOSES /1/ EMPHASIS IS 'PLACED ON TIGHT -AREAS,

AND 72/ ESTIMATES IN THESE .AREAS ARE MARKED FOR CRITICAL .ANALYSIS IN AN

EFFORT TO PRODUCE MORE ACCURATE DATA.

AUDITING IMPROVES THE ACCURACY .OF ‘THE FLOW CHART BECAUSE ESTIMATES
ARE REQUESTED FOR ‘A SMALL GROUP OF SELECTED ACTIVITIES WHICH DIFFER FROM

MONTH TO MONTH. ALL EVENTS ON THE CHART WILL BE COVERED AT :ONE TIME OR

ANOTHER.

SOURCE. . .REFERENCE 5
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PLANNING THE NETWORK
RRBRRRBRBERRERBERERS

PERT IS AN EXCELLENT TOOL FOR PLANNING. : IT REQUIRES THE USER TO
LOGICALLY EXAMINE THE PROJECT AND FORCES PLANNING OF ALL PORTIONS OF A
JOB. OF COURSE,. PLANNING HAS BEEN ACCOMPLISHED FOR MANY .YEARS BY MEANS
OF GANTT CHARTS. IN GANTT CHARTING USUALLY NO INTERCONNECTION OR DEPEND-
ENCY BETWEEN ACTIVITIES ARE SHOWN. IN RESEARCH AND DEVELOPMENT PROGRAMS
MANY PROJECTS MUST BE PERFORMED CONCURRENTLY AND COORDINATED PROPERLY. .
PERT OFFERS SIGNIFICANT IMPROVEMENT IN THESE AND OTHER SIMILIAR TYPE
PROJECTS OVER EXISTING TECHNIQUES. FIGURE A18 SHOWS A TYPICAL -GANTT .CHART.

UNDER A PERT 'SYSTEMg¢ A PROJECT ‘IS FIRST PLANNED, THEN SCHEDULED
USING TIME AND COST AND RESOURCES, AND THEN CONTROLLED. IT IS QUITE
DIFFICULT FOR A MANAGER -TO CONTROL UNLESS AN ACCEPTABLE PLAN HAS BEEN
CREATED. DECISIONS SHOULD BE .THE RESULTS OF -PLANS AND: POLICIES THAT:
HAVE BEEN DEVELOPED TO MEET OBJECTIVES AND SHOULD THEN BE RELATED .TO
CONTROL . INFORMATION WHICH SHOWS ACCOMPLISHMENTS VERSUS PLAN.

THE TOOL USED FOR PLANNING IN PERT IS THE ARROW DIAGRAM. = THIS
DIAGRAM IS AN OUTLINE OF THE ACTIVITIES THAT ‘MUST BE ACCOMPLISHED AND OF
THE EVENTS THAT MUST OCCUR -BEFORE AN OBJECTIVE IS REACHED. [T PROVIDES
A SIMPLE, CLEARy AND PRECISE DESCRIPTION :OF -THE PROJECT BEING UNDERTAKEN.
THE DIAGRAM ALSO SERVES AS A TOOL FOR COMMUNICATION. USUALLY PEDPLE
INVOLVED IN A PROJECT ‘BELIEVE THAT THEIR PORTION IS THE ENTIRE PROJECT.
IN REALITY, THEY ARE USUALLY PLANNING ONLY ‘A PORTION OF :THE PROJECT :AND
THE ARROW DIAGRAM ALLOWS THEM TO DETERMINE HOW THEY INTERFACE WITH OTHER
DEP ARTMENTS. o

ONLY AFTER ALL AFFECTED DEPARTMENTS ARE -CONVINCED THAT THE ARROW
DIAGRAM REPRESENTS A WORKABLE PLAN SHOULD THE PROJECT BE SCHEDULED. AT
THIS POINT ALL ACTIONS SHOULD HAVE BEEN EVALUATED TO DETERMINE WHETHER THEY
ARE NECESSARY AND WHY THEY .ARE NECESSARY. ALL SIGNIFICANT ACTIVITIES
SHOULD HAVE BEEN DETERMINED AND THEIR RELATIONSHIPS DEFINED. MANAGEMENT
SHOULD NOW BE ABLE TO EVALUATE THE PLAN AS TO :COMPANY POLICIES AND LIMITS.
BY CONSULTATION WITH THE PLANNER; ‘A SUPERIOR RESULT SHOULD BE :OBTAINED
OVER USING EXISTING TECHNIQUES.
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DEFINITIONS
ACTIVITY

IN ORDER TO BEGIN ARROW DIAGRAMMING A FEW DEFINITIONS ARE REQUIRED.

ONE TASK TO BE COMPLETED AS PART OF A PROJECT. AN ACTIVITY .TAKES TIME

AND CAUSES MONEY .TO BE SPENT IN MANPOWER AND/OR MATERIALS.
EVENT

A SPECIFIC ACCOMPLISHMENT DURING A PROJECT. AN EVENT :SIGNIFIES THE
START OR COMPLETION .OF ONE OR MORE ACTIVITIES. IT THUS REPRESENTS A
MILESTONE IN PROJECT PROGRESS. NO TIME OR COST :IS ASSOCIATED WITH AN
EVENT. IT IS SIMPLY A CONVENIENT WAY TO SEPARATE ACTIVITIES. EVENTS
ARE NORMALLY REPRESENTED BY CIRCLES OR NODES AND EACH IS GIVEN A
UNIQUE NUMBER.

ARROW DIAGRAM
A.PICTORAL REPRESENTATION OF THE SEQUENCE OF ACTIVITIES WHICH MAKE UP
PROJECT. EACH ACTIVITY (IS REPRESENTED BY AN ARRONW ‘WHOSE TAIL.IS CON-
NECTED TO THE ACTIVITY .IMMEDIATELY PRECEDING IT, AND WHOSE HEAD IS
CONNECTED TO THE ACTIVITY .IMMEDIATELY FOLLOWING IT. . :

e o o ALL INTERDEPENDENCIES ARE  SHOWN BY .THE JUNCTIONS OF ARROWS.

. . . A SET OF RULES FOR CONSTRUCTING THE ARROW DIAGRAM:HAS BEEN
ESTABLISHED. . -

DUMMY ACTIVITY
AN ACTIVITY WITH ZERO DURATION SOMETIMES USED IN A NETWORK IN ORDER
TO PROVIDE A UNIQUE PAIR OF NODES FOR EACH ACTIVITY.

Jos

ANOTHER NAME FOR ACTIVITY.
NETWORK

ANOTHER NAME FOR ARROW DIAGRAM.
NODE

A REPRESENTATION OF AN EVENT -BY A NUMBERED POINT
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THE FOLLOWING SECTIONS REFER -TO APPENDIX FIGURES THAT YOU SHOULD
REFER TO AS YOU ARE STUDYING THE MATERIAL.

RULES FOR ARROW DIAGRAMMING

......‘......Q...O.......‘.

le - EACH ACTIVITY IS REPRESENTED B8Y ONE ARROW. FIGURE Al."
2. EACH ARROW MUST -BEGIN AT :SOME EVENT AND TERMINATE AT ‘ANOTHER EVENT.

3. EACH EVENT OTHER THAN ‘THE FIRST :AND LAST :EVENTS OF .THE NETWORK MUST
INITIATE AT LEAST ONE ACTIVITY AND TERMINATE AT LEAST :ONE ACTIVITY.
FIGURE A2.

4. THE PROJECT MUST BEGIN AND END WITH SINGLE EVENTS. THAT:1IS, THERE
| CANNOT BE TWO STARTING OR -TWO ENDING EVENTS. '

5. NO TWO OR MORE ACTIVITIES CAN BEGIN AND END WITH THE SAME TWO EVENTS.
WHERE THIS OCCURS NATURALLY, ONE OR MORE DUMMY ACTIVITIES AND/OR
DUMMY EVENTS MUST ‘BE ADDED TO THE NETWORK. FIGURE A3, THUS, EACH
ACTIVITY MAY HAVE ‘A UNIQUE PAIR OF EVENTS AS: ITS PREDECESSOR -AND
SUCCESSOR.

6. NO SET OF ACTIVITIES CAN: CREATE A LOOP :0OR -CYCLE. -FIGURE A4.
/ :

RELATIONS BETWEEN J0OBS IN THE DIAGRAM

........‘.............0..‘..,........“

CONSIDER -ANY ACTIVITY AND THE TWO .NODES ASSOCIATED WITH IT< : THERE MUST:
BE AT LEAST ONE ACTIVITY FOLLOWING AND AT.LEAST ‘ONE ACTIVITY.PRECEDING
EVERY ACTIVITY EXCEPT THE FIRST :AND ‘THE LAST .

CONSIDER A NODEo~AND‘THEiJGBS'ENTERING AND.LEAVINGsITJélNéF!GUREfAS
i THE RELATIONS BETWEEN ACTIVITES IS AS FOLLOWS

ACTIVITY . IS FOLLOWED BY . IS PRECEDED 3Y.

A D AND E - - -
B D AND E - - -
C D AND E - - -
D --— Ay, B AND C
E - - Ay B AND C

THE DIAGRAM :FURTHER -RESTRICTS RELATIONS. ACTIVITY ‘D CANNOT -BE .STARTED
UNTIL ACTIVITIES Ay B AND C ARE COMPLETED (:AND ONCE THEY 'ARE CDHPLETED
NOTHING ELSE PREVENTS ACTIVITY D FROM PROCEEDINGys ETC.




MULTIPLE VS SINGLE DEPENDENCIES

...........‘Q.............l’“...

WHERE A NUMBER OF ‘ACTIVITES ENTER AND EXIT FROM A COMMON NODE BUT ONE OR
MORE ACTIVITIES NEED ONLY BE PRECEDED BY SOME OF -:THE ENTERING ACTIVITIES
THESE ACTIVITIES ARE SEPARATED BY A DUMMY .ACTIVITY. IF WE WANT :TO EX-
PRESS THE .CONDITIONS IN FIGURE A6 AND THE DIAGRAM IN :FIGURE A7 IS USED,
A FALSE RESTRICTION IS PLACED ON ACTIVITY C. FIGURE A8 IS A VALID DIA-:
GRAM. :

POINTS TO CONSIDER IN DETERMINING THE NETWORK

le WHAT PRECEDES EACH ACTIVITY.
2. WHAT FOLLOWS EACH ACTIVITY.
3. WHAT OTHER ACTIVITIES OCCUR ‘SIMULTANEOUSLY.

ONE WAY TO START IS BY .DEVELOPING A TABLE IN WHICH EACH ACTIVITY .APPEARS.
THE TABLE SHOULD INCLUDE FOR EACH ACTIVITY A DELINEATION OF :ALL OTHER
ACTIVITIES WHICH IMMEDIATELY .PRECEDE: IT AND ALL THOSE WHICH IMMEDIATELY
FOLLOW IT.

IDENTIFICATION ACTIVITY. PREDECESSORS SUCESSORS
RECEIVE ORDER FOR CAR By C4+ D
INSTALL OPTIONAL :EQUIPMENT
SERVICE FOR DELIVERY '

SET UP _FINANCING

REGISTER VEHICLE
DELIVER. TO CUSTOMER By Cs» Dy E

MTMOO®>»
>>>> |
i nTnmn=

USUALLY A NETWORK. IS CREATED: . IN THIS MANNER -

le DEFINE THE FINAL OBJECTIVE EVENT.

2. DEFINE ALL SIGNIFICANT :EVENTS THAT IMMEDIATELY PRECEDE
THE END OBJECTIVE .

2« REPEAT STEP 2 FOR ALL EVENTS CREATED.

THE REASDN FOR WORKING FROM THE END EVENT TOWARDS THE FRONT :IS THAT
IT IS EASIER TO VISUALIZE AND TO ASSURE THAT -NOTHIGN SIGNIFIGANT IN THE
WHOLE PLAN IS LEFY OUT, . f -

SOURCE...REFERENCE 9
THE FIRST ATTEMPT AT DIAGRAMMING IS OFTEN SIMPLIFIED BY .USING DUMMIES

GENEROUSLY. A SECOND DIAGRAM:CAN THEN BE MADE; EL IMINATING .UNNECESSARY |
DUMMIES. FIGURE A9 . . .

EACH ACTIVITY INCLUDING DUMMIES IS IDENTIFIED BY THE TWO :EVENTS IT. -
CONNECTS, IF THESE EVENTS ARE GIVEN NUMERIC IDENTIFICATION, .THE ACTIVITY
IS IDENTIFIED AS AlJ. THE EVENT -AT THE TAIL OF :THE ACTIVITY: IS I,4 AND

12

THAT AT THE HEAD IS J.




NODE NUMBERING

EACH NODE MUST HAVE A UNIQUE NUMBER WHICH MAY BE ARBITRARILY ASSIGNED.
SOME CRITICAL PATH PROGRAMS REQUIRE THAT THE NODAL NUMBER AT THE TAIL

OF EVERY ARROW BE LESS THAN THAT AT ITS HEAD. SOME ADDITIONALLY RESTRICT
THAT THE NODES BE NUMBERED CONSECUTIVELY 1 TO N. PROGRAMS EXIST TO TAKE
ANY ARBITRARY SET OF NODE NUMBERS AND TRANSPOSE THEM INTO A NUMBERED SET
MEETING THE GIVEN RESTRICTIONS.

PROBLEM 1.
DRAW AN ARROW DIAGRAM FOR THE FOLLOWING
ACTIVITY PRECEDED BY FOLLOWED BY

By E . |

DRAW AN ARROW DIAGRAM FOR THE FOLLOWING

A -
: B A Csy D |
] C B E :
‘ﬁ; D B . F » G
i E Ay C F | -]
: F Dy E G - A | ;
: 6 Dy F -
E; PROBLEM 2.

ACTIVITY PRECEDED BY FOLLOWED BY
Dy Ey F :

A -

: B - E, F : S
{ C - H
: D A G
:: E Ay B G E
{ F Ay B H

G Dy E -

H Cy F -

SOURCEe. . REFERENCE 7
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COMPOSITE ACTIVITIES

LET ACTIVITY A BE A PREDECESSOR OF ACTIVITY B. IN PRACTICE, A IS OFTEN
INTERPRETED IN SUCH A WAY THAT B CAN BE STARTED AS SOON AS A IS PARTIAL-
LY COMPLETED. OR, MORE GENERALLY, MANY ACTIVITIES MAY BE STARTED AS SOON
AS A IS SOME PERCENTAGE TOWARD COMPLETION. IN THIS SITUATION WE CONSIDER
A TO BE A COMPOSITE OF MANY ACTIVITIES. FOR EXAMPLE, IF ACTIVITY C CAN
AE STARTED WHEN A IS HALF COMPLETED, ACTIVITY D WHEN A IS THREE-FOURTHS
COMPLETED, AND ACTIVITY B WHEN A IS FULLY COMPLETED, WE CONSIDER A TO BE
A COMPOSITE OF THREE DIFFERENT ACTIVITIES,Al, A2, AND A3. FIGURE AlO.

BY USING THIS TECHNIQUE OF REDEFINING ACTIVITIES IN TERMS OF THEIR COM-
PONENTS WHEN NECESSARY, WE MAY ASSUME THAT EACH JOB IN A PROJECT MAY NOT
HAVE TO BE COMPLETED BEFORE ANY OF ITS SUCCESSORS CAN BEGIN.

' AGGREGATED ACTIVITIES

SOMETIMES A CERTAIN GROUP OF ACTIVITES MAY BE CONSIDERED AS ONE ACTIVITY.
THIS INTERPRETATION MAY BE QUITE DESIRABLE, ESPECIALLY WHEN ALL THE
ACTIVITIES IN THE GROUP ARE TECHNOLOGICALLY .ORDERED AND CAN BE CONSIDERED
TO FORM A SMALL PROJECT IN THEIR OWN RIGHT. WHEN THIS TYPE OF SITUATION
OCCURS A SINGLE ACTIVITY MAY BE SUBSTITUTED FOR THE GROUP. FIGURE All.

IN THIS MANNER NETWORKS OF VARIOUS LEVELS OF COMPLEXITY ARE POSSIBLE.

THE LEVELS COULD CORRESPOND TO THE LEVELS OF MANAGEMENT TO WHICH REPORTS

ARE TO BE SUPPLIED.

AR T a8

LEAD TIME ACTIVITY

R e L hidii

g EVENTUALLY A PROJECT MUST BE PUT ON THE CALENDAR. IT IS NECESSARY TO

? INTRODUCE AT LEAST ONE ACTIVITY THAT STARTS AT THE ZERO DATE ON THE CAL-

* ENDAR AND TERMINATES AT THE START OF THE PROJECT. THIS ACTIVITY IS INTER-
PRETED AS THE LEAD TIME FOR THE ENTIRE PROJECT, IT MAY BE USED TO AGGRE-
GATE CERTAIN ADMINSTRATIVE MATTERS THAT MUST BE HANDLED BEFORE THE ACT~-
UAL START OF THE PROJECT. USUALLY THE NORMAL DURATION OF LEAD TIME IS THE
TIME FROM SOME FIXED CALENDAR DATE TO THE ASSUMED PROJECT START -DATE.

THE CRASH DURATION IS ZERO. OTHER DURATION LIMITS ARE POSSIBLE, DEPENDING

g ON THE INTERPRETATION OF LEAD TIME. FOR EXAMPLE, WHEN UPDATING A NETWORK

: THIS ACTIVITY CAN BE USED TO PLACE THE PROJECT ON A CURRENT BASIS.

DELIVERY RESTRAINTS

R i A DL

CONSIDER THE PROJECT SHOWN IS FIGURE Al2. LET THE DURATION OF JOB A BE
THREE DAYS. SUPPOSE TO PERFORM JOB B MATERIAL IS NEEDED THAT -TAKES TEN
DAYS FOR DELIVERY. ONE MIGHT DRAW [~ -« CONSTRAINT ARROW C-8 WITH THE
DURATION OF TEN DAYS. THE DIAGRAM 4UULD THEN APPEAR AS FIGURE Al3.

T SRR T T TR L T T e
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PROBLEM 3.

DRAW AN ARROW DIAGRAM. FOR -THE ACTIVITY LIST (BELOM :
RENEWING A PIPE LINE EXAMPLE .

1DENT  ACTIVETY . PRECEDED BY
A ASSEMBLE CREW FOR. JOB -
B USE OLD LINE TO BUILD:INVENTORY. A
c MEASURE AND SKETGH OLD. LINE .8
D DEVELOP ‘LEST OF MATEREALS -
E ERECT :SCAFFOLD - c
£ PROCURE - PERES c
G PROCURE VALVES -
H DEACTIVATE OLD .LINE | C4D
1 REMOVE .OLD:'PERE. | EsH
J PREFAB NEW PIPE F
: K PLACE . VALVES . EsGsH
'  v PLACE NEW PIPE . Ied
| " ueub,P:as,..?. S
}: N CONNECT <VALVES - KoM
7 0 CINSULATE .. - KoM
| P PRESSURE ‘TEST:: | N
E Q REMOVE :SCAFROLD : 'NgO
R CLEAN 'UP ‘AND RELEASE TOCREW.  PsQ

FOLLONED: BY
8

°
EiEiGiH
H
I+K.




INTRODUCTION TO SCHEDULING

ERBAEBRBAEBRERRER AR R ERBERN

ALTHOUGH PERT IS AN EFFECTIVE MANAGEMENT CONTROL TOOL, IT IS ALSO
EFFECTIVE AS A SCHEDULING TOOL BY USING THE VARIATIONS IN PROBABILITY
AS A BASIS FOR DETERMINING THE EXPECTED TIME. WHEN A PERT NETWORK IS
DEVELOPED IT MUST REPRESENT THE PLAN FOR DUING THE OVERALL TASK AND THE
SCHEDULE MUST BE REALISTIC. ONCE ESTABLISHED, IT MUST BE FOLLOWED
BY THE ORGANIZATION PERFORMING THE ACTIVITIES.

INTERMEDIATE MILESTONE SCHEDULES ARE IMPORTANT. SINCE THEY GENERATE
TARGETS OR GOALS TO BE ATTAINED. THEY ARE ESSENTIAL FOR COMMUNICATION
BETWEEN PEOPLE PERFORMING THE WORK, SUPPLIERS, PROGRAM MANAGEMENT,

TOP MANAGEMENT AND THE CUSTOMER.
ESTABLISHING AND MAINTAINING A GOOD SCHEDULE WILL REQUIRE THE FOLLOWING

0 CONSTANT EVALUATION OF PROGRESS.

0 GOOD DEFINITION OF ACTIVITIES.

0 AWARENESS OF THE EFFECT CREAYED BY A DELAY.

O EVENTS SCHEDULED FREQUENTLY.

0 A FEELING ON THE PART OF ‘PERSONS WHD MUST MEET THE SCHEDULE
THAT THEY HELPED TO ESTABLISH IT.

O POSITIVE MANAGEMENT DIRECTION.

PERT WILL FULFILL THE FIRST FOUR OF THE ABOVE CONSIDERATIONS. THE
LAST ‘TWO FACTORS CAN BE ACHIEVED BY MAKING THE INDIVIDUAL OR TEAM FEEL
THAT HE HAS PLAYED A PART IN ESTABLISHING THE GOAL. THE PLAN MUST BE
THEN ACCEPTED BY MANAGEMENT,

THE INCORPORATION OF A REALISTIC SCHEDULING SYSTEM TAKES THE GUESS-
WORK OUT OF SETTING SCHEDULES AND. PROVIDES MANY OTHER INTERNAL
SCHEDULES. THERE SHOULDy HOWEVER, BE ONLY ONE SCHEDULE THAT IS
GENERATED OR CHECKED BY PERT.




SCHEDULING WITH SINGLE TIME ESTIMATES
RRBRBRR B R BB RHEB AR AR AR R AR RS REBRRRES

BASIC TO THE UTILIZATION OF PERT PLANNING IS THE ARROW DIAGRAM WHICH
PICTORIALLY DESCRIBZS THE NETWORK OF EVENTS OR ACTIVITIES TO BE
PERFORMED IN COMPLETING A PROJECT. IT IS THE SIMULATION, ON PAPER, OF
THE TOTAL PROJECT AND THE ORDER IN WHICH EACH ACTIVITY [S TO BE
PERFORMED. TIMC DURATION ESTIMATES ARE NECESSARY IN ORDER TO SCHEDULE.
THESE ESTIMATES ARE ASSIGNED TO EACH JOB WHICH IS REPRESENTED BY .AN

ARROW.

IN ESTIMATING THE TIME FOR EACH ACTIVITY, THE ESTIMATOR SHOULD
RECORD WHO OR HHAT SKILL IS REQUIRED FOR THE TASKy QUANTITY NEEDED,
FACILITIES AND MATERIAL REQUIRED AND THE POINT AT :WHICH THEY ARE
REQUIRED. IT SHOULD BE ASSUMED THAT NORMALLY AVAILABLE OR EXPECTED
RESOURCES WILL REMAIN CONSTANT THROUGHOUT THE PROJECT. THE IMPORTANCE

OF REALISTIC ESTIMATES CANNOT BE OVEREMPHASIZED.

THE SAME PERSO! WHO DETERMINES THE ACTIVITY BETWEEN EVENTS SHOULD

ALSO PROVIDE THE ESTIMATES OF ELAPSED TIME FOR PERFORMANCE OF THE

ACTIVITY. HE SHOULD HAVE FULL KNOWLEDGE OF A FIXED RESOURCES MIX

Lo e Ry TR

AVAILABLE TO HIM AND SHOULD BE CAPABLE OF DOING THE ACTIVITY. ONCE
SUBMITTED, TIME ESTIMATES SHOULD NOT CHANGE UNLESS THERE IS A CORRESPDNDING:
CHANGE IN WORK CONTENT, RATE OF APPLICATION OF RESOURCESs OR MORE KNOWLEDGE(
WHICH WOULD IMPROVE ESTIMATES. THESE INCLUDE REVISION OF PLANS, INTRO-

DUCTION OF NEW RESOURCES, CHANGE IN PERSONNEL, TECHNICAL DIFFICULTIES OR

BREAKTHROUGHSy AND AUTHORIZATION OF OVERTIME.

17




PROBLEM 4.

CHECK YOUR ANSWER TO THE RENEW PIPE LINE PROBLEM BY REFERRING TO THE
FOLLOWING ACTIVITY .DESCRIPTION LIST. PUNCH YOUR SOLUTION AND RUN ON
THE COMPUTER.

RENEWING A PIPELINE ACTIVITY DESCRIPTION SHEET

F

IDENT ACTIVITY I J TIME
A ASSEMBLE CREW FOR JOB 1 2 9
B USE OLD LINE TO BUILD INVENTORY . 2 3 30
c MEASURE AND SKETCH OLD LINE 3 4 2
D DEVELOP -LIST -OF ‘MATERIALS 1 5 1
X DUMMY .1 4 5 0
E ERECT :SCAFFOLD 4 6 2
F PROCURE PIPES o 7 34
G PROCURE VALVES 4 8 45
H DEACTIVATE OLD LINE 5 6 1
Y DUMMY .2 6 8 0
I REMOVE OLD PIPE 6 9 7
J PREFAB NEW PIPE 7 9 7

K PLACE VALVES 8 11 1
L PLACE NEW PIPE 9 10 6
M WELD PIPE 10 11 2
N CONNECT VALVES 11 12 1
0 INSULATE 11 13 5
z DUMMY 3 12 13 0
P PRESSURE TEST 12 14 1
Q REMOVE SCAFFOLD 13 14 1
R 14 . 15 1

CLEAN UP AND TURN OVER TO CREW

SOURCE.: .REFERENCE 7




DESCRIPTION OF COMPUTER REPORT INFORMATION
BURERNRERRRERRRRRBIRAIRGHRERGERRARNERERRRD

i

ETeeocecEXPECTED TIME

WHEN USING ‘A SINGLE TIME ESleATE-THlS'IS"THE DURATION THAT :THE
ACTIVITY IS EXPECTED TO REQUIRE.

THE EARLIESY :TIME THAT A JOB MAY START 'AND ASSURE MINIMUM . PROJECT
COMPLETION TIME. THIS IS COMPUTED BY .SUMMING :THE ET VALUES .

FOR ALL JOBS ALONG ‘A PATH LEADING :TO THE TAIL NODE OF :THE JOB

AT HAND. A SUMMATION IS PERFORMED FOR EACH PATH AND THE LARGEST:
OF - THESE IS SET EQUAL TO ES. THE SUMMATIONS ARE PERFORMED STARTING
WITH THE FIRST NODE. WHEN REFERRED TO THE EVENT ‘NODES, ES IS

THE EARLY START TIME FOR ALL :THE JOBS WHOSE TAIL NODE IS THE

NODE REFERRED TO. THIS MEANS THAT ALL JOBS LEADING UP TO THAT -
EVENT NODE MUST BE COMPLETED BEFORE ANY OF :THE CONNECTVING JOBS,
WHOSE TAIL NODES ARE THE SAME AS THE GIVEN EVENT :NUMBERs MAY BE
STARTED.

EFo’ooooEARLlEST FINISH TIME .

THE EARLIEST TIME THAT A JOB MAY BE COMPLETED.  THIS '1S COMPUTED
BY .ADDING THE JOBS MEAN TIME ET ALONG THE. LONGEST :PATH TO THE
VALUE OF .ES FOR THAT J0B. THIS IS THE EXPECTED COMPLETION TIME
FOR THE JOB REPRESENTED BY .ITS HEAD NODE EVENT NUMBER.

LFeeeeos LATEST FINISH TIME
THIS IS THE LATEST - TIME THAT A 208 :MAY FINISH AND ASSURE THAT
THE PROJECT WILL BE COMPLETED WITHIN THE SPECIFIED PROJECT
COMPLETION TIME. LF IS COMPUTED AT THE LAST .NODE AND WORKED
BACK TOWARD THE FIRST :NODE.

LSeooococ LATEST START TIME
THE LATESY TIME THAT A .JOB MAY START :AND ASSURE THE COMPLETION
TIME SPECIFIED. STARTING AT ‘THE LAST NODE THIS 1S COMPUTED BY
SUBTRACTING ES FOR EACH J0B FROM .ITS LF.

TFeeeovoTOTAL FLOAT TIME
THE~DIFFERENCE BETWEEN LS AND ES FOR A'JOle TF :REPRESENTS THE
TOTAL FLOAT OR SLACK TIME ALLOMED IN BEGINNING-A JOB. IT..IS THE
LENGTH OF -TIME THAT THE START OF ‘A :JOB ‘MAY .BE DELAYED WITHOUT:
CHANGING THE. MINIMUM :PROJECT 'COMPLETION TIME.

FFeeoeFREE FLOAT

THE LENGTH OF :TIME THAT THE START ‘OF A JOB MAY BE DELAYED
WITHOUT CHANGING ES FOR ANOTHER J0B.
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SCHEDULING CALCULATIONS FOR -EVENTS
SRRARLGNBRAABARAEBRAERERRGRERBABRG |

CALCULATION OF :ES AND LF OF -:EVENTS -

"1« ES FOR ANY .EVENT:IS CAkCUﬁATEDiB!ngTERHINING»THE'EXPECTED
COMPLETION TIME OF :ALL -ACTEVITIES LEADING :TO THAT :EVENTy AND
SELECTING THE LATEST ‘SUCH TIME. :- THIS MEANS. THAT :ES IS THE
EARLIEST :TIME AT ‘WHICH ALL -PRIOR ‘ACTIVITIES LEADING :TO THIS
EVENT ‘WILL .BE COMPLETED .  THUS IN FIGURE Al4 ES FOR ‘NODE .

6 1S THE LATER OF : . |
ES OF :NODE 4 PLUS 'DURATION OF :4—=6 WHICH IS 12, :
"OR .
. ES 'OF NODE 5 PLUS DURATION :OF :5-6 WHICH IS '13.

THERFOREy ES OF :NODE 6° IS 13, -

2. CALCULATION -OF THE ES-VALUES MUST 'PROCEED :FROM :THE .INITIAL /EVENT
TO LATER EVENTS, .SINCE EACH ES DEPENDS ON PREVIOUS EVENTS
AND ACTIVITIES. | |

3. ONCE ALL THE ES VALUES HAVE BEEN..CALCUUATED, THE TOTAL :PROJECT
DURATION IS KNOWN. . IT IS THME ES FOR. THE FINAL EVENTs :

4o THE LATEST :ALLOWABLE TIME LF :FOR: EACH:EVENT::IS CALCULATED :
IN A MANNER -APPROXIMATELY :THE REVERSE OF :THAT :FOR.-ES. :. LF «
FOR -ANY ‘EVENT*IS THE :EARLIEST :TIME CALCULATED BY SUBTRACTING :
THE DURATION OF :EACH ACTIVITY DIRECTLY FOLLOWING. THE EVENT:
FROM :LF :FOR.-THAT ‘ACTIVITIES TERMINAL:EVENT.

"IN :FIGURE A15, LF:FOR NODE 8. IS THE EARLIER OF -
'LF OF ‘NODE 9 MINUS DURATION .OF :8-9 WHICH 1S 16
OR
'LF :OF NODE. 10 ‘MINUS ‘DURATION OF :8-10 WHICH IS 11
' THEREFORE,. LF :FOR NODE 8 IS 11,

‘5. CALCULATION OF THE LF .VALUES MUST ‘PROCEED FROM :THE FINAL .
EVENT ‘BACK TO EARLIER EVENTS. . LF :FOR THE. INITIAL 'EVENT .
MUST :BE ‘ZERO. OR -A ‘CALCULATION ERROR HAS OCCURRED. |

6. NOTE THAT :THE ES VALUES MUST :BE CALCULATED, PRIOR.-TO THE LF VALUES, |

TO :OBTAIN- A STARTING VALUE FOR THE LF :VALUES. :. LF (FOR -THE :FINAL -
EVENT (EQUALS - 'ES FOR THAT ‘EVENT. = '

E e T R S A DO R
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MANUAL CALCULATION OF ES AND LF

le THE FOLLOWING DISCUSSION SUMMARIZES A CONVENIENT SCHEME
FOR HAND COMPUTATION OF THE ES VALUES AND LF VALUES, FOLLOWING
THE LOGIC OUTLINED EARLIER.

1.1 CONSTRUCT A MATRIX IN WHICH ARROW HEADS APPEAR AS
COLUMN J IDENTIFICATION AND TAILS AS ROW I IDENTIFICATION.
SEE FIGURE Als6. |

1.2 PLACE THE DURATION OF EACH ACTIVITY AlJ IN ITS PROPER BOX
WITHIN THE MATRIX. NOTE THAT THERE ARE NEVER ANY VALUES
BELOW THE DIAGONAL. :

1.3 ES FOR EVENT 1 IS ZERD.

le4 CALCULATE ES FOR EVENT 2 BY DETERMINING THE LONGEST
DURATION. THAT IS THE LARGEST NUMBER IN COLUMN 2 FOR ALL
ACTIVITIES WHICH END AT EVENT 2. RECORD THIS DURATION TO
1HE LEFT OF ROW 2.

1.5 DETERMINE THE QUANTITIES OBTAINED BY ADDING EACH DURATION
IN CL.UMN 3, THAT IS ALL ACTIVITIES ENDING AT EVENT 3,
TO ES FOR THE ROW IN WHICH THAT DURATION APPEARS, THAT IS
IS TO ES FOR THE EVENT PRECEDING THAT ACTIVITY. ES FOR
EVENT 3 IS THE LARGEST OF THESE QUANTITIES. :

1.6 CALCULATE ES FOR EACH SUCCEEDING EVENT IN A MANNER
ANALOGOUS TO 1.5.

l.7 CALCULATE LF FOR THE LAST :EVENT BY SETTING IT EQUAL TO ES.
RECORD UNDER THE COLUMN CORRESPONDING TO THAT EVENT.

1.8 CALCULATE LF FOR THE NEXT PRECEDING EVENT. DETERMINE THE
QUANTITIES RESULTING WHEN EACH DURATION IN THE ROW
CORRESPONDING TO THE EVENT UNDER CONSIDERATION IS
SUBTRACTED FROM LF IN THE COLUMN IN WHICH THAT DURATION
APPEARS. LF IS THE SMALLEST OF :THESE QUANTITIES. THAT IS,
THE EARLIEST DATE AT WHICH AN ACTIVITY STARTING AT THAT EVENT
MUST BEGIN TO MAINTAIN SCHEDULE.

1.9 REPEAT FOR EACH EVENT, PROCEEDING FROM HIGHER NUMBERED
EVENTS TO LOWER.




PROBLEM 5.

DRAW THE ARROW DIAGRAM FOR THE FOLLOWING ACTIVITY LIST.  CALCULATE
ES AND LF. CHECK BY RUNNING THE PROBLEM:ON A COMPUTER.

ACTIVITY . 1 J TINE
A 1 2 3
B 2 3 4
c 2 4 5 :
D 3 5 2
E 4 5 3
F 4 6 4
6 5 7 1
H 6 7 3

SOLUTION IS SHOWN BY FIGURE Al7 |

EVENT SLACK

esocveocescee

le EVENT SLACK IS THE AMOUNT OF LEEWAY .AVAILABLE IN REACHING
AN EVENT. :: IT:1S CALCULATED BY SUBTRACTING ES FROM LF:

2. IN FIGURE A17; SLACK FOR EVENT 3. IS 12 MINUS ‘7 WHICH IS 5.
NOTE .THAT :THIS IS THE AMOUNT .BY WHICH EVENT .3 .CAN BE. DELAYED
WITHOUT DELAYING, PROJECT COMPLETION. :

THE CRITICAL PATH ;

eceossecssoovccsee

l. THERE WILL BE IN ANY. PROJECT :ONE CONTINUOUS SEQUENCE OF , |
EVENTSs EACH OF :WHICH HAS ZERO SLACK.  THIS SEQUENCE, .OR PATH,
OF EVENTS IS CRITICAL IN THAT :DELAY .OF '‘ANY OF :THESE EVENTS WILL
CAUSE PROJECT COMPLETION DELAY.

2. IN:FIGURE Al17 THE .CRITICAL PATH 1S:'192¢4+6+7. EACH OF :THESE
EVENTS HAS ZERO SLACK. ALL .OTHER EVENTS HAVE NON-=ZERO SLACK.

3. NOTICE THAT THE ACTIVITIES ALONG THE .CRITICAL :PATH ARE THE
SIGNIFICANT ITEMS. THAT IS, DELAY (IN ACTIVITIES: 1-2¢2-4%494-6+
OR :6-7 WILL CAUSE :THE PROJECT TO :MISS ITS COMPLETION DATE.
EACH OTHER ACTIVITY .CAN BE DELAYED WITH NO CHANGE. IN :OVERALL .
PROJECT COMPLETION. - THE AMOUNT -OF DELAY POSSIBLE FOR -EACH OF
THESE ACTIVITIES CAN BE CALCULATED. IT:IS THE ACTIVITY SLACK.

THE CRITICAL PATH CALCULATION PRODUCES AN. IDEALIZED SCHEDULE FOR
PROJECT COMPLETION WITHOUT REGARD TO MANPOWER -RESOURCES. THE CRITICAL

| E@CPATH' IS THE LONGEST :PATH THROUGH THEzzNETHORK.  IT .DETERMINES THE TOTAL

Aruitoxt provided by Eic:
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MINIMUM LENGTH OF TIME TO ACCOMPLISH THE PROJECT. THERE ARE MANY OTHER
PATHS THROUGH THE NETWORKs; BUT ALL HAVE A SHORTER DURATION THAN THE
CRITICAL PATH. THE TOTAL TIME OF THE CRITICAL PATH MAY BE INCREASED OR
DECREASED BY CHANGING THE DURATION OF ANY ACTIVITY ON THE CRITICAL PATH.
IF . THE CALCULATED TOTAL PROJECT DURATION DOES NOT MEET MANAGEMENTS OBJECT-
IVESy; THE NETWORK MUST BE REPLANNED. THERE ARE TWO THINGS THAT MAY BE
DONE TO SHORTEN THE DURATION OF A PROJECT

l. APPLY MORE RESOURCES TO AN ACTIVITY AND THEREBY REDUCE ITS DURATION.

2. REARRANGE THE SEQUENCE OF -ACTIVITIES SO THAT MORE ACTIVITIES
ARE BEING PERFORMED IN PARALLEL.

THE CRITICAL PATH CALCULATIONS ARE REPEATED AND THE NETWORK IS
REPLANNED UNTIL .THE PROJECT DURATION MEETS MANAGEMENTS OBJECTIVES.
IT MUST BE REMEMBERED THAT THE CRITICAL PATH SCHEDULE TELLS THE EARLIEST
A PROJECT COULD BE COMPLETED.

PROBLEM 6.

DETERMINE THE CRITICAL PATH AND EVENT SLACKS FOR THE EXAMPLE OF
FIGURE Al17. CHECK WITH YOUR COMPUTER SOLUTION.




1.0 ETIJ IS
l.1 ESIJ IS

1.2 LFLJ IS
PROJECT

1.3 EFlJ IS

le4 LSIJ IS
PROJECT

1.6 FF1J IS

PROBLEM 7.

SOLUTION.

le5 TF1IJ IS

SCHEDULING CALCULATIONS FOR ACTEIVITIES
BRGRBARBAARSABRREFERRRRRRA RO RRNBERANS

1. THE RESULTS MAY BE ORIENTED TO ACTIVITIES RATHER THAN EVENTS, BY
CALCULATING CERTAIN ADDITIONAL QUANTITIES. THESE ACTIVITY FACTORS
ARE THE NORMAL OUTPUT FROM ‘A  CRITICAL PATH PROGRAM SINCE THEY .
APPLY .DIRECTLY TO THE PHYSICAL ACTIVITIES TO BE PERFORMED.

THE DURATION OF :ACTIVITY AlJ.

"THE EARLIEST START ‘TIME FOR ‘AlJ.

THE LATEST FINISH TIME FOR-AIJ STILL MEETING
:COMPLETION SCHEDULE

THE EARLIEST :FINISH TIME FOR AlJ

THE LATEST ‘START -TINE FOR AlJdy STILL - ‘MEETING
‘COMPLETION SCHEDULE

THE TOTAL FLOAT:OR ACTEVITY SLACK FOR AldJ

'THE FREE FLOAT :OR SLACK FOR ‘AIJs THAT:1S, THE

AMOUNT OF -THIS ACTIVITYS SLACK WHICH. HAS NO:EFFECT ON-
ANY OTHER ACTIVITY.:

2. THESE QUANTITIES CAN BE CALCULATED :BY .THE FOLLOWING :FORMULAS.
2.1 ESIJ ‘EQUALS “ESI
2.2 'LFIJ :EQUALS LFJ
2.3 EFIJ EQUALS ESI PLUS ETIJ
2.4 ‘LSIJ ‘EQUALS LEJ ‘MINUS ETIJ
2.5 TF1J ‘EQUALS LFJ MINUS ESI MINUS ET1J:
2.6 FF1J .EQUALS "ESJ MINUS ESI MINUS ETEJ

] CALCULATE THE ACTIVITY ORIENTED FACTORS OF :ESy LFs EFs. LSy TF:AND
FF :FOR THE EXAMPLE SHOWN IN :FIGURE Al7.  CHECK WITH YOUR COMPUTER




PROBLEM 8.

GIVEN THE DATA BELOW. DRAW THE ARROW DIAGRAM, CALCULATE ES AND LS
AND SLACK FOR EACH EVENT. CALCULATE EFsLF4TF4AND FF FOR EACH ACTIVITY.
DETERMINE THE CRITICAL PATH. CHECK YOUR ANSWERS BY RUNNING THE PROBLEM
ON THE COMPUTER. .

IDENT ACTIVITY . TIME PREDECESSORS SUCCESSORS

A RECEIVE & LOG ORDER 1 - BsDyJ
B COPY & PRICE ORDER 2 A C+E

c EXTEND,CREATE INVOICE 2 B 1

D CHECK. INVENTORY 3 A F

J CHECK CUSTOMERS CREDIT 4 A H

E SEND. ORDER -TO -WAREHOUSE 2 B F

F PICK ITEMS 5 DoE G

6 PACK ORDER 1 F H

H SHIP :TO. CUSTOMER - 3 G {

g

BILL CUSTOMER 1. - CoH -




PROBLEM 9.

GIVEN THE DATA BELOW, DRAW THE ARROW DIAGRAM AND PREPARE DATA FOR A
COMPUTER PROGRAM TO DETERMINE THE CRITICAL PATH..

THE COMPUTER.

IDENT
A

O W 0 2 =T ~ X @ = XIT O """ m O O o

v

ACTIVITY
BASEMNENT
FRAME HOUSE
ROUGH ELECTRICAL .
ROUGH PLUMBING
ROOFING
CHIMNEY -
SIDING
HARDHOOD FLOORS
WINDOWS AND DOORS
WALLBOARD
TRIM WOOD
PAINT :EXTERIOR
PAINT CEILINGS
PAINT - INTERIOR WALLS
KITCHEN CABINETS
FINISHED PLUMBING & HEAT
FINISHED ELECTRICAL
FINISH FLOORS
LANDSCAPE
SEED,ETC.
DELIVER HOME

TIME PREDECESSCRS

5

o N ot

‘n

Vi NN VN &N = NWwW NN W

® o & o o®© o »

CsD,F
Helod
Gyl

KeM

Ks0

0

N

A

S
EsLsPsQeRyT
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SCHEDULING WITH THREE TIME ESTIMATES
ZITTTTITYETTRTITTE T HY FY T T T TTY TP

-MANY UNCERTAINTIES AFFECT THE TIMES REQUIRED FOR ACTIVITIES IN A
RESEARCH AND DEVELOPMENT PROJECT. THE PRECISE TIME FOR COMPLETION OF
A RESEARCH TASK. IS UNKNOWN. THE QUESTION THEN ARISES AS TO HOW CAN SUCH
A PROJECT BE SCHEDULED. THE ANSWER IS THAT WE MUST WORK WITH ESTIMATES
INSTEAD OF STANDARDS. THE PERT TECHNIQUE AS DEVELOPED BY .THE NAVY
RECOGNIZES THE UNCERTAINTIES IN ESTIMATING TIME FOR COMPLETION OF A
RESEARCH TASK AND ATTEMPTS TO QUANTIFY THIS UNCERTAINTY. THIS IS DONE

BY OBTAINING THREE ESTIMATES OF COMPLETION TIME FROM THE GROUP RESPONSIBLE
FOR COMPLETING THE ACTIVITY.

THE INITIAL .INFORMATION WHICH MUST BE SUPPLIED TO THE PERT PROGRAM IS

l. A COMPLETE LIST OF 'ALL JOBS TO BE PERFORMED IN ORDER TO COMPLETE
THE PROJECT.

2. THREE ESTIMATES OF TIME DURATION NEEDED TO COMPLETE EACH JOB

2e1 A-WHICH IS THE OPTIMISTIC TIME. THIS IS THE SHORTEST
POSSIBLE TIME IN WHICH THE ACTIVITY CAN BE ACCOMPLISHED.
THIS ESTIMATE WOULD BE ATTAINED ONLY IF EXCEPTIONALLY
GOOD LUCK WAS HAD AND EVEXYTHING WORKED THE .FIRST TIME.
THIS DURATION SHOULD BE LESS THAN THE ACTUAL TIME IN 99%
OF :THE CASES.

202 M—=WHICH IS THE MOST LIKELY TIME. THIS IS THE TIME
ESTIMATE WHICH WOULD BE MADE IF ‘ONLY ONE WERE REQUESTED.
IT IS ALSO THE TIME THAT WOULD OCCUR MOST OFTEN IF THE
ACTIVITY WERE REPEATED UNDER EXACTLY THE SAME CONDITIONS
MANY TIMES OR IT IS THE ONE THAT WOULD BE GIVEN MOST OFTEN
IF -MANY QUALIFIED PEOPLE WERE ASKED.

2.3 B-WHICH IS'fHE PESSIMISTIC TIME. THIS THE LONGEST TIME
THAT THE ACTIVITY WOULD TAKE. IT SHOULD BE A TIME THAT
IS EXCEEDED NO MORE THAN ONCE IN A HUNDRED OCCASIONS.

IN ESTIMATING THE TIME FOR EACH ACTIVITY, THE ESTIMATOR SHOULD
RECORD WHO OR WHAT SKILL IS REQUIRED FOR THE TASKs QUANTITY
NEEDED, FACILITIES AND MATERIAL REQUIRED AND THE POINT AT WHICH
THEY ARE REQUIRED. IT SHOULD BE ASSUMED THAT NORMALLY AVAILABLE
OR EXPECTED RESOURCES WILL REMAIN CONSTANT THROUGHOUT. THE
PROGRAM. THE IMPORTANCE OF A REALISTIC ESTIMATE CANNOT BE OVER-
EMPHASIZED. THE THREE ESTIMATES DETERMINE THE SHAPE OF A NORMAL
DISTRIBUTION CURVE UPON WHICH THE RESULTS OF THE PERT PROGRAM

ARE BASED. NOTE FIGURE 80.




SCHEDUL ING CALCULATIONS FOR THREE TIME ESTIMATES
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ETeecee«s MEAN DURATION TIME

THE PROBABLE MEAN DURATION TIME FOR EACH JOB BASED ON THE THREE
TIME ESTIMATES. THE FORMULA FOR CALCULATING ET AND AN EXAMPLE
IS SHOWN IN FIGURE Bl.

TEeoee oEXPECTED COMPLETION TIME

THIS TIME IS EQUAL TO THE LARGEST VALUE OF :EF 'OUT ‘OF ALL THE

JOBS LEADING UP TO THAT NODE. TE, THEREFORE, REPRESENTS THE EARLY
START TIME FOR ‘ALL JOBS WHOSE TAIL NODE IS THE SAME AS THE

GIVEN NODE.

TSeeee s SCHEDULED TIME. OR DATE

THIS IS A TARGET TIME FOR THE COMPLETION OF AN ACTIVITY. IT REFERS
TO THE J EVENT NODE. IT IS ASSIGNED TO CERTAIN MILESTONE EVENTS
3ND CAN BE USED TO CHECK PROJECT PROGRESS.

_ THIS IS THE AMOUNT OF TIME AN EVENT CAN BE DELAYED AND STILL
MEET ‘THE SCHEDULE DATE. THIS IS ONE OF THE MOST - IMPORTANT
ATTRIBUTES OF :PERT IN TELLING MANAGEMENT WHETHER A PROJECT
IS GNy AHEAD. OFy OR BEHIND SCHEDULE. 1T INDICATES TO THE
MANAGER THOSE AREAS WHERE MANPOWER AND/OR FUNDS CAN BE SHIFTED
TO :A MORE .CRITICAL .AREA OF :THE NETWORK IF NECESSARY.

VARET<eee«VARIANCE OF :THE MEAN DURATION OF :AN ACTIVITY.

! THIS NUMBER IS CALCULATED BY THE FORMULA SHOWN IN FIGURE B2. THE

; VARIANCE IS A STATISTICAL .TERM USED TO DESCRIBE THE UNCERTAINITY

; ASSOCIATED WITH THE ACTIVITY.  IF .THE VARIANCE IS LARGE, FOR

{ EXAMPLE WHEN THE OPTIMISTIC AND PESSIMISTIC ESTIMATES ARE FAR
APARTy THERE IS GREAT :UNCERTAINTY AS TO THE TIME AT WHICH THE

r ACTIVITY WILL BE COMPLETED. : IF THE VARIANCE IS SMALL, THE
UNCERTAINTY IS SMALL. . S

VARTE.<ooVARIANCE OF -EXPECTED COMPLETION :TIME

THIS NUHBER%!STCALCULATED BYLTHE'FGRMUtA SHOWN IN FIGURE B3.
IT IS THE SUM OF <THE VARET 'VALUES OF -THE ACTIVITIES THAT WERE
USED: IN OBTAINING - THE TE FOR -THE ACTIVITY.:
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PKeeooo PROBABILITY OF MEETING ASSIGNED SCHEDULE TIMF

PRNBABILITY IS COMPUTED BY DETERMINING THE AREA UNDER THE NORMAL
DISTRIBUTION CURVE UP TO THE POINT IN QUESTION TS OR TE. THE
TOTAL AREA FROM MINUS INFINITY TO PLUS INFINITY IS ONE UNIT.

IT IS LOOKED UP IN A TABLE OF NORMAL PROBABILITIES SUCH AS THAT
SHOWN IN FIGURE B5. THE FORMULA FOR CALCULATING THE K VALUE FOR
ENTRY TO THIS TABLE IS ILLUSTRATED IN FIGURE Bé4.

PK THEN IS THE PROBABILITY OF MEETING THE ASSIGNED SCHEDULED TIME.

IF TS EQUALS TE IT MIGHT BE EXPECTED AT FIRST THOUGHT THAT THIS
WOULD MEAN A 100% CHANCE OF COMPLETING THE JOB IN THE EXPECTED TIME,
TE. THIS IS TRUE AS FAR AS THE RELATION BETWEEN TS AND TE, BUT

AS FAR AS TE ITSELF IS CONCERNED, WE MUST NOW CONSIDER THE
PROBABILITY OF ACTUALLY COMPLETING THE JOB IN TE TIME, WHICH, SINCE
TE HAS DEVIATION ASSOCIATED WITH IT, WOULD TURN OUT TO BE .500

OR 50% o THIS INHERENT PROBABILITY ASSOCIATED WITH TE COMES ABOUT
DUE TO THE FACT THAT TE LIES HALFWAY THROUGH THE AREA OF THE
DISTRIBUTION CURVE.

IF A SCHEDULED DATE, TSy WERE ASSIGNED WHICH WAS GREATER THAN
TE, THE CHANCES OF COMPLETING THE JOB ASSOCIATED WITH TE IN THE
TIMEy TS, WOULD BECOME GREATER UNTIL .FINALLY IT WOULD APPROACH
1.000 OR 100% « THIS IS SHOWN BY FIGURE Bé6.

IF TS WERE LESS THAN TE THE PROBABILITY WOULD LESSEN UNTIL IT
WOULD APPROACH .000 WHERE TS WOULD BE COMPLETELY TO THE LEFT
OF THE DISTRIBUTION CURVE. THIS IS SHOWN BY FIGURE B6.

WHEN IT IS DESIRABLE TO DETERMINE WHAT CHANCE OR WHAT THE
PROBABILITY IS OF COMPLETING AN ACTIVITY OF SOME ASSIGNED
SCHEDULED TIME, TS, OTHER THAN THE EXPECTED COMPLETION TIME, TE,
THE PROCEDURE WOULD BE TO DETERMINE HOW MANY STANDARD DEVIATIONS
TS WAS AWAY FROM TE. FOR EACH AMOUNT OF DEVIATION AWAY FROM THE
MEAN THERE IS A VALUE OF PROBABILIT/ REPRESENTED BY AREA UNDER THE
NORMAL CURVE. THE AMOUNT OF STANDARD DEVIATIONS THAT TS IS AWAY.
FROM TE WOULD THEN BE LOOKED UP IN THE TABLE SHOWN IN FIGURE B4.

IT SHOULD BE NOTED THAT ALTHOUGH THE PROBABILITY NEVER REACHES
ZERO, ONLY AT INFINITY, IT IS CONSIDERED AS SUCH IF TS WERE 3 OR
MORE STANDARD DEVIATIONS AWAY FROM TE AS SHOWN IN FIGURE B6.

TO DETERMINE HOW MANY STANDARD DEVIATINNS TS IS AWAY FROM TE THE
FORMULA SHOWN IN FIGURE B84 1S USED.
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TFeeees TOTAL FLOAT

TOTAL .FLOAT MAY BE POSITIVE INGICATING A DELAY IN THE STARTING OF
A JOB. IT MAY BE NEGATIVE IF A PROJECT COMPLETION TIME HAS BEEN
ASSIGNED WHICH IS LESS THAN THE MINIMUM PROJECT COMPLETION
TIME. " IN SUCH A CASE THE NEGATIVE TF INDICATES THAT THE JOB WILL
BE BEHIND SCHEDULE.

TF MAY ALSO BE ZERO INDICATING :THAT THE JOB MUST .BE STARTED AT
EARLY START TIME IF :THE PROJECT IS TO BE COMPLETED IN MINIMUM
TIME. ZERO SLACK IS INDICATED BY .AN ASTERISK =,

IF A :PROJECT COMPLETION TIME HAS BEEN ASSIGNED WHICH IS GREATER
THAN THE MINIMUM COMPLETION TIME THEN ALL TOTAL .FLOAT ‘TIME WILL

BE POSITIVE. IF A -PROJECT COMPLETION TIME HAS BEEN ASSIGNED

WHICH IS LESS THAN THE MINIMUM :COMPLETION TIME THEN TOTAL FLOAT MAY .
BE POSITIVEy NEGATIVE, OR ZERO.




PROBLEM 10.

DRAW AN ARROW DIAGRAM FOR THE FOLLOWING ACTIVITY .LIST. CALCULATE ET:
VALUES. RUN ON A COMPUTER AND CHECK RESULTS. DETERMINE CRITICAL PATH.

1 J A M 8
8 1 5 7 10
, 8 3 10 12 15 j
8 5 8 9 15 |
1 2 11 15 17
2 4 3 4 5
4 11 0 0 0
: 3 & 15 20 25
; 6 4 21 24 30
W 7 5 25 30 35
4 5 12 15 20
? 11 5 10 12 14
1 3 1.5 3.0 - 3.5
6 7 15 18 20
2 11 5 8 10

PROBLEM 11.

ASSIGN A PROJECT COMPLETION DATE OF 50 TO THE PROBLEM OUTLINED
IN PROBLEM 10. RUN ON COMPUTER. WHAT IS MEANT BY THE NEGATIVE
SLACK.

PROBLEM 12.

ASSIGN A PROJECT COMPLETION DATE OF 50y AND SCHEDULED DATES

OF 15 TO ACTIVITY 8-3, .50 70 7-59 AND 30 TO 6-7. RUN ON

COMPUTER. WHAT IS THE PROBABILITY OF -ATTAINING THE SCHEDULED
DATES. VERIFY THE CALCULATED PROBABILITY OF 8-3 BY CALCULATING

PK AND REFERRING TO FIGURE B4. -

R
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PROBLEM 10 OUTPUT

THIS RUN HAS NO COMPLETION DATE AND NO SCHEDULED DATES ASSIGNED.
AN @# UNDER THE TF COLUMN REPRESENTS A CRITICAL PATH ACTIVITY.
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RESCHEDULING METHOD
ENERGBRVARBBARERBNE

ONE REASDNAﬁLE APPROACH TO RESCHEDULING IS TO EXTEND THE SCHEDULED
DATE OF THE OBJECTIVE EVENT. IF THE SCHEDULED DATE OF THE OBJECTIVE
EVENT IS CHANGED, THE LATEST TIMES FOR ALL EVENTS MUST BE RECOMPUTED.

IF THE LATEST TIME OCCURS BEFORE THE EXPECTED TIME, SET THE
SCHEDULED DATE AT THE LATEST TIME. OTHERWISE, SET THE SCHEDULED DATE
FOR THE EVENT AT THE POINT WHICH MAXIMIZES THE PROBABILITY OF ITS BEING
MET WITHIN THE SLACK INTERVAL. '

' AFTER ESTABLISHING THE NEW SCHEDULE, APPRAISE FUTURE POSSIBILITIES
BY RECOMPUTING THE PROBABILITIES OF :NO SLACK IN THE SYSTEM. THE USE

OF PROBABILITY VARIES AMONG PROGRAMS. FOR EXAMPLE, IF THE PROBASILITY
OF NO SLACK IS IN EXCESS OF 0.5, REDEPLOYMENT OF RESOURCES AND/OR
CHANGES IN PERFORMANCE SHOULD BE CONSIDERED. IF THE PROBABILITY IS
APPROXIMATELY 0.5, MANAGEMENT SHOULD CLOSELY MONITOR PROGRESS. IF THE
PROBABILITY OF NO SLACK IS LESS THAN 0.5; PROGRESS SHOULD RECEIVE ONLY
ROUTINE CHECKING.

BY USING THIS METHOD OF RESCHEDULING, REPLANNING BECOMES A CONTINUOUS
PART OF THE PERT PROGRAM. THEREFORE, PROGRAM REDUCTION IS ACCOMPLISHED BY .
REPLANNING, ELIMINATION OF DESIRABLE BUT UNNECESSARY ACTIVITIES, THE
ASSUMPTION OF TECHNOLOGICAL RISKy OR THE UTILIZATION OF PARALLEL DEVELOPMENTg

OFTEN A SCHEDULE WILL BE DETERMINED FOR THE COMPLETION OF THE
OBJECTIVE EVENT AND/OR OTHER STRATEGIC EVENTS. THE NETWORK COMPUTATION
DESCRIBED THUS FAR PROVIDES A BASIS FOR DETERMINING THE LEVEL OF ‘RISK
INVOLVED IN MEETING SUCH A SCHEDULED DATE, TS. PERT CAN BE USED TO
DETERMINE THE RISK INVOLVED IN COMPLETING A GIVEN ACTIVITY, IN COMPLETING
A PORTION OF A PROJECT, OR IN COMPLETING AN ENTIRE PROJECT. THESE
CALCULATIONS PERMIT THE ADJUSTMENT OF A SCHEDULE SO AS TO ARRIVE AT A
LEVEL OF RISK ACCEPTABLE TO :MANAGEMENT.

IN ORDER FOR MANAGEMENT TO USE THIS PROBABILITY INFORMATION, LATE PER— |
FORMANCE MUST BE EVALUATED BY COST PENALITIES AND OTHER KINDS OF ’
PENALTIES FOR FAILURE TO MEET OBLIGATIONS. THE PROBABILITIES OBTAINED
PROVIDE ONLY PART OF THE INFORMATION NEEDED FOR MANAGEMENT DECISIONS.

AN ADVANTAGE OF PERT IS THAT THIS SAME CLASS OF CALCULATIONS OF
PROBABILITY CAN BE USED FOR POSITIVE MANAGEMENT PLANNING TO ESTABLISH DAVES
AS WELL AS TO ADAPT TO GIVEN DATES. ONCE A MANAGEMENT POLICY .IS ESTABL[SHED-
AS TO WHAT CONSTITUTES A DESIRABLE LEVEL OF RISK IN MEETING SCHEDULES, |
A SCHEDULE CAN BE DEVELOPED WHICH IS BASED ON THAT POLICY AND WHICH USES
THE BASIC PERT NETWORK DATA. FOR EACH ACTIVITY AN APPROPRIATE DATE WOULD
BE DETERMINED HAVING THE SAME GIVEN LEVEL OF RISK.

SOURCE...REFERENCE 5
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ANALYSIS OF THE NETWORK
FEBBRERIRRANRERARARENNE

TO BE EFFECTIVE, THE ENTIRE PROJECT :MUST BE INCORPORATED INTO ONE
NETWORK. OTHERH!SE‘}HE CRITICAL PATH THROUGH CONNECTING EVENTS MAY NOT

BE EVIDENT. NOTE FIGURE B7.

ANALYSIS IS THE EVALUATION OF ORIGINAL PLANS IN LIGHT OF CURRENT
OPERATING CONDITIONS. IT WILL INDICATE THE VALUE OF VARIOUS ALTERNATIVES

) N

AND THEIR EFFECT ON OBJECTIVES. TO BE EFFECTIVE, ANALYSIS SHOULD START
EARLY IN A PROJECT AND CONTINUE THROUGHOUT IT.

THE EFFECTIVENESS OF AN EVALUATION SYSTEM IS MEASURED BY THE SPEED

WITH WHICH OUT-OF-PHASE SITUATIONS CAN BE RECOGNIZED AND CORRECTED.
TO ‘PERMIT THIS, PERT CAN BE PROGRAMMED ON DIFFERENT COMPUTER SYSTEMS.

NETWORK ANALYSIS SHOULD BE IN KEEPING WITH AN ESTABLISHED MANAGEMENT

POLICY REGARDING THE LEVEL OF RISK TO BE ASSUMED IN MEETING SCHEDULE
DATES. UPON COMPLETION OF .THE ANALYSIS, .TOF LEVEL MANAGEMENT OR THE
TECHNICAL DIRECTION STAFF ‘MAY. CHOOSE TO /1/ MAKE ADJUSTMENTS AND TRADE

OFFS IN PLANS, SCHEDULES, RESOURCES, OR PERFORMANCE SPECIFICATIONS, OR
/2/ 'TEST -THE EFFECTS OF DIFFERENT DECISIONS BY SIMULATING EACH ON THE

COMPUTER.

SOURCE...REFERENCE 5




REVISED PLANS
BERGRNABBRRRE

AFTER- EXAMINING INITIAL COMPUTER OUTPUTS FOR A PARTICULAR COMPONENT
OR SUBSYSTEMy MANAGEMENT MAY DECIDE TO DEVELOP AND TEST HYPOTHETICAL
PLANS. THOSE EVENTS THAT ARE MARXED AS PROBABLY BEING REACHED AHEAD
OF SCHEDULE INDICATE PGSSIBLE AREAS WHERE RESOURCE TRADE-OFFS MIGHT BE
ARRANGED. EVENTS ALONG THE CRITICAL PATH INDICATE POSSIBLE AREAS FOR
REDUCTiONilN PERFORMANCE REQUIREMENTS OR INCREASED RESOURCE APPLICATION.

IF :THE SCHEDULE FOR A MAJOR EVENT: IS JEOPARDIZED, IT MAY BE
POSSIBLE TO REPLAN AND THUS IMPROVE THE OUTLOOK FOR MEETING .THE SCHEDULE.

THIS REPLANNING COULD TAKE .THE FORM OF ALTERING THE SEQUENCE OF EVENTS
AND THUS POSTPONING. CERTAIN ACTIVITIES TO A LATER POINT IN TlHE.. FOR

EXAMPLE, 1T MIGHT BE POSSIBLE IN CERTAIN SITUATIONS TO FOREGO SOME
TESTING BEFORE A FLIGHT. THUS REPLANNING WOULD NOT FORCE THE FLIGHT
TO AWAIT ALL .THE PRELIMINARY TESTS THAT WERE ORIGINALLY PLANNED.

| IN ADDITION TO THE CHANGES ALREADY MENTIONED, IT IS POSSIBLE TO
SET UP THE COMPUTER SO THAT :IT WILL DEVELOP A NEW SCHEDULE BASED ON
SOME ARBITRARY SET OF CRITERIA. DATAvON.SUCH%CHANGES CAN BE READ
INTO THE CDﬁPUTER AND THE ANALYSIS QUICKLY .PERFORMED.

S R R AR AR R N T TS o

SOURCE...REFERENCE 5
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INTRODUCTION TO RESOURCE SCHEDULING
SRBRBEBSRRRRARRRBARRERERBARRERBER RN

SCHEDULING HAS ALWAYS BEEN A PROBLEM TO INDUSTRY. THE SCHEDULING  PROBLEM
IS A DYNAMIC PROGRAMMING TYPE PROBLEM. IT IS A DYNAMIC PROGRAMMING
TYPE PROBLEM BECAUSE THE DECISION FOR SCHEDULING A TASKy, WHICH USES
CERTAIN FACILITIES IN ONE TIME PERIODy; WILL AFFECT THE CONDITIONS UNDER
WHICH OTHER TASKS MUST B8& SCHEDULED IN PERIODS LATER. AS YET THERE ARE
NO TECHNIQUES WHICH WILL DERIVE AN OPTIMUM SCHEDULE UNDER REALISTIC
CONDITIONS.

UNTIL RECENTLY SCHEDULERS USED TECHNIQUES WHICH SCHEDULE A
TASK WITHOUT CONSIDERING THE RELATIONSHIPS OF :THIS TASK WITH SUCCEEDING
TASKS. THE RESULTING SCHEDULE WAS A FEASIBLE SCHEDULE WHICH ACCOMPLISHED
THE. OVERALL PROJECTy BUT :IT ALMOST -ALWAYS RESULTED IN A .SCHEDULE WHICH
TOOK LONGER TO ‘ACCOMPLISH THAN AN OPTIMAL SCHEDULE WHOULD HAVE TAKEN.
WITH THE ADVENT OF PERT -INDUSTRY WAS FINALLY ABLE TO OPTIMALLY SCHEDULE
PROJELTS. UNFORTUNATELY PERT ASSUMES THAT INFINITE OR UNLIMITED
RESOURCES ARE AVAILABLE. AS A CONSEQUENCE WHEN THE USER TRIES TO
EMPLOY .THE RESULTING: PERT -SCHEDULE HE MIGHT FIND THAT TWO OR MORE JOBS
ARE SCHEDULED TO START ON THE SAME DAY, AND THESE JOBS ALL REQUIRE THE
SAME PIECE OF EQUIPMENT OR SKILLED WORKER, AND THERE IS ONLY ONE OF
THESE PIECES OF EQUIPMENT OR WORKER AVAILABLE.

THE PRECEDING SITUATION RESULTS IN A CONFLICT. THIS CONFLICT WILL
MAKE THE PERT ‘SCHEDULE INOPERABLE AT THE POINT ‘IN TIME THIS CONFLICT
ARISES.. CERTAIN JOBS MUST :BE DELAYED IN RELATION TO THE SCHEDULE AT THE
TIME OF -THIS CONFLICT: THIS DELAYING OF :JOBS AND THE DELAYING OF
OTHER JOBS DUE TO OTHER CONFLICTS ARISING DURIMG THE COURSE OF THE
OVERALL PROJECT MAY RESULT IN THE EXTENSION OF THE OVERALL DURATION
OF :THE PROJECT. DEPENDING ON THE DECISIONS AS TO WHICH JOBS TO DELAY
AND WHICH TO START :AT EACH CONFLICT, THE SCHEDULE MAY CAUSE THE OVERALL
PROJECT TO BE COMPLETED IN A PERIOD OF TIME VARYING FROM A MINIMUM.
AMOUNT OF TIME TO A LONGER PERIOD. THE LENGTH OF TIME IS ALSO
DEPENDENT ON THE AMOUNT ‘OF RESOURCES AVAILABLE TO THE PROJECT AT EACH
INSTANT OF TIME.

SINCE RESOURCES MAY DEFINITELY GOVERN PROJECT PROGRESSy THE
FOLLOWING ADDITIONS TO THE CRITICAL PATH MODEL WOULD ENABLE A SCHEDULE
WHICH CONSIDERS RESOURCES TO BE DEVELOPED

o PERFORM THE NORMAL CRITICAL PATH ANALYSIS IGNORING RESOURCES

0 FOR -EACH JOB DEFINE THE QUANTITY OF EVERY .INDIVIDUAL RESOURCE
REQUIRED TO EXECUTE THE JOB IN ITS ESTIMATED TIME

a SINCE THE PROJECT LENGTH IS Ndﬂ-KNOHNv STATE THE TOTAL QUANTITY
OF EACH INDIVIDUAL RESOURCE AVAILABLE DURING THE PROJECT -DURATION

O CONSIDERING JOB SEQUENCE RELATIONSHIPS AND ESTIMATED JOB LENGTHS
DEVELOP A MINIMUM FEASIBLE PROJECT SCHEDULE SUCH THAT THE AMOUNTS
OF EACH INDIVIDUAL RESOURCE ' EMPLOYED BY .THE JOBS IN PROGRESS AT
ANY INSTANT DO NOY -EXCEED THE AMOUNTS OF - THAT RESOURCE AVAILABLE
TO THE PROJECT.

SUCH A.MODEL IS LIMITED IN THAT IT WOULD ASSUME THE INSTANTANEOUS
SHIFTING OF -RESOURCES FROM JOB TO J0OB AND WOULD NOT CONSIDER -THE ALLOCA-
TION OF RESOURCES TO SEVERAL CONCURRENT DIFFERENT PROJECTS WHICH MIGHT
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THE NEGLECTING OF RESOURCES BY CRITICAL PATH ANALYSIS MAY NOT BE

A SET BACK TO USERS OF THE TECHNIQUE. MANY PROJECTS WHICH WARRANT

THE ANALYSIS ARE UNLIMITED SUCH THAT ANY NUMBER OF RESOURCES MAY BE
APPLIED TO JOBS IN PROGRESS AT A GIVEN INSTANT. ALSO, THE ABILITY TO
TAKE ADVANTAGE OF JOB FLOAT TIME DECREASES THE LIKELIHOOD THAT A PROJECT
WILL BE SEVERELY RESOURCE RESTRICTED.

COMPUTER -PROGRAMS HAVE BEEN WRITTEN TO AID IN RESOURCE ALLOCATION. -
ONE SUCH PROGRAM. ACCOMODATES TEN WORK CLASSIFICATIONS WHICH THE J08BS
IN THE PROJECT MAY UTILIZE AND CONSIDERS THE AVAILABILITY OF :-THE VARIOUS
RESOURCES IN ARRIVING AT THE FASTEST :SCHEDULE OF :JOBS. 1T ALLOCATES
RESOURCES TO JOBS BASED UPON TOTAL FLOAT PRIORITY _ AND RELEASES RESOURCES
FROM NON~-CRETICAL JOBS TO CRITICAL JOBS SO THAT THE LATTER MAY START.
NO JOB IS PERMITTED TO START:IF THERE IS- A PRECEDING JOB WITH HIGHER
TOTAL .:FLOAT -PRIORITY. .REQUIRING .THE SAME AVAILABLE RESOURCE.

COMPUTER -PROGRAMS USE THE OUTPUT ‘FROM A PERT :SCHEDULING: PASS TO
DEVISE A SCHEDULE FOR A :PROJECT :FOR WHICH THE RESOURCES ARE NOT: INFINITE.
THE RESULTING :SCHEDULE WILL BE A FEASIBLE SCHEDULE BUT:IT:WILL NOT .
NECESSARILY BE AN.:OPFIMUM SCHEDULE. . .THAT IS, THERE MIGHT BE ANOTHER
SCHEDULE WHICH WILL COMPLETE THE PROJECT IN A SHORTER PERIOD OF TIME
THAN . THAT :DERIVED BY .THE RESOURCE SCHEDULING PROGRAM: THE REASON THAT:
AN :OPTIMAL SCHEDULE MIGHT -NOT ‘BE. DEVELOPED IS BECAUSE A DECISION MADE
IN TIME M WILL AFFECT :THE CONDITIONS AND DECISIONS:'1+:10, .OR HUNDREDS
OF :PERIODS:- AWAY. . A DECISION MAY .BE OPTIMAL :IN PERIOD M, BUT WILL BE
VERY .DETRIMENTAL .TO ‘PERIODS 'IN THE FUTURE.. - THE MEMORY SIZE AND/OR
COMPUTER SPEED NECESSARY .TO FIND AN ‘OPTIMAL SOLUTION WITH TECHNIQUES
WHICH SEEM:TO -EXIST :TODAY ARE. TOO :OVERWHELMING TO IMPLEMENT: IN THE COMPUTERS
OF - TODAY. :

OFTEN .THE' RESOURCE AVAILABILITIES FOR A ‘PROJECT ARE ‘UNKNOWN BEFORE

THE PROJECT BEGINS. :- IT IS IN THIS SITUATION THAT :A -RESOURCE SCHEDUL ING
PROGRAM ‘'CAN SERVE A DUAL :PURPOSE. FIRST; A SCHEGULE OF .JOBS OF -THE
PROJECT IS CONSTRUCTED, SCHEDULING ALSO THE RESOURCES. SECONDLY, THE
USER CAN.CHOOSE ECONOMICAL -RESOURCE QUANTITIES. IN ORDER -TO CHOOSE
ECONOMICAL RESOURCE QUANTITIES, THE USER MUST -MAKE SEVERAL RUNS. DURING
EACH RUN :THE:- RESOURCE AVAILABILITIES ARE VARIED. :: THE USER CAN ‘THEN:
INVESTIGATE WHAT -EFFECT :ON THE DURATION OF :THE PROJECY ‘VARIOUS COMBINATIONS
OF :RESOURCE AVAILABILITIES HAS. ]

RESOURCE 'ALLOCATION :APPEARS TO ‘HAVE VALUE FOR MULTI-=JOB  SCHEDULING
WHERE MORE THAN ‘ONE PROJECT DRAWS ON THE SAME RESOURCES.  IF THE J08S ARE
ON THE SAME TIME SCALE, THEY .MAY BE: PROCESSED :THROUGH. -THE SYSTEM AS
ONE: PROJECT. THE RESULTING SCHEDULE WILL :MERGE THE JOBS WITHOUT
DESTROYING :THE LOGIC OF :ANY 'ONE OF :THE JOBS. : AN -EFFECTIVE WAY .TO GIVE
PRIORITY .ON ONE PROJECT :OVER ANOTHER HAS TO BE FOUND.

IN ‘MANY PROJECTS THERE ARE STRINGS OF JOBS THAT IT:IS DESIRABLE
TO XEEP TOGETHER. NORMALLY, THERE: IS NO WAY .TO INDICATE THAT A JOB
IS TO BE STARTED AS SCOON AS THE PREVIOUS JOB IS COMPLETE.: BY SETTING
THE TOTAL .FLOAT :TIME TO ZERO FOR ALL BUT THE FIRST -JOB IN THE STRING,
THE JOBS WILL BE KEPT TOGETHER.




Full Tt Provided by ERIC.

LTt e e L PO I SoES S Artaorat fua SN PO SR e L L L T T I T R A T nr i x e T paree s L B ]

INTRODUCTION TO NETWORK RESOURCES
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THERE ARE SEVERAL TYPES OF RESOURCES THAT HAVE TO BE CONSIDERED IN
A PROJECT. FOR EXAMPLE THERE ARE

o TIME RESOURCES

o o

o LABOR RESOURCES

n EQUIPMENT RESOURCES
o COST RESOURCES

EVERY ACTIVITY.-HAS A TIME OR DURATION ASSOCIATED WITH IT: SOME ACTIVITIES
MAY HAVE LABOR RESOURCES. CHANGES IN LABOR RESOURCES BETWEEN ONE SHIFT
AND THE NEXT SHIFT SHOULD BE DESIGNATED BY DIFFERENT LABOR CATEGORIES

OR CRAFYS. ' IF AN ‘OPERATION REQUIRED ASSEMBLERS AND TEST :TECHNICIANS, THE
FOLLOWING DESYGNATIONS WOULD DESCRIBE THE SITUATION

le FIRST :SHIFT ‘ASSEMBLERS-CATEGORY 1

2. FIRST :SHIFT - TEST : TECHNICIANS—-CATEGORY .2
3. SECOND SHIFT ASSEMBLERS~CATEGORY. 3

4o SECOND SHIFT TECHNICIANS-CATEGORY .4

CERTAIN COMPUTER PROGRAMS ENABLE THE USER TO ALTER -THE LABOR
AND OTHER RESOURCES AT A PARTICULAR POINT IN TIME FOR A SPECIFIED
DURATION OF :TIME.

WHEN ASSIGNING RESOURCES TO AN ACTIVITY, IT IS IMPORTANT TO NOTE
THAT ONLY .THOSE CRAFTS WHICH MUST WORK TOGETHER -SHOULD BE ASSIGNED TO ‘
THE SAME ACTIVITY. IF ALL LABOR CATEGORIES ARE NOT REQUIRED FOR THE 1
ENTIRE DURATION OF AN ACTIVITY, THOSE CRAFTS WHICH ARE REQUIRED FOR LESS
THAN THE TOTAL ACTIVITY DURATION SHOULD BE SHOWN ON A SEPARATE ACTIVITY.
ALL ACTIVITIES FOR THIS GIVEN CONDITION WOULD BE IDENTICALLY 'DEFINED.

EFFECTIVE LEVELING AND BALANCING OF MANPOWER AND RESOURCES AGAINST
A GIVEN SCHEDULE CAN BE DONE IN A SIMPLE MANNER. THE FIRST STEP IN THE
LEVELING COMPUTATION IS TO SCHEDULE JOBS FALLING ALONG THE CRITICAL.
PATH AND TO COMPUTE BY .CRAFT .THE MANPOWER REQUIRED TO PERFORM THESE TASKS.
THE NEXT STEP IS TO SCHEDULE EVERY JOB AT ITS EARLEST START DATE AND SUM .
EACH CRAFT FROM START TO FINISH TIME OF - THE PROJECT. : IN MOST CASES,
THE SUMMATION WILL RESULT IN AN ERRATIC OR UNLEVELED MANPOWER SCHEDULE.
HOWEVER, BY DISPLACING JOBS THAT HAVE FLOAT, .A LEVELED CRAFT AND TOTAL
FORCE CURVE CAN .BE ARRIVED AT. 1IF CRAFT MANPOWER NEEDS EXCEED THOSE
AVAILABLE FOR THE PROJECT; THEN A SCHEDULE WITH A LONGER -DURATION WILL
HAVE TO BE ADOPTED. LEVELING WILL ESTABLISH A STABLE CRAFT FORLE WHICH
WILL WORK WITH HIGHER EFFICIENCY AND MORALE AND PRODUCE .TANGIBLE RESULTS :
IN SAVINGS OF COSTS. IN ADDITION; SUPPORTING PERSONNEL SUCH A SUPERVISORS,
SERVICE .CRAFTS, AND ACCOUNTING. CAN BE HELD TO A MINIMUM: TOOLS AND
EQUIPMENT REQUIRED FOR .THE PROJECT CAN ALSO BE KEPT AT A CONSTANT LEVEL.
THE LEVELING AND BALANCING TECHNIQUE; IN SHORT, FORCES MANAGEMENT TO
MAKE A SERIES OF DECISIONS THAT PREVIOUSLY MAY NOT HAVE BEEN CONSIDERED.

Ric
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RESOURCE SCHEDULING CALCULATIONS
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THE CRITICAL PATH OUTPUT SHOWS HOW THE PROJECT COULD BE ACCOMPLISHED
IN THE SHORTEST PERIOD OF TIME IF THERE WERE NO LABOR OR EQUIPMENT
RESOURCE RESTRAINTS. THE RESOURCE ALLOCATIONS PROGRAMS MAKE THE
FOLLOWING DECISIONS

le WHEN THERE ARE SUFFICIENT LABOR RESOURCES TO START EACH ACTIVITY.

2. WHEN ACTIVITIES WHICH HAVE BEEN STARTED MUST BE DELAYED DUE
TO RESOURCES BEING USED ON THE PARTICULAR ACTIVITY ARE NEEDED
MORE URGENTLY ON ANOTHER ACTIVITY.

3. WHEN EACH ACTIVITY MUST BE FINISHED IN ORDER TO COMPLETE THE
PROJECT ON TIME.

THE PROJECT DURATION, AS A RESULT OF THE RESOURCE CALCULATIONS, IS EQUAL
TO OR GREATER THAN THE CRITICAL PATH DURATION. A RESOURCE SCHEDULE
DURATION, WHICH IS LONGER THAN THE CRITICAL PATH DURATION, MEANS

THAT CERTAIN ACTIVITIES WERE DELAYED IN STARTING BEYOND THEIR
LATEST START TIME.

THE RESOURCE ALLOCATION PROGRAM IS AN EXTREMELY VALUABLE TOOL FOR
DECISION MAKING. WITH IT IT IS POSSIBLE TO SIMULATE A PROJECT WITH
, VARIOUS LEVELS OF RESOURCES TO DETERMINE THEIR EFFECT ON THE TOTAL
» PROJECT DURATION. MANAGEMENT MAY EVALUATE SEVERAL OPERATING PLANS TO
{ DETERMINE WHICH PLAN BEST FITS THE OBJECTIVES THEY HAVE OUTLINED FOR

THE PROJECT. OPERATION PERSONNEL FIND THE RESOURCE SCHEDULE VERY EASY TO
UNDERSTAND AND FOLLOW-.

e b AN
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PROBLEM

- DRAW ARROW DIAGRAM.

13.

DETERMINE CRITICAL PATH.

MARKETING OF INVENTION EXAMPLE

ACTIVITY AND RESOURCE LIST

DUR L 3

CALCULATE ESy LSy EFy LFy TF, FF,

. =g = ACTIVITY # CRAFT 1 # CRAFT 2 = CRAFT 3 *
i s e Sy Sy '
® 1-2 # 10 = BUDGET APPRUVAL # 0 # 0 # 0 o
- ] e - = - ' ———f———— ——- -
® 2- 3 # 15 = PATENT CLEARANCE * 9 # 0 * 0 A
D T S P f——— O Ty Y —-—
® 2=4 & 5 % FRAME ASSEMBLY PRINTS = 0 = 20 * 0 bd
fem———— D ] [ p—— G T S T - -
# 2-5 #= 20 = SUB ASSEMBLY PRINTS # 0 = 18 o 0 bd
D et T Ty S f——— e e ————— e —————————— = o
® 3-6 % 5= MARKETING PLAN APPRDVAL = 10 * 0 # 0 b
e ———fee——f—- fm———— -— - oo —emmfjr————————
®#. 3-7T = 0 = RESTRAINT LINE * 0: * 0 b 0 *
R g L T p—— F O e DTy T —fmmce——a——y
* 4-8 ® 10 = FINAL ASSEMBLY # 0 # 0 & 27 *
Fmare [ X P mmm oo oo o o oo o - P - o 3 - g -t
* 5-7s 5 .SUB ASSEMBLY # 0 « 0 += 30 *
L = # ————a - e ———cc——— - ——— B -
& 6-9 & 10 - EDUC»TION CUURSE DUTLINES * 8 = 0 b ) *
- B ] - = —————fe———— = »
o 6'10* 5 = PRUDUCT MANUAL = 10 * 20 = 30 *
W s e s i s e e o i i e o o e et o ff o s e e e o e e *
# 7-8 = .15 = SUB ASSEMBLY INTD FRAME . 5 # 0 L 5 bd
- e e cee= v ac e neee-- t DL T Lty ~ - ———eaei
® 8-1l1% 5 = CDVERS ASSEMBLY # 0: = 10 = 0 b
o fljeccajfiecasos s o o mame o e oo - - - - o o o o ot s . o *®
® 9-10% 25 =» TRAlNING CLASSES * 5 = 5 = 10 bd
Ll - > e o oo - e - oo fhoman e - o s o o o e o *
# 10-11% S5 = MAINTENANCE PROCEDURES = 10: = 10 #= 10 *
- Y P ——— e o o e o o o o e e o e ————— »
* 10’12* 5 = PREANNOUNCEMENT PLANS # 0 = 5 » 0 *
em———— fmmm— fm————— - —— s e o o e I e e e
o 11 12* 10 = PRDDUCT RELIABILITY TEST * 0 # 0 #= 15 bd
e e cccccafjrcc et ccccaccca- —— - o o o s o e e e o o an s ®




PROBLEM 13. SOLUTION

MARKETING OF INVENTION EXAMPLE
I-J DUR ACTIVITY ES LS EF LF

1-2 10 BUDGET APPROVAL 0 0 10 10
2-3 15 PATENT CLEARANCE 10 10 25 25
3-6 5 MARKETING PLAN APPROVAL 25 25 30 30
6-9 10 EDUCATION OUTLINES 30 30 40 40
9-10 25 TRAINING CLASSES 40 40 65 65
10-11 5 MAINTENANCE PROCEDURE 65 65 70 70
11-12 10 PRODUCE RELIABILITY TEST 70 70 80 80
10-12 5 PRE-ANNOUNCEMENT - PLANS 65 15 70 - 80
2-5 20 SUB ASSEMBLY PRINTS 10 25 30 45
5=7 5 SUB ASSEMBLY 30 45 35 50
7-8 15 SUB ASSEMBLY INTO FRAME 35 50 50 65
8-11 5 COVERS ASSEMBLY 50 65 55 70
3-7 0 RESTRAINT LINE 25 50 25 50 :
6-10 5 PRODUCT PUBLICATION MANUALS 30 60 35 65
2-4 5 FRAME ASSEMBLY PRINTS -10- 50 15 55

4-8 10 "FINAL ASSEMBLY 15 55 25 65

PROBLEM 14.

USING THE RESOURCE LIST OF PROBLEM.13. AND THE SOLUTION,
DETERMINE THE CRAFT REQUIREMENTS BY TIME PERIODS. START EACH
ACTIVITY BY ITS ES TIME. DETERMIME IF THE SCHEDULE IS DELAYED.




§ PROBLEM 14. SOLUTION
)
y MARKETING OF - INVENTION EXAMPLE
RESOURCE ALLOCATION OUTPUT-MAXIMUM MANPOWER
i
| DAY ACTIVITY  STATUS CRAFT 1 CRAFT 2 CRAFT 3
. +4% SRHEHEER SHRESE 4 SHEERN t X 2 X1 X X I I XX 1 X))
_ 0 1-2 START 0 0 0
a 10 1-2 FINISH 0 0 0
1 10 2-3 START 9 0 0
10 2-5 START 9 18 0
. 10 2-4 START 9 38 0
i] 15 2-4 FINISH 9 18 0
15 4-8 START 9 18 27
25 2-3 FINISH 0 18 27
il 25 4-8 FINISH 0 18 0
25 3-6 START 10 18 0
25 3-7 START 10 18 0
i] 25 3-7 FINISH 10 18 o
1 30 3-6 FINISH 0 0 0
30 6-9 START 8 0 0
. 30 5-7 START 8 0 30 .
J 30 6-10 START 18 20 60
35 5-7 FINISH 18 20 30
; 35 6-10 FINISH 8 0 0
é] 35 7-8 START 13 0 5
* 40 6=9 FINISH 5 o 5
40 9-10 START 10 5 15
H 50 7-8 FINISH 5 5 10
| 50 8-11 START 5 15 10
55 8-11 FINISH 5 5 10
, 65  9-10 FINISH 0 0 0
ﬂ 65 10-11 START 10 10 10
65 10-12 START 10 15 10
70  10-11 FINISH 0 5 0
Il 70 10-12 FINISH 0 0 0
' 70 11-12 START 0 0 15
80 11-12 FINISH 0 0 0
Il TOTAL MAXIMUM RESOURCES 99 99 99
AVAILABLE TO COMPUTER
i! MAXIMUM MANPOWER REQUIRED 10 20 30

BY AN ACTIVITY

NOTE...THE THREE RESOURCE USED COLUMNS CONTAIN A
READOUT OF :THE LABOR RESOURCES IN USE AT THE INSTANT
AN ACTIVETY WAS STARTEDe DELEAYED OR FINISHED.




PROBLEM 15.

RE~-DO PROBLEM 14. BUT ASSUME A RESOURCE LIMITATION OF :10 FOR
CRAFT 1y 20 FOR CRAFT 2 AND 30 FOR CRAFT 3. DETERMINE IF.

THE SCHEDULE IS DELAYED.
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PROBLEM 15.

SOLUTION

MARKETING OF INVENTION EXAMPLE

RESOURCE ALLOCATION OUTPUT-MINIMUM MANPOWER

DAY
*ue
0
10
10
10
25
25
25
25
30
30
30
30
30
35
35
35

40

40
40
40
55
65
65

70

70
70
75
75
5
75
80

80

80

80

80

90

ACTIVITY
2 X X211
1-2
1-2
2-3
2-5
2-3
3-6
3-7
3-7
6-9
2-4
2-5
2-=6
5-7
2-4
5-7
4-8
4-8
6-9
9-10
7-8
7-8
9-10"
6-10
6-10
4-8
10~12
4-8
8-11
10-11
10-12
8-11
10-11
10-12
11-12
10-12
11-12

STATUS
1 2221
START
FINISH
START
START
FINISH
START
START
FINISH
START
START
FINISH
FINISH
START
FINISH
FINiSH
START
DELAY
FINISH
START
START
FINISH
FINISH
START
FINISH
START
START
FINISH
START
START
DELAY
FINISH
FINISH
START
START
FINISH
FINISH

TOTAL MAXIMUM RESOURCES
AVAILABLE TO COMPUTER

MAXIMUM MANPOWER REQUIRED
BY AN ACTEIVITY

CRAFT ‘1
TTIIIY
o
o
9
9
0-

10
10

-
=

- -
OWMOOOD®IO®®OOOO®

(o

(o
OC00000O00O0OO0O0OO0OO0OO0OOW

-

-
=)

10 -

CRAFT 2
YIYITY Y]
o
o
o
18
18
18
18
18
o

N
o

N

VIO OoOOoOOUVMUVMVMOOOO00O0O0

N

20

CRAFT 3
' ITITIT

00O

w

w ‘
000000000000

w o e e N N
OOOOVIO~NO~

o P - — NN
MOOO0OO0O0O0OON~N

[
oW

(N
=

30

NOTE...THE THREE RESOURCE USED COLUMNS CONTAIN A
READOUT OF THE LABOR RESOURCES IN USE AT THE INSTANT

AN ACTIVITY WAS STARTED, DELAYED OR FINISHED.
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MARKETING OF INVENTION EXAMPLE-MAXIMUM MANPOWER

THE RESOURCE SCHEDULE OF PROBLEM 14 WAS COMPUTED WITH SUFFICIENT
MANPOWER TO START EVERY ACTIVITY AT ITS EARLIEST START TIME. NO ACTIVITY
WAS HELD UP FROM STARTING AND THEREFORE NO TOTAL FLOAT WAS USED UP BY
THE COMPUTER. THE PROJECT -WAS COMPLETED IN THE CRITICAL PATH TIME OF
80 DAYS. UNTIL AN ACTIVITY IS DELAYED FOR A NUMBER OF -DAYS GREATER THAN
ITS TOTAL FLOAT, IT WILL ALWAYS BE COMPLETED WITH 80 DAYS. IF THE TOTAL
RESOURCES IN CRAFT 2 WERE REDUCED FROM 31 TO 29 THE PROJECT CURATION
WOULD BE EXTENDED TO 85 DAYS.

MARKETING OF INVENTION EXAMPLE-MINIMUM MANPOWER

THE RESOURCE SCHEDULE OF PROBLEM 15 WAS COMPLETED WITH THE MINIMUM
NUMBER OF MEN IN EACH LABOR CRAFT. RESOURCES CAN NEVER BE LESS THAN
THAT REQUIRED BY ANY ONE ACTIVITY. THIS SCHEDULE CONTAINS TWO DELAYS.
A DELAY RESULTS FROM AN ACTIVIY IN PROCESS WHICH HAS MORE FLOAT IN IT
THAN AN ACTIVITY WHICH IS READY TO START. ACTIVITY 4-8 HAD AN EARLIEST
START TIME OF DAY 15. IT WAS ACTUALLY STARTED ON DAY 35. IT WAS DE-
LAYED 20 DAYS. IT STARTED WITH 20 DAYS TOTAL FLOAT. ON DAY 40 ACTIVITY
9-10 WITH ZERO TOTAL FLOAT AND AN EARLIEST START TIME OF 40 WAS READY
TO START. ON DAY 40 THERE WERE 8 MEN IN USE IN CRAFT 1 AND 27 MEN IN
CRAFT 3. AT THE START OF :DAY 40 THERE REMAINED 2 MEN IN CRAFT 1, 20 MEN
IN CRAFT 2, AND 3 MEN IN CRAFT 3 NOT IN USE. THESE RESOURCES DID NOT
SATISFY THE REQUIREMENTS OF -ACTIVITY 9-10. THE COMPUTER THEREFORE
SEARCHED THE IN PROCESS ACTIVITIES TO DETERMINE WHICH ACTIVITIES MWERE
USING THE SAME CRAFTS THAT ACTIVITY 9-10 NEEDED. OF THE ACTIVITIES FOUND
THE ONE WITH THE LARGEST AMOUNT OF TOTAL FLOAT WAS SELECTED TO BE DE- '
LAYED. ACTIVITY 4-8 HAD THE LARGEST AMOUNT OF -TOTAL FLOAT. IT WAS
DELAYED ON DAY 40 AND 27 MORE MEN WERE AVAILABLE FOR OTHER ACTIVITIES.
ACTIVITY 9-10 AND 7-8 STARTED ON DAY 40. BY DAY 60 ACTIVITY 4-8 HAD ZERO
TOTAL FLOAT. IT WAS NOT UNTIL DAY .70 THAT SUFFICIENT RESOURCES WERE
AVAILABLE TO RESTART ACTIVITY 4-8. THERE WERE NO ACTIVITIES WHICH COULD
BE DELAYED BETWEEN DAYS 60 AND 70 SINCE THE ACTIVITIES IN PROCESS HAD
LESS ORIGINAL TOTAL FLOAT THAN ACTIVITY 4-8. THE ACTIVITY FINALLY
FINISHED UP ON DAY 75. THIS IS AN EXAMPLE OF HOW A COMPUTER CAN
PERFORM THE RESOURCE ALLOCATION CALCULATIONS.
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RESOURCE SCHEDULING SIMULATION
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SAMPLE PROBLEM 16 CONTAINS 9 MANPOWER SIMULATIONS PERFORMED ON THE
MARKETING OF INVENTION NETWORK. THE PURPOSE OF THESE SIMULATIONS WAS TO
DETERMINE AT WHAT POINT THE PROJECT DURATION WAS EXTENDED. IN PREPARING
ALTERNATIVES FOR MANAGEMENTS EVALUATION, SIMULATIONS 3,5; AND 9 WOULD
HAVE BEEN SELECTED FOR PRESENTATION. THESE THREE LEVELS OF RESOURCES
REPRESENT THE MANPOWER REQUIRED FOR COMPLETION OF THE PROJECT FROM
MINIMUM TO MAXIMUM DURATION.

IT SHOULD BE NOTED THAT AS THE DURATION OF A PROJECT BECOMES LONGER
THAT DELAYS ARE NOT NECESSARILY PRESENT IN THE SCHEDULE. THE OUTPUT
FROM EACH SIMULATION SHOULD BE CAREFULLY STUDIED BEFORE ANOTHER SIMULATION
IS PERFORMED. IN A REAL LIFE SITUATION THE SIMULATION WOULD HAVE BEEN
STOPPED WITH NUMBER 6. THIS 1S THE POINT AT WHICH THE COMPUTER RESOURCES
EQUAL THE LARGEST NUMBER OF MEN REQUIRED BY ANY ONE ACTIVITY.

A STUDY OF EACH RESOURCE STHEDULE PRODUCED BY THE COMPUTER WILL
SHOW HOW MANY RESOURCES ARE IN USE AT ANY ONE POINT IN TIME. IF THIS
RESOURCE UTILIZATION WAS PLOTTED WITH THE DURATION ON THE X-AXIS, AND
THE NUMBER OF MEN IN USE ON THE Y-AXIS, IT WOULD BE FOUND THAT AS THE
RESOURCES ARE DECREASED A MORE CONSTANT UTILIZATION OF RESOURCES TAKES
PLACE. THE ADVANTAGES OF A CONSTANT LABOR REQUIREMENT ARE SELF EVIDENT.
PLOTTING THE RESOURCE SCHEDULE UTILIZATION WILL HIGHLIGHT POINTS IN THE
NETWORK WHERE REPLANNING AND REALLOCATION OF RESOURCES MAY BE DESIRABLE.
FREQUENTLY, REPLANNING AFTER STUDYING THE RESOURCE SCHEDULE OUTPUT WILL
REDUCE THE PROJECT DURATION AND DECREASE THE MANPOWER REQUIREMENTS.

, N
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SAMPLE PROBLEM 16

MARKETING OF INVENTION EXAMPLE
SIMULATION OF RESOURCE LEVELS

, Lt L P Lt L e fm———— e m————g - o - mmeea——- L D L

L " CRAFT 1 " CRAFT 2 " CRAFT 3 # PROJECT=NUMBER#
=) iPROJECTEDGACTUAL*PROJECTED*ACTUAL!PROJECTED*ACTUAL*DURATION*DELAYS!
L e e e L Yo o o e o e B o e e e o e e e B - —— - -
#] = 99 #= 18 » 99 = 38 = 99 = 60 = 80 * 0 =
L e t D fremmeea—— fr————— t 22 St e S g D e ——e——— ' L L #
2 = 16 #® 15 = 33 = 25 = 53 & 42 = 80 " 0 =
Lol o et e ——— L Dl ettt - L e L L L e o - S dalataditnd 4
*#3 = 15 = 13 = 31 ® 25 = 49 ® 42 = 80 " 0 =
bl D = —— L - B o > = = ————— 2L Lt DL DLt ]
4 = 14 s 13 = 29 # 20 = 45 ® 42 = 85 * 0 =
LD B o ————— f———— frmcnae e aaaee o o ——-—— frmce———- fm———— -
*5 = 12 s 10 = 20 = 20 = 37 « 37 = 85 . 0 =
L D L D L -% et Tl L DL DL L Ll St Sl L DY o m e e
*6 = 11 #= 10 =« 20 = 20 = 36 = 30 = 90 * 2 =
e frerec—— ——— t D L o e e - —— T - ———— S L L L L fm———— &
&7 = 10 # 10 = 20 ® 20 = 35 « 30 = 90 * 2 =
B o o o e o 3 s e e e e o s oo f o e e e o e e e
8 = 10 * 10 = 20 # 20 = 33 = 30 = 90 " 2 =
Ll B R —— fm———————— e ————— - e m———— e —e——- R ————  J
#9 = 10 # 10 = 20 = 20 = 30 = 30 +« 90 . 2 =
L Dadad Dol et L B P o s o e > e o ff———eee—ma- L L D) L DL L sl D 9]
PROJECTED IS THAT QUANTITY OF RESOURCES GIVEN TO THE COMPUTER
WITH WHICH TO SCHEDULE THE PROJECT.
ACTUAL IS THE LARGEST NUMBER OF MEN THE COMPUTER USED AT ANY ONE
TIME WHILE IT WAS SCHEDULING THE PROJECT.
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NETWORK MAINTENANCE
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CHANGES ARE EASILY MADE IN A PERT NETWORK., MAINTENANCE OF A NET-
WORK IS AN IMPORTANT FACTOR IN THE SUCCESSFUL OPERATION OF THE PERT
PROJECT MANAGEMENT SYSTEM.

THE FOLLOWING QUESTIONS SHOULD BE ASKED WHEN UPDATING A NETWORK

l WHAT NEW INFORMATION CAN BE REFLECTED IN THE NETWORKe THIS NEW
INFORMATION MAY BE IN THE NATURE OF REVISED LABOR RESORUCE ESTIMATES
OR TIME ESTIMATES.

2. WHAT ACTIVITIES ARE IN-PROCESS. HOW MANY DAYS OF WORK REMAIN
TO BE ACCOMPLISHED BEFORE THE ACTIVITY CAN BE CONSIDERED COMPLETE.

3« WHAT ACTIVITIES HAVE BEEN COMPLETED.

THE FREQUENCY WITH WHICH A PERT NETWORK IS UPDATED IS VARIABLE.
ONE OF THE MOST IMPORTANT FEATURES OF THE PERT SYSTEM IS THAT IT PROVIDES
MANAGEMENT WITH A CURRENT DYNAMIC ANALYSIS OF -A PROJECT. REVISED DATA
MUST THEREFORE BE CONSTANTLY FED INTO THE NETWORK. THE EXACT METHOD
BY WHICH A NETWORK IS UPDATED WILL DEPEND UPON THE NATURE OF THE PROJECT.
SOME FIRMS FIND PERIODIC MEETINGS A SATISFACTORY METHOD OF MAINTAINING
A NETWORK. SOME FIND PRE-PUNCHED CARDS USEFUL.

THE FIRST ACTIVITY IS USUALLY THE SHOP DATE OR AN ACTIVITY TO PLACE
THE NETWORK ON A CURRENT CALENDAR BASIS. EACH TIME A NETWORK IS CALCULATED,
THIS CARD IS CHANGED TO REFLECT THE CURRENT SHOP DATE. AS ACTIVITIES
ARE COMPLETEDy THEY SHOULD BE REMOVED FROM THE PERT INPUT DECK. THIS
WILL REDUCE THE NUMBER OF ACTIVITIES THAT THE COMPUTER MUST CALCULATE.
COMPUTER TIME IS REDUCED AS THE PROJECT PROGRESSES TOWARDS COMPLETION.
ACTIVITIES WHICH ARE REMOVED FROM A NETWORK MAKE THE NETWORK INCOMPLETE.
THIS CONDITION IS CORRECTED BY ADDING ZERO DURATION ACTIVITIES FROM
THE BASE LINE TO THE I NODE OF THE DANGLING ACTIVITY. SEE FIGURE B8,

EACH TIME THE NETWORK IS UPDATED, THE PREVIOUS ZERO DURATION
ACTIVITIES ARE REMOVED. THE COMPLETED ACTIVITIES ARE REMOVED AND THE
NEW ZERO DURATION ACTIVITIES ARE INSERTED. THE NETWORK SHOULD THEN BE
CHECKED FOR COMPLETENESS.

AFTER THE DESIRED MANPOWER RESOURCE LEVEL HAS BEEN DETERMINED AND
THE PROJECT HAS ACTUALLY STARTED, IT IS NOT GENERALLY NECESSARY 70
COMPUTE A COMPLETE MAN SCHEDULE EACH TIME THE NETWORK IS UPDATED. IF
THE NETWORK IS UPDATED WEEKLYy A MAN SHCEDULE OF TWO WEEKS DURATION
BEYOND THE BASE LINE IS GENERALLY SUFFICIENT FOR OPERATING PERSONNEL.
A COMPLETE GRITICAL PATH CALCULATION SHOULD BE PERFORMED EACH TIME A
NETWORK IS UPDATED.

SOURCE.--REFERENCE 8
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PROBLEM 17
RUN THE FOLLOWING ACTIVITY LIST ON THE COMPUTER.
ACTIVITY I J ET
. A 1 4 15
- B 1 2 9
‘ C 1 5 7
- D 1 6 6
. F 2 3 11
3 G 3 4 6
‘ H 4 10 10
I 4 11 4
J 11 12 7
K T- 8 9
L 6 9 8
M 5 6 8
N 9 10 5
0 9 15 4
P 15 16 5
Q 16 17 9
R 12 14 6
g S 8 10 4
: T 10 13 5
“[ v 13 14 8
E v 14 17 12
3 W 3 T 5
: X 5 7 6
? PROBLEM 18
i UPDATE THE NETWORK OF PROBLEM 17 8Y UTILIZING THE FOLLOWING INFORMATION
: COMPLETED ACTIVITIES A9BsCyDoFsGsIoLoMeyldy AND X.
f

RESTIMATED ACTIVITES AND TIMES H-84 J-1, AND K-2.
ASSUME 32 CALENDAR DAYS HAVE BEEN USED 0N THE PROJECT.
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IMPLEMENTATION OF PERT
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THE BASIC COMCEPT OF -THE PERT APPROACH IS DECEIVINGLY SIMPLE. THIS
CLARITY AND SIMPLICITY OBSCURES THE FACT THAT APPLICATION IN A REAL-LIFE
SITUATION CAN BE COMPLEX. SOME IMPLEMENTATION CONSIDERATIONS ARE

PERT IS A MANAGEMENT RESPONSIBILITY

PERY

PERT

MANAGEMENT MUST INVOLVE ITSELF CONSIDERABLY IN THE PERT
APPiLECATION AND OPERATION.

PURPOSE bF‘PERT IS TO FURNISH IMPQROVED MEANS TO MANAGE A
PROJECT OR EMNTERPRISE.

ONLY MANAGEMENT KNOWS WHAT IS NEEDED TO BETTER MANAGE.
PERT MAY REQUIRE MORE MANAGEMENT ATTENTION THAN TRIED TECHNIQUES.

MANAGEMENT MUST DETERMINE THE FEASIBILITY OF -PERT IN RELATION
TO THEIR INFORMATION NEEDS.

MANAGEMENT HUST CONTINUALLY MONITOR THE APPLICATION FOR
USEFULNESS AND PRACTICALITY.

IS NOT AN AUTOMATIC SYSTEM:

PERT IS NOT AN AUTOMATIC SYSTEM OR A SUBSTITUTE FOR MANAGEMENT
DECISION. .

PERT IS SIMPLY A DEVICE FOR ACCUMULATING AND INTEGRATING
CONSISTENT HUMAN JUDGMENTS AND PRESEMTING THE RESULTS OF -THIS
INTEGRATION TO MANAGEMENT FOR THEIR FURTHER JUDGMENT.

GOOD BENEFITS FRDﬁ PERT REQUIRE THAT USERS CONCERN THEMSELVES
WITH SOURCE INPUTS, THEIR SIMPLICITY, THEIR FEASIBILITY, AND THEIR
POSSIBLE ACCURACY.

OFTEN CLASHES WITH TRADITIONAL ORGANIZATION PATTERNS °

PERT CUTS ACROSS FUNCTIONAL, ORGANIZATIONAL, AND COMPANY LINES.

If TREATS A PROJECT»AS AN INTEGRATED PROGRAM AND THUS DEPARTS FROM
TRADITIONAL, LONG-STANCING GRGANIZATIONAL PATTERNS.

IT SPOTLIGHTS THE NONPERFORMER WHO FORMERLY WAS ABLE TO HIDE.:

PERT STIPULATES COORDINATION AND COOPERATIONs CUTTING ACROSS
LINES OF AUTHORITY .
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LEARNING TO USE A DYNAMIC CONTROL SYSTEM

PERT

PERT

AS INDIVIDUALS, EXECUTIVES, AND SUPERVISORS HAVE BEEN LONG
TRAINED IN STATIC TECHNIQUES FOR PLANNING AND CONTROL
INFORMATION REPORTING.

THEIR FAMILIARITY WITH THESE TECHNIQUES IS GREATe AND THEIR
SUCCESS WITH THESE METHODS IS UNQUESTIONED.

PERT WITH ITS OPPORTUNITY FOR DYNAMIC PLANNING AND CONTROL, ITS
CONTINUAL PROBING OF THE FUTURE AND EVALUATION OF ALTERMATIVE
COURSES OF ACTIONy ITS FEEDBACK CYCLEy AND ITS CONSTANT CHANGE
MAY CREATE A PROBLEM. :

MUST BE USED WITH OTHER MANAGEMENT SYSTEMS

PERT MUST BE CONSIDERED IN ITS APPLICATION IN THE LIGHT OF OTHER
EXISTING MANAGEMENT PROCEDURES AND SYSTEMS.

PERT MJUST BE SO INSTALLED THAT IT MAKES FULL USE OF THE INPUTS
AND CROSS—-OVERS FROM THESE OTHER SYSTEMS, AND SO THAT ITS OUTPUT
MAY BE INTERPRETED IN RELATION TO THE OUTPUTS OF THKESE OTHER
SYSTEMS TO MANAGEMENT.

PERT IS NOT A SUBSTITUTE FOR ALL MANAGEMENT SYSTEMS NOR ARE ITS
REQUIREMENTS SO INFLEXIBLE THAT OTHER MANAGEMENT SYSTEMS MUST
BEND TO MEET ITS REQUIREMENTS.

PERT ITSELF IS FLEXIBLE AND 80TH CAN AND SHOULD BE ADAPTED TO
THE SPECIFIC MANAGEMENT SITUATION INTO WHICH IT IS INTRODUCED.,

CANNOT BE A RIGIDLY STANDARDIZED TECHNIQUE

PERT IS A GENERALIZED TECHNIQUE AND HAS A CONSISTENT PATTERN THAT
CAN AND SHOULD BE FLEXIBLY ADAPTED TO SPECIFIC NcEDS.

PERT IS NOT A RIGID PROCEDURE THAT CAN BE STANDARDIZED IN ALL
DETAIL FOR ALL SITUATIONS.

IN ANY ENTERPRISE, THE MAIN TASK IS TO MANAGE THAT COMPANY

SO THAT THE OBJECTIVES PECULIAR AND UNIQUE TOD THAT COMPANY ARE
FULLY MET.

EVERY MANAGEMENT TOOL MUST BE ADAPTED TO THIS CENTRAL REQUIREMENT.

THE COMPANY CANNOT BE ADAPTED TO THE PROCEDURAL REQUIREMENTS
OF THE MANAGEMENT TOOL.

SOURCE...REFERENCE 1
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ORGANIZATION FOR EFFECTIVE USE UOF PERT

FRBBBERBRBEBCRBRNETRRRRRRERBRFARRRERERS

IF PERT IS TO BE EFFECTIVE FOR MANAGEMENT PLANNING AND CONTROL, IT
IS NECESSARY TO HAVE AN ORGANIZATION ORIENTED TO THE EFFICIENT USE OF
THE TOOL, AND TO THE RAPIZ COLLECTION AND DISSEMINATION OF PERTINENT
INFORMATION. IN THIS WAY THE FUNCTIONS OF PLANNINGy SCHEDULINGe CONTROL
AND EVALUATION MAY BE EFFECTIVELY HANDLED. FIGURE D1 DISPLAYS A SAMPLE
ORGANIZATIONAL STRUCTURE FOR EFFICIENTLY COORDINATING PROJECT ADMINISTRAT-
ION. THE EXACT LOCATICN WITHIN AN ORGANIZATION OF THE VARIOUS FUNCTIONS
MAY CHANGE ACCORDING TO THE SIZE OF - THE COMPANY, THE SIZE OF THE PROJECT,
OR SIMPLY THE NUMBER OF PCOPLE MADZ AVAILABLE TO IMPLEMENT PERT. THE
IMPORTANT CONCEPT TO NOTE IN FIGURE D1 IS THE CEMNTER BOX INDICATED
AS PLANS, SCHEDULESs AND CHONTROL. " THIS IS A STAFF GROUP -ORIENTED TO
THE CONTROL OF :AN ENTIRE PROJECT FROM START TO FINISH. ALL INFORMATION
PASSES THROUGH THIS GROUP., THEY ARE .RESPONSIBLE FOR

o DEVELOPING THE ORIGINAL NETWORK.

o DEVELOPING THE COMPUTER INPUT.

o INTERPRETING THE 0OUTPUT.

O PREPARING DETAILED INSTRUCTIONS FOR THE FIELD.

O EVALUATING FIELD WORK FOR MANAGEMENT IN A FORM WHICH CAN BE USED.
O REVIEWING THE STATUS OF THE PRJJECT WITH MANAGEMENT.

o TRANSMITTING REVISED RESOURCE AND TIME SCHEDULES TO THE FIELD.

DEPENDING ON THE SIZE OF THE COMPANY, OR THE PROJECT, THIS GROUP MAY
BE ONE MAN LOCATED AT THE PROJECT SITE OR IV MAY BE A DEPARTMENT .OF MANY
MEN LOCATED AT A CENTRAL OR REGIONAL OFFICE. THE EXACT FORM IN WHICH
IT EXISTS MAY NOT BE IMPORTANT,s BUT THE VERY EXISTENCE OF A SINGLE GROUP
RESPONSIBLE FOR ALL ASPECTS OF A PROJECT IS IMPERATIVE.

THE QUALIFICATIONS FOR THE PEOPLE MAKING UP THIS GROUP ARE EXACTING.
THEY MUST BE FAMILIAR WITH THE MEANS OF ACCOMPLISHING THE PROJECT AND
THE TECHNIQUES FOR DEVELOPING NETWORK MODELS. THEY MUST BE ABLE TO
COMMUNICATE WITH PROJECT PERSONNEL, COMPUTER AND TECHNICAL PERSONNEL, AND
MANAGEMENT. THEY MUST BE ABLE TO INTERPRET PROJECT INFORMATION AND
DISSEMINATE IT TO MANAGEMENT IN A FORM WHICH WILL ALLOW RAPID AND SUCCESS-
FUL DECISION MAKING.
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ONE OF THE BENEFITS WHICH CAN BE DERIVED FROM THE PERT TECHNIQUE

IS THE RAPID EXPEDITING OF CRITICAL ACTIVITIES WHILE AT THE SAME TIME
AVOIDING COSTLY ACCELERATION OF ACTIVITIES WHICH ALTHOUGH BEHIND
SCHEDULE DO NOT AFFECT THE PROJECT PERFORMANCE OR COMPLETION. THIS CAN
BE ACCOMPLISHED ONLY IF THE INFORMATION AVAILABLE FROM THE JOB SITE IS
TRANSFERRED RAPIDLY INTO A FORM SUITABLE FOR EVALUATION, AND IS THEN
TRANSMITTED IMMEDIATELY TO MANAGEMENT. IF EXCESSIVE TIME IS LOST BETWEEN
THE ORIGIN OF THE INFORMATION AT THE JOB SITE AND ITS PRESENTATION TO
MANAGEMENT, THE EFFECTIVENESS OF THIS TOOL WilLL BE LESSENED. THIS POINT
MUST BE REMEMBERED IN DEVELOPING AN ORGANIZATION FOR PLANNING AND
CONTROLLING PROJECTS. THE ORGANIZATION STRUCTURE

o SHOULD BE STREAMLINED.

o SHOULD HAVE SHORT LINES OF COMMUNICATION.

0 SHOULD INCLUDE AUTOMATED PROCEDURES WHEREVER POSSIBLE.

o SHOULD HAVE RIGID FORMS FOR SUPPLYING AND DISSEMINATING INFORMATION.

O SHOULD HAVE ALL PEOPLE WITH THE ORGANIZATION BE THOROUGHLY .
FAMILIAR WITH THE TOOL WITH WHICH THEY ARE WORKING.

IF A SUCCESSFUL ORGANIZATION IS DEVELOPED AND THOROUGH KNOWLEDGE
OF “THE PROJECT AND THE TECHNIQUE IS AVAILABLE, THE NEXT BASIC PROBLEM

IS THE FORM IN WHICH INFORMATION MAY BE TRANSFERRED: INTERNALLY FOR THE
EFFECTIVE COMPLETION OF THE PROJECT.

SOURCE.. .REFERENCE 9
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INFORMATION DISPLAY FOR PLANNINGy, CONTROLy AND EVALUATION
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THE CLUE TO SUCCESSFUL INFORMATION DISPLAY COMES FROM THE MOST
BASIC ELEMENT OF PERTy THE NETWORK. THIS PICTORIAL MODEL IS RECOGNIZED
AS AN EFFECTIVE WAY OF DISPLAYING THE RELATIONSHIPS IN COMPLEX SITU-.
ATIONS. THE CONCE™T HERE IS THE RELIANCE ON A PICTORIAL MODEL. FOR THE
SAME REASON REPORTING AND INFORMATION DISPLAY SHOULD BE ORIENTED TO PIC-
TORIAL FORMS. THE GOAL IS TO DISTLAY THE MOST INFORMATION IN THE MOST
USABLE FORM.

FIGURE D2 IS AN EXAMPLE OF NETWORK FORMAT FOR USE IN THE FIELD OR
OFFICE FOR CONTROL PURPOSES. THIS NETWORK CLEARLY DISPLAYS THE HIER-.
ARCHY OF CRITICAL AND NEAR-CRITICAL PATHS. ' THE FACT THAT SEQUENCES OF
ACTIVITIES CAN USUALLY BE IDENTIFIED WITHIN THE ENTIRE NETWORK ALLOWS
THIS HIERARCHY TO BE DEVELOPED. THE PRIMARY REASON FOR USING THIS
TECHNIQUE IS TO IDENTIFY CLEARLY THE ACTIVITIES WHICH AT ANY POINT IN
TIME SHOULD BE RECEIVING THE MOST ATTENTION FROM MANAGEMENT AND PROJECT
PERSONNEL. AS THE PROJECT PROGRESSES THE RELATIONSHIPS OF ACTIVITIES
CHANGE DUE TO NATURAL EFFECTS, AND THE NETWORK BEING USED FOR CONTROL
SHOULD BE UPDATED TO REFLECT THE CURRENT SITUATION.

FIGURE D3 IS A BAR GRAPH FOR DISPLAYING THE RESULTS OF THE CPM CAL-
CULATIONS IN A FORM WHICH.IS USEFUL FGR CONTROL BOTH IN THE OFFICE AND
IN THE FIELDe THE BAR CHART DEFINES THE START AND FINISH OF ‘ACTIVITIES
AND THE FLOAT ASSOCIATED WITH EACH ACTIVITY. THE BAR CHART CLEARLY
IDENTIFIES ACTIVITIES GOING ON AT THE SAME TIME, AND THE PRECEDENCE OF
ACTIVITIES. IT IS MORE MANAGEABLE THAN THE STRAIGHT CPM NUMERICAL LIST-
ING. THIS EASE OF INTERPRETATION PARTICULARLY AIDS THE PEOPLE WHO ARE
RESPCNSIBLE FOR COMPLETING THE PROJECT.

THE FIRST -TWO STEPS OF PROJECT CONTROL HAVE NOW BEEN ACCOMPLISHED.
THE NETWORK HAS BEEN INTERPRETED BY DELINEATING THE HIERARCHY OF CRIT-
ICAL AND NEAR-CRITICAL PATHSy AND A SCHEDULE FORMAT HAS BEEN DEVELOPED
FOR THE USE OF PROJECT PERSONNEL. THE NEXT :STEP IS TO DEVELOP A FORMAT
FOR TRANSFERRING INFORMATION BACK TO THE CONTROL GROUPy AND THEN TO MAN-
AGEMENT. THIS INFORMATION MUST REFLECT THE EXACT NATURE OF .THE PROGRESS
OF THE PROJECT. SUCH A REPORT SHOULD IDENTIFY CLEARLY AND CONCISELY .

le ALL ACTIVITIES WHICH HAVE BEEN COMPLETED ON OR BEFORE
SCHEDULE AND THEIR RELATIONSHIP 70 THE REMAINDER OF
THE PROJECT.

2. ALL ACTIVITIES WHICH SHOULD BE COMPLETE AT THE TIME THE
REPORT - IS SUBMITTEDy BUT AS. YET ARE NOT COMPLETE» AND
THE REASONS FOR THE DELAY.

3« THE STATUS OF ACTIVITIES WHICH ARE BEING PERFORMED AT THE
TIME OF THE REPORT.

4. ALL KNOWN INFLUENCES WHICH WILL COME TO BEAR ON THE PROJECT
DURING THE COMING REPORTING PERIOD. THIS INTELLIGENCE IS
NECESSARY IF CORRECTIVE ACTION TAKEN BY MANAGEMENT IS TO
BE IN HARMONY WITH THE PROJECT DEVELOPMENT.

THE DETAIL REQUIRED IN THE FORM ACTUALLY USED WILL DEPEND ON THE
COMPLEXITY OF THE PROJECTS WHICH MUST BE UNDERTAKEN. IT IS ADVISABLE,
[IIJWEVERy TO USE A SINGLE FORM FOR ALL PROJECTS. THE FORM SHOULD BE

;ljkﬁjEVELOPED FOR THE MOST COMPLEX PROJECT WHICH WILL BE ENCOUNTERED, AND

5k




DESIGNED IN SUCH A WAY THAT IT MAY BE USED IN ABBREVIATED OR SIMPLIFIED
FORM FOR LESS COMPLEX JOBS.

THERE ARE TWO BASIC FORMS WHICH MAY BE USED AND SEVERAL VARIETIES
OF THESE. THE MOST STRAIGHTFORWARD IS THE NARRATIVE REPORT. IF THIS
TYPE OF REPORT IS USEDy IT IS ESSENTIAL THAT A DEFINITE FORMAT SUCH AS
THAT SHOWN IN FIGURE D4 BE ESTABLISHED. AN EXAMPLE OF THE DESIRED
FORMAT SHOULD BE PROVIDED FOR ALL PERSONNEL TO USE AS A GUIDE. IN MANY
INSTANCES IT WILL BE BETTER TO REVERSE THE FORMAT SHOWN IN FIGURE D4,
THUS PRESENTING THE MOST CRITICAL SITUATIONS FIRST AND FINISHING WITH
THOSE WHICH ARZ UNDER CONTROL. IN THIS WAY ATTENTION IS IMMEDIATELY .
DIRECTED TO THE AREAS WHERE CORRECTION BY MANAGEMENT IS REQUIRED. AS
PROJECTS BECOME MORE COMPLEX IT IS ADVANTAGEOUS FOR THE REPORTING FORM
TO RELATE DIRECTLY TO THE NETWORK DIAGRAM. AN EXAMPLE OF SUCH A FORM
IS SHOWN IN FIGURE D5. IN EACH FORM THE FOLLOWING POINTS ARE SPECIFIED

lo EACH ACTIVITY IS IDENTIFIED BOTH BY NODE NUMBERS AND
VERBAL DESCRIPTION.

2. PROVISION IS MADE“FOR INDICATING SCHEDULED COMPLETION,
ESTIMATED OR ACTUAL COMPLETION, AND THE AMOUNT OF FLOAT
ASSOCIATED WITH THE ACTIVITY.

3« A VERBAL DESCRIPTION TO INDICATE THE NATURE OF ALL PROBLEMS
AND SUCCESSES.

THERE ARE TWO WAYS OF DEVELOPING THESE REPORTS. IN THE FIRST,
ACTIVITIES WHICH ARE TO BE REPORTED ARE SPECIFIED BY THE CONTROL GROUP,
AND THEIR IDENTIFICATION IS PROVIDED ON THE REPORT AT THE (IME IT IS
SENT TO THE FIELD. PROJECT PERSONNEL REPORT ON THE SPECIFIED ACTIVI-
TIES, PLUS ANY THEY WISH TO ADD. THE OTHER APPROACH IS TO SEND A BLANK
FORM TO THE FIELD AND ALLOW THE PROJECT PERSONNEL TO SUBMIT THE INFOR-
MATION WHICH THEY FEEL IS PERTINENT. EACH TECHNIQUE HAS ITS ADVANTAGES
DEPENDING ON THE SIZE OF.THE PROJECTy THE CALIBER AND KNOWLEDGE OF THE
PEOPLE PERFORMING THE PROJECT, AND THE MEANS OF COMMUNICATION USED
BETWEEN THE VARIOUS PARTS OF THE ORGANIZATION.
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WHEN THE COMPLETED FORM IS SUBMIYTED TO THE CONTROL GROUP IT
BECOMES THEIR RESPONSIBILITY TO INTERPRET THE FIELD REPORT, DEVELOP
CORRECTIVE INFORMATION, AND TRANSFER THIS INFORMATION TO MANAGEMENT AND
BACK TO THE FIELD IN FORMS USABLE BY EACH GROUP. USING THE FIELD
REPORT, THE CONTROL GROUP REVISES THE NETWORK AND COMPUTATIONS TO RE-
FLECT CURRENT PROJECT STATUS. NOW THEY MUST PROVIDE INFORMATION FOR THE
CORRECT UTILIZATION OF THE INTELLIGENCE GATHERED FROM THE FIELD.

FIGURE D2 PRESENTS A GENERAL FORMAT FOR EFFECTIVE INFORMATION DISPLAY
FOR MANAGEMENT USE. THE TREMD CHARTS AT THE BOTTOM OF THE PAGE INDICATE
THE PERSISTENT NATURE OF THE PROJECT. ANY VARIABLE SUCH AS TIME, COST,
OR RESOURCE USAGE WHICH IS BELIEVED TO REFLECT THE PROGRESS OF THE -
PROJECT MAY BE INCLUDED. THIS IS THE FIRST POINT OF REVIEW FOR MANAGE-
MENT, FOR HERE THEY CAN RECOGNIZE PROJECT TRENDS. IF ALL TRENDS SEEM TO
BE OF A FAVORABLE NATURE, THE MANAGER MAY NOT PURSUE THIS CHART ANY
FURTHER. IF HE FINDS AN UNFAVORABLE TREND, HE MOVES TO THE RIGHT-HAND
SIDE OF THE FIGURE TO CHECK PROGRESS WITHIN EACH SYSTEM WHCIH CAN BE
IDENTIFIED WITHIN THE ENTIRE NETWORK. IN THIS WAY HE CAN IDENTIFY WHICH
MAJOR SYSTEMS ARE CAUSING THE DELAYS OR PROBLEMS. HAVING IDENTIFIED

THE SYSTEM HE WISHES 70 PURSUE, HE MOVES TO THE SUMMARY BAR GRAPH FOR
THAT SYSTEM. HE THEN IDENTIFIES WHAT STAGE OF EVOLUTION IT IS IN, AND
POSSIBLY WHAT IS CAUSING THE DELAY. THE MANAGER THEN MOVES DIRECTLY

TO THE POINT OF DIFFICULTY WITHOUT UNDUE DELAY AND IS ABLE TO IMPLEMENT
CORRECTIVE PROCEDURES RAPIDLY AND EFFICIENTLY. THE CONTROL GROUP WORK-
ING IN COORDINATION WITH MANAGEMENT AND PROJECT PERSONNEL, IS ABLE TO
INCLUDE IN THE REVISEDL NETWORK THE NECESSARY CORRECTIONS TO THE PROJECT.
THIS GROUP THEN DEVELOPS NEW BAR GRAPHS AND INSTRUCTION FOR IMPLEMENTING
MANAGEMENT DECISIONS. NEW SCHEDULES ARE THEN SUBMITTED TO THE FIELD AND
TO MANAGEMENT FOR REVIEW.

NETWORK DESIGN, ORGANIZATION, AND REPCRTING FORMS ARE NECESSARY
TECHNIQUES FOR THE SUCCESSFUL USE OF PERT. HOWEVER, THESE ARE ALL TECHNICAL
ASPECTS. FOR PERT TO BE USED EFFECTIVELY WITH A COMPANY, ADEQUATE INST-
RUCTION IN THE CONCEPTS AND CORRECT USES OF THIS TECHNIQUE SHOULD RBE
GIVEN TO ALL PERSONNEL INVOLVED; FRCM MANAGEMENT THROUGH FIELD
PERSONNEL.

SOURCE. - «.REFERENCELO
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PERT OUTLINE
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Figure B-¢J
- Qz -4-6 >Q A=2, M=4, B=6
ET= A+ 4M+ B = 2+16+6 = 4
6 6
L Figure B-1

O 2-8-~-14 >O -_-;2, M::s, B=14
VARET = 6 6 -

Figure B-2
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I J A M B IE VARET VARTE
1 3 2 38 14 2 4

1 2 2 4 6 4 44

2 3 1 2 3 6 .11 .55

VARTE = 44 + ,11 = ,55 since activities 1-2 and 2-3
determine the ES of 3-4,

Figure B-3

G l:&:.?;.ﬁ...----PC@ ji=t=9 QG)

TS-TE

R
VVARTE

Where 1[VAR.TE = Standard Deviation of TE

ET TE VARET VARTE TS

7.2 7.2 17.35 17.35
& 9 4.3 11.5 1.77 19.12

VARTE = J 19.12 = 4.4

K = 8- 11.5
4.4

N
w ol
= >
SR
gL

c

= ..8

So by referring to Figure B-5, the probability of mecting
A TS date of 8 is ,212.

Figure B-4




PK PROBABILITY TABLE

K 0 1 2 3 4 5 6 7 8 9

«0 5000 .5040 .5080 <5120 .5160 <5199 .5239 .5279 .5319 .5359
el <5398 .5483 5478 <5517 5557 5596 .5636 .5675 .5714 .5753
o2 «5793 .5832 .5871 <5910 .5948 .5987 .6026 .6064 .6103 .6141
e3 <6179 .6217 .6255 6293 .6331 .6368 .6406 .6443 .6480 .6517
o4 <6554 L6591 .6628 6664 .6700 .6736 .6772 .6808 .6844 .6879
5 <6915 .6950 .6985 7019 .7054 . .7088 7123 L7157 .7190 .7224%
o6 oT257 7291 7324 <7357 7389 7422 7454 .7486 .7517 .7549
o7 <7580 <7611 7642 7673 7703 7734 .7764 .7794 .7823 .7852 ;
«9 <8159 .8186 .8212 .8238 .8264 .B289 .8315 .8340 .8365 .8389 ;
8413 .8438 .8461 .8485 .8508 .8531 .8554 .8577 .8599 .8621
~8643 .8665 .8686 .8708 .8729 .8749 .8770 .8790 .8810 .8830
«8849 .B8869 .8888 .8907 .8925 .8944 .8962 .8980 .8997 .9015
9032 .9049 .9066 .9082 .9099 .9115 .9131 .9147 .9162 .9177
09192 9207 .9222 .9236 +9251 .9265 .9278 .9292 .9306 .9319
09332 .9345 9357 <9370 .9382 <9394 <9406 <9418 .9430 .9441
9452 9463 .9474 .9484 <9495 .9505 .9515 .9525 .9535 .9545
9554 <9564 <9573 .9582 .9591 .9599 .9608 .9616 .9625 .9633
9641 9648 <9556 <9664 <9671 9678 .9686 .9693 .9700 .9706
e9713 9719 <9726 <9732 +9738 9744 <9750 .9756 .9762 .9767
9772 9778 .9783 .9788 .9793 .9798 .9803 .9808 .9812 .9817
9821 .9826 .9830 .9834 .9838 .9842 .9846 .9850 .9854 .9857
«9861 .9864 .9868 .9871 .9874 .9878 .9881 .9884 .9887 .9890
9893 .9896 .9898 .9901 .9904 9906 .9909 .9911 .9913 .9916
9918 .9920 .9922 .9925 .9927 .9929 .9931 .9932 .9934 .9936
9938 9940 <9941 .9943 <9945 <9946 .9948 .9949 .9951 .9952
9953 .9955 .9956 <9957 .9959 .9960 .9961 .9962 .9963 .9964
9965 49966 9967 .9968 9969 9970 9971 .9972 .9973 .9974
¢9974 9975 <9976 <9977 . .9977 .9978 .9979 .9979 .9980 .9981
9981 .9982 .9982 .9983 .9984 .9984 .9985 .9985 .9986 .9986
«9987 .9990 <9993 .9995 .9997 .9998 .9998 .9999 .9999 1.0000
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PERT

PREDICTED DATE-SCHEDULED DATE-RELATIONSHIP

BASIC THEORY
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EXPLANATION

A scheduled date is a target date.

A predicted date is a capability date,

A scheduled date plus delays, or minus advancements, equals a predicted date.

PERT Techniques assist in pinpointing such delays and advancements and in
directing the shifting of men and facilities to climinate or minimize delays
in crder to meet scheduled (Target) dates.

Figure B-7
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NARRATIVE REPORT FORM
le GENERAL CONDITIONS
l.1 IN GOOD SHAPE

ALL ASPECTS OF THE PROGRAM ARE PROGRESSING SATISFACTORILY
AS EVIDENCED BY PERFORMANCE FACTS. . THERE ARE NO IMMEDIATE
PROBLEMS WHICH MAY ENDANGER PROGRAM ACCOMPLISHMENT. MILE-
STONE SLIPPAGES, IF ANY, CAN BE RESCHEDULED WITHOUT RE-
QUIRING A SIGNIFICANT AMOUNT OF ADDITIONAL EFFORT AND WITH-
OUT REQUIRING RESCHEDULING OF OTHER MILESTONES.

1.2 MINOR WEAKNESS

THE PROGRAM IS GENERALLY PROGRESSING SATISFACTORILY, BUT
SOME EVENT, ACTIONy OR DELAY HAS OCCURRED OR IS ANTICIPATED
WHICH WILL REQUIRE ADDITIONAL EFFORT AND EMPHASIS ON THE 4
PART OF THE RESPONSIBLE DIVISION. NO MAJOR SETBACK IS ‘
ANTICIPATED ON THE PROGRAM AND NO ACTION IS REQUIRED ABOVE
THE DIVISION LEVEL.

1.3 MAJOR WEAKNESS

SOME EVENTy ACTION, OR DELAY HAS OR WILL OCCUR WHICH WILL
IMPAIR -PROGRESS AGAINST MAJOR OBJECTIVES IN ONE OR MORE
DIVISIONS, REQUIRING TIMELY ACTION B8Y TOP MANAGEMENT OR
BY THE PROGRAM MANAGER. REQUIRED ACTION MAY BE A POLICY
DECISION, AN :APPEAL TO A HIGHER AUTHORITY FOR ASSISTANCE,
OR DECISION, ETC, ‘

‘le4 CRITICAL

SOME - EVENT, ACTION OR DELAY HAS OR WILL OCCUR WHICH

: SERIOUSLY IMPEDES A SUCCESSFUL ACCOMPLISHMENT OF :ONE

J OR -MORE MAJOR PROGRAM OBJECTIVES. SUCH A SETBACK TO THE
1 - PROGRAM REQUIRES REORIENTATION OR REPROGRAMMING OF -THE
EFFORT, WITH THE ADVICE AND CONSENT OF TOP MANAGEMENT.

E
f
1
b
?
!
!
H
i
E

2. SPECIFY WEAKNESSES

2.1 PROBLEMNM

2.2 RESPONSIBLE INDIVIDUAL

2.3 CORRECTIVE ACTION RECOMMENDED OR BEING TAKEN
2¢4 ANTICIPATED DATE PRGBLEM WILL BE RESOLVED.

3. SPECIFY ANTICIPATED SIGNIFICANT ACHIEVEMENTS.

F1GURE D4




GLOSSARY OF TERMS

SRBERNEERRUBEREBRERE

ACTIVITY
AN ELEMENT OF A PROJECT WHICH IS REPRESENTED ON A NETWORK BY AN
ARROW. AN ACTIVITY CANNOT BE STARTED UNTIL THE EVENT PRECEDING IT
HAS OCCURRED. AN ACTIVITY MAY REPRESENT

o A PROCESS

e A TASK

« A PROCUREMENT CYCLE
o WAITING TIME

IN ADDITION, AN ACTIVITY MAY SIMPLY REPRESENT A CONNECTION OR
INTERDEPENDENCY BETWEEN TWO EVENTS ON THE NETWORK.

ACTIVITY SLACK
THE DIFFERENCE -IN TIME, COMPARING THE EARLIEST COMPLETION DATE ES
WITH THE LATEST COMPLETION DATE LF FOR A GIVEN ACTIVITY. THE
ACTIVITY SLACK INDICATES THE RANGE OF TIME WITHIN WHICH AN ACTIVITY
CAN BE SCHEDULED FOR COMPLETION. WHEN THE ES FOR AN ACTIVITY IS
LATER THAN THE LF, THEN THE ACTIVITY IS SAID TO HAVE NEGATIVE SLACK
AND EITHER THE CURRENT OR SUBSEQUENT ACTIVITIES MUST BE REPLANNED
OR THE PROJECT -SCHEDULE WILL SLIP. WHEN THE LF FOR AN ACTIVITY IS
LATER THAN THE ES, THEN THE ACTIVITY IS SAID TO HAVE POSITIVE SLACK
AND ADDITIONAL TIME IS AVAILABLE FOR PERFORMING THE ACTIVITY WITH-
OUT CAUSING THE PROJECT SCHEDULE TO SLIP.

CONSTRAINT
THE RELATIONSHIP OF AN EVENT TO A SUCCEEDING ACTIVITY WHEREIN AN
ACTIVITY MAY NOT START .UNTIL THE EVENT PRECEDING IT HAS OCCURRED.
THE TERM CONSTRAINT IS ALSO USED TO INDICATE THE RELATIONSHIP OF
AN ACTIVITY TO A SUCCEEDING EVENT WHEREIN AN EVENT CANNOT OCCUR
UNTIL ALL ACTIVITIES PRECEDING IT HAVE BEEN COMPLETED.

COST ACTIVITY
AN ACTIVITY WHICH EMPLOYS RESOURCES; THE COSTS OF WHICH ARE A
DIRECT CHARGE TO THE PROJECT.

CRITICAL PATH
THAT PARTICULAR SEQUENCE OF ACTIVITIES THAT HAS THE GREATEST
NEGATIVE OR LEAST POSITIVE ACTIVITY SLACK.

EARLIEST COMPLETION DATE TE
THE SE VALUE FOR A GIVEN ACTIVITY IS EQUAL TO THE SUM OF THE
SCHEDULED ELAPSED TIMES TS FOR THE ACTIVITIES ON THE LONGEST
PATH FROM THE BEGINNING OF THE PROJECT UP TO AND INCLUDING THE
GIVEN ACTIVITY. THEREFORE, TE REPRESENTS THE EARLIEST DATE ON
WHICH AN ACTIVITY CAN BE COMPLETED.

EARLIEST EXPECTED DATE ES
o THE EARLIEST DATE ON WHICH AN EVENT CAN BE EXPECTED TO OCCUR.
: 60 |
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THE TE VALUE FOR A GIVEN EVENT IS EQUAL TO THE SUM OF THE STATIS-

TICALLY-CALCULATED EXPECTED ELAPSED TIMES ET FOR THE ACTIVITIES

ON THE LONGEST PATH FROM THE BEGINNING OF THE PROJECT TO THE GIVEN
EVENT.

ESTIMATE~TO-COMPLETE
THE ESTIMATED MANHOURS, COSTS AND TIME REQUIRED TO COMPLETE A
WORK PACKAGE OR SUMMARY WORK PACKAGE.

EVENT
A SPECIFIC DEFINABLE ACCOMPLISHMENT IN A PROJECT PLAN, RECOGNIZABLE
AT A PARTICULAR INSTANT IN TIME. EVENTS DO NOT CONSUME TIME OR
RESOURCESy AND ARE NORMALLY REPRESENTED IN THE NETWORK BY CIRCLES
OR RECTANGLES.

EVENT SLACK
THE DIFFERENCE BETWEEN THE EARLIEST EXPECTED DATE ES AND THE
LATEST ALLOWABLE DATE LF FOR A GIVEN EVENT. WHEN THE TE FOR AN
EVENT IS LATER THAN THE LF, THE EVENT IS SAID TO HAVE NEGATIVE
SLACK. WHEN THE LF IS LATER THAN THE ES, THE EVENT IS SAID TO
HAVE POSITIVE SLACK.

EXPECTED ELAPSED TIME ET
A STATISTICALLY-WEIGHTED AVERAGE TIME FOR AN ACTIVITY, INCORPORAT-
ING THE OPTIMISTIC A , MOST LIKELY M AND PESSIMISTIC B8 TIME
ESTIMATES.

LATEST ALLOWABLE DATE LF

' THE LATEST DATE ON WHICH AN EVENT CAN OCCUR WITHOUT CREATING AN
EXPECTED DELAY IN THE COMPLETION OF THE PROJECT. THE LF VALUE FOR
A GIVEN EVENT IS CALCULATED BY SUBTRACTING THE SUM OF THE EXPECTED
ELAPSED TIMES ET FOR THE ACTIVITIES ON THE LONGEST PATH FROM THE
GIVEN EVENT TO THE END EVENT OF THE PROJECT FROM THE LATEST -DATE
ALLOWABLE FOR COMPLETING THE PROJECT. LF FOR THE END EVENT. IN A
PROJECT IS EQUAL TO THE DIRECTED DATE TD OFf THE PROJECT. IF A
DIRECTED DATE IS NOT SPECIFIED, TL TE FOR THE END EVENT.

MOST LIKELY TIME ESTIMATE M
THIS IS THE MOST REALISTIC ESTIMATE OF THE TIME AN ACTIVITY MIGHT
CONSUME. THIS TIME WOULD BE EXPECTED TO OCCUR MOST OFTEN IF
THE ACTIVITY COULD BE REPEATED NUMEROUS TIMES UNDER SIMILAR
CIRCUMSTANCES.

NETWORK
A FLOW PLAN - CONSISTING OF -ALL THE ACTIVITIES AND EVENTS THAT MUST
BE ACCOMPLISHED TO REACH THE PROJECT OBJECTIVES, SHOWING THE
SEQUENCES IN WHICH THEY ARE PLANNED TO BE ACCOMPLISHED AND THEIR
INTERDEPENDENCIESy AND INTERRELATIONSHIPS.

OPTIMISTIC TIME ESTIMATE A
THE TIME IN WHICH THE ACTIVITY CAN BE COMPLETED IF :-EVERYTHING GOES
EXCEPTIONALLY WELL. IT IS EST%?ATED THAT AN ACTIVITY WOULD HAVE




NGO MORE THAN ONE CHANCE IN A HUNDRED .OF BEING COMPLETED WITHIN
THIS TIME.

PESSIMISTIC TIME B

o000 O00O0OCOEOOEPNSOOOVMLOODS

THE TIME REQUIRED FOR AN ACTIVITY UNDER ADVERSE CONDITIONS: BARRING
ACTS OF GOD. IT IS ESTIMATED THAT AN ACTIVITY WOULD HAVE NO MORE
THAN ONE CHANCE IN A HUNDRED OF EXCEEDING THIS AMOUNT OF ‘TIME.

SCHEDULED COMPLETION DATE FOR AN ACTIVITY TS | | ,
.............................................. » 3

A DATE ASSIGNED FOR COMPLETION OF AN ACTIVITY FOR PURPOSES OF ;
PLANNING AND CONTROL WITHIN AN ORGANIZATION.  WHERE NO SPECIFIC |

DATE IS ASSIGNED, TE TS.

' STANDARD DEVIATION

eecseos0s000000000e ]

MATHEMATICALLY, THE SQUARE ROOT OF THE ARITHMETIC MEAN OF THE
SQUARES OF ‘THE DEVIATIONS OF -THE VARIOUS ITEMS FROM THE ARITHMETIC
! MEAN OF THE WHOLE. COMMON PERT PRACTICE IN REFERENCE TO THE THREE
] TIME ESTIMATES Ay, My B USES A STANDARD DEVIATION EQUAL TO ONE-
i SIXTH OF THE RANGE OF :THE DISTRIBUTION CURVE.

VARIANCE

A STATISTICAL TERM EQUAL TO THE STANDARD DEVIATION SQUARED.
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