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WORK-PAC: WORK PLANNING AND CONTROL SYSTEM

Laurent C. Deschanps
SPAR Associ at es
Annapol is, Maryland

As President of SPAR Associates, a conpany specializing in conputer
applications for business and engineering, M. Deschanps has been invol-
ved with computer-aided ship design and production nethods, planning,
estimating and scheduling services, and ship structural analysis. SPAR
Associ ates has served as consultants to a number of American and Canadian
shipyards in inplenenting autonmated |abor and material planning and con-
trol systems. M. Deschanps has also been a consultant to the U'S. Navy
for structural analysis.

In the past, M. Deschanps was Director of Engineering for Corn-Code
Corporation, a project engineer with Arnmstrong Cork Conpany and an in-
structor of conputer programing.

He has his B.S. and MS. degrees from Trinity College, Hartford,
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INTRODUCTION

WORK- PAC, Work Planning and Control System is a conplete
conmputer software package designed to inprove shipyard

| abor planning and to nonitor |abor charges agai nst plan-
ned estimates, neasure job progress and give notice to
both real and potential |abor over-runs and schedul e

sl i ppages.

WORK- PAC permits a ship repair/conversion or new construction
project to be broken down into discrete work orders, which
can be classified under any given set of work cost account
categories: steel work; piping, electrical and nachinery
systens; outfit; design/drawi ng; and yard support services.
To further facilitate |abor scheduling and control, WORK-PAC
allows these work orders to be assignable to specific ship
zones and shop work centers. The input of planned manhours
(with or without trade estinmate detail) and scheduled start
and finish dates and the actual manhours from timecards as
applied to these work orders conpletes the planning feedback
cycle that is tailored to shipyard operations.

WORK- PAC accunmul ates | abor charges by individual trade,
differentiating between regular and prem um manhours. 1In
addition, a special WORK-PAC feature provides for separate
accounting of job repair end re-work efforts as required.

WORK- PAC generates nunerous reports and anal yses for various.

| evel s of the shipyard organization and at various |evels of
detai l . WORK- PAC issues automatic warnings of data errors

and signals areas of budget over-runs and/or schedul e slippages
early in the production cycle before they becone critica

and while they are still resol vable.

WORK- PAC represents nmany man-years of intensive devel opnent
within active shipyard environnments and responds to the practica
probl ens of daily shipyard operations.

WORK- PAC is designed to operate in parallel with SPAR s
Materi al Requirenent Planning and Control System [ MAT-PAC),

a prOJect chedulln%;(crltlcal path nmet hod) system of the
yard's choice PAR' S Basic Ship Estimating and Budgeting

System [ESTI - PAC] .

WORK- PAC is witten in standard ANSI FORTRAN |V, a conputer
programm ng | anguage suitable for operation on nost present-
day conputer Facilities, either in-house or renote tinesharing.

102



TIME
CARDS

WORK-PAC

TRADE,
VORK/ CENTER

REPORTS

v
COST/ SCHEDULE WEEKLY
VARl ANCE STATUS -
REPORTS REPORTS
h 4 S 4
7000.2 TREND
REPORTS ANALYSIS
REPORTS. .

103 °

B




WORK- PAC BENEFI TS

The i medi ate benefits available from the use of WRk-PAC
are sumari zed as foll ows:

a. Timely, accurate, and conplete report information
which is custom tailored For the given reader's
| evel of interest and responsibility

b. Elimnation of duplicated and oftentinmes erroneous
information by virtue of a common database accessible
by various departnents and |evels of nanagenent

c. Complete flexibility in project work breakdown
definition so that different job requirenents
and/ or production procedures nmay be inplenented
qui ckly and easily

d. Conveni ence of nodelling possible nmanagenent deci -
sion alternatives with the capability to view re-
sulting effects imediately

e. Imediate and automatic warning signals by WORK-PAC
i n numerous possible problem areas to provide nman-
agenment with increased lead-tine to respond to bottle-
necks and costly del ays

f. Continuous and automated physical progress assessnents
et various levels of the project work breakdown
structure

g. Continuous and automated projections of final tota
costs based upon WORK-PAC s assessnents of past,
current and expected future |abor perfornmance

h. Systematic storage of meaningful and conplete histor-
ical production data available for inmediate use in
pl anning and estimating future projects

Software expandability into other application areas
including direct hook-up with other software packages

j. Virtual machine independence to mninize possible
conversion and software mai ntenance costs

k. H gh level of user confidence produced by WORK-PAC s
nunerous checks and edits of data entries and diagnostic
nessages

|. Ease in WORK-PAC usage as acconplished by considerable
software design effort to mnimze user input and
data organi zation requirenents

m Software reliability as proved by four years of continued
use w thin shipyards
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GENERAL _DESCRI PTI ON

ORGANI ZATI ON_CRITERI A

(1)

WORK- PAC permtS definition of all authorized
work and related resources, using whatever
contract work breakdown structure [WBS] is
appropriate for the given shipyard contract:
now ship construction, ship repair/conversion
or non-ship comrercial projects.

The primary work breakdown is the project cost
accounts, which identify the various ship func-
tional systens, yard services end support efforts.
Cost accounts may be grouped into sections of
simlar account categories for nore general
summari zing capabilities. WORK-PAC also pro-
duces sunmary reports of the over-all project

as wel |

Bel ow t he cost account |evel of the WBS,

WORK- PAC permts the devel opment of two additiona
sub-levels for nore detailed sunmery capability
and for summarizing across appropriate cost
accounts as needed. For steel work, major hull
structural assenblies (blocks) may be defined
and each broken down into individual steel units;
t hese sub-levels are programred under the
expropriate fabrication, assenbly, erection and
on-ship wel ding cost accounts. Bl ocks and units
may al so be programmed for any pro-outfitting
accounts if required.

For nomsteel work such as outfit, piping, electrical,
end machi nery cost accounts, WORK-PAC permts two

| evel s of ship zones to be defined to facilitate

the scheduling and resource |oading of appropriate
cost accounts. Zonai ng can al so be benefici al

for future ship estimting.

WORK- PAC provides imedi ate neans to sumari ze
budget, planning, accumul ati ng and projected
costs and to determine automatically at any point
in tinme the physical progress at, and across,

any of the WBS levels. Summaries nmay al so be
generated within individual trade groups and/or
chop work centers at and across any of the WBS

| evel s.

WORK- PAC permts easy identification of all

internal organizational elenents of the yard

within the WS, including steel work, outfit,

pi ping, electrical and mechani cal departnents,

yard services, engineering, planning and cost

control, supervision, testing and quality control
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efforts. WORK- PAC al so fully provides summary
and progress reporting at any shop work center
and/ or trade group.

[3] WORK-PAC fully integrates the yard' s planning,
schedul i ng, budgeting, work authorization and
cost accunulation efforts as progranmed for the

WBS cost accounts, steel blocks and units,
ship zones and shop work centers, trade groups,
and i ndividual work packages.

[4] WORK-PAC can be used equally to control various
overhead efforts as nmay be identified either
within the WBS of cost accounts for the contract
or as programmed for a separate group of cost
accounts to be budgeted and nonitored independently.

[5] WORK-PAC integrates the contract product elenents
[various ship systens, for exanple) directly with
the yard’ s Functi onal organi zation structure within
the WBS. Cost accounts may be sectioned by nmjor
yard departnments and/or work rmay be assigned to
specific shop work centers under the individua
wor k package.

Pl anni ng, budgeting and scheduling O work for
shop work centers, ship zones and for selected
trade groups are integrated conpletely wthin
WORK- PAC al ong with cost accumrul ati ons, man-power
and schedul i ng changes and automati c physi cal
progress measurenents.

PLANNI NG _AND BUDGETI NG _CRI TERI A

[1] WORK- PAC provides the basis For scheduling and
noni toring authorized work; critical path pro-
cedures provide necessary input For devel oping
t he sequence of work and task inter-dependencies
required to nmeet contract schedul es.

[2] WORK-PAC pernmits the identification of physical
products [ship systens, steel assenblies, ship
zones, etc.], mlestones [keel I|aying, |aunching,
trials, etc.] and technical perfornmance goals
[ manhours per ton of steel produced in fabrication,
assenbly, erection and on-ship welding; planned
versus actual physical progress; projected final
manhours versus planned targets].

[3] WORK- PAC produces time-phased schedul es of | abor
requi rements [by trade group end/or work center,
if required] and utilizes current production per-
formance data directly to provide updated changes
i n schedul es and/ or man-power requirenents.

Physi cal progress is conputed for any given cost
account, steel assenﬁby, and/ or ship zone.



DISCRETE TASK WORKORDERS

HULL
SECTTION SECTION SECTION
‘COST ' COST
ACCOUNT ACCOUNT
_ STEEL STEEL
: BLOCK BLOCK
STEEL STEEL
UNIT UNIT
WORK - WORK
PACKAGE PACKAGE
TRADE | TRADE
4 . -
TIME
CARD

108




CHARACTERLOTI O OF A VORK PACKACGE

@ | TS SIZE AND DURATION ARE LIM TED TO RELATI VELY
SHORT SPANS OF TIME TO MNMZE THE WORK I N
PROCESS EFFORT

HAS A BUDGET OR ASSI GNED VALUE EXPRESSED

@ T
IN TERVG OF MAN- HOURS

@ | T HAS SCHEDULED START AND COVWPLETI ON DATES
VWH CH ARE | NTEGRATED W TH THE SH PYARD DETAI L
AND MASTER SCHEDULES

@ | T REPRESENTS UNI TS OF WORK AT LEVELS WHERE
WORK | S PERFORVED

@ |T IS CLEARLY DI STI NGU SHED FROM OTHER
WORK PACKAGES

@ VWHEN COWLETED, | T CONTRIBUTES A MEASURABLE
QUANTI TY TO PHYSI CAL PROGRESS

: DATE 28/ 3/7
HULL 1976. TYPICAL_ 40,000 DWT TANKER PAGE
SECTION 2, HULL OUTFIT = GROUP 2 .
ACCT 2014, CARGO WATCH COVERS ___
TT21281, FAB OF HATCH COVERS
P Y T I Y Y L Y L L L LY DL L L L AL L L L L Al L]
HRS HRS
TREDE PLANNED TO=DATE RE~=WORK
P P P Y RN NN E NN PRI N NS PN ENEREPHNIOPE NP PORPRPrRDEnR®
2. BLACKSMITHS a. 0. . O.
S5+ BURNERS 11, 14, 0o
6., CARPENTERS =~ SHIP 34, . 1 IS
7. CHIPPERS & CAULKERS 8, 2e 0,
11, FITTERS 60, 724 0a
16, MACHINISTS 10, 13, 0,
24, PUNCH SHED i, 1, .
2S5, RIGGERS Bo- 16, O,
33, WELDERS = ELECTRIC 174, 178, 0
35, PREPARATION FITTER 11, 2e 0.
36, SHIP FITTERS 24 0. *
UNPL&NNED ) » wn.E; Y YT T Y ¥ FY I YT X LY
321, 298, Oe
SCHED. ACTUAL
START 117 2/17 S/ 1/7
COMPL 18/ 2/7 16/ 3/7 LATE BY 3,8 REEKS )
HEIGHT .000408 DISTRIBUTION FACTOR «00000 - 100, PCT COMPLETED
ZONE 82 UNIT 0,
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[4] WORK-PAC provides the neans to establish |abor
budgets for each cost account and sub-| evel

[5] WORK-PAC requires that authorized work be ident-
ified primarily by discrete, short-span work
packages, conplete with budgeted manhours [with
or without trade breakdowns] and schedul ed start
and finish dates. Cost accounts and sub-Ilevels
need not be developed with work packages at the
outset of the contract, but may be so devel oped
with work packages as required.

[6] WORK- PAC autonmatically checks on the work bud-
geting to ensure that cost accounts are never
over-programed w th work packages.

[7] Work packages are devel oped under the WBS as
required. A spatial feature permts devel oping
wor k packages that nmay be distributed across
any nunber of cost accounts, hull assenblies
and/ or ship zones. WORK- PAC distributes both
budget ed and accunul ated costs to appropriate
CWBS | evel s automatically.

(B) WORK- PAC provides the neans to define and contro
sel ected cost accounts as being specific "Levels
of Effort”: activities which cannot be associ ated
with a definable end product or result [for exanple,
supervi sion, cranage, etc.] but nay be controlled
by tine-phased budgets established for that purpose.
WORK- PAC s "support” cost accounts do not project
final manhour costs on the basis of performance,
but nerely accumul ate |abor charges against tine-
phased budgets. WORK- PAC s "factored” cost accounts
generate final manhour projections either on the
basis of the relative progress conputed for the
gi ven account group or section or for the overal
contract effort.

(9) WORK- PAC provides the neans of establishing over-

head budgets, either as an integral part of the
WBS or as a separate yard group of cost accounts.

For authorized contract work, indirect |abor can
be planned, budgeted, nonitored, and final costs
forecast directly. WORK- PAC al so provides a separate
accounting of re-work which may be included in the
various cost status reports of the WS, at the
yard's option, at any tine.

(10) WORK-PAC provides the nmeans of identifying nan
hour reserves and undistributed budgets for any
of the WBS cost accounts. The System is conpletely
flexible in being able to distribute these re-
serves as required at any tinme.

[11] WORK- PAC generates contract status reports at any
110
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DISTRIBUTED WORK ORDERS
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point in tinme showi ng target costs agai nst

bot h accumul ated and projected final cost

figures and undistributed reserves. These
reports may be generated for any |evel of the
VBS. In addition, WORK-PAC conputes physical
progress to-date for both work packages com

pl eted and overall, i ncludi ng work packages still
in process. These physical progress figures
take into account the performance to-data For
the given |evel

ACCOUNTI NG CRITERIA

(1) WORK- PAC produces sunmmary reports for each of
the WBS cost accounts, hull assenblies and
ship zones [if required]. Status reports show
all accunul ated manhours [with or w thout re-work
i ncl uded) against budgets and final cost projection
figures. The yard may generate these reports at
any tinme, for any period.

(2) WORK-PAC al so summarizes direct costs into the
yard's functional organizational elenents: trade
group and shop work centers. Status reports
show all accumul ated manhours [with or w thout
re-work included) against budgets and final cost
proj ections. The yard may generate these reports
at any tine.

(3) Basic to all WORK-PAC accounting reports are the
i ndi vi dual work packages to which all tinecards
are charged. Any given package may be reported
as to its schedule, budgets [including trade
breakdowns, if required], actual trade charges
[as planned, as chargeable to rework, and q s
charged as prem um manhours], and various assignnents
to the WBS cost accounts, hull assenblies, ship
zones and shop work center.

(4) WORK- PAC provides the neans to produce unit | abor
costs. Steel production manhours per ton (planned
and projected final figures) are generated directly
for fabrication, assenbly, erection and on-ship
wel ding and overall for each steel block and/or unit.
Non-steel unit costs may be easily devel oped util -
izing appropriate material and/or ship zone size
par aneters.

113



ANALYSIS CRITERIA

[1]

[2]

[5]

WORK- PAC can produce accunul ated and final cost
projection data on any tinely basis required.

The System can produce such information as |ong
as timecard entries are current. and entries

of work package conpletions are reasonably current
as well

(a) Budgeted costs for work scheduled and
for work perforned

(b) Actual costs For work schedul ed and
For work perforned

(c) Projected costs for work schedul ed
and For work perforned

(d) Cost variances in terns of |abor nmanhours
as exhibited to-date and estinmated at
conpl etion

(e) Schedule variances in terns of both |abor
manhours and cal endar  weeks

WORK- PAC provides the flexibility to produce at
any point in tinme both |abor cost and schedul e
detail to any required degree: from overal
contract to individual WBS cost accounts and
sub-level s,to specific work packages, trade
groups and shop work centers. Bot h work per-
formance data and schedul e slippage informtion
can be obtained directly for the work effort
requi ring nmanagenent attention and renedia
response.

WORK- PAC summarizes data elenments and associ at ed
cost/schedul e variances through the yard s organ-
i zational structure as required.

WORK- PAC produces convenient visual indicators

of work slippages, cost over-runs, and excessive
man- power requirenents. Special raports may be
generated to provide detail information about

probl em ar eas. WORK- PAC s " STATUS HI STORY" report
provides an historical trend analysis of pro-
duction's performance and of nanagenent's success
to renedy problem areas

Because WORK-PAC provides an expedient neans to

pi n-point both reel and potential problem areas
and to generate only the degree of detail required
for managenent review, procedures for |ocating

and resolving these problens becone systenmatic

and opportunities for resolving them nuch inproved
with the nore imediate and conplete selection of
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facts and anal yses avail abl e from WORK- PAC

REVI SI ONS _AND ACCESS TO DATA CRITERIA

[1]

[2]

[3]

[4]

[6]

WORK- PAC enabl es contractual changes to be
installed with very little effort; their

af fects on budgets and schedul es and nman-

power requirenents can be reviewed i mmedi ately.

Ef fects of contractual changes can be revi ened
easily at all levels O the WS, down to the
i ndi vidual work packagas required to expedite
the added effort.

WORK- PAC does not permt retroactive changes

to records pertaining to work perfornmed, except
for corrections to errors and routine accounting
adj ust ment s.

WORK- PAC prevents revisions to the contract
basel i ne except as required for contractua
changes resulting in formal re-progranm ng.

WORK- PAC reports provide the docunentation
necessary of changes to the performance neasure.
nment baseline at any point in tine.

WORK- PAC utilizes a nunber of security procedures

and System Access Keys to restrict unauthorized
use and access of the yard Database information.
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FOUR DIMENSIONS OF CONTROLS:
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FIRST DIMENSION:

<

7

-‘Zconnb -0

COST ACCOUNTS  (\wgs)

COWPLETE ANALYSIS OF EACH COST ACCOUNT
SHOW NG

* BUDCGETS

CUMULATI VE HOURS SPENT
* PRQJECTED FI NAL COST

* PHYSI CAL PROGRESS

SCHEDULE DELAYS IN TERMS OF MANHOURS
AND V\EEEKS

PERIOD REPORT  SHOW NG
HOURS SPENT SI NCE LAST REPORT

N«

PROJECTI ON CHANGE SI NCE LAST
REPORT

CHANGE | N SCHEDULE SI NCE LAST
REPCORT

® STATI STI CAL TREND ANALYSI S OF FOUR MOST
RECENT REPORT PERI ODS
FOR STEEL COST ACCOUNTS:

. MANHOURS PER TON DATA FOR EACH STEEL
BLOCK AND UNI' T

. PHYSI CAL PROGRESS FOR EACH STEEL
BLOCK AND UNI' T

. BOTH REAL AND EQUI VALENT STEEL TONNAGE
PRODUCTI ON FI GURES FOR EACH STEEL COST
ACCOUNT OVERALL AND FOR EACH OF THE
LAST FOUR REPORT PERI ODS

. STEEL BLOCK ESTI MATI NG FACTORS
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SECOND DIMENSION:

7
5

N7

/

TRADES

TRADES ARE THE PRI MARY RESCURCE
REQUI RED TO BUI LD A SH P

TRADES MAY- TRANSCEND SHI P SYSTEMS,
ZONES AND WORK CENTERS.

REPORTS ARE GENERATED SHOW NG
® TRADE PROGRESS BY ZONE

® TRADE PROGRESS BY WORK
CENTER

® TRADE PROGRESS BY COST
ACCOUNT
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THIRD DIMENSION:

AW

0o
S
T
A
c
C
o
1]
N
T

WORK CENTERS

e WORK CENTERS ARE SHI PYARD LOCATI ONS ASSI GNED
TO FABRI CATE, ASSEMBLE, | NSTALL, TEST OR
DESI GN EACH COVPONENT OF EACH SHI P SYSTEM

e ANALYSIS OF BUDGETS VS ACTUAL COST AND
PHYSI CAL PROGRESS FOR EACH WORK CENTER S

BUDGET, AS |IT RELATES TO THE TOTAL COST
ACCOUNT BUDGET

o WORK CENTER CONTROL ALLOWNS THE SCHEDULI NG
OF WORK CENTER MANPOWNER AND MATERI AL

RESOURCES TO MEET (AND | NTEGRATE) OVERALL
SHI P SCHEDULES
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FOURTH DIMENSION:

% A
7

§\\
JZconar 40°

ZONES

ZONES ARE PHYS|I CAL AREAS WTHI N A
SH P THROUGH VWHI CH ONE OR MORE
ENG NEERI NG SYSTEMS PASS.

ZONE CONTROL ASSI STS IN THE PROPER
SCHEDULI NG OF MEN AND NATERI AL.
MORE | MPORTANTLY, ZONES | NCREASE
CONTROL OF LABOR BY MAXI M ZI NG
VISIBILITY OF HOURS EXPENDED ON
THE SH P, AND THE EFFECT OF THESE
HOURS TOMWARDS PHYSI CAL PROGRESS.
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ZONE CONCEPT

e

5/6

ZONE

DESCRI PTI ON ( GEOGRAPH CAL AREA)

S~ 0 N -

© oo N o Oo1

AFT PEAK AND AFT ENG NE ROOM BULKHEAD
ENG NE ROOM

SPARE

APT  PUMPROOM ( FOR STEEL WORK THE PUMP-
ROOM IS I NCLUDED I N THE
CARGO TANK AREA)

CARGO AREA; CENTER TANKS
CARGO AREA; W NG TANKS
FORE BODY

VEATHER DECKS
SUPERSTRUCTURE
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ZONE CONCEPT  (con't)
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CONTROL RM  FLAT

/// //////y// BOILER FLAT
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SUB ZONE GECGRAPH CAL  AREA
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ENG NE ROOM BA LER FLAT TO CONTROL ROOM FLAT
ENG NE ROOM CONTROL ROOM FLAT TO UPPER DECK
HEAVY FUEL O L TANK

HEAVY FUEL O L SETTLING TANK

ENG NE ROOM CASI NG

ENG NE ROOM FUNNEL

MAI'N CONTRCOL ROOM

DN NN
LI | 1 1
© 0o N o OB W IiN -
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PROCRESS & FINAL COST PRQIECTI ONS

WORK- PAC automatically measures physical progress in a
nunber of different areas:
1. by project total
by cost account section
by individual cost account
by steel assenbly
by ship zone
by shop work centar
7. by trade group

o0 s wN

WORK- PAC utilizes information of what work packages have
been completed [closed out] and extrapolates for the prog-
ress of work unconpl eted, but under way.

The automation of the progress neasurenents allows cost
controllers to apply nore of their efforts to resolving
speci fic yard production problens. The |aborious task of
coll ecting and devel opi ng progress information for nanage-
nment review is done entirely by the system

Thr ough sophi stocated statistical analysis procedures,
WORK- PAC generatas highly accurate final manhour cost
projections in the sane areas of interest outlined above.

WORK- PAC utilizes relative work performance of conpleted
wor k packages, and depending upon the relative progress
exhibited by the overall effort, applies this information

to develop final cost estimtes. These cost projections

are the nore obvious neans to determine if the job is being
executed as planned. WORK-PAC S devel opnent of progress

al so permts automatic determ nation of whether overall
schedul es as planned area being met as well. An early oppor-
tunity to Predict over-runs and/or schedul e slippages offers
an early opportunity to effect appropriate changes to elimnate
or at least mnimze problens before they beconme critical.
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SH PYARD REQUI REMENTS

WORK- PAC has been designed to be integrated within a
given shipyard quickly and easily with very little
di sturbance to existing operations and procedures.

In fact, WORK-PAC utilizes nobst existing procedures
and cost account breakdown categories; WORK-PAC is a
product of a real-life shipyard environnent.

Since WRK-PAC requires the adoption of the work package
concept as the Fundanental neans for authorizing and
controlling production efforts, the yard nust provide

charging to a work package nunber. Wirk packages nust

be developed for all shipyard activities and the WRK-PAC
PROCEDURES MANUAL provides guidance in this effort.

The planning tack nust, of course, be work package

oriented and this basic approach has proved to offer
significant advantages in estimating and scheduling

manpower requirenents.

WORK-PAC will nmean a transfer of effort from nanual data
collection and physical progress nmeasuring to nore intense

pl anni ng and schedul i ng using WORK-PAC for both budget

devel opment and job simulations. The obvious benefits

from this added enphasis on planning has proved to be earlier
schedul i ng, reduced overhead and inproved work/materia
coor di nati on.
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SOFTWARE SPECI FI CATI ONS
PROGRAM DESI GN

The Sytemis witten entirely in standard ANS FORTRAN |V
and is operational an the follow ng conputers:

| BM 360/ 85 [ 128K byt es]

| BM 370/ 155 [128K byt es]

| BM 370/ 165 [ 128K byt es]

UNI VAC |1 8/ Executive 8 (32K words)
UNI VAC 90/ 30 (128K byt es)

The above listing includes core requirenments of the
System with overlaying of System Function Mdul es.

The software has been designed in accordance with the
so-called "Structured programm ng" concept. Al functions
have been witten as seperate routine nodul es, each of
which utilizes a common |ibrary of Systemutility routines
for file accessing, sorting, nerging, etc. Future
functions may be added quite sinply.

Since the System has been witten to the ANS standard,
the program is essentially machi ne i ndependent for those
operating systens featuring the standard conpilors.

The System does enploy direct access file techniques, but
only through one FORTRAN subroutine, which alone is
tailor-made for the given operating system  Severa
versions of this routine are available, including one
featuring a rotating buffer schenme that can reduce the
nunber of record accesses significantly.

DATABASE

The Dat abase has been constructed of fixed record |ength
files for the activity levels and for the workorders; a
third file of simlar characteristics exists for the var-
ious trade catagories. These files are accessed
randomy and nmay be defined in whatever nmanner suits the
user.

The size of the Database is directly dependent upon the
size and nunber of projects to be maintained. A typica
project requiring one mllion manhours shoul d average about
500 manhours per work order; wth all activity |evels,

i ncluding steel assenblies and zones, the Database would
require approxi mtely 400K words or 1.6K bytes.

A fourth file maintains Database file paraneter information
and totals only 60 words or 120 bytes.

The System uses scratch files, which should be prescribed
as about twice the size of the Database; they we used for
various utility purposes such as nerging, sorting, and
anal ysi s processing. 17



SYSTEM SECURITY

Consi derable effort has been expended to develop routine
procedures for making back-up copies of the Database at
regul ar intervals. In the conmercial timesharing version,
three different nethods of back-up are provided: by the

ti mesharing vendor’s nornal daily back-up; by the yard s
own daily back-up; and by a card-inmage copy-out and | oad
function built into the System program

The System has been designed with a pass key entry card
whi ch permts only authorized execution of the System
functi ons. Thi s pass key may bechanged at any tine

by the departnment in control of the System

The Database files are nornally read/wite protected to
prevent inadvertant accessing by other users; they are
al so given special assignments such that a given run has
exclusive use of these files at any given tine.

ERROR HANDLI NG

The Systnmm enpl oys nunerous data checks and generates
appropriate diagnostic nessages to mninize potential
errors and/or inconsistencies of input information
The System al so generates special flags and warnings
whenever specific projects exhibit questionable work
performance characteristics.

DOCUMENTATI ON

The System is conplete with a User’s Mnual. which pro-
vides detail instructions for operating each of the Sys-
temis function nodules and nunerous exanples; aProgram
ner’s Manual, which provides software and Database
characteristics; a Procedure’s Manual giving in-depth

di scussions of the shipyard s organizational requirements
and reconmended practices for maximzing the benefits

to be gained by the System
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SYSTEM | NTERFACES

WORK- PAC has been designed to be readily expandabl e
into other application areas, including direct |ink-
ups with other application prograns [For exanple,
detailed material handling and inventory control,
critical path scheduling, basic ship estimating,
and enpl oyee payroll].

WORK- PAC is a collection of application nodul es under

the control of a primary System executive, which selects
appropriate function nodules as specified by the given
user. Ext endi ng exi sting nodul es and/or addi ng new

gnes is conpletely conpatible under the WORK- PAC software
esi gn.

CURRENT LI MI TATI ONS

WORK- PAC presently has the following self-inposed |imtations:

Nunber of projects: 99, 999

Nunber of cost accounts per project: 9,999

Nunber of steel blocks: 1369 alfa.nuneric par project

Nunber of ship zones: 1369 alfa-nuneric per project

Nunber of steel units: 9999 per project

Number O work packages: 999,999 per work center per
pr oj ect

Nurmber of work centers: 99

Nunber of trade groups: 99

Nunber of tinecards: unlimted per day
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A R NTS
WORK- PAC currently requires the follow ng hardware equipnrent:
a) 36K words (128K bytes) central processing core,
excluding the mainframe operating system

b] Direct access nagnetic disk devices

2.5 M words [10OM byt es] Database *
2.5 Mwords [10OM bytes] tenporary Files*

c] 80-colum card reader or key-to-tape or key-to-
di sk device

d] 128-character line printer
e] one mmgnetic tape device for Database back-up

f] FORTRAN 1V conpiler supplied with the mainframne
operating system

g] Random access routines callable from FORTRAN
supplied with the mainframe operating system

h] Program overlaying capabilities

Shoul d WORK- PAC be operated renotely, the term nal equiprment
must have suitable conmunications gear [hardware and term nal
software] to be intelligible to the central conputer.

Consi derations nust be given for termnal conmunications
either by direct line, dial-up, WATTS or DATA ROUTE.

* File storage requirenents are based upon work orders for
approximately 7 mllion manhours.
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COVPUTER _PROCESSI NG _COSTS

The actual conputer processing costs can vary considerably,
dependi ng upon a nunber of Factors:

1. nunber of yard projects being processed at
any given time period

2. extent and datail of the work breakdown
categories; nunber of work orders issued

3. nunber of tinmecards processed daily

4. extent of planning changes entered into
WORK- PAC

5. extent of corrections required For incorrect
ti mecard chargi ngs

6. nunber and type of reports required

7. pricing algorithnms enployed by the given
conmputer facility used

8. extent by which non-prine time conputer pro-
cessing can be utilized

9. extent by which |ocal telephone Service (if
renote tine-sharing) can be used

10. extent by which volume discounts Can be applied
by using the given conputer for other than WORK- PAC
processi ng

A typical time-sharing cost [1977] for a new ship construction
is estimated to be about $2000 per nonth per 100,000 yard
manhours per nonth. This cost i1ncludes an averaged cost of
installing cost accounts, steel assenblies, zones and work
packages; proceeding tinecards,; and producing various nanage-
ment reports, etc. This cost does not include any charges

for terminal hardware nor anortized costs for the WORK-PAC

sof tware and traini ng.
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U._S. DEPARTIVENT OF DEFENSE 7000. 2 REPORTI NG

WORK- PAC satisfies the Cost/Schedule Control Criteria of
the Departnent of Defense 7000.2 instruction by providing
an integrated and systematic analysis of |abor performance
in a highly disciplined environment. WORK-PAC not only
furnishes information but nore inportantly gives managenent
alternative solutions to potential problens.

The effectiveness of WORK-PAC is denonstrated in the follow ng
check list which highlights the criteria requirements of
7000. 2:

5 Defines all authorized work and related sources to
nmeat the contractual requirenents, using WBS frane-
wor K.

@ ldentifies work centers responsible for work accom
pl i shment and assi gns budgets.

@ Provides for the integration of the follow ng
Functi ons:

Pl anni ng
Schedul i ng

Budgeti ng

Wor k Aut hori zati on
Cost Accumul ati on

@ ldentifies the managerial ©positions responsible
for controlling overhead [indirect costs].

@ Provides for integration OF the WBS with the ship-
yard's functional organization permtting cost/
schedul e performance neasurenent between the WBS
and work centers [functional organization).

@ Schedules the authorized work in a manner describing
the sequence of work and identifies the significant
task relationships required to neet the contract.

@ Identifims physical products, milestonmss, technical
per formance goals and other indications used to
neasur e out put.

@ Establishes and maintains a tine-phased budget base.
Iine at the cost account 1evel against which contract
per f ormance can be measured.

@ Describes complestely the mathematical method For
nmeasuring physical progress.

@®cstablishes budgets For all authorized work with
separate identification of cost elements.
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Est abl i shes budgets using hours as the neasurable
unit For discrete, short-span work packages.

Shows that the sum of all work package budgets,
within a given cost account, equals the cost account
budget .

Identifies and controls level of effort activities
by tinme-phased budgets established For this purpose.

Est abl i shes overhead budgets for the total costs
of -each significant organizational conponent whose
expenses will become indirect costs.

. ldentifies managenent reserves and undi stributed
budget s.

. Shows contract target costs plus estinmated costs of
aut hori zed, but unpriced work, as reconciled with
the sum of all internal contract budgets and nanage-
ment reserves.

Records direct costs on an applied basic consistent
with budgets in a systemthat is formally controll ed.

Shows that within the cost account, direct [|abor
charges were nade at the sane time direct resources
are actually consuned.

Summari zes direct costs from cost accounts into the
WBS without allocation of a single cost account to
two or nore WBS el enents.

Summari zes direct costs fromthe cost accounts into
the work centers [functional organization].

Records all indirect costs which will be allocated
to the contract.

Identifies the bases for allocating the cost of
apportioned effort.

Identifies at the cost account |evel, on a nmonthly

Budget ed Cost for Wrk Schedul ed [ BOW)
Budegt ed Cost for Work Perfornmed (BCWP]

Budget ed Cost for Wrk Perforned versus
Actual Cost for the Same Wrk

Variances resulting from the above conparisons
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® |dentifies on a nmonthly basis, in detail, budgeted
indirect costs, actual indirect costs and vari ances.

® Sunmarizes the data el enents and associ ated vari ances
|isted above through the shipyard s organi zati on and
the WBS to the specified reporting |evel.

® Denonstrates that a contractual change is incorporated
inatinely manner, end the effects of such changes
to existing budgets and schedul es.

® Prohibits retroactive changes to records pertaining
to work perforned that will change previously re-
ported anounts for direct costs, indirect costs or
budgets, except for the correction of errors.

® Prevents revisions to the contract budget baseline
except for those which are government directed.

® Denonstrates that changes to the perfornance neasure-
nment baselines are internally docunented and that
timely notification of these changes are provided.

® Denonstrates the anmount and | evel of detail the con-

tracting officer may have access to in determning
the status and progress of the project.
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