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ARSTRACT

There 1s nothino upon which ship-—
buildino manaobers and plarmaing
theorists are more soalidlv aoreed
thari the need to cotimize the inte-

oration of a steel hull with the
maximum outfitting that can be
achieved. at a pcant in time that

considers the facility. materaiai.
ang available manpcower, in other
words, OPPORTUNITY.

Now. couple this OPPORTUNITY
with a doorway thrcush which a
manaper can enter the whale domain
of COST/SCHEDULE CONTROL (C/SC)
objectives. Through these cbiec—
tives the manaper has access to
a system capable of dealino with
the multiple dimensions of crpa-
nizational and product perform-
arnce.

Thas paper addresses the
successful intepratiornn of PRODUCT
BRY STAGE OF CONSTRUCTION (P/Sc)
with the fundamental bprincioles
of C/SC and the specific recuir-
ement to provide mearanpful per—
faormance data 1w marnapino a major
military deferse praoram arn
schedule and within cost.

1. BACKGROUND

1.1 THE CANADIAN PATROL FRIGATE
PROGRAM

In July 1983, the Canadian Government
awarded Saint John Shipbuilding
Limited (S3SL) a $3.26 Dbillion
contract to design and construct six
city class frigates. The scope of
the Canadian Patrol Frigate (CPF)
project includes the design,

construction, trials,
life cycle support of six
supported,

programs,
spare parts.

logistical

delivery and
fully
operational warships and
provides for training facilitiass and
support and
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The CPF project represents a landmark
in Canadian military procurement
history. For the first time, the
Government's procurement strategy has
delegated total systems
responsibility and risk management to
a civilian contractor.

To meet the CPF challenge, SJSL =as
the prime contractor has developed in
Saint John, New Brunswick a Center of
Excellence for warship design and
construction second to none in North
America. Expertise has been
established in the areas of Program
Management, Design and Engineering,
Ship Construction, Integrated
Logistics Support, Quality Assurance
and Industrial Benefits.

In recognition of this Center of
Excellence, the Govermment of Canada
awarded an amended contract for six
additional frigates to SJSL in
December 1987. The combined contract
value of this twelve cship program is
$6.2 billion. It should be noted
that, while construction
responsibility in the original six
ship contract was split evenly



bet ween ebec and New Brunsw ck for
reasons of regional distribution, the
second six frigates will all be built
in Saint John, further acknow ed%i ng
SJSL’ s excel | ence hi p

Construction and Program Managenent.

SJSL's stated objectives to neet the
chal l enges of the future are:

o continued inplenentation of new
t echnol ogi es to i ncrease
productivity and performance

o devel opnent of facilities to
acconmodate  nodern  naval ship
construction and support

o devel opnent of acilities to
provide life cycle support and
mai nt enance for the  Canadian
Patrol Frigates.

1.2 COST/ SCHEDULE CONTROL ON THE
CANADI AN PATROL FRI GATE PROGRAM

Cast/ Schedule Control (C/SC) is a
relatively new concept to Canadian
|ndustr%/, al though it has been used
for performance neasurement on mngjor
acqui sition contracts in the United

States for over twenty years. \Wile
the initial design for the Canadi an
Patrol Frigate was still being put to
paper, specifications were being

witten to adapt the United States
Cost/ Schedul e Control System Criteria
to the requirenents "of the CPF
program This adaptation would
slightly change the distribution of
the elenents of the Criteria, but the
effectiveness and efficiency would
not be inpacted (see Figure 2). The
acceptance of C/SC Citeria Wwas
motivated by the Canadian Contracting

Us. CANADI AN
0SC CRITERA c/se CRITERIA
SUB- SYSTENS SUB- SYSTEMS

- ORGANI ZATI ON - CRGANI ZATI ON
-PLAWNING AND -WORK' PLANNING AND
BUDGETI NG AUTHOR! ZATI ON
- ACCOUTI NG - SCHEDULI NG
- ANALYSI S -BUDGETING AND
- CONTRACT  BUDGETI NG
-REVISIONS AND - ACCOUNTI NG
ACCESS TO DATA
- DATA  ACCUMULATI ON
- ANALYSI S
-REVI ST ONS
FIGURE 2. DI FFERENCES BETWEEN

CANADI AN AND U.S. ¢S CRITER A
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Authority’s concern about the proper
managenent of cost and schedul e
performance on this multi-billion
dol lar contract.

The primary objective of the Canadian

C/SC Criteria was to ensure that the

resultant systems would provide the

basic principles of cost and schedul e

management and ensure that:

o all CPF work was defined and
assi gned .

0 an integrated baseline plan for
the performance of the contracted
work be established, including:

- definition of work scope and
assignment of responsibility
scheduling of the outputs of
each segment of work scope,
as well as sufficient overall
scheduling to provide proper
integration of all program
wor k scope _

t he ti mephasi ng of all
program budget s

the establishment of controls
to nonitor and measure the
performance of the work
recordi ng of all program
costs against the baseline
structure . :
identification and monitoring
of deviations from the plan

control of changes to the
baseline plan .
mai nt enance of valid

estimates of cost to conplete
the work of the CPF program

The refined Canadian Cost/Schedul e
Control Criteria reads like a prinmer
of basic managenent principles. So
basic was the Criteria that it
remai ned unchanged through all the
contract negotiafions preceding

contract award. A further endorsenent
of the Criteria is SJSL's adoption of
this approach to cost and schedul e

control for its own i nt ernal
managenent syst ens.
2. | MPLEMENTI NG A COST/ SCHEDULE

CONTRCL SYSTEM

Through the Canadian Government’s
approach to i npl enenting the
Cost/ Schedul e Control Criterra, SJSL
and its three mmjor subcontractors
were encouraged to develop an
effective planning and control system
suited to their own needs.

The Criteria was designed to allow
prinme and subcontractors to use the
management  procedures ~of their
choice, while providing an outline of
characteristics  and capabilities
which the Canadian Patro Frlgate
Program Managenent O fice (CPF PMO)
deemed necessary for an effective



cost and Schedule Control system
This system would provide valid,

timely ~and auditable information
i ndi cative of progress, woul d

properly relate cost, schedule and
techni cal performance and satisfy the
Canadi an CGovernment’s requirement for
summari zed program information and
visibility into potential problens.

The Criteria was intended to provide
SJSL with maxinum flexibility in
managi ng i nternal operations. ~From
the start, it was a CPF PMO policy to
avoi d inposing unnecessary changes on
existing SJSL systenms and to nininize

other “changes = whenever  possible.
Oiginally, =~ CPF PMO envisioned a
single internal system which would
sat1sfy bot h S S management

requirenents and CPF PMJ s need for
i nformation. The system nust al so
provide for the clear definition of
total CPF contractual effort with an
Integrated Contract Work Breakdown
Structure (ICWBS).  The ICWBS is
simply a sub-division in famly tree
format of products, conponents, work
tasks and services required to
achieve a desired goal or produce an
end-product (see Figures 3 and 4).

2.1 THE CANADI AN ¢/ SC CRITERI A
A major strength of the Canadian C/ SC

Criteria is that it does  not
prescribe specific net hods of
organi zation _operation, but
rather, provide: vigorous standards
a?al nst which to nmeasure the adequacy
of mamnagenent control systens. The

CPF contract granted SJSL the freedom
to organize its C/ SC systemin a
manner  consistent with® its own
managenent phil osophy. However, the
conposition of that system nust

successfully enbrace thé follow ng
sub- syst ens:

| . ORGANI ZATI ON: The Criteria
el ements applicable to Organization
require that  SJSL  arrange all
contract-aut hori zed work in the

framework of the Wrk Breakdown
Structure (WBS) down to a manageabl e
| evel (see Figure 5). Designated key
managenent personnel at SJSL are
assi %ned responsibility for portions
of the manageable |evels of the WBS,
resulting 1n a nunber of control
points. All SJSL activities
(pl anni ng, schedul i ng, budgeti ng,
wor k _authori zation, ~cost

accunul ation) operate on this basis.
El enent s for i dentifying wor k
schedul ed, wor k performed, actual
costs incurred, budget and estimate

LEVEL
CPF - PROGRAM
10 00 00 00 00 1
PROGRAM SHIP QUALITY
MANAGEMENT ASSURANCE 2
10 10 00 00 00 10 20 00 00 00 10 30 00 00 00
/1 /
77/
CLASS SHIP No 1 SHIP No 2 SHIP No. &
ITEMS CONSTRUCTION CONSTRUCTION CONSTRUCTION . 3
10 20 10 00 00 10 20 20 00 00 10 20 30 00 00 10 20 50 00 OC
SHIPBUILDING SHIPBUILDING SHIPBUILDING A
10 20 20 20 00 10 20 30 20 00 10 20 S0 20 00

FI GURE 3.

THE CPF | NTEGRATED CONTRACT WORK
BREAKDOM STRUCTURE (LEVEL 1-4)
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FIGURE 4. THE CPF INTEGRATED CONTIRACT WORK
BREAKDOWN STRUCTURE (LEVEL 4-6)

at conpletion, and cost and schedul e
variances nust be utilized at the

selected  control oints. The
criteria apply to all work, whether
wBS direct, overhead or subcontractor
J oriented.
l_r:!,:l' C::l |::| 11. WORK PLANNING AND AUTHORI ZATI ON:
ljl-:”jﬁ Criteria elements relating to Wrk
i Planning and Authorization require
IR that  SJSL pl an al | contract -
ST authorized work to the extent
g i practicable and ensure that near term
it work is planned in detail. Wrk nust
- R be planned in the manner in which it
2 T is to be perfornmed, and be amenable
g R T to in-process objective nmeasurement.
] peofbobgepobete RS O Finally, all work nust be adequatel
s O LT A L R O budgeted on the basis wor
_D{g IR SR NSO WAL content .

gt b .

----- - amten bt it [, SCHEDULI NG Criteria elenments
applicable to Scheduling require SJSL
to develop a top down scheduling
system with a top |level schedule
containing key contract requirenents,

TRATYSE supported by lower |evel schedul es
BWSyey BRS¢y BACy facy i dentifying ar eas
sowr” | awwr” ¢ i nterfacelinterdependency of key
conpletion dates (Figure 6). The
Ischedtul |I ng Isy?/\}]em rrustk escendfto tge
owest |eve ere work is perfornmed.
FIGURE 5. CPF WORK BREAKDOWN At this level, and fromthis |evel
STRUCTURE EXTENSION through to the top |evel schedul e,
SJSL nust be able to report progress
agai nst stated requi renment 5/ key

events, and use this progress
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FI GURE 6.
information to forecast conpletion
dates for all events. The Integrated
Master Schedule (IMS) was devel oped
to meet these needs.

| V. BUDGETI NG AND CONTRACT BUDCGETI NG
Criteria elenents agpl icable to
Budgeting and Contract Budgeting
require SJSL to establish and
mai ntain a timephased budget baseline
for performance measurement purposes.
Overhead hudget determinatjon is to
be a rational, traceable process
based on SJSL's anticipated business
base. All  overhead projections
beyond the current year mnust be
applied systematically and adjusted
inatinmly manner.

v.  ACCOUNTI NG Criteria elenents
applicable to Accounting require SJSL
to mnage the utilization of
Managenment Reserve and Undistributed
Budget, reconcile the Contract Target
Cost and all budgets for internal
work, record direct cost on an
applied or other acceptable basis
consistent with the budgets in a

for mal system controlled by the
CGeneral Books of Account, and ensure
the Material system further effects

performance  measurement. Direct
costs from the |owest |evel of cost
coll ection nust be summarized to the
total contract |evel through the WBS
and the functional organization in a
consi stent manner. Indirect costs

/

LEVEL
SCHEDULES
{NETWORKS) Y
/ | Exeanowg Level
OF DETAL
/
DETAIL LEVEL

INTERMEDIATE

WORK SCHEDULES
{COST ACCOUNT PLANS)

\

CPF | NTEGRATED
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MASTER SCHEDULE

must be sumarized as well, and work
acconpl i shment  against the schedul e
must be identified. Finally, SJSL

nust ensure that only that work which
cannot be planned in discrete, short
span or neasured effort work packages
is classified as Level of Effort
(LOCE) work.

VI.  DATA ACCUMJLATI ON: SJSL is
required to provide CPF PMO access to
all pertinent records and
document ati on.

VIl . ANALYSI S: Criteria elements
applicable to Analysis require that
SJSL generate cost, schedule and
at-completion variance data and be
able to explain the problem cause,
i npact and proposed corrective action
associ at ed with si gni fi cant
variances. Thi's performance
measurenent is to be applied to both

subcontracted and _ internal wor k
(direct and overhead). Internally,
this performance neasurement  mist
address the total contract level to
the level where work is perforned,
through ~ both the functi onal
organi zation and the WBS SJSL
management use this data and

corresponding variance narrative to
detect and avert potential problens.

VITI. REVISIONS: ~ SJSL is required by
the Criteria to incorporate approved
internal and contractual changes in a

tinely manner and ensure that the net



effects of these changes are provided
for in existing budget, schedule and
work scope. All such changes nust be
documented and logs nmaintained to
denmonstrate traceability to original

assignments of budget, ~ schedule and
work~ scope. Retroactive changes,
with the exception of errors and

routine accounting adjustnents, are
prohi bi t ed.

2.2 THE QUTPUT OF A FUNCTIONAL C/ SC
SYSTEM  DATA CATEGORI ES

allows Canadian  Covernnent
to review cost and schedul e
per f or mnce data, and t her eb
determine the status of the CP
project, w thout detailed know edge
of the SJSL managenent system The
GCovernnent  relies  on accurate,
consistent information from SJISL and
under stands the ¢/ SC reasoning upon
which the information is based.

G sC
per sonnel

The information generated from the
SJSL €/ SC system is grounded in sound
managenent practices:

o all work is defined/assigned

o all work is schedul ed

0 all work is budgeted

0 actual costs are properly
col l ected

0 status evaluations are nade

o final cost predictions are
derived.

The  Cost/Schedule  Control system

accommodat es formalized, established

met hods for conmuni cating contractor
per f or mance.

Upon successful integration of the
el ght sub- syst ens (discussed in

Section 2.1) which support the ¢/ SC

system information as to the status
of the CPF contract work scope
becones available. This information
consists of:

Budgeted cost of Wrk Schedul ed
(BCW)

Budgeted <cost of Wrk Performed
(BCWP)

Actual Cost of Work Performed (ACWP)

Budget at Conpletion (BAQ

Estimate at Conpletion (EAQ

These five data cat egories depict the
recise schedule and cost position,
oth incrementally and cumul atively,
of SJSL and its major subcontractors
for a specific scope of work at a
specific point in time. They are
defined as follows:

BCWS: The budgeted val ue of work that
is planned to be conpleted in a

12.6

speci fic period. Regarding ship
conponents which are purchased this
value represents the budget that has
been assigned for vendor work in a
specified period.

BCWP: In direct relation to contract
work that is scheduled to be
conpleted in a specified
peri od, BCWP represents the
val ue budgeted for work which
was conpleted in a specified
eriod. For work which has
een conpl eted, BCWP  equal s
100% of  the total  budget
assi gned. When  consi dering
in-process work an objective
determination of progress nust
be made.

ACWP: As a result of the performance
of wor k. expendi tures are
incurred. _ cost data
accumul ated in the accounting
system i ncl udes enpl oyees'
conpleted tinecards specifyin
assigned work activities ~an
i nvoi ces for paynment to
vendors.

BAC: This budgeted val ue represents
the total budget for work to be
acconplished. In distinguishing
this term from BCKS it is
relevant to note that BCKS is a
budgeted amount for a specified
period (eg. nont h)b, whi | e BAC
IS total udget ed at

completion, a sunmarization of

each period BCWS.

EAC: In relation to the BAC, which
sunmarizes the total bud-get for
assigned work scope, SJSL as
the responsible authority shall
periodically assess performance
to date and estimate the final
cost at conpletion of all
assi gned work.

These five data elenents are derived
at the lowest level within the
organi zation where responsibility is

assi gned. This information is
sunmarized through a matrix b
functional departments and by wor

breakdown structure elenent. This
breakdown provides imediate focus on
areas where there are deviations from
the plan.

Figures 7 and 8 illustrate the
relationship between the five data
elements and the analysis that is

performed enpl oying them

2.3 SUBCONTRACTCR | NTEGRATI ON

In the early stages of the CPF
program it waS deternmined that, in
the interest of maximzing Industrial
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TIME| NOW e } z

. TIME >
FIGURE 7. CUMULATIVE PERFORMANCE ANALYSIS

SCHEDULE VARIANCE (V)
SV = BOWP - BOWS

DIFFERENCE BETWEEN THE BUDGETED COST OF WORK PERFORMED
AND THE BUDGETED COST OF WORK SCHEDULED

COST VARWNCE (0Y) -
CV = BOWP - ACWP

DIFFERENCE BETWEEN THE BUDGETED COST OF WORK PERFORMED
AND THE ACTUAL COST OF WORK PERFORMED

AT COMPLETION VARIANCE (EACY)
EACY = BAC - EAC

DIFFERENCE BETWEEN THE TOTAL BUDGET AT COMPLETION
AND THE ESTIMATED COST AT COMPLETION

FIGURE 8. THE FIVE DATA ELEMENTS
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Benefits throughout Canada and in
consi deration of t he i nher ent
compl exities of CPF, certain defined
work scope woul d be subcontracted. As
a result of this decision mn

subcontracts were let. Al though al
subcontracts may have a potential
inpact on prime contract cost and

schedul e paraneters, certain large
subcontracts were deternmined to be
critical contributors to the
successful execution of CPF. These
contractors have been assigned an
integral role on the CPF contract and
therefore require close scrutiny. As

a result, SJSL has included in these
contracts the requirenent for an
operational C/ SC system conbined wth
nonthly  cost erformance  Report
submi ssi on.

In relation to the total CPF contract

SJSL has maintained responsibility
for a significant portion of the
contract work scope. The entire

conbat and communi cati on system was

subcontracted, enconpassing design,

procur ement, construction,

Installation, i ntegration, and

testing of all the associated conbat

systems for six shipsets. Ship system
was

en%i neering wor k . al so
subcontracfed; this was integrated
with the effort of the ~ SJISL

Engi neering function in conprising
the entire ship design package.
Finally, SJSL subcontracted work for
the construction of three of the
first six city class frigates to a
Canadi an shipyard in Quebec.

Figure 9 depicts the ent
contribution of each critical
subcontractor in terns of contract
value. Note that the criticality of
the supporti n% design agent is based
more on schedul e inpact than on cost.

I n Decenber of 1987, SJsL S CPF
contract was anended to include six
additional frigates. This |engthened
and increased the value of the prime
contract and had an associated effect
on t he conbat / conmuni cat i ons
subcontract (see Figure 10).

per cent age

The requirements inposed on critical
subcontractors are simlar to those
pl aced on SJSL. Each subcontractor is
required to denpnstrate that its
system  nmeets the criteria
contained in the contract. SJSL's
role is to determne whether the
sgst em satisfies ~ contractual
obligations and is consistent with
and supportive of the SJSL system
CPF PMO as the custoner oversees this
system denonstration and provides
i nput through SJSL.
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2.4 THE QUTPUT OF THE COST/ SCHEDULE
CONTRCL SYSTEM THE COST
PERFORVANCE REPORT

Critical subcontractors are required
by contract to submit nonthly Cost
Performance Reports  (CPRs) ~ which

contain pertinent cost and schedul e
dat a. hese  subcontractor cost
Performance Reports provide SJSL with
the requisite visibility to manage
the CPF contract. Upon  receipt,
subcontractor reports are distributed
to the appropriate managenent for



action and inclusion in the analysis
which is forwarded to CPF PMO as part
of the prime contract deliverable,
SJSL's CPR

The CPR consists of five standard
formats (Figure 11) which sunmarize
cost and schedul e status and provide
a conplete overview of the CPF
contract so that issues, program
i npacts and performance trends are
identifiable. The CPR contains:

o Contract data (headings)

o |CWBS and Product by Stage of
Construction performnce é}\n or nal
reports), budgets and C
(Format 1)

o Prime  and subcont ract or
organi zati onal per f or mance,
budgets and EAC (Format 2)

0 Baseline budget distribution and
record of changes (Format 3)

o Tinephased manpower plan
forecast (Format 4)

o Discussion of problems (Fornmat 5).

This information from the major
subcontractors is integrated wth
SJSL's data to formthe Total Program
?(2))st Performance Report  (see Figure

and/ or

FORVATS 1 AND 2

The same principles apply to review
the data contained in Formats 1 and 2
as they display the same overall
erformance data in the sane format.
wever, Format 1 shows a line item
breakdown of |CWBS elenents at the
reporting level, while Format 2 shows
a breakdown of the performance of the

maj or functional organizations and
three major subcontractors.
Additional ly, Formats 1 and 2 provide

the data necessary to perform trend
anal ysis.  Cunul ative perfornance

(BCWs, BCWP and ACWP) may be plotted
nmonthly to rovide the classic

S-curve of the three performance
el ements.

FORMAT 3

This format shows the tinephased
contract budget basel i ne, .
per f or mance measurement  baseline
(PVMB). It also quantifies all
approved changes to the PMB, provides
visibility into the effect of
changes, and recogni zes any
appl I cation of Managenment Reserve.
FORVAT 4

This format reports the tinephased
estimate of | abor required to
conplete the CPF contract and
contains the data best suited for
trend extrapolation and Tregression
anal ysi s.
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FORMAT 5

Format 5 provides an anal ysis of
performance wth both graphic and
narrative  explanations of  cost,

| etion variances
the CPF contract

schedul e and at-co
whi ch nmeet or excee

variance thresholds (Figure 13).
This Format is divided into three
sections:

SECTION 1 Contains an executive
summary  which  discusses
maj or probl em areas.

SECTION 2 Contains narrative which
explains | CWBS reporting
| evel variances.

SECTION 3 Covers any addi ti onal

variances exceeding CPF
contract thresholds as
well as changes not

govered in Sections 1 and

2.5 C/ SC VALI DATI ON
The CPF  contract contains  the
Criteria requirenents for a C/SC
system  SJSL devel oped a C/ SC system
using these Criteria as a guideline.
The = necessary conput er software
program  was witten and  the
management systems were established.
On numerous  occasions during the
[ n‘EI enentation phase, SJSL invited
CPF PMO to review the devel opnent of
the system CPF PMO provided val uable
input regarding their interpretation
of the Criteria requirenents.

To ensure that SJSL's system woul d
meet the newy desi gned C sC
Criteria, SJSL waS contractually
obligated to denmonstrate its systenis
sufficiency to a CPF PMO review team
Once this team approved (validated)

SJSL's C/sC system further
denonstrations woul d not be
necessary, provi ded CPF PMO
surveillance indicated ~ SISL's
conti nued conpl i ance with t he

Canadian C/SC Criteria.

In Decenber of 1987 CPF PMO provi ded
formal notification that SJSL's C SC
system was validated, representing
the FIRST validation granted by the
Canadi an Covernnent to a Canadi an
Conpany on a Canadian Mlitary
Contract. SJSL is fully committed to
maintaining the CSC.  system as
val i dat ed, however nodifications wll
be made to nmeet future requirenments
of both SJSL and the custoner.  CPF
PMO shall nonitor the systemin a
surveillance mode to ensure
continuing conpliance with the CSC
Criteria.

Revi ews of CPF critical
subcontractors have been conducted by



FORMAT §
PROBLEM ANALYSIS

-PROBLEMS FORMAT &
-REASONS MANPOWER REPORT
-CORRECTIVE

ACTIDNS

CANMALAT 2
CURIIAT 3

BASELINE REPORT

FORMAT 2
FUNCTIONAL CATEGORY REPORT

-CURRENT MONTH FORMAT 1
-CUMMULATIVE ICWBS REPORT

-AT COMPLY

-CURRENT MONTHLY
-CUMMULATIVE

-AT (GMPLETION

FIGURE 11. THE FIVE FORMATS OF THE CPR
TOTAL PROGRAM
COST PERFORMANCE REPORT
| PRy )
P Pl B T Q TN T
PROGRAM W ENGINEERING{ COMBAT SYSTEMS/ M w
OFFICE coui;gycrmu L\ CPR COMMUNICATION AGENT CONSTRUCTION
CPR CPR ) PR CPR
NG N L ®® )
| 5 T 1 ? |
LABOUR MATERIAL
CONTROL CONTROL
PRIME CONTRACTOR CLASS 1 SUBCONTRACTORS

FIGURE 12. THE INTEGRATICI! PROCE3S TO LI«K THE CLASS 1
SUBCONTRACTORS INTQ THE PRIME CONTRACT CPR
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SJSL and observed by CPF PMD, however
none of these organizations has
recei ved C/ SC system validation at
time of witing. SJSL is expending
considerable effort assisting its
subcontractors to achi eve acceptabl e
C/ SC system inplementation based on

experiénce gained during SJSL's

val i dation process.

3. | MPLEMENTI NG PRODUCT BY STAGE OF
CONSTRUCTI ON ( P/ Sc)

3.1 | NTRODUCTI ON

SJSL defines Product By Stage of

Construction (P/Sc) in one word -

CPPORTUNI TY.

In understanding OPPORTUNITY it is
inportant to realize that a shipyard
decision to commit resources to Sone

specific early use on a stage of
construction, or to utilize nore
r at her than  less resources to
acconplish a task at the optinmm
tine, is also an inplicit decision
not to commt these resources to
traditional | CWBS approaches. Wat
these  resources acconplish  when

commtted at the optimum stage of
construction is CPPORTUN TY.

3.2 DEFINNTION OF P/ Se

P/ Se is the sub-division of the ShiP
into readily identifiable pieces o
work. Each piece of work is called an
interim _ .
identifiable objective of production
(eg. a fabricated part. or
sub-assenbly, an assembly unit or
modul e) .
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The sub-division of the shipis
acconpl i shed using the zone-by-stage
approach, that is by considering each
area of the ship and determining the
optinum stage at which to do the
wor k. OPPORTUNI TY.

P/ Se breaks the ship down into groups

of simlar  parts, ~interim
products, which are then designed and
manuf actured in batches at the nost

| ogi cal stage. OPPORTUNI TY.

3.3 STAGES OF CONSTRUCTI ON

( PRODUCTI ON OPPORTUNI TY LEVELS)

Planning ship construction in eight
production PORTUNITY levels is a
practical  wa to pronot e the
optinization of work flow

P/ Se views ship construction as a
series of OPPORTUNITY |evels, called
stages or work centres, through which
interim Iproduct_s pass to culmnate in
the conplete ship.

Figures 14 and 15 illustrate the
ship’s eight production OPPORTUNI TY
level s, from delivery of raw
materials and conponents to final
acceptance by the customner.

NOTE:  An OPPORTUNITY | evel is the
optimum | evel at which the
work can be acconplished.

This sub-division is the ke?/ to P/ Sc.
The overlay of defined [evels of

outfit and painting, coded according
to the production OPPORTUNITY | evel
in question, al | ows ﬁl anning and
control of progress on the ship.
3.3.1 LEVEL 1: KITTI NG PART

FABRI CATI ON
Part Fabrication is the  first
roduction OPPORTUNITY level. Part

abrication produces components for
the ship which cannot be further
sub-divided. Typical work orders are
i ssued by unit, stage, and standard
manuf acture (batch).

Wthin the classifications, problem
areas may be sub-divided by machine

requirenents, type of nmaterial, size,

etc.

STAGE TYPE OF WORK

1110 Shot bl asted Plates & Shapes

1120 Marking, Cutting Plates &
Shapes

1130 Form ng Plates & Shapes

1150 Drain Pl ugs, Ther nonet er
Pl ugs



OPPORTUNITY
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FIGURE 14.
STAGE TYPE OF WORK
1160 Material Kitting, Bending or
Cutting )
1170 Mar ki ng, Cutting Plates &
Shapes )
1180 Marking, Cutting Wood Panels
1190 Marking, Cutting Electrical
Cabl es
3.3.2 LEVEL 2: PART/ SUB- ASSEMBLY
Part/Sub-assenbly is the _second
production OPPORTUNITY |evel. Typical

work orders are issued by unit and

ar ea.

STAGE TYPE OF WORK

1140 Fitting Beans, Grders, Wb
Frames =

1150 Fitting Liner on Shaft

1160 Fitting, Welding Pipe Pieces

1170 Fitting, Welding Foundations
& Tanks

TYPICAL PRODUCTION OPPORTUNITY LEVELS FLOW CHART

STAGE TYPE OF WORK

1180 Fitting Cabi net Pi eces
Toget her

1190 Fitting Connectors To Cables

3.3.3 LEVEL 3: FLAT AND CURVED PANEL
ASSEMBLY AND PRE- OUTFI TTI NG

The third production  OPPCRTUNITY

level is a sub-unit and initial

pre-outfitting level consisting of a

nunber of fabricated and/or assenbled

Barts._ Typical work orders are issued

y unit and area.

STAGE TYPE OF WORK

1200 Flat Panel with Penetrations
Foundat i ons Backi ng
Structure .

1300 Curved Panel with Overboard
Di schar ges, Foundati ons &
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Backing Structure



OUTFITTING
WATERBORNE
1900
ERECTION &
QUTFITTING
GRAVING
00CK
1300
GROUND
ERECTION
& PO-2
1700 o
®
BLASTED AND
BLAST & PAINT v PAINTED
1600
Sl | d=p L2 &
ASSEMBLY.
UNIT ASSEMBLY — ) D
& PO-1 D I Pl s
1400 & 1500 #%20 wie 1500
‘//\
FLAT PANEL & @
CURVED PAKEL
ASSEMBLY
& PD-1
1200 & 1300 FLAT PANEL CURVED SHELL
_ y
PART/SUB @ b
3 PO-1 -4
ASSEMBLY
100 PART ASSEMBLY
KITTING/ ® STRAIGHT d 1 )
PART V= ! /
FABRICATION
J % '
1100 MARKING & CUTTINE BENDING QR No
£RODUCTION OPFIRTUNITY LEVEL
FIGURE 15. WORK ORGANIZATION BY STAGE
: OF CONSTRUCTION
3.3.4 LEVEL 4: MCODULE - which  surface preparation and
assemeLy / PRE-QUTFI T AND JO N painting take place. Consi derabl e
. planning is performed at this stage
The fourth production OPPORTUNI TY to mininize the on-board painting.
evel i nvol ves final modul e

L

Producti on, including integration of
| at panel units with pre-outfit,
curved panel units with pre-outfit to
form a bl ock which can be further

outfitted and tested.

STAGE TYPE OF WORK

1410 Pre-outfit 1 P(}lf)1 Inverted
1410  Pre-outfit 1 Upright

1420 Assenmbly Unit Join

1420 Final Pre-outfit 1

1500 Modul es

3.3.5 LEVEL 5: BLAST & PAINT

The fifth production  OPPORTUNI TY
level is Blast & Paint, the stage at

3.3.6 LEVEL 6: GROUND ERECTION AND

PRE- QUTFI T 2
The sixth production  OPPORTUNI TY
level is «clearly defined by its
output of erection units which wll
require additional pre-outfit éthe
remai nder of PO-1 as well as PG 2,

which is cold work pre-outfit).

3.3.7 LEVEL 7: ERECTION & OUTFI TTI NG
N GRAVI NG DOCK

The seventh production OPPORTUNI TY
level is Erection & Qutfitting in the

G avi n? Dock, and entails the fitting
and wel'ding together of erection
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units to formthe ship. It includes a
defined |evel of outfit covering
maj or conponent installation (e.g. gas
turbines, cruise diesel, nain cable
runs) and the remainder of outfitting
in way of erection unit butts.

3.3.8 LEVEL 8: OUTFITTI NG WATERBORNE

The eighth and final  production
CPPORTUNI TY  level, Qutfitting
Waterborne, is the npst expensive.
Level 8 includes the installation of
all miscellaneous outfit components,
final conpartment  conpletion  and
final systemtesting and acceptance
of the ship.

3.3.9 STAGES OF CONSTRUCTION
(PRODUCTION OPPORTUNITY LEVELS
& NUMBERING)

A four digit nunber is used for
identifying material and |abor to a
E/olrk center at the shipyard as listed
el ow.

STAGE TYPE OF WORK

1100 Kitting, Part Fabrication &
Assenbl'y

1200 Flat Panel Assenbly & PO 1

1300 Shell Assembly & PO-1

1400 Unit Assenbly Join & PO-1

1500 Qutfit Assembly

1600 Package Blast & Paint

1700 Gound Erection & PO2

1800 Erection & Qutfitting in
G avi ng Dock

1900 Qutfitting Waterborne

3.4 THE PRODUCT

The ship is divided into five
different types of products: Units;
%tflt Zones; Special Installations;

dul es; and Standard Manufacturing

Jobs.

The follow ng di scussion describes
the products in detail and
illustrates the manner in which they
are coded according to their position
within the ship.

3.4.1 UNITS

Units are geographically oriented
divisions of ‘the ship by Superzone,
Grth, and Level. The configuration
of the unit is deternmined by the
structure and design of the ship, the
facilities which are avail able, and
the construction and outfitting plan.

Units and pre-outfit zones conprise

the pre-erection product. An assenbly
unit is a defined single deck Ievel

structure, wusually shell to shell but
occasional l'y broken into port,
starboard ‘and centerline sections.
Erection units are typically conposed
of nore than one assenbly unit. (See
Figure 16.)

3.4.1.1 UNIT NUMBERI NG

A four digit nunber in the fornat
XYZO is used to | abel and schedul e
material and | abor resources for a
unit/pre-outfit zone. Unit  zone
number s have a geogr aphi cal
significance wthin the ship and
al Tow personnel to rely on logic
rather ~ than nenory to control
material and | abor.

X Represents one of four major
Superzones of the ship:

1. Forward of Machinery spaces
2. Machi nery spaces

3. Aft of Machinery spaces

4, Superstructure

Y Wthin a Superzone the ship is
sub- di vi ded further and is
nunbered forward to aft (see
Figure 17). This represents Grth
sub-divisions (1 through 9) based
on major vertical sub-divisions.

z Represents the deck l|evel. Numbers
run consecutively (1 through to 9)
fromthe inner bottomto the
weat her deck for hull wunit/zones.
For superstructure, the nunbering
runs frombottomto top as well
usi ng. maj or structural horizontal
sub- di vi si ons.

0 Reserved for further sub-division
of the basic assenbly unit for

nore  efficient design and
production cost control as
required.

3.4.2 QUTFIT ZONES

Qutfit zones are  geographically
oriented divisions of the ship_by
Superzone, =~ Grth and Level.  The
configuration of the outfit zone is
determned by the structure of the
ship and the plan for outfitting the
zone.

Qutfit zone boundaries are typically
bul khead to bul khead and deck to
deck. They are the basis for outfit
design as well as outfit work,
begi nning after unit erection. If
desired, these boundaries can be to
the level of "conpartnment” for work
after erection to nonitor cost and
schedul e for specific areas (eg.
el ectroni ¢ spaces).
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FIGURE 17. AN EXAMPLE OF

UNIT NUMBERI NG
3.4.2.1 QUTFIT ZONE NUMBERI NG

A four digit nunber of the XYZO is
used for identifying and schedul i ng
material and | abor resources to an
outfit zone product (Figure 18).
Qutfit  zone . nunbers have a
geographi cal significance within the
ship and all ow personnel to rely on
logic rather than menory to control
material and |abor.

four

X Represents one of mj or

Superzones of the ship:

1. Forward of Machinery spaces
2. Machinery spaces

3. Aft of “Machinery spaces

4, Superstructure

Y Represents Grth sub-divisions (1
through 5) based on watertight
bul khead locations, forward to
aft, for the hull zones and major
structural vertical sub-divisions
for  superstructure  zones . The
nunber O is used to represent
applicability to the entire
Super zone. The nunbers 6 through 9
are used to designate the exterior
s_hgll, weat her deck and house
si des.

Z Represents a deck level within a
Grth. Numbers run consecutively
(1 through 9) from the innerbottom
to the weather deck far hull zones
and major. . structural horizontal
sub-divisions for superstructure
zones.
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O The nunber zero is reserved for

general outfit zone work. Numbers
1 through 9 are reserved for
further sub-division of the basic
outfit zone for nore efficient
desi gn and production cost
control.

Figure 19 shows the outfit zone for

No. 3 Deck. However, in order to
expand on the specialized outfitting
required within the el ectrical
equi pment area, 2442 has  been
established as a (sub) outfit zone or
sub- zone.

Qutfit zones may al so span nore than

one deck level: "Figure 19 shows No. 2
Deck with outfit™ zone 2460, the
exhaust casing, shaded. This sane

outfit zone appears on No. 3 Deck as
well.

Figure 20 shows the outfit zone
breakdown with vertical design/outfit
zones. The further sub-division of
the basic outfit zone will allow

o Mre efficient
resour ces

use of design

Smal |l er and nore control |l able work
packages during outfitting phases

o

o

More efficient use of production
resources

o Mre discrete scheduling of the

on-board outfitting activities.
3.4.3 SPECI AL | NSTALLATI ONS

Special Installations are complex
instal lation jobs which require work
to be organi zed around a particul ar
task rather than a geographic area.

Special Installations often require
nul ti-discipline co-ordination and
work sequencing between two or nore
outfit zones.

3.4.3.1 SPECIAL | NSTALLATION ZONE

NUVBERI NG
A four digit nunber in the formt
XYZO will be used for identifying and

controlling production material and
| abor to Special Installation zones

(see Figure 21).
XY Aésssi gned the nunbers 61 through

to indicate Speci al
Installation, while the second
digit (1 through 4) indicates

which Superzone the nodule is in.
The nunber 5 in the Y digit
indicates multi-zones. The nunber
Ointhe Y digit represents main
cable pulls.
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20 A field of consecutive nunbers
(00 through 99), used to identify
the _I'ndi vi dual Speci a
Installation.

3.4.4 MODULES

A Mdule is an off-ship and off-unit
assenbly of outfit equi prent ,
conponent’s, material and fittings
(often nounted on a comon base)
which may be installed as a single
unit.
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NUMBERI NG

Modul es are classed by their physica
make-up and work content. There are
four types of Mdul es:

0 Piping Mdules - Major
pi ping and their supports.

Conponent.  Mbdul es -  Equi pnents
mounted in shipboard | ocation on
their own foundations or mock-ups

runs of

to allow piping to be run
Dependi ng upon conpl exity, nodul es
ma be. br oken apart for
installation.




STAGE OF CONSTRUCTION
KITTING/PART|  FLAT CURVED UNIT CUTFIT | BLAST | GROUND | ERECTION &| OUTFTTTING
FABRICATION | PANEL SHELL {ASSEMBLY| PACKAGE | PAINT |ERECTION | OUTFITTING | WATERBORNE
PRODUCT & SUB ASSEMBLY | ASSEMBLY| & PO-1 | ASSEMBLY & PO-2 | IN GRAVING
ASSEMBLY | & PO-1 | & PO-t DOCK
1100 1200 1300 1400 1800 1600 1700 1800 1900
UNITS wp /TP WO/TTP | WD/TTP | WD/TTP WD/TTP| WD/TTP WD /TP
£ YT PrLCT wn /FrD un e un /IrD
| OUTFIT ZONE wp /TP wp /1T WD /ITY
-
2[srecuL
QI INSTAL- wWoNTP wo /TP wD /TP WD/TTP wo/mP
a. | LATIONS
MODULE wo TP WD /TP
STANDARD
MANUFAC- wD /TP
TURING JOBS

FIG. 23.

3.5 P/ Se  NUMBERI NG

Labour, mat eri al and t echni cal
information is planned, scheduled and
controll ed by the P/se Nunmbering

System

The P/ Se Numbering System descri bes
all construction products. [t is
al so flexible enough to accommmodat e
all construction t echni ques and

stages (see Figure 23).

12-18

THE PRODUCT BY STAGE OF CONSTRUCTION WD/ITP MATRIX

3.6 PICTORI AL EXAWPLES OF P/ Se

Phot ogr aphs

i ncl uded as Figures 24
through 35 depi ct
pre-outfit .
stages of construction.

roduct s,
conpl eted at

mst with
opti mum
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FIGURE 21, AN EXAMPLE OF SPECIAL

INSTALLATIONS NUMBERING

o Tank Mdules - Conpletion of free

standing tanks with tank |evel
indi cation alarm sensors, etc. and
testing in the shop.

0 Integrated Mdules - The nost
desirable nodule where design
permits. It includes grating,
PI ping,  equipnent, ventilation,

ocal cabling, etc. on a common
foundat i on.

Mdules can be installed in the

following stages of construction:

1.Unit Assenbly & Pre-outfit 1
2.Unit Joining & Pre-outfit 2
3. Hull FErection

4. n-Board Qutfitting

On-Modul e Qutfitting is targeted at
performng as much outfit work as
possible off-ship. It ensures that
work is performed in the best
possible  environnent and  takes
maxi num advant age of the | owest cost
factor available within the shipyard.

3.4.4.1 MODULE NUMBERI NG

A four digit nunber in the format
XYZO wi || be used for identifyi n? and
schedul i ng mat eri al and abor

resources to a nodule. As with units
and zones, the nodul e number has a
gﬁlographl cal significance within the
shi p.

XY Assigned the nunbers 71 throu%h
74 to indicate a nodul e where the
second nunber (1 through 4)
indicates which Superzone the
module is in.

ZO Represents a consecutive set of
nunbers (00 through 99) used to
i dentify individual nodul es.

As nodul es have been identified on
the CPF program the Z digit has been
used to identify the Grth the nodule
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is locst:d in. For exampie, the
moduie 1n forward engine room (Girth
2200) might be 7221 or 7222 or 7223.
This convention only.exists when less
than nine modules are identified (see
Figure 22).

SUPERSTRUITURE 7403-7499
v N

J&

it

i

1051198 /

N |
\ 7306-7399 i 7200-723%

T

FIGURE 22. AN EXAMPLE OF MODULE

NUMBERING

3.4.5 STANDARD MANUFACTURING JOBS

Standard  Manufacturing  Jobs are
special interim products which are
built off-flow, that is, outside the
main hull construction flow. They are
art-assenblies made at Manufacturing
evel 11.

It is intended that Manufacturing

Jobs be grouped according to their
common manufacturing characteristics
in order to maximze efficiency by
maki ng parts in batches.

Al'l Mnufacturing Jobs are given
Work Description / Inspection &
Test Plan (WD/ITP) numbers Which
facilitate planning, scheduling and
Progress! ng. Material  procurenent,
abri cation, assenbly, pai nting,
testing and QA QC requirements are
all controlled by the P/ Se tracking
nunber .

3.4.5.1 STANDARD MANUFACTURI NG JOB

NUVBERI NG
A four digit nunber in the fornat
XYZO is used. Manufacturing  Job

number s have = no geogr aphi cal
significance within the ship.

XY Assigned the nunbers 75 through
79 to identify the Manufacturing
Job type:

75 - Structure
76 - Pipe

77 - Electrical
78 - Sheet Metal
79 - Hull Qutfit

ZO A field of consecutive nunbers
§01 to 99) within the 75, 76, 77,
8, and 79 series to indicate a
specific job.




STAGE OF CONSTRUCTION 1300
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PRODUCT: UNIT

FIGURE 24.

SHELL ASSEMBLY STAGE

STAGE OF CONSTRUCTION 1300

PRODUCT:UNIT

FIGURE 25.

SHMELL ASSEMBLY STAGE. BILGE KEEL BEING FITTED
INVERTED
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BEING INSTALLED IN THE INVERTED POSTTIOK -
AFT AUXILIARY MACHINERY ROOM

THE UNIT ASSEMBLY STAGE SHOWING PIPZS
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STAGE OF CONSTRUCTION 1420

PRODUCT: UNIT

FIGURE 28.

UNIT 1350 SHOWING SEATING ON THE TOP SIDE
OF DECK IN ZONE 4110. PRE-OUTFITTING UPRIGHT.

STAGE OF CONSTRUCTION 1420

PRODUCT: UNIT

FIGURE 29.

UNIT 2120 SHOWING FOUNDATION, PEMETRATION,
MANHOLES, ETC. PRE-OUTFITTING UPRIGHT
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SPECIAL INSTALLATIONS

.
.

PROBUCT

INSTALLING SHAFTING AND PROPELLERS

FIGURE 32.
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FIGURE 33.
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STAGE OF CONSTRUCTION 1160

PRODUCT: STANDARD MANUFACTURING JOB

FIGURE 34.

PENETRATIONS

STAGE OF CONSTRUCTION 1170

PRODUCT: STANDARD MANUFACTURING JOB

FIGURE 35.

FIRE HOSE RACKS
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4. DEVELCOPI NG THE TRANSLATI ON MATRI X

The  original CPF  contract | CVBS
est abl i shed the f ramewor k for
per f or mance measur enent and

managenent of the CPF program At
the tine of contract negotiation and
signing it was decided that the
product of the contract WBS would be
a ship system t hat all
cost/performance data would relate to

that ship system and that the |CABS
woul d be ° organized accordingly.
However, shi pyard ~ functional
organi zati ons became  increasingly
frustrated by their inability to

report and nonitor performance in a
manner in keeping with the way they
were building the ship - by P .
Contributing to this frustration was
the inability to perform the

following functions accurately:

0 Adjust manning | evel s because of
early or late shifts in product

roducti on _
0 ntegrate operati onal ~(or
recovery) schedul es into

day-to-day performnce objectives
0 Report timely corrective action to
cost/schedule variances

o Forecast the inpacts of late
material or draw ng delivery

0 ldentify and eval uate the inpact
of engineering changes on both
hull ~ ~ construction and zone
outfitting.

These anal ytic deficiencies, coupled

with the ongoing rationalization of
fundamental — shipbuilding processes
and conconmitant redesign of the SJSL
organi zational structure, called the
entire ~ concept  of per f or mnce
reporting by ship system _into
question. I't becane 1increasingly
clear that conprehensive performance
neasurenent structured in the sane
manner in which the PRODUCT (in this
case a ship) is ~—burft _affords
consi derabl e analytic possibilities.

It can provide that margin needed for
outstanding growth and profitability,
and,  when _ coupl ed with sound
?I anni ng, furnish a substantial
ramewor k  of objectives =~ and
strategies to form the basis_for
responsi ble deci sion-maki ng. There
are ancillary benefits as well,

including the developnent of a
powerful ~ ~ communi cations condui t
t hrough which managers both disclose
and gain visibilify into problens
limfed to specific areas or
affecting performance in the entire
shi pyard.

However, before a total conmitnent
was nade to nove . CPF
contract method of reporting to a
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Product by Stage of Construction
(P/'Sc) method, two major questions
wer e rai sed concer ni ng the

Criteria;

Firstly, how effective will the "new
direction" be Tn achieving the stated
C/ SC contract objectives(to enpl oy
effective nmanagenment control systens
for cost/schedul e pl anni ng and
control of nmajor Program el enents,
and provi de useful data on cost,
schedul e and technical perfornmance);
secondly, can the "new direction”
report ‘and integrate actual cost at
the proper |evel of the contract
| CWBS for historical recording?

Consi derable effort was expended to
answer these questions by broadening
the rationalization process to
include the C/SC Criteria. Starting
with the ORGANIZATION and noving
rogressively  through the Criteria

Cost/ Schedul e Control

0 REVISIONS, it was determ ned that
Pl se reporting is capabl e of
supporting the  contract | CVBS.

Indeed, a P/ Se WBS woul d achieve
literal conpliance wth all CSc
Criteria requirenents. This further
inplied that a quantitative nmethod of

moving fromthe ICWBS to P/Se VWBS and
back to the 1CWBS woul d be devel oped
for reasons of traceability.
Additionally, relationships between
the stages of transition would have
to be cl early expressed and
identified.  The techni que for
erforming this quantitative movenent
etween | CWBS and PRODUCT is depicted
2%) the Translation Mafrix (Figure

4.1 TRANSLATI ON BETWEEN | CV\BS AND
PRODUCT

No  single, accurate  method of
determ ning the anount of budget to
be allocated to each P from

each el enment of the | CWBS  existed.
| ndeed, even the nost experienced
estimators would enploy different
met hods, dependi ngc\llj\gon such factors
as the type of I'CWBS elenent, the
particul ar product in question, and
the level of accuracy required.

Because of this anbiguity and |ack of

definition it was necessary to
establish a common ground. Firstly, a
definition of P was agreed:

A PRODUCT is any physical Unit or
QutTTT Zone (to thaf |evel detail
required t1or control and performance
measur enent ), Speci al Installation
Igdet ailed by Engi neering and
lanning), Mdule (as designed by

Engineering ~—and_ _incorporated into
Product draw ngs), and Mnufacturing




INTEGRATED CONTRACT
WORK BREAKDOWN STRUCTURE

fnrwncy
(LN Js2el)

PRODUCT BY STAGE
OF CONSTRUCTION
WORK BREAKDOWN STRUCTURE

nDsc. naocy
F/7 oL tWDJJ)

LEVEL 1 et LEVEL 1 jee ! LEVEL 1
e — " S
LEVEL 2 —gi  LEVEL 2 e LEVEL 2
¢ - x
LEVEL 3 # LEVEL 3 rem LEVEL 3
L ) z
LEVEL & = LEVEL & fem LEVEL &
3
4 4 TEVEL S
PRGJUCTS
LEVEL 5 # LEVEL S TNt
-OUTFIT ZONES
-SPEGAL INSTALLATIONS
-MODULES
-MANUFAZTURING JOBS
&
LEVEL 6 - 8
UNITS
LEVEL 6 LEVEL 6 Tr, - !
®>  HULL PRODUCTION et m s, “U“F"‘ Z0NZS
(GROUPS 1 - 71 T b, MODULES
SUPERVISION/SERVICES 1 % ; 3& >
(GROUPS 8 & 9} N 1 -2 T
" Fow
THROUGH | SUPERVISION/
HATRIX SERVICES
FIGURE 36. TrE TRANSLATION MATRIX
Job (as defined by Engineering and Finally, a Translation g mlatjon
Pl anni ng) . A P starts as a Mbdel was devel oped to compare the
part to which another part is added Stfe“flt hs and weaknesses of each
at__a Stage of Construction. The transfation and nore inportantly, to
PRODUCT 1s al ways defined in track and |abel the assigned system

conjunction with thé optinmum Stage of
Construction.

Secondly, a fundanental theory was
postul ated and agreed:

There can be an allocation and
effective distribution of the |CABS
budget to a PRODUCT at a  Stage of
Construction  nost opﬂortune
fabricate or install e PRODUCT.
This distribution starts at a high
| evel and is sub-divided info
assenbly, sub-assenbl conmponent and
part until each P has a portion
of budget correctly correlated with
its particular Stage of Construction.
As ‘the allocation descends the
PRODUCT hierarchy, the process of
budget ~ distribution becones
progressively more conmplex;  final

decisions of "correct allocation are
subject to a qualitative analysis.

Once this process is conpleted and

the total budget is assigned by
PRODUCT,  the Performance asel i ne
Mdel is effectively sealed against

further manipulation or nodification;
through linkage with the Integrated
Master Schedule, it becomes a basis
for TRUE PERFORMANCE MEASUREMENT.
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budget to the PRODUCT.

At this point,  the Translation
Simul ation Mdel is used only to
pre-test proposed distributions of

the ship system (I CWBS) budget to a
PRODUCT.p y ( ) g

The pre-testing performed by the
comput er and subsequent analysis by
the planner trace, in detail, the
inplications and consequences of
sel ected CVB di stributions.
Substanti al effort was expended
during the design stage of the nodel
to Tncorporate the  "rules  of
di stribution". Broadly  speaking,
these rules focus on defining and
analyzing correct algorithms  for
budget distribution.

Once the
defi ned,
applied:

o Do the algorithns acconplish what
i s desired?
0 How do they perforn®

correct algorithms were
the followi ng questions were

0 Howgood is the distribution "on
the average"?

0 How average is average? That is,
what is t he variance in

di stribution?



Analysis and nmanipulation of the
three conceptual elements - PRODUCT,
budget all ocation by PRODUCT, and the
Translation  Sinulation  Model -
culmnated in the devel opment of a
two-axis Translation Matrix. Wth
this matrix, it is possible to
identify at any point of intersection
the resources required to achieve "an
el ement of the | CVWBS by a Product”
(Figure 37).

X INY SRR Y SR
o N R e Bl Sl
5 — _{PLF:[::?.{.;XJ.-.;-;.-;;}J,'.-;-.j XA
gL "T“':"3'!"F""'f'1;‘3'§<-:?'1";:3"'-7"5
g i R A ot ol N
:::'::""'u"":'
_____ PR A I | [ | __"_:: :Lc
L YT SR I AU
S H:[IZ? S ;.'.;:'5.2.’:.}’.IZI{.’..'.’I.;‘.;.'.Z;‘.;_Z.;
Bt e Vo S ST U0 D0 IO SO JU I M
-BUDGET COMPONENT DATA
-TRADE COMPONENT DATA
FIGURE 37. THE OUTPUT OF THE TWO-AXIS

TRANSLATION MATRIX

The matrix offers a great deal of
clarity in the inital translation,
allowing the planner to "see" the
distribution of resources (budget and
tradle conpr?negtlldldata) over (me
conpl ete shipbuildin rocess e
PR%UCT), FBrtherer?e,pthrough t he
Simul ation Mdel, the matrix may be
adj usted and fine-tuned to
incorporate or sinulate changes.

4.2 TRANSLATI ON BETWEEN PRODUCT AND
STAGE OF CONSTRUCTI ON

The effective distribution of the
c%%e | C\BS budget across the
Pl paves the vva?/ for the second
step of the translation rocess:
distribution of the P budget
across the Stages of Construction.
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The Translation Sinulation Mdel was
extended to nmake distributions and
conparisons in three dinensions. This
extension was taken to a sufficiently
low |l evel of detail to allow its use
as a guide for finally establishing
t he budget for installation of a
PRODUCT at the optinmum Stage of
Construction.

The extension of the
Sinul ati on Mddel was controlled by
designing the fol | owi ng
characteristics into the nodel:

Transl ation

4.2.1 FEASI Bl LI TY

Sone Product /| CWBS/ St age of
Construction conbinations are nore
anenable to distribution than others
in that they can be apportioned with
a high level of confidence. However.
conbi nations which nust accommodat e
transitions through basic, functional
and detai esign. are only
f‘aPprOX| mated”; this is because the
information for these conbinations is

less than conplete at different
stages of design. as part of the
extensi on of the Transl ation

Sinmulation Mdel, all distributions
woul d have an “"associated accuracy"
value.  with the final budget
di stribution.

4.2.2 TESTABI LI TY

Testability refers to the degree of
ease wWith which corrections to the
final distribution may be tested,
requiring know edge of what is
correct and docunmentation of the
mechani cs for conducting that test.

4. 2.3 EFFECTI VENESS

All final distributions have an
inpact on the analysis of Product
per f or mance. For exanpl e, a

proj ection of percentage conpletion
Is not very reliable if analysis
shows  that the majority of
di stributions have a | ow degree of
associated accuracy. On the other
hand, accurate data would denonstrate
an imediate acceptability.

4.2.4 LOCATABILITY

A sophisticated technique was devised
for tagging the | S nunber and
associ ated budget of each proposed
distribution in order to allocate

actual cost back to the correct |CWBS
account accurately. This technique is
able to link and unlink relationships

. . _repeatabl e sequence
distributions are iterated to their
final concl usion.



4.2.5 MOVEMENT FROM SI MULATI ON MODEL
TO TRANSLATI ON MATRI X

The final output of the Translation

Simul ation Mdel into the Translation

Matrix consists of:

0 Product by Stage of Construction
Budget

0 Relational Mtrix_ Pointer
0 Performance Contribution [P(x)]

P(x) is the contribution nmade by the
Product at a Stage of Construction to
overal | ship performance. The sum of
all contributions equals conpletion
o{] the Product, or 100% perfornance,
t hus

T(p) =7 [P(x) + ...

wher e Té) ). = Total Performance
Fx) = Contribution of a
Conpl eted Product
P(n) = Contribution of the
Last Conpl eted
Product .

+ P(n)}

This output is illustrated in nore

detail at Figure 38.
At this juncture it should be noted
that the Integrated Master Schedul e
is relationally Ilinked to the
intersection of Product at a Stage of
Construction (see Figure 38). This
link is a major factor in the success
and acceptance of the P/ Se system

Finally, it nust be enphasized that
the Translation Sinulation Mdel and

resultant  Translation Matrix are
tjght!g control l ed; changes to an
distribution or optinum [ocation o
Product nust be approved by an
Executive Steering mittee, thus
ensuring a true and consistent

baseline for performance neasurenent.

4.3 REPORTI NG COST/ SCHEDULE CONTROL
AND  PRODUCT BY  STAGE
CONSTRUCTI ON  PERFORMANCE - THROUGH
THE WORK DESCRI PTI ON/ | NSPECTI ON
AND TEST PLAN

The Work Description/lnspection and
Test Plan ?WITPZ is the primary
document defining the work required
for a Product at a specific Stage of
Constructi on. The resources to
acconplish the work tasks are
formal |y assigned through the WY | TP
and are relationally linked to the
basel i ne schedul e (1 IVB)I_ and/ or
operational schedul es. he budget
for the WO ITP is allocated through
the Translation Matrix, i ncl udi ng
both system (I CVMBS) and budget dat a.

Through a sub-set of the Relational
Matrix, distributed trade data for
each stage of construction is
accessed. Addi ti onal sub-sets
provide data for material, Kitting,

etc. (see Figure 39).
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The WD/ I TP is the set of all required
detail ed work instructions,
procedur es, mat eri al lists and
processes necessary to plan, perform

and finally accept the work tasks for

a specific product at a Stage of
Construction. Through the | TP,
the work  performed (BCwp) [

obj ectively neasured and the control
and monitoring of work performance is
supported. Control is established by
tas (1 CWBS_ system through the
Product and Stage of Construction.

The WD/ | TP has
effectively report
di fferences

been designed to
and nonitor. any
resulting from the

performance of work at a stage
differi n% . from  the desi gnat ed
timal /Primary Stage. (See Figures

40, 41, 42 and 43 for a nore detailed
di scussion. ) This is acconplished
through  the unique apProac_h of
linking portions of work to Primary
Stages of Construction, Wth the
optron of performng the work at that
stage or at a Secondary Stage of
Construction if necessary.
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The Pri matrR;I Stage of Construction is

the CPTIMUM Stage of Construction for
the  Product, as . determined by
lanning in relation to available
acilities at SJSL. At ibis Primary

e
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Stage, the budget associated with th
Product reflects the optimal
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FIGURE &0.

I

T

PRIMARY DEFINITION OF WORK BY WD/ITP

——— e*PRIMARY STAGE*+
SCHEDULE REFERENCES
WD/ITP KO  3130.01 IMS ©/SCH
UNIT NO. 3130 NODE 340.25 NODE 340.25
STAGE NO. 1210 START 03/28/38 \ START 04/04/88
COMPL 04/10/88 \ COMPL 04/15/88 N
TOTAL BCWS 2000 \'5\
BCUS TASK
TASK SYsTEM HOURS t
conp
TASK NUMBER ONE 1062.2 1300 100%
TASK NUMBER TWO 1019.0 156 758
TASK NUMBER THREE 2621.0 108 10%
2619.0 252 108
2626.0 187 10t
TOTAL AUTHORIZED BCWS 2000 74
1

-3

® ©0® 0

PRIMARY STAGE
OF

CONSTRUCTION

WD/1TP No.

®

UKIT KO.

®

STAGE NO.

®

@ SCHEDULE
REFERENCE

OPERATIONAL

Where all the WORK for a
particular product at s
particular stage of construction
{s budgeted ard scheduled to be
accomplisned (OPPORTUNITY).

Unique number for WORK
assocliated vith s PRODUCT
(unit) at a stage of coastruction.

a four digit number representing
a geographical area vithin the
ship used for tdentifying and
scheduling material and labour
tesources, applicable to a unit
or outfit zone (PRODUCTS).

a four digit nusber identifying a
physical ares vhere the WORK on
a PRODUCT &s to be accoaplished.

inciudes both Integrated Master
Schedule (IMS/ Baseline Schedule)
end operating schedule indicating
Node Nuamber, Scheduled Start and
Scheduled Completion Dates.
Integrated Master Schedule (INS)
the baseline Schedule representing
the full work scope of a
contract.

Represents the way vork is
scheduled to be done versus
vhere/when was planned to be done.
REALITY.

TASK
@ sysTex
BCvs

‘I’ TOTAL

AUTHORIZED BCWS

@I’ TASK X COMPLETE

(:} WD/ITP X COMPLETE

~ Description of work tasks which
sust be accomplished to satisfy
the requirements of the WDITP.

ICWRS reference for each work
task.

Budgeted Cost Work Scheduled
(BCWS) for the task, by systea,
as developed through the
TRANSLATIONAL MATRIX.

Sus of all budgets for all work
tasks of the Primary Stage
WD/1ITP.

= Cost Account Managers weekly/
monthly assessaent of 2 complete
for each task (ICWBS
relationship).

- Overall  coaplete for the
PRODUCT by STAGE OF
CONSTRUCTION,
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GURE 41
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REASSIGNMENT OF WORK BY WD/ITP
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1 1 | |
1 | { | focwe/z | A0 BGT | stacE | T |
i i Poeas | sk | ] Tast 1 STSTEN | woms | 2£e0 JauTwoRfzE] X}
| TAST ] SYSTEN Powoms ] X} i 1 | | wams joscws | coe |
1 1 { | toe | 1 I 1 1 1 1 1
1 | I 1 1 ! ! 1 | 1 1 1
i i ! ' ! i ! 1 I 1 ! !
| 1 | { 1 | | | ! | | |
| TASK MIER OWE 1 wwe2.2 1 1300 | T T T \_ | 1 | |
1 1 1 { I TASK MIER TWO t 1019.0 | 39 | F;S] @ 1 1
| tasc meart WO | 1019.0 | 156 | i i i i i i i
1 : | 1 | TASK MMEER TMREE | 2621.0 | | 100 | 195 | 1
| TASK smmmER TRREE | 2621.0 | 105 | i 1 I I | ] 1
i 1 { 1 i 1 awo} 27 622 | 69 | 1
1 1 219.01 W21 1 d | | 1 |
1 i 1 1 i 1 2626.0 | 148 | 300 | 3 | t
1 i 2626.0 | 187 | 1 i | 1 | 1 ]
| 1 1 1 I ! I 1 i i i
I I I 1

1 ] ] 1 1 i ! ] ] ! ] 1
1 1 1 | | i | 1 | | I 1
| TOmL AJTHORSZED SOWS | | 2000 | 73| | 1 | | | 1 |
1 1 i | \ | TOTAL AUTMORIZED O/BCWS | | sz || wir| | wms| Jq
i i ! ! o\ !
] \ L) 4

i

1 A
&)

Ibc following describes the process followed to resseign scope
ICWP/R) from a primary stage WO/ITP to a secondsry stage.

£inal status (I cosplere) of the primary stage is evaluated

The
with the following resssigoments of work:

@06

Task 1 43 100

raquired.

ignmant of work is

Task 2 1s 752 complete; 25% or 39 hours of scope (BCWP/X) is
reassigned to the secondary stage.

Task 3, wvhich consists of:

| TASX | PRIMARY STAGE | PRIMARY STAGE | SECONDARY STAGH
SYSTEM | T COMP BCUS | _BOURS CoMP. | _ BCWP/R
2621.0 | 102 105 1 11 T 9%
t2615.01 2102 | 252 { 25 ! 227
L2626.0f 10z | 187 ! 19 | 168

®

©

® ©®

The BCWP/R is rasssigned to the secondary stage, and repressnts
the diffenence betwveen the Primary Stage WS zad the hours
completed(3CWP) in the Primary Stage.

By task an estimate of the additional budget reaquired (ABR) 18
performed by the work center for the y stage.
This provides an P ing Bud against vhich kis

performance may be measurad

authorizad O/BCUS® 4s the addiefen of the

u:wr/i'+ ABR. (This is the budget authorized for the secondary
stage portion of the WD/1TP.)

The sum of the suthorized 0/BCWS for tha tacks remaining to be
completed within the Secondary Stage WD/1TP.

coadsry stage, vhich
ratnts (REALITY).

Responsibility for the work alvays resides vith the Primary
Stage WD/ITP.

O




FIGURE &2 STATUSING OF WORK BY WD/ITP

J\DITP PERFONMICE BIIITY BEFCRT

| *esECOOARY STAGE™

orsen !
IWos11P B0 3130.01 s PRINAXY STACE SECOMDARY STAGE oW 3130.01 "
{IT M. 3130 KDE  3£0.25 XDt 340.2% WDE 340.25 S M.E
SIMT Q28
w10/

|SECODARY STACE 130 COWL OL/1/88  COWL 04/13/83 coPL OL/30/88

]
{STACE ATKRIZID O/BCUS 1745

!
|
|
I
I

[PRIMARY STACE B0, 1210 START C3/28/88  START O4/04/88  staar oé/1s28 |
:
1
|
I

I
] 1 | sco/R | A00 GT | STASE | TASK —~ poyreyees
| TAK | STSTEN | wms | RGO JAUTNORIZE] X —-l——w o
| | ] | wams joncws | coe | | sminar stase
| I i ) I I I . ]
i i i i i i i !
I ] | 1 | ] ] ]
| 1 1 1 | i | I
1 ! ! ! ] 1 ~ !
] TAIS MIBER TMO t 1019.8 | 3| s | ™4 ) 3] :
| i | I | | 1
| Tasc msmsz TmEe | 2621.0 | K| wo| | 53] !
: : : AN 1
1 | | I I | i 2 i
} I W19.0)] 2] 4] @ 20|
I
I ! ! ! i I ! H
! ! 23,081 11 800 | s ] &rxl 1
I 1 I i i | + i
1 i 1 1 | ! 1 |
1
i
]
| !
1 !
1 ] 1 1 | I 1 ! !
I ! ! I ! [ ! ! !
] | ] | | 1 i ! AOITIONL BUDCET MEe'S ! !
! i !
| TOTAL AUTNORIZED O/BCVS | | sas)] w2m] s 30%| 816 AtRIZD MOKET | H
| i 1 1 | 1 1 1
! X ! t !
i I i
| oPERATIONAL PERFCRRWACE | 1
i o7 STACE i t
1 |-
85740 Xt wome senep |
! \®
80P OMMS/T COPL) 1 |
T ! ' =21
acTuaL coeTS 1 1 0)t
1 | | 1
lonies | | B |
i i i ~ i
| I 1 |
@ Weekly/Monthly performance data, in terms of I cosplete, is
determined by the Cost Account Mansger for sach task asd recorded
withia the WO/ITP.
@ Ooce this work {s statused as & rorccnt complete for the seconda
stage the same percent complete is used to sutomatically update the
primary WO/ITP as foliows:
N WD/1TP wD/1TP
SECONDARY PRIMARY
2 i HRS 1 HES
coxe o/acud corp. coxpJ sowr/N core ]
TASK «25 3% 33 TASK . 10
PERFORMANCY .15 194 29 | | rexromyANCY 15| %4 14
| 201 6491 130 200 227 45
l 47 668 1 314 471 168 79
TOTAL =301 17451 5321 [TO0TAL 301 328 | _1%8

@ This performance data is nov assimilated iato the wD/1TP
Performance Summary Reports as described below.

@® s y Stage performance for the WD/ITT is updstsd o

reflect the current I Complete for the stage autborized work
(532 machours/30%).

AN er fme the Ceeandirv SEa

{8y actual costs for the Secondary Stage ave racordsd
(600 manhours). These actual costs telate to the parforasace
esroed to date (532 manhours).

@ WD/1TP Perforsance is revieed to refiect the secoldaiy siage

performance to date. To the previous stage BCWP manhouts
(1472) the Secondary Stage BCWP/R manhours (303 of 528 =
148 machours) is added, réflectiog the overall WO/IT?

am sszan tanmn mew r %

of 1620 x {1620/2000 = 812 of complats).

P

ACVP 1s revised to record all sctusl costs ipcurred to date
for the primary + secondsry stages WD/ITP (1600 + 600 = 2200).

ZAC for the WD/ITP is equal to the fisal ACWP (HRS) of the
Primary Stage (1600) plus the Stage Autborized 0/3CuS for
=ach secondary stage (1745).

Indicated EAC represents an apprecistiocn of the EAC based
upon the Cost Variance (ie Approved EAC «(3CWP=ACWP) ).
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COMPLETION OF WORK BY WD/ITP
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The wvork has progressed from the Primsry Stage (1210) through Secondary

Stage {1220} end finally

to Secondary Stage (1250) where the wvork was

completed, as shown above.

m
L >4
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With completion

only occura when all ths vork tasks are

Complatics of the W¥D/ITP oal curs v

statused as 100X complets.

The WD/ITP Performance Summary Report records the WD/ITP perforsance
he UN/ITP, 2nd by esch Staze of Conatructios.

by ¥B/1T?, &nd DY ch

of the Work tasks the WO/ITP p is

vherebdy

©
®

Overall 3CWS for the WD/IT? does ot change, regardless of the
dary stages th gh vhich the work is accomplished,

as 2000 hours.

of
hence BCWS reaaics
BCWP equals BCWS, and tecords 100% coaplete.

Actusl costs sre updsted to record all costs incurrad oo the WD/ITP
incurred through tbe primary and all secondsry

stages).

®

o)g

@ Approved Budget remsins as origisally issusd, asd cssnot be revised

ucless & formal revision is suthorized.

Approvad EZAC repr that approved for the oversll
WD/1TP. This value is revised as the work is resssigned to
secondary stages. A final adjustment is required to set the
approved EAC equal to the ACWP (and bencs the indicated XAC).

Indicsted EAC, for the completed WD/ITP, equsls total ACWP.

The flowthrough of status informstion from the stage WD/ITF’s
(secondary) occurs follows:

®
®

The Secondary WD/ITP registers 100X complete vith the
finalization of all work tasks.

The 1002 complete of the Secondary WD/ITP autoaatically picke
up the BCWP/Remaining for tbe oversll WD/IT?, as a mashour
value, and assesses this portion of work as compiets.

(74 manhours).

The oversll WD/ITP manhour performsace is revi
incorporate tbe compietion of the BCWF/R work ta
(74 manhours). Hence BCWP is equal to 1926 + 74
mashours = 2000 or equal to the total WD/ITP Budget.

®




al l ocation of resources. Should the

product be conpleted at any other
stage, a negative cost inpact could
be realized; Secondary Stages of

Construction accommmodate performance
of work but may incur cost and
schedul e devi ati ons.

The work described on the WO/ ITP is
cracked from the Primary Stage
through to its conpletion, regardless
of the nunber of secondary Stages of
Construction through which it mght
be perforned. Wth the novenent ~of
the Product to the next construction
stage, the WO/ I TP tasks are statused
and the renmaining work i s reassigned
through the I TP to Secondary
Stages for conpletion. Consequently,

the WO/ I TP, at any point in ting,
represents the performance of work
conpl eted  (BCWP) and the exact
assessnent of t he per f or mance

required to conplete the work
remaining (EAC). This represents a

maj or_step in_perfornance measur enent

systens, as It allows the shipyard to
take stock of day-to-day objectives,

inreal time, and preclude the inpact
of ksubJ ective statusing of in-process
wor k.

Formal |y, the process is acconplished
through the systematic closing out of
each conpleted task defined in the
ND/ I TP as the work noves from one
stage to another. \Wen the schedule
dictates that the Product noves to
another stage, but sonme of the work
t asks have not yet been performed or
are inconplete, a status is prepared
and recorded. The WO/ I TP for the
current stage is closed, and records
performance for that stage only. The
work tasks which remain outstanding
are then reassigned to the next stage
through the sanme WO/ I TP, with the
budget remaining fromthe Primary
Stage W/ | TP al so transferred.

budget BCWS) authorized for the
WD/l TP does not change from t hat
\gpl ch was authorized at the Primry

age.

The remaining work is evaluated b
the Secondary Stage Superintenden

who will reassess work requirements
and reconmend increases (operational
budget s) t hrough an stimate to
Conpl ete (ETC?]. Utimately the total
estimte authorized to production

through the Secondary Stage(s) WY I TP
represents a reasonable estimte and
schkedul e to perform the renaining
wor K.

this process is repeated
through further = Secondary  Stages
until the work is conpleted. Each
Stage of Construction Superintendent
i s responsible to performthe work on
behal f of the Primary Stage

| f need be,
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Super i nt endent (Primary St age

[TP), but is also accountable for
performance of tNe Work Wt his
st age.

SJSL has linked the C/ SC Baseline
with the Operational Baseline through
the WY ITP.  The reporting mechani sm
supports the preservation of detailed
historical data by Product, Stage and
| CWBS and further supports stability
of the baseline, as all reassignnents
of task are formally recorded.

Overall =~ performance  against the
WX I TP is recorded at each stage and
variance analysis is performed where
appl i cabl e.

Concl usi on

The integration of Product by Stage
of Construction with a Cost/Schedule
Control application results in a
solid framework of cost and schedul e
data that forms a basis for sound
pl anning and deci si on maki ng.

The Translation Sinulation nodel
described in this paper is designed
not only to effect
fromthe ship system (I1CWBS) to the
Product approach, but also affords
traceability for hi stori cal and
control urposes and provides a
seal ed nodel ‘against which to neasure
and report progress.

As illustrated in Figure 44, P/ Se and
| CVBS data are synthesized through

the nodel and correctly assenmbled in
the WY/ I TP. The application of
Integrated Mast er Schedul e
requirenments and actual cost  of
acconplished work (ACWP) to the
WY | TP represents a conprehensive

t echni que for
performance (BCWP)
In tine.

measuring exact
at a given point

At tinme of publication, Saint John
Shi pbuilding Limted is engaged in
di al ogue W th t he Contracting
Aut hor i t¥/ to integrate Product by
Stage o Construction  reportin

formally into exi sting ds
erformance  documents, and | ooks
orward to validation of the P/Se

system as inplementation progresses
and matures.

Concurrent conbined use of P/ Se and
¢ SC systenms breaks new ground in
Canadi an and perhaps North American
shipbuil ding industry. It is hoped
this paper will stinmulate and provide
a basis for further investigation
into this conprehensive approach to
prO{ eclt management, reporting and
control .

the transition
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