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Product-Based Process Modeling Method for Software
Process Improvement

Overview

While the technical advancements continue in Software Engineering, mistakes and failures
such as schedule delays, accidents due to software quality and wrongly estimated costs
which are caused by how software development projects are managed remain as critical
issues. The concept of “software process” appeared on the scene in order to counter these
problems. Since then, numerous debates have taken place and various technical solutions
have been proposed but, root causes for these failures in software development projects
still remain unimproved. In particular, there is a problem of being unable to implement
improvement because the software processes that have been defined for fixing the root
causes, are not being used in the development projects.

This paper examines this problem of software processes not being used in the real
projects from the viewpoints of how these processes are described. In other words, the
problem is examined from the process modeling methodology aspect, and has predicted
that the fundamental cause of the problem lies in how process models do not adequately
describe real-life development activities. In the traditional models, there are ones that can
show a highly generic, abstract process flow, and there are ones that can describe in great
detail the contents of a particular process from a particular project. These models, in
general, have shortcomings either in the level of details or in the level of generality. For
example, some models cannot be directly applied to planning and progress tracking and
oversight, or, they cannot be reused among multiple projects.

Widely used in the present time as reference models for process improvement, CMM
(Capability Maturity Model) and CMMI (Capability Maturity Model Integration) models
have defined a discipline called “Institutionalization” that stipulates compliance to defined
processes to facilitate the use of those defined processes in projects. Nevertheless, the
defined processes are discarded because they are defined using the traditional process
modeling methods and therefore, do not adequately describe real-life development
activities. This also has resulted in inability to expect and/or predict return on
improvement activities. I have developed PReP (Product Relationship Process) Model as
a process model especially designed for use in development projects as well as in process

improvement in order to address this issue. In addition, I defined how the Model is to be
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applied to project management and process improvement. I also defined a model for
deploying the Model in an organization, and the support environment.

Most conventional process models describe a process as a relationship in time order.
On the other hand, PReP describes a process as input-output relationships between
products to be produced and managed in development process. So I defined types and
notations of relations between products.

I found that the PReP had a high reusability, because results showed that reuse rate
became 90-100% between projects that has similar profiles. That is owing to the
mechanism of PReP in which the relationship of input-output structure between products
to get final products is defined uniquely according to the technology to be applied and the
method for managing a project. Furthermore, I was able to establish that PReP was easy
to understand, and is excellent when applied to improvement programs and project
management. In PReD, the level of details of a process model is equal to the level of details
in arrangement for managing a project because, defining “product” as “the product
allocated to a worker”. So PReP had a feature that could be widely applied to project
planning and progress monitoring. In particular,, I verified that I can convert process
model to Gantt-chart used for project management automatically by the mechanism that
the details of description of a process model has enough data and structure for generating a
schedule.

Now I am applying PReP for project management and process improvement program
in my organization by applying method defined in this thesis. I can recognize that
process modeling activity and using a defined process goes smoothly, and then PReP is
going to be used for improving a process. And process-centered environment based on

the architecture defined in this thesis is expected as an application of PReP.

Keywords:
software process, process model, project management, process improvement, reuse process,

process pattern, process-centered environment
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98 FEH - SERORE

AR, AT a—/VDilEi, Y7 =T SWEICESEH L, ZL TaA 0 RSV E VR E,
VI =T BT Y =7 FOHED IR R D KM e LT T, KRR A UE T 5720
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DT IERET NV ThHD. EHIZ, T rEADFIR 1L (Notation) D E T Tidel, FIHAIE,
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9.2 SEDORE
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PReP €7 /LD DTD EX

PReP €7 )L? DTD FCikf
28 [ TRLIZ TREET /LD XML i ¢ DTD ## 1% T DTD Ftik 27~ 9 .

{!—— LifeCycleModel —>
CIELEMENT LifeCycleModel (Artifacts, Tasks, Phases, Relations)>

<IATTLIST LifeCycleModel 1D CDATA #REQUIRED
Name CDATA #REQUIRED
Outline CDATA #IMPLIED
Link CDATA #IMPLIED>

- Artifacts —>
<!ELEMENT Artifacts (Artifact+)>

(- Artifact —>
<IELEMENT Artifact (NumberOfModule, ModuleDenominationID, Estimations)>

<IATTLIST Artifact 1D CDATA #REQUIRED
Name CDATA #REQUIRED
Outline CDATA #IMPLIED
Link CDATA #IMPLIED>

<{!-— NumberOfModules ——>
<!ELEMENT NumberOfModules (#PCDATA)>

<{!-— ModuleDenominationID ——>
<JELEMENT Denomination (#PCDATA|Value)s*>
<I—— Value ——>

<!ELEMENT Value (#PCDATA)>

{!— Estimations —>

<!ELEMENT Estimations (Cost, Effort, Quality, Size)>
<IELEMENT Cost (H#PCDATA)>

<IELEMENT Effort (#PCDATA)>

<IELEMENT Quality (#PCDATA)>

<IELEMENT Size (H#PCDATA)>

{l— Task —>
<|ELEMENT Task (RelatedArtifact, RequiredResources, StepInformations, AvailableTemplates,
TEstimations)>
IATTLIST Task 1D CDATA #REQUIRED
Name CDATA #REQUIRED
Outline CDATA H#IMPLIED

B-1



Link CDATA #IMPLIED>

<{!-- RequiredReources ——>

<IELEMENT RequiredResources (RequiredResource*)>

<{!-= RequiredResource ——>

<IATTLIST RequiredResource ID CDATA #REQUIRED
Name CDATA #REQUIRED
Outline CDATA #IMPLIED
Link CDATA #IMPLIED>

{!— ProcInformations —>

{IELEMENT ProcInformations (ProcInformations)>

{!=— ProcInformation —>

IATTLIST ProcInformation 1D CDATA #REQUIRED
Name CDATA #REQUIRED
Outline CDATA #IMPLIED
Link CDATA #IMPLIED>

<{!-— AvailableTemplates —>
<|ELEMENT AvailableTemplates (AvailableTemplate%)>
{!—— AvailableTemplate ——>

<IATTLIST AvailabeTemplate ID CDATA #REQUIRED
Name CDATA #REQUIRED
Outline CDATA #IMPLIED
Link CDATA #IMPLIED>
<{!-— EstimationEquations ——

<|ELEMENT EstimationEquations (TCost, TEffort, TQuality)>
<{!— EEOfCost —>

<IELEMENT EEOfCost (#PCDATA) >

<{!—— BEOfEffort —>

<|ELEMENT EEOfEffort (H#PCDATA)>

<{!— EEOfCost —>

<IELEMENT EEOfQuality (#PCDATA)>

<{!-- Phases —>
<|ELEMENT Phases (Phase+)>

{!— Phase —>
<|ELEMENT Phase (NumberOflteration, IncludedArtifacts, MilestoneTypelD, NextPhaselD)>
<IATTLIST Phase 1D CDATA #REQUIRED

Name CDATA #REQUIRED

OQutline CDATA #IMPLIED

Link CDATA #IMPLIED>

<{!=— NumberOfIteration ——>
<!ELEMENT NumberOfIteration (#PCDATA)>

{!— IncludedArtifacts —>

<!ELEMENT IncludedArtifacts (IncludedArtifact+)>

<{!— IncludedArtifact —>

<!ELEMENT IncludedArtifact (ArtifactID, IsMilestone, AppliedTask)>
{l— ArtifactID —>

<!ELEMENT ArtifactID (#PCDATA)>

{l— TIsMilestone —>



<!ELEMENT TsMilestone (#PCDATA)>

<{!-— NextPhaseID —>
<JELEMENT NextPhaseID (#PCDATA|Value)s*>

{l— Relations —>

<!ELEMENT Relations (Relationk)>

{l— Relation —>

<!ELEMENT Relation (LinkType, StartingPoint, EndPoint)>

<IATTLIST Relation  ID CDATA #REQUIRED
Name CDATA #REQUIRED
Outline CDATA #IMPLIED
Link CDATA #IMPLIED>

<{!-- LinkType —>
<IELEMENT LinkType (#PCDATA)>

<{!-- StartingPoint ——>

<IELEMENT StartingPoint (SArtifactID, SMultiplicity)>
{!—— SArtifactID —>

CIELEMENT SArtifactID (#PCDATA)>

{l—— SMultiplicity ——>

<IELEMENT SMultiplicity (#PCDATA)>

<{!— EndPoint —>

<IELEMENT EndPoint (EArtifactID, EMultiplicitiy)>
{l— EArtifactID —>

<IELEMENT EArtifactID (#PCDATA)>

<{!—— EMultiplicity ——>

<IELEMENT EMultiplicity (#PCDATA)>
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BEFE  (BlEHR)

FHFE  (ELSAOT2R)
TEFMEHC: (2R EF R

ZRH : (HEHROBLH)

NAEDORL: (FEFEZIRNTZNAE D)
WA : (FERZPROTZNEDOBL)
B4 - B MEA)

DR (Rt )

JEMERLIA - JBPEDRI)

B4 :LifeCycleModel
BlEHR 2L
T3 :Artifacts, Phases
EFEMEEL: 1[E]
FERF AR — <D A
WEDRL 7L
WAL 72l
B4 ¢ ID, Name, Outline, Link
JEMEDRL: 1D —> CDATA #REQUIRED (w/ZE3C541)
Name —-> CDATA #REQUIRED (WZECT241)
Outline —> CDATA #IMPLIED (RFER=C41)
Link —-> CDATA #IMPLIED (RFER>C241)
JEMERE - 1D = BRFFEICHWOINS— B 1, i AL OBIESZED Name BN D
WEHHED BN Name £T”. " CENOEFEATEE LA NS
Name - BRIZHEZHNHL T
Outline -> EROMELZRT
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B3R A4 : Artifacts

#iEiF :LifeCycleModel

F-3E#E :Artifact

EFeEIS: 1L E

PETH R DR & 0D 5 B R
WD 721

AT 7L

B el

JEMEDR 22

BERA4 : Artifact
BEiF :Artifacts
F355% :NumberOfModules, ModuleDenominationlID, Estimations, Task
EFeEIS 1L E
BRI R/ A ARG D B ERO BRI E R E S T
WERDAL: 721
WA 7L
J&ME4 1D, Name, Outline, Link
JEMEDRL 1D —> CDATA #REQUIRED (#4ZE SC741))
Name —> CDATA #REQUIRED (W ZEH C751))
Outline —> CDATA #IMPLIED (MFER3C52%))
Link —> CDATA #IMPLIED (R5BRSC741)
JEMEFREA - 3558 PReP 0 J@ M5 B A 2 R

BER4Z :NumberOfModules

BlEFE :Artifact

THE L

TEFREEL: 1[F]

WEWHEBF B DT 2— VS EENEET5.

WA DAL #PCDATA (SC741))

W IR DEY 2 — VG FIEENEE TS 1 L EOIEEE LI N TEFLTD
B4 Rl

B 7oL

JEPERLE 72 L
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%4 :ModuleDenominationID
BlEFHE cArtifact

THE L

TEFEAEE0 FLL

BERUH B IDENELETD
WA DAL #PCDATA (SC741))

MR 7oL

B4 Rl

B 7L

JEPEREA 72 L

F R4 :Estimations

BlEEFE Artifact

T3z :Cost, Effort, Quality, Size

TEFREHL: 1[E]

BRI YRR T 5 AL VEZ TR 5256
WEDRL 7L

WAL 72l

EMEL 7L

JEMEORL 72l

JEMERREA 72 L

R4 :Cost

Bz Estimations

TEFRE L

TEFREEL: 1[F]

ZRDI MR D VBB B2, I (L TR DNIZa ANDEENE LTS
W DAL #PCDATA (3L7251))

AT S R DIERU L EE 72, R L > TRAED HALI-a ARO

EEL Rl

JEMEDRL 72l

JEMERH 72l
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B3R 4 Effort

HEFE Estimations

TEFR L

TEFBIEC: 1R

PETHT YL DRI B, R IC L TR DI THOEENE LTS
N2 DRL  #PCDATA (SL751))

WAL Y BRI DVER I B, FIE L TR DI TEOfE

EEL Rl

B 7oL

JEPERLEA 72 L

E R4 : Quality

Bloid :Estimations

THESE L

TEFREHL: 1[H]

BRI YRR L TR I TRBELONI-AWE DEENEE TS
N2 DAL #PCDATA SL541))

WAL Y BB TR CRFED DALV A E O

B4 el

EMEDRL 7oL

BRI 72l

B4 Size

Bz Estimations

TEFR L

TEFREEL: 1[F]

BT Y R R R L TR B I Lo TR DN B OEEZ N A LTS
RO #PCDATA (SL%1))

AT B Rk L TR 2L > CRBD DIV O fiE

B el

JEMEDRL 72l

R 72
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BEFR4 :Task

HEFE Artifact

F-553%:RequiredResources, AvailableTemplates, Procinformations, EstimationEquation,

Relations

EFMI%C:0 B 2L E

BRI RN AR EA A AN ET D

N DRI #PCDATA (CSL751))

WL : B R o 9 AR Y R

@4 ¢ ID, Name, Outline, Link

JEMEDRL: 1D —> CDATA #REQUIRED (ZEHSC751))
Name —> CDATA #REQUIRED (#4ZE SC741))
Outline —-> CDATA #IMPLIED (R5BRSC741)
Link —> CDATA #IMPLIED (B5ERSC741))

JEVERLEA : 3255 PReP 0 B 4RI 2 5 IR

FE 4 :RequiredResources

BlEF :Task

F-2% :RequiredResource

TEFREHL: 1[H]

BSRFH  Y A7 %l FH LT B BRI O AR R B2 72 ) ) — A 2 B D 5 B 56
WEDRL 7L

WAL 7oL

B4 7L

EEDRL 7oL

JEMERREA 72l

HE %4 :RequiredResource

HEEFE Task

TEFRE L

EFem$:0 [EI 2L E

B 2 A7 % LT3 G AR ORI L B2 ) Y — ABH 2 R B DR E 5

RO #PCDATA (SL%1))

MR 7a L

@4 1D, Name, Outline, Link

JEMEDHL: D —-> CDATA #REQUIRED (WZECT241)
Name —> CDATA #REQUIRED (w/ZE3C541)
Outline -> CDATA #IMPLIED (RFER>C5241))
Link —> CDATA #IMPLIED (RFER=C41)

JEMERE - 1D > A7 %0 H LT B SR DAERIZ L B2 7R ) — R ~DID
Name = HAY % A U5 B SR D VERR A L B2 ) ) — AT D 44 B
Outline —> ZAZ %14 H LI B SR DVERIZ L B2 )Y — AR DA 2
Link -> i3 PReP 0 @il A % IR
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BERAZ :ProcInformations

PlEFE :Task

T35 :ProcInformation

TEFREEL: 1[F]

BIRH]  Z A7 ZBE T HIEEFIEA RO 055K
N2 DRL  #PCDATA (SL751))

MR 7a L

EEL Rl

B 7oL

JEPERLEA 72 L

EER A :ProcInformation

HE#E ProcInformations

THESE L

EFMI%:0 ALl E

PR 2 AT BE T HIEEFIEL B E O E T 2% 5R

WEDRL 7L

WAL 72l

JEME4 ¢ ID, Name, Outline, Link

JEMEDRL: 1D —> CDATA #REQUIRED (w/ZE3C541)
Name —-> CDATA #REQUIRED (W ZECT241)
Outline —> CDATA #IMPLIED (RFER=C=41)
Link —-> CDATA #IMPLIED (RFER>C5241)

JE PR 1D => ZAZZEE T HEETFIE~DID
Name > ZAZIZERE T HIEEFINAD A i
Outline —> ZAZ|ZEHE# T HIFEFINAOHEE
Link -> B3 PReP 0 @ IEGi A S R

_—

HE 34 : AvailableTemplates

BlEiFE Task

F-553% :AvailableTemplate

TEFREEL: 1[F]

HHRUH A7 2B LTSS ISR ORISR AT R 7> 7' L — b IRV D 5 B4
RO 721

MR 7a L

B4 Rl

JEMEORL 2L

JEPEREA 72 L

B-9



B34 : AvailableTemplate

BHBFE :AvailableTemplates

THE L

EFem%:0 [E 2L E

B 2 A7 2 LT B S R ORI R RTReZR T o 7L — M @Y E D FE E

HELFE

WEDRL 2L

WAL 72l

@4 :ID, Name, Outline, Link

JEMEDRL: 1D —> CDATA #REQUIRED (w4ZE3C=41)
Name —-> CDATA #REQUIRED (ZECT241)
Outlin —> CDATA #IMPLIED (RFER=C41)
Link —-> CDATA #IMPLIED (RFER>C241)

JE MR 1D = ZAZIZFIH FREZR T 7 L —h~DID
Name = FZAZIZRIH I REZ R T 7 — D4 FR
Outline —> X#AZIZFIH AIRERT > 7' L — OB EL
Link —> Bi3% PReP @ M & 2 1R

HE %4 :EstimationEquation

BESE Task

733 :EEOfCost, EEOfEffort, EEOfQuality

EFEE L 11E]

BRI F AL TR ESND, BEMIERIC VLB RAEADVEA I L 525K
WEDHL: 72

N 72 L

B4 2l

JEYEDORL 7L

MR 72

R4 :EEOfCost

e Task

THESE L

EFEMEE 1E]

BRI H AT Lo THHRSND, BEET DRCEMERIC ML E R a Ao RELVEE WAL
EA)

RO #PCDATA (SL%1))

WA XA S > TR END, BIELTDEMERIZ M B2 a Ao B VA

L Rl

JEMEORL 2L

JEPERLE 72 L
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EFR 4 :EEOfEffort

HEEFE Task

THE L

TEFREEL: 1[F]

PR A AL TRHA SIS, BAEET AR ERIC B e T D RAED VEZ N AL
15

N DRI #PCDATA (CSL751))

R : XA \C k> TR END, BIELTDAEMERIC LB T ALY E
B4 L

JEPEDAL 7L

JEMERE 72l

HE 34 :EEOfQuality

HEEFE Task

THE L

TEFREEL: 1[F]

PR A AL TRHA SIS, BAEE T AR ERIC e SV E D RFED VEZ N A L
15

N DRI #PCDATA (SL751))

R : XA k> TR END, BIELTDAEMMERIC LB 2 W O ALV E
B4 L

JEPEDAL 7L

JEAMERE 72l

B3R 4 :Relation
HEEFE Task
F-35% :LinkType, StartingPoint, EndPoint
TEFREEL: 1[F]
FRTH R OB ED A T HRLL TRV ELDHER
WERDAL: 721
MR 7a L
@4 1D, Name, Outline, Link
JBMEDHEL: 1D —-> CDATA #REQUIRED (WZECT241)
Name —> CDATA #REQUIRED (w/ZE3C541)
Outline —> CDATA #IMPLIED (R5ERSC741)
Link —> CDATA #IMPLIED (RFER=C41)
JEMERRAA 1D - BE~D 1D
Name = BI#EOLFR. GHAEEY ID + D> + (&SR Y) 1D)
Outline —-> BaEOAYZE
Link -> i3 PReP 0 @il A 2 IR
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4 :LinkType

PIEFE :Relation

THE L

TEFREEL: 1[F]

PP R OB ORI BT 2N A& ST EH

N2 DRL  #PCDATA (SL751))

WAL R O BE ORI 2 NAE L TR T-CRBLT 5. (1 AJ1B%, 2: [FHIEAFR, 3:
AJ1ERIOE

% BEAR)

B4 Rl

B 7oL

JEPEREA 72l

B34, :StartingPoint

BlEFE Relation

315 :SArtifactID, SMultiplicity

TEFREHL: 1[E]

BRI AR B OBE D, dH AN T A AT LD L HEHR
WEDRL 7L

WAL 72l

B4 7L

JEMEORL 72l

JEMERRAA 72l

B3R 4 :SArtifactID

BiEiFE :StartingPoint

TEFRE L

EFEIEC: 1R

FED R ORI, 4SO RIS O (8 ID Z#NEET 53R
RO #PCDATA

WA BRI OB D, b A OREEDD (JBYE) 1D

EES el

JEMEDRL 22

R 72
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HE R4 : SMultiplicity

Bl StartingPoint

THE L

TEFREEL: 1[F]

PGP R OBE D, iSO EEEANELTHES
WD #tPCDATA

WA BRI OB D, s lDOZEEE. (‘173X n"THFD)
EiEs 7l

JEMEDTL 2L

BRI 72l

B384 :EndPoint

Bl¥EF :Relation

355 :EArtifactlID, EMultiplicity

EFREHL: 1[E]

BRI R B OBE D, KRBT A AR ELDH R,
WEDRL 7L

WAL 72l

EMEL 7L

JEPEORL 72l

JEMERAA 72l

E3R4 :EArtifactID

BlEiF EndPoint

FHE L

EFREEL: 1[F]

BRI OBED, & RO BEMO (B 1D #NELT 525,
DT - #PCDATA

WAL : R O BE O, #&SRID RS O (JE1E) 1D

EiEs 7l

EAEDRL 7L

JEPERE 72 L

B4 : EMultiplicity

BlEFE EndPoint

TFEFR L

E ML 1[E]

PR R OB, & SMlOL EEANKET HER
2D - #PCDATA

AT BRI OBSE D, #& SO LB, (“173F " TEL)
JEL G RN

BPEDRL 72

JEMERA 72l
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R4 :Phases

#iEiF :LifeCycleModel

TEFR L

TEFREEL: 1[F]

PR ATV AV VT VRIED, 72— X% RO ELHHEH
WD 721

AT 7L

BES el

JEMEDR 22

R 72l

B3R 4 :Phase
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