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A model-based development tool for productivity
enhancement of enterprise system development

Sadahiro Ishikawa

Abstract

Enterprise systems that support enterprise business processes are indispensable
tools for companies today. They embody the ideas of businesses and are a necessity for
their continued existence.

Many enterprise systems have been developed over the past 40 years in Japan.
System architectures, processing modes, and programming languages became popular
at the time at which they were developed. Continued and long-term use of enterprise
systems has been a conventional way of maintaining productivity and cost
performance.

Development tools are sought after that contribute to productivity and improve the
quality of system development of coexisting new and old systems of various
architectures.

This research describes (with results of actual field use) a proposed enterprise
system development tool with multi-architecture support from batch processing,
widely used in the 70's, to on-line processing of the host concentration type, client
servers, Web developing, and today's service-oriented architecture (SOA) . The

proposed tool is based on model driven engineering (MDE).

Proposed is a style of modeling systems with finalized specifications. It is not a tool
for evaluating the productivity of the programmer, but rather the user directly with

the aim of improving productivity and quality.



This thesis is comprised of several chapters. First, Chapter 1 describes the

background of enterprise systems and their development.
Multi-architecture support is indispensable to enterprise systems developed today, and
any development tool that contributes to improving their productivity and the quality
1s assumed to have the flexibility to respond to various architectures. A development
tool i1s proposed that fulfils this requirement and the results of actual field use are
described.

It proposes the development tool that fills these preconditions, and it tries to use in
an actual field, and this thesis describes the result.

Three problems hung when it proposed the development tool. One is a necessity for
the multi architecture. The second is achievement of the development tool
corresponding to the development process where the model base development and the
iterative development were combined. The third point presumes the cost of the
software development project, and is establishment of the technique for estimating the
scale to measure the development progress accurately.

Three issues were encountered when proposing the tool. First, the necessity for
multi—architecture support. Second, the complexity of creating a tool that supports
processes where model-based and iterative development are combined. Third, the
establishment of a technique for estimating the scale of a project so cost and progress
can be accurately measured.

Chapter 2 analyzes the three issues posed in Chapter 1.

Chapter 3 describes a new technique for multi-architecture support. The technique
1s able to manage all aspects of system architecture and the processing mode from
which the simple, strong three-layer (P- layer, F- layer, and D-layer) application
structure is now often seen.

Chapter 4 describes the development of the proposed tool’s capacity for managing
the combination of model-based and iterative development. It explains the functions
required to integrate two conflicting development processes in a balanced way. The

proposed tool is not capable of coding all processing, so the outside these limits must be



manually coded. The proposed tool’s method of integrating this automatic and manual
coding is described.

Chapter 5 describes the proposed tool’s highly accurate scale estimation technique.
As enterprise system development (especially on a large scale) is a difficult process, an
accurate estimate of the scale of the system is an important factor in project success.

Chapter 6 describes the specific method of operation and the features of the proposed
tool. These are comprised of the automatic code generation function of the program,
which 1s expected to be used during the development process, and, where the
model-based development is combined with iterative development proposed in Chapter
4 and 1t according to the three-layer application structure to achieve the
multi-architecture support proposed in Chapter 3. Moreover, the functions of other
similar development tools available at the same time are compared, and the
practicality of this tool's is described. Additionally, the technique for accurately
estimating system scale, introduced in Chapter 5, is described.

Chapter 7 envisages that 10 years after the full-scale rollout, the tool is used in the
system development of more than 300 enterprise systems in large companies. It shows
that iterative development is still effective in continued development and effects on
productivity, quality, and utilization of multi-architecture support functions.

Chapter 8 summarizes the results of this research.

One of the factors that has been thought about for ten years or more in the field is
the integration of multiple architectures. Most thought that it was an indication of a
technology’s adoption when new software featuring that technology can be clearly,
simply, and easily created.

Moreover, the software development process didn’t attach enough importance to the
automatic generation of code from the model. Iterative development in this approach is
for balance with manual coding.

Agile and model-based system development is assumed to become more popular
than normal methods in the future, as they make the best use of the NoSQL database

extension. The proposed development tool enables such development.
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AFFFEDHRE L 72 DT NAR—ABFRY — U #E 5 EE X T-0D1E, 1997 D
2001 F-TAIHF2 7 4 —/V RTORBRIZ L 5. YIRFDT L Z T T A XL AT O~ L
Y RELTUL YN AT LRT D 2D A7 2k« =% T, KRE
AT KT O55EL OLTP 2945 E 9% 3 @7 547 2 K « $—3%°> CORBA %#I|H]
L7emBch 7Y =7 MRS FERENCAY, EnbEfiolcdr T4 L AT KON
AT D DD0BH LR Th o7, MAT, BFHRITIE Java Sabd bR Ea0F N7
5 LEHELDME L QW TH o7,

WHE, 2OV o7l b Ly RO, A4 7 L—hE b E LB L DT,
I A DT (A T =L L0l C/INID Y AT Wadff SE T AT LMEED),
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A =T VAT N FERCZOEII T v 7 A ER, BRI D
MOMAET TU AT DAY 7ol ERREN TV, =T VA7 A1, 90 FARATPHT
H/NC AT B COBRRNETH -T2 L L, ITHFEEIINERA A 7 L— A THEE L T
TR IRV AT LOBRIC O LW CTF v Lo U357 Y=y ML TE T

INOHEINERA L, U H T TA RV AT BEREE LT UE R B0 R AIT R4
ELTE, fEx DM T ZN GO R <CRIRL, ks U CHMEEEOEW AT
L RIPR K HEES D HAROMNL KD BT

AA LT V—ENFENORHICA A T L—24, S=ay (B—), U—J AT — 3
> A B ST RO U AT MBIFEIC S BT =7 Osta Y & L TR S
WERRERZ AR L, 9T AFEE) D 2001 AFEEE TIIS B OLTP oAt 7 ¥ = 7 M &BRA
L7aYxy MDY, BT e AZEH L, 1999 40 DIHaE PRy —L &
HfELT=.

2002 £E)> S I R A TR 2B 7 a2 X LBIR Y — VAT DI L 7 0, R
WIECIR RS Y — VBB T DICE ST, Fl IR, R — L ek R 22558
HH- T/

FH A TRIT 2B 7 v X LB — VA T DIZHT»> T, RADNaREE LT
DHIFT=DIE, RELUITFD 3 HTh-Tz,

HrE DA F )L

PRSP

Bty kv Rz
LT, ZNOifEE EDOLITRILL &5 & Lichaik~%.

(1) EEOIFIL

IT B3, PEREICHA~SUTZOZ TR LW E SO TND08, £ 2T K5
OHAFETY, BEORIABRICEL, Zb2HED JIE, horE¥E L Db,

ZIUDHEAEE Z B LD R 7o UERDITET a v VRIEDNETREN, =275
A RVAT LOBPEE, Bt O2TUITAEZBA A NEZ#HE L, FRTEA N
B GRS ERE T 2032 LS, 7uv=y M TT 2RI D ABIXEA L AGREIL,
[F Camdk, [AIC AL, LA EDANBZEICHIZ D Z LITEHETH D, Lo T
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Yz hvR—U v, MTABOHE & SaiiE, MBI - LoL
T v T aER DONEEIRMFEL 2o TND.
ZD XD 7RI, BAAEAT DK E < DNTFEE AN OB, £ b2 LT
HHEF HHINOBENL, B2 A Fofinsb bR HOm) S b FEBHEEECH 5.
FLASKERRICE AT BB 7 1 2 LB — U, GEREAR LAY S 20, 25\ Tk
BROTQNEINE IO RN ETFARER bDIZ L L D L& R T

2) R-PiE

HEHEIRIC S o7 a Y =7 MBS 2 ERHRIZOE, HiEAoO A CRED
HAETHT 0T =7 NEEDHRNNLTHD. BBEOMRIZIE, FEdfoA Y v k&gt
IZY AT &L, BLRL~LEDIFY AWERDITAHZ ENEETH LN, <070
TVl MO LT TEAFHE L=, FHkio RAG LY bt ROFG 412 5 2
EThHoTz. TUHTTARVAT LD Y —Aa—RFEKRTHY, VY—Aa—KRET%
ANZ U CRIBERZRFET D 2 EIIRARECTH D720, VAT AOIMNYER, EfEr s, (I
BE, LU CHENBA CWE S a7 a 7T AaBPR LT HINE OfE s b7 m 7 7 A U
LT,

ZOFTHRLFITIOE, V—ALEBIL QURWMIERES, HOSGEEET 5
BiliE L0 b, BV a—UbENT, HHILOAEVHBICESEZT 57 10T Mk
&, FEBITENER ZDUE STV RV EIZH o T2,

FRR BT 2R —UY, HHL I LI FR v— VSR ER ST T,
RRHNIZZ o H Y BV 2 —/ULSE, FEREICERSET L b HoR@ffn 7 2]
7 A~ AN )5 e G A I HE TR OMREZ SR L T, ISR ORE 2%
HIZLTNEE R T, ZAUTFRIRAC T 1 7T AORSHER FICSERN 2 & B 2 7. Bl
LIk BT TA RV AT DT TV r—3a AT A 724 L3RS, BHOR
SFEVEET D, BOSEE, BNOBREEZERE L7 1 /7 LAINRWT R ST AT D
CVIRG T, R A b o T BRE CHIUTHEC OISR 27 0 7T KRN
ARV AT NN -

3) HfTkLY FOZEE
TR TTARVAT LAOBIRIZEHDD L0 >Tobh, VAT LEETL2H5
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DLENLT IT B3 b L CTx7z. C 538 UNIX, LAN, Ul —vafnsy—a~—
A, AT 4T, V=D AT— gy, A7V ManS:EE, o OLTP, 4GL, L—
4, SMP H—,3, PC, Internet f#ffi, 47> =7 MEAERE, Web, 547> =7
Bfin &, Bz BIFIUTZ V372078, BUVREIZD SV TEHITE 22 bR E 3R -
TR E LT, BFETT 07 6077y N7 +—20 A LIZY, Fl20THEED 2
EDBALIERCE D &, AT ABERNED, FERANCS AT AOHERE
i boicLTLES.

D, ZOBFREY — /BT 58N @& E S HI12dhiz v, BRH#FERTHY >
FHThHA I HIROHRERHTHZ &L LT

DL, BRI NDEN—FEOHIE DI LN Z 2720 I TliE7R <,
%< OHEIFEIMENZ 7082 2 L 2RTAI, (RIHMEORWT 17T A AEER LT, =
T2 ET R TRORSHRRTR N IR ikaR L e DA AR 2, A TORIR A LELL B
B, R AEVEET D 2 &S ATREZRBHFS Y — VAR Ton e B T

1. 4 AHIROBE

A SN THR L2V A & MILL T D 8 5 Th b,

1581, BRHMFERTHY >S5 THAIEINTIER L, = Z 7 T4 XL AT A
TROONDUETN, VAT 2k EOBHEAREET 7, 2 U CRSHEDO R X 2808
(AR 27T 7 7Y = a U OEE RS T 5. ZHUZHOWTE L (1) TR
D,

2 BN, W EBRENY —7 Y NEeRDV AT AEHEE, HEnT DDA
5T, 2L OBFIREDEGATRE R ET VAR L CET A=A L FEHT L L &,
BTN EL LN S b AR O R S 20 A% 7 vt A 2 %10
. IO O R HSEX, BFTANLEOESDY T NI 2T ) —Aa— R
AL, BRI ED X D 7 — NV EEMEL AT O MBHLMNCTE 2 2 ThHhD. T
ONWTOREZE (2) Tik5.

ZLT3RAIL, BT AR—RFFEEITH Z & T/ T AHEVERRIC X 24 -
&, BEVERLBINOHEETT 7T I U T HAT HHMT BV ERIZ 726 Lo Z &
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B, V7 b= T BRSO R | S 65 T & AN TREIC Ao 7. ZOREENZ ST (3)
Tk,

(1) RIFT7—FXTIUFYICHEHEESLT T r— 3 AEEDIRE

SADTETTA XV AT MIROONLEHE, 1. 1 TR bDEE LD &
UTOX I ND.

O Fric 7B, BERa T AT\ Wi - BRE A FE O

@ A7 T v FBIRRAICAREM R E, WERERIC A 59 A0, Mg a Rt 5

@ MERONBIRE, AT IR S EHATHETH 5

@ V&EDDVRAT N CHEEBONIRE, AT IMERRARITEBTE 5

® RHNZELFIMICmZ D X5, FrEBITm R <RFEET, SEU RS TIC

TSIV TWRWEEAREIE & 72> TnD

DL BEDPVEFNCERIAIFACARIZBN T Z T T A AV AT LS E o
TETRBROBENRH DO THD.

T BT T A RVAT MIHARITINT 50 %0 b— K TARiEEaOofbsE ¢
FHASUILD, BITFSCREEDOZ L T 70 FRUICA-> THEADNTTAL. 22T
YRR EIR Chh o7z a2 o — & OMREE BOIRIZIE DT 728,  [RIRROE A
—FELU RS [ TR I DRI~ 7223, 70 % A2 E(E R
EDFEODEDRHEI, NEVAT LB XTI T 4 TIERECVID §5 2 & THER
WERERED D NDDD [H T A AT BERA MEHHIA T A LALER) | OEADME
HEIh5.

BIRHI N FREETHI, 474 ABETHR, B ANCRESN 2 Ea—X
WP D AA T L— BWHEFUERT DIFREN TN T, ok EERE S BEORR ) BAgE &
KRB R S Qo 7o, — 5 /N b SRR b b, 80 AERIZIrvIME
EEET% < ORFETRITEADEAT.

80 FARETIIA A 7 L—LEHWE L T 5V AT MBI ThH 7223, 80 44X
BAL VL XD A P TORIZ K Y, UNIX H—, RDBMS, LAN, PC 7 7 A
7k, PCH—3, 4GL, OLTP(Online Transaction Processing)€=%4<>CORBA |Z
RESNDIBAT V=7 MR EORY, BAHNKEEIZ S AT IO E S 17 Z
ATV R H=NERTF NI FGAT o b - VAL 54 AU | LFHT DB
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Ren—efb L7z,

90 F L -0 Bld Internet & ZDJEIEINS, = 2T T A XL AT Db Ry FU—
JHMTE Y NU—7 ZRH LTSRS E L CEASND L1 oTE -, RO
(235 Internet BIZIEHOD A 73—V 7 OREZAED T3 Web Hiffr &, HSRAIR > b
V—J S ETHIN, 7Ty N7 4 —LHOR—FZ T 1 1B Java SRE0NH
AIZBVTH 2000 FFIZAD SIEFANTERII SN L 912720, S ETU AT LMERD
HEHER L 725 TC0D. ZROHEINZFIH LIz AT Alx [Web 27 A(Web Bl 7
A A EFFEER, 4 EIZBWTRHE L RONDBHEEETH 5.

2000 FE1% 454 H £ Tt SOA(Service Oriented Architecture) & 5A8(l, 7 7 7 K,
A — N TS AR E RV AT IR L 72> T D,

TR TTARVAT BT, PLERRTE 72 80 HH DU NFZLIRNZ BT S -
AT LOBEEN D, A HD SOA 07 77 N IR L2V AT L CTHERRIE THOCAT
TEL, U S QWD AR CH D, SHITBUCBIIR SN D VAT AR T
80 AR D Z ST LD & TIEAR,

TR T T A RV AT NTHRHIER RSN D ZEDOHIE A LR DV AT LDOFi
1, P CHIE N2 72 EAHE L7 BIFRE L, T 15 FRE< Ik ATV 5 (3]
ZHUT— 2 EDO N~ R 2T, 0S 7280 1 2 LR kvw =76l L v @i
BHMNTHL.

LB T TARVAT AL, BT EENTE 2 EE R IE )T RE LI 6, &
ARSI RS 0 AT MR D D (TN H R L T —F 7 7 T LS.
BIZILZAVE TRAT Sy FRER, TRA MEFRERIOA T A B, 7547 | -
P SHIDF T A A, Web DA T A LA, SOA 72 EThb.

VAT LRFEY U, TN B DRREE T I AN G, SRR ST —
X7 7 F ¥ DAL ORIEREING,  Z 0= e itia FR @IS AT AITH
D ANDT=DDY— b UTBYT 5. 20720 AT KBRS — /WM IRFERR &
DOREIDENGRL, Fafb S, TOEIDTIRD 5 HITRE Rz RS 5.

LinL, WICHBS 28007 —%7 7 F v BURTE IRE B 5 L, iy —r
TIPS L < 72 5. #1212 CASE > —/1F GUI(Graphical User Interface) > RDBMS
RETTAT b Y= NTEROBIA~OFPZTHHIY , 4GL 13 Web ~O5HiA3E
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iz, Web BHFEIZH1T 57 L— LT — 7 [JFFED X O IR 727 L— LT — 2 3%
i) 203, BATHSHoB L SILUCEHIFIH AR & 3 D30 RR Y AT MU 3R
Lz,

R oY — g, R ROEIROZEEVELL BITitsh g Z &7p<, RINZHE - TH
HFRET, ZBREFHE LT 2 b DOIRO LTINS LB X T

KRR BT T4 R AT N, O& DD AT MBI ONFRRE « 3 2T I
R (CNE~NLVT T —FT 7 F ¥ LIES) ZPESELZE B LR, KEiftey
AT BNTOEDDUVAT L THY 70036 S F SERELRZ T HENH Y, 7o & 213
Y IA AR T R2—WAFIiE Web TH—E 272523, B{TAL—
221X RIA(Rich Internet Application) CHEEE 7= CIEfitd 5, Fo k&7 —& et
DR FTHEES 5728, ~VTFT—XT 7 F v TR T D Z L3 ITh 5.
B — U~ VT T —X%T 7 T ~ORCD VAR L E 2 7.

Uk, ZNETOZHZTTA X AT AOBPEOSLERE Z, AaX T, 7
2. 1 CREEERTHY 23T 2 THA I EIMIER L, 4 BRI ST BRIHE,
VAT LT XTI Fx, TulT I TERRREEPLINIL, 3. 1 TENLOHN %
fili o THPRITHEERE SN D VAT MERAERT D, HIVT3. 2, 3. 37T, 3. 1 TERL
eV AT MR TCENIS 77 r—a Y 7 N = T Ok, PRSFEO B S 28801288
ESTRGY

2) ETIA—REFERERRFEEERT O6HFEY—ILOER

MDE %, — a7 mr I V5L 0, oo LG & OHARE AR
, KR RAAL L ofkE, 8L I 0 EEICRETRE G OA S (CofiEodh s
FEATTIVEIRS) EBPEICRIAT S, ZOTT LV EEMCAEERGE L CRE AL,
FIZOETNADG Y —Aa— ROARL, T ARV AOERRR EIFIAT52 T,
IT VAT LB, SR & o3, < XD P iR % B0 &9 D8k
Th5b.

MDE (%, = Z 7 T4 ROV AT LT OMG(Object Management Group)7s
2001 4F{Z MDA %278 L C—BEDE A 0=, BROTE LS Z T T b 034], 4
t, MDE EHD7=0D U 7 7 Lo AR 2 Fof- LT 5.
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R, FEFESUTIT 2 MDE @RI RE S 7= [71(8]. #7832 7
FTA X, MEATRBDR YN CHESHIC T T 5.

MDE DAFEMRCIEIN FI6d 2 —EORITEE RO THIRR SN TE TS
S, — S CIEEMSE A NTHEET AT VREDHEL &%, £F 7—0BERK, B3R
BRI 258 2 A ORI, M~ 1A v FOREATERIY— UL DT TR
N w7 e 2 v=7 Y ORISR S, X ARBENRRIELN & b IiTTn
5. Fl, B R 11012705 LS T2 7R L, RO T C Lol
S TURU,

ZZTEoo8, TaYes N, HOHWTEZENOBIFICE U CEEA S =B
EEAETHY, R X 7T A DR TIIRIE v AT 2B U TR, ik
ZET TR SN R e otz

1980 AFRAIHAL U, MIFEHE L QU e X 7T A R AT AOBPRERITGZ 57280,
%< D CASE V—/ViMEZR, BIFSH, RO THRM S

FNETIIT R I IV SRR, a—F 47, T8y T 778 O BB
FEELUTED, BFEIMRRANTIEZ TE 72 80 FRICAD, BT rY =2 MIBb
HINBDMER, FTRFEWVOEELERRSND L0 IRoTE T, 2B B H1EE
(IHEE S TH Y, ZORH, BT at R b R¥a X7 — 3 O
KrOTaTxl N, HONIKFOUHZ, —E#O IT BEASERZETHREND L9
(27857,

(L, TEAAL LTz R 2 A0 ML, SRR 6 71T T LY — A& TR 572910
WEIERNZ S B ENDTD, U RF 2 A "D T s T AT 5 V)5
EEEND. T CASE V— /L Tho.

L URPEORZETIX CASE Y — VO RER I & 0, £7-2< 0 COTS
D CASE »—/UZ, BE TETRRAE LIRS 2, HDOWIIATIR AP BRE L TV
T LITHEIR LT 1980 ML DI 28T, BRAIRORE R L ol s
TP AT T (AT B R a6 o — 2 O— RN G, Zeides NV
O U o — K R S B ERA~D/ T Z A K7 M EFR L, Visual Basic (&
RFEEND 4GL & EN03FE8L9 5 GUL, RDBMS, LAN % Hisiire Lz) Oifiuc
RGBT IR L. 201D 2T T4 XU AT AIZBWT MDE ~OHiFF X
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CASE OFREZHEINFELILTWAB].

Frx b AL T L—L ETOY T MY =T BN LR Th-o72 1980 LV =275
A %Y 7 w7 = T BFAIT O CASE Y —/L & BAHBEEE U, [ < A Gl L Cuy=[9).
1980 FFREZN-DF T A DU TRHATHATLIZ AT 2 b« =3« T =% T 7 F v,
1990 & BHIBIT D CORBA X° J2EE, NET, SOA 72X o 7R—x> hMEmM),
AT Y =7 NMERT—%T 7 F %, Web Hifli7e L% <D L Heffins a5,
MBCHA b S HERE LT x 72 [10).

FHZ CORBA |JHiia 3695 A L AR—3 o MW, et Y =7 Ma~Sitind 57280
KRS ER REL, 77U r— gy« 7L—AU—7 LEFANSAERESNS T 0 s
T haA— RIS IS =a—T NV ER e L. BT VERARL L, ARk S ivd 22—
RIId 3 BBEIC~ y BV TS Z L ERER LT D ET LN —AB#R Y — /LA BRFE L
7211, Zhuc Xy Q) TRRZAA 7 L—LBRNS 3 D3y FRERINS 7 A T
k=3, Web A T4 2, SOA 73 EEHLOIBIERE « 2 A7 IRk (vVF 77—
T 7 FX) OIS ARE L 72 o T I THRAFR OB b AlieZe X 5 I b S TE 2.

HDMEST DB Y —/1E, MDE Zt5m L CW57205, E7 VTR TEREIL, £7/1
TETEAL LS LIFBZT, ET NV TRATTIDIIRELS, Y7 MUy =THEET v
TIUTHERF L, BAFEIRT7 1 =7 P2l T % 2 S ITHE D BV IRE L TS,
FRESNTZENTET NV TRI L THEESFETEOTOBEER IGERL, 7T
DRI WL, HXTET/ULDOREN B L TD.

AT, 72, 2 TETAZEL LB bR AT 2 5 Y — L OB
R UNAVAY

BT 4. 1 T, ZLOEIFEDZIT AT WHRLORZET L E LTRIT2 28
IR, ZOETNTRLR L TT 0 YT bhx AEVERT D& FIEECa—T 1 7T
DHEIPAEHIEC L, E7 /V"—ZBR%E & AR 2 WNL S D Bi% 7 v B A R b
%. 4.2 TlE4. 1 CERLICET AN HEERSND V7 U = 7 A B b 5.
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(B) ETIAR—REENLI-LTV T Y7 RIEDHEERL

80 TR TIX IT HAFFE R RN ELR & B X DAV AT ARPIEEOREE XIS, 4
H, IT VAT AOMESOE A OAEIRICEE LT-EEA 7 7 LTREL, VAT LfEE
(2K D P — EREIOBREEE NS E A 5 DIHEL 2012 b b0, BRI
DAHIRHT, A « BHER, R - EHETOI AT ATA 7 A I VDR EELT,
B AEEA O BEORR LT, FIEE, — AL o/, £ L TEOBOEE T
& DWW LHBREDHER & T, EEELKEIHLTAI DLW BZANREL TE
[12].

LU s, ZOBHREOT THEHRIENE T DM THLH D, VAT LBHFRA
RIET DRIE &, TRt a7 O ZEE ORI R E . C& 7= BRITh-T-
WREZ iz, ZARWBEEZR OV AT LR pa A M TRIFE S D3RI & 2 TH
D/3— "=y TR ST DENRH DS, FFEF D OZFEE 2 A MEED
AEA D, ZHEDOFEE T U UIBEHERO NEH S0, ENEhS— h ) —
THENLDORE I HEER Ch 2 LR STV 5[13].

V7 N =T EFHICEIRET 250, FOaARX MIRURERA /N7 NDBHH/RT A
XY 7 b =T OB E - B TH Y, FHEEDP OB TRIT NG bivd 3 A Mgk
DREAINL, V7 bU =T OB A A ERTRER AL, KR THMET 22 LT, ~EH
SOMEHIZFETE 5.

VT N =T OB, 1ERNS T 7 7 v a iRA v MEP : Function Point)7», Y —
A a— ROAT v 7H(LOC : Lines of Code) Z Bz & L CRIFAT S Z EDVAL FBEN ST
5.

VAT LEIEOYMIBFETIY, AT MET 2N BRI ATRE T, FHEL—L
Bfe7 7= OFBIED = FP 3 L <FIENS. LT LOC 290 RAICRIFT 51
(3R~ TS BIE L2 huT e B, BIXIIBIRE ORET), WL, T my = MER]
OFERE L \ N7 NI « RN, ~'m 7T I U7 E5E, (D74 77 U OBREREE 2
EEIIEIRN IR E <A AL SND. 2D LOC TO AT EOHEFNZHH D
Z LR DICDEBIMEITRT, F</— =2 IDMEE STV D IEESFAT T
HIUFTFIRICRTEZR DS, BTl S— N — y TR 5 & OIE ClIRafiR & £ S0
ERA

—J5, FP 1 35HEBEbT 5 2 LS, ML—=U P22 e ARTED 20,
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FHIRHIER Y 7 N = TR EAT O %Al E, Rl A R0mb s e, 7ryx” b
BB TE, BEEHIC T 1 7T LY — R a— R) EOEBEHN~ v © L 7 REE
T—=2AbHY, BT Y =7 MEETIIRMmES L TLE . ey M
TIIHAETH LOC THEMEZFHIL, ay =7 o & WERHBEECRH S
D — ADEENI .

ZDOXEITBHED VAT LBFIZBW TS, FP & LOC Zblicfiy vl ChiR 7 a
VxJ Ml LT REDRH L0, LOCITRNR L7z Lo Ic7m =7 M TERHSD
NE, B Hiii7e Sk REEDNEA TN DT, FP 2 Hiible LOC I[85 2 &
TR TH D Z L BTN,

FCTCIE, 2. 3 TFP & LOC 0% 4 OF| & MR Z RS 5 & & 62 2 DD
EEARAECRIHTAZL T, Tuvay bR VAL MEETE D L ERARD,

5. 1 TFP Ot —A b2 ORIEEZIMEICL, 5. 2 IZBWTANMETIREL
T2 BT NA_R— AR — L OBHIZ Lo Th72 b SHLAHEIN, LOC A3FF>7 =7 k
EADONE, Tayxy MEME, Hiffile & DZ28RAE/INE <570 FP M BHEIfIC LOC
AREE X CHHATRETIIAR W E DGR ASET 5. 5. 3 TIEEET —# 2RI Li- s Iz
ATV, BREICK L CoRIGREE LD D.

%6 T TIL, 2 E TR 5 B) FTONFTRR I A FEHL LT — L AR B EE
RL, 7 ECEL, INETHEAHLCEZVAT LBIRICBIT DY — IV OFE & il %,
SEIERIAT DERITS T DM, RIENIED SASRIBRRE O, AEREME, SWEO
BUEDAOIRRD.

1. 5 FHIFIRDIERK

FLIETE, ZZETERRTELIE, AFETHR D = 2T T A XL AT LEAFED
WEHE O R, BN BR DT Z T T XU AT LBRFEOAPEN R Fa @t 5
TSR L BHRATTE, £ L TR 5 FE A R TR~

FH2FTIE, LU 3 T L5 b T Tl ) i AT I R T

F3ETIE, RHFHING= 2T T4 X AT LORHEEEEL, S HEHAINS
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WEERE, VAT LT —XT 7 F v, 70777 SFE0OMAE TRT 8 DD AT A
MR A EFRT 5. WICEL OFENEPEE LT P RE, FRE, D gL s LBz
BEDY 7 N THEEEERL, ZO3BIIHITTEY 7 MU= THEE T8 DDU AT I
TR S8 2 i EA IR 5.

4TI, 2 < OEIEDERG L9 <SR 5 — R b B L0900 MG DE o
LyLd, BRET YT MU =TSR BEVER T D 2 LAV TRE LR D LV A
L L TR AR T 2T L ERE L, T/ S— AR Y —/L CHH R & BAEHIH
ZHONNTT D, HOWLNIEET NV TRTO TR, E7/VTRilk L7c 5230
Wy FCa—T 4 T LIS s L, BT AN OHEVERE Fa—
T4 T B SAEANTAR 0 I BRI T u e A A SREL, RE LT e (2> TR
MDY —NOEBRTEZ R

7 =)V FCREH, ZEOIFEERFHITL, V— VBT L [FIRHCEISE 7 1 2 25 L,
PIFSHIART T T < LB IR I L, BE ATV, FIINCBET 5 2 vy &8 - R
LT ER S D, 55 ETIX I BN~ & 5w, Y/, Mo
BB L2 D Y T U = T ORI RAETIAC DWW TR,

56 W TIE, ZALE T8 3 D b W E COMERI A EBL L7 —/L O B4R
HIEM 2 R,

B/TETE ZNETT7 L RT10FLLE, 300 A7 ALLEITHEH L2556 %,
SEIERIAT DERITS T DM, RIENIED SASRIBRRE O, AERENE, SWEO
BUENOIRARD.

FREIL, 5L L, FLOLEABROBBIIONTIRARS.
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ZOFETIE, 1. 2 THRANEAGR/ LD 3 >OTETH D (1) ~VFT—FT 7 F¥ITx
JSHPRD T 7 r—3 2 UAEEDRS, (2) ET/VN— BRI & BAEIBRSE & FEET DB
Y —VOEH, () ETNAR—AFRN G5V 7 by =7 RAORBE LD 3 >0
T—=IIONWT, ENENEIROMER 25T 5.

2.1 IINFT7—XTIF Vv THREINBIIURATSARXVRTLA

IZUDIZ, BIEEDL IR BT T4 X AT I, AT T o FBIROMGRE 72~ T
WANEIRT.

a—)Lt43
0%

TEEIH

fes% - 5k U5 &)
2%
HE-RE
13%

AmER
EEEREE

1% BESE
5%

EE-YR

ﬁ%fﬁ i
SEEEEE /
2% ymem
St 90T 3% AE-BE
11% 3%
H—fi%

YRH—EHE

10% - — BT

Pty - 2 ME-BE 3%

2% 1%

4 2-1 R (JUAS 7—%)
Figure 2-1 Kind of business system specialty (Data of JUAS providing).

X 2-1 13— EN BHFIHOT=DIZBIR LIz o 2 7T A XU AT AOZFEEHFER %

FLTRY, fEE HHRBEE BX - VA KEE 4R REEE2PLNZZZ 10
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Figure 2-2 Kind of business system specialty (Data of IPA/SEC providing).
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Figure 2-3 Database management system adopted with system
(Data of JUAS and IPA/SEC providing).
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Figure 2-4 Programming languages used by development.
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Figure 2-5 System’s architecture adopted with system.

Z 0,
2.1%

o4k
SUHyLa INYFER
AL, 21.3%
23.2%

xf FEALER
(REVF7R

vay),
53.5%

2-6 AUBYEREDWETIIRIL
Figure 2-6 Processing type adopted with system.
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Figure 2-7 The main factors affecting development productivity.
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Figure 2-8  Adoption rate of COTS.
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Figure 2-9  Software size estimation stages and related risks.

Drawn based on Barry Boehm : “Software Engineering Economics”, Prentice-Hall
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Figure 2-10 Comparison of two methods.
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Figure 2-11 Phase-based actual effort ratio (Software Development).
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Figure 2-12  Timing of LOC turning on.
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Figure 2-13 Conversion from FP to LOC.
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Figure 3-1 Basic model of the batch processing .
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Figure 3-2 Application template for asynchronous execution.

(Basic configuration A)
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Figure 3-5  Batch processing using client server type data base.
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Figure 3-6 Distributed application that function overemphasizes to Y.
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Figure 3-12 Distributed application that uses client server type database.
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Figure 3-13 Distributed application that uses distributed transaction function.
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Figure 3-16  Distributed application using message transfer protocol.
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Figure 3-17  Distributed application using peer to peer conversation protocol.
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Figure 3-23  The implementation by the MVC pattern.
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I Database Business logic v

Access F laver
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Database Database
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‘ ! 1

[ RDBMS ]

4 3-29 /Sy TR CEAMERLA)
Figure 3-29 Butch processing. (Basic configuration A)

2B RTa LR ARROMRE, A7 1L —ATHEM UNIX C% Linux,
Windows T% k<, £72PC THEV . SEIIEFETH COBOL 2 &R 561235\ W3,
T Java 28 IRT 57— AL TE V5.

67



PERID/ Sy FAENT, AR LIZE 30, BRSNS T L—L T — 7 DMEHET D7
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Database Database
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(D Layer) (D Layer)
( RDBMS client API )l soL
3 Q i
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middleware ) Result L middleware

4/3-30 /S TR (EAMER C)
Figure 3-30 Butch processing. (Basic configuration C)
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Client DB server
< ) >
Input Displa
m play Database
Il 1
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[ executigon environment [ RDBMS ]
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Screen i/o process
layer)
Business logic
(F layer)
Database Database
Access Access
(D Layer) (D Layer)
( RDBMS client API ) SQL
+ =)
Communication ) ( Communication
middleware J Result L middleware

(13-31 XEEBEHR Y T AT b« =N T MR (BEAMHERK B)
Figure 3-31 Client server system configuration of conversation processing type.

(Basic configuration B)
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FoIA v NI W T g BT OLTP E=4 SRS R = 7 OFH 2R
E LI TH 5.

Client Server
Input :
device
Visual programming language
[ executlgon environment RDBMS
Database Database
Access Access
(D Layer) (D Layer)
Screen i/o process Business logic
(P layer) (F layer)
(___ OLTP monitor client || Tyansaction| | OLTP monitor ]
3 =) 3
Communication ) ( Communication
middleware J1 Result L middleware

X332 AL TAL TP a BT TAT b S RT LR
(FEAMERLF)
Figure 3-32 Client server system configuration of online transaction processing type.
(Basic configuration F)
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S A R AP —23, DB YN BILTZ 37 94T b« =Ml Th 5. 2
NbT 7V r—3 9 AR UTERA 37 MIZEA L7, RDBMS ORERETHILS L
5.

Client Application server DB server
3
Inp}“ Display
de\ilce
Visual programming language Business [nacabage [ RDBMS ]
execution environment X | | Database
I logic Access | 1
(F layer) (D Layer)
Screen i/0 process
(P layer) T l l
([ orte ) [ RDBMS ]
- - ] ¢ .
( OLTP monitor client )| Transaction| U mozl or | cllen; API SQL
Communication ) ( Communication 1 ( Communication
middleware JT Result L middleware J Result L middleware

X3-33 AL TA L NTFT L a BT TAT b S RT LR
FEAAERK F)
Figure 3-33  Client server system configuration of online transaction processing type.
(Basic configuration F*)
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bR &, BRIFATIZ FAT 2 b« U RT DL KR

4] 3-34 |TXIEHED Web o 27 MR A ~d. 71 MZ Web 77 U aE < 1
WEITAT NELTEL., 22377V r—ya 3. EERTE Web H—
MHENZE 7 a— K& N5 JavaScript 732 EDMHNT Co—hL ) Y —R(ZEHET 7
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i/o process
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server client API
Event SQL
: 3 9
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middleware )| Display data middleware J Result L middleware

X 3-34 XIFENERIO Web AT LML GEANERL E)
Figure 3-34 Web system configuration of conversation processing type.
(Basic configuration E)

SERBROBAE, 38DV 7 Fy =7 - 2L R—3 M Web H—3 o4 TI2kE
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Client Web server Application server DB server

Session Bean
Database
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Screen i/0 process logic Access Pr) <
Display | (P layer) | (F layer) (D Layer)
device T l

Web/AP EJB APserver |[ RDBMS
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i Event SQL i
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: ___¢ =) : -

Communication )| Communication )| Communication
middleware [Display dataf | middleware Result middleware
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X 3-35 AL TA Y RNT YT L a LB Web AT ML GEAMERL H)
Figure 3-35 Web system configuration of online transaction processing type.
(Basic configuration H)
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Figure 3-36  Eight system configurations that are basic of multi architecture.
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Figure 4-1 Software development process.
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(Interfaces external to the software item), 7 —# EFT — X ~— A% HEREH
(Data definition and database requirements) Z#ii135.
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7 =— A %5 HDesign for the interfaces external to the software item and between the
software components)3°%. F£7-7— X ~_X—ZADfx H7 L1 D% EHToplevel design for
the database)#1795. P,ED ® 3 @525 Y 7 hoxT « 2 ih—xr MIBET 5 %
AITHTTITRD.

BRI & LT3, Rl r—2 7 =2 (2O WEREIe S AT MERE—5),
7 hy =T e ailR—x M Gt 7 T A, G, SN X T = — AHARE,
E-R K72 EDMEESND.

3JEHMNY 7 bU = TR 7 A(Software Detailed Design Process) C, A > %
7 = — ADFHERH(detailed design for the interface), 7 ~ 7 =7 CTHEII HHEREA AR
KT DY 7 Ry x=T - ariR—3 NENENOFEMRFH(Detailed design for each
software component of the software item), 7 —% ~— 2D FHDetailed design for
the database) #1795 .

BRI R E L ClE, &Y 7 b =T - aviR—xr OIS, &7 by =
T AR DOFEIA X T o= AR, AR, SRl ER X £35S
XDHRD.

B MM Y 7 N = T HEEE 7 v A(Software Construction Process) T, Y7 b7 =
T & TR R ADFEERT .

TBICTR21EE, BEHFRIEMMbESh, 7 r T ha—NMuLod<7edn,
B = A Mdmde. L7edo> TRANTIIHIIOB R = 2 M ZHIRHE 51038 Hiro Y
7 =T EEERT 1 A TR LIEGEH RS Y — VDA LT DO TH .

LML, 2Ot AORGHERNOT —FX—RAEHRSY —Aa— RN T 5 &,
TR ZREEINOMI AT DDA BT 7 a VERR LI — A —ANBE5
NDERTES CHBVERT D Z L2570, /74—~ U AIERE A ZRE L= 7 —
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TINEEE G OIIRWEREMEN B 5. £, T— T NV EITEDAZ BN T TUET 5 &,
PIBRTET NA_—ABIEICRD Z E L < 72 5.

[FRRICY 7 b D=7« aai— hOKREOEWR Y (e, 7 7 A&t b H
IS 720, FBLLIDWMIRRZ 2RI T m 7T b a— RAHEER TE 572 HRTEIT
DRI, ERENTET T 7T ASATCa— RENRKETH D Ly, ElEShiza—
RE~SBEPE G, 71— RO ZZE 1IN0 )y, ZOH%ET L—
ABPREMGET D Z LN 0D, ZOTBEATIXPFED ®3 @505V 7 hyx
T e AR MR DI TN D 5.

—HT, &RbY—A3— FNZEWEREEMAD Y 7 bU = T RElERGEH 7 7 A
(Software Detailed Design Process) CYERk L 7-ikaHEHRZ AT & T DAL, SE2HHR
e L WD 7207 7 Ry TRIOBFICI IR bV TWS. LL, ZoLb~vr
DETNEAERL, M2 2 Lldb 2 A METH Y, AREMER HIZEFS L.

T TRIEY 7 b = T EER T m e AOBGHERICTRO Y 7 b o =7 J GG
1t A(Software Architecture Design Process) L~V DIEHRTH DT — X _X— Ak 1E
(ER X)) &V7 bhy=T « avi—xr Mg (7 7AKE—T AKX ZINZET
MeDxgE Le (X4-2).

ERNRERBERETIL EMERLEOEE

. . o YIRHIFAUR—R UL DR EET—4
e gilise =t e ARG e T L TP
BUHER | S48 FrBHeR CLIBtt, BELILBYOMiEIS
iy ' BEBU AR,

Ly

YIkox7 SZAE, —4>AE, ERE, %LT:&JSU(D\/Z!‘"?I?:I
Aams | e T AR EREL K AR EIE T —a R
a2z cte. ADT—TIVEHETZS.
VI P BELELBYDTOT56E || 4
gyt | SIURARUPORMMER L pp i aimiie Tiis, Qﬁﬂ
Jaezx | ©¢ BFAR BB,

/2v0x7 | 1Fng5LY—Ra—F,

BEITOER | F—HR—IAEEX

X 42 €7V Crild S
Figure 4-2  Range described by models.

VT N = TEIERT B ATBOTI, VT R e T CEBT S R AL R
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LN E DA 25 7 = — A(Interfaces external to the software items) %23 BV R AT
e A, i MRS LA T T b, BB, SN AT L EDA o H T = — AR L,
T—HHEAOLR, W, HARERPE L7 —#HH E#(Data definition) €7 /L L35

(% 4-2). ZHHIZAARIZIVCEFUEERZE ST TR A b TV A RGLE38] &
FRIOHDBIYEHH L TS, ZHHDORAICE Y 22—, XUZBFE HET L—
ABHFEENDTZ OO 725 A A N/ NRIZIZ Hitd. #0IRL &7e505, b
Iz Y 7 ho =T « ari—xr MiloEEBetween the software components (Z5%
L EBPRANTRI 20, V7 b U =7 AR T n R AORGHER TH L7 T A& —
AKX, U ER [X(Design for the database) #10E9%.

ZD X I UML OFIIMEER N & £, TN INE T ZTTA XVAT L
FIRIZBWTCHARTHH SN TEIeEREE7 VLRI Lz, UML 72 @& e
WEPTZAE © J7EH TN T B [RkROER 2 JA T 5[40,

V7 N TG R A TERG SN D EE SN ARG HERIT R TAET MED
KG LT, KA —/V LTG5, 2L DITHEVERD RIS Th 5.
fXEEEHEE Ta— R d 5. BRI HBVERCISR & 32557313 4. 2 TR 5.

412 FETIA—REAFE REERERFEOMIL

BT R— AR & SAERIB, EARRC T Y a—F L LTI 2850039 %.

ETNNR—AFPETET VA EE L, W1V 7 MU =T 2T VR T L L D &7
HRATHY, BEEEEIRRST Y = — R TBWTHET NVAEIET 2 Z & CTHEEFELA X
LNy TET DT T a—FThD.

—J7, BB, 7V A VY T b = TR ESEREMLICALND LI FF 2
AT—=varyi0s Y7 My =T T 2 LT A ST, TU R |
U THEREA VAR — R LIZBigsY — VAT 261620, ZHidFEIC UML & Y —2A
a— ROWTINIEE R oo T80, MFIZEDEEL BT 25D THD. =
NEHDY—IZPORKINH 5 oD, UML b a— b EEICT 17T~ HVZEH AJRE
Thb. BFAINCIT UML ~—X THIEZED 23, BIROE 0BT, Rk
WTTa—R&2FE LTUEEL, UML ~OBRE, = A2 MEFHEEOE®RA W
DR DFE VAR AT TR TH 5.
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AFFGEHERL LTZWVEREE, BT VEEARE LT, 7 VORARICL Y AE: L W
A EEED 2 EEFIRET LT NAN—ZFAROFHLH->TND. L, —HTh
SR ZET L CRibR T2 Z IR AHIC Z &b K< Mb s Th 5 (42].

TT U T THEDT- DN BVMEE L, TEECL D2 a—T ¢ 7 THED T 033
FRRVMEELIIECBEL, 1TE DR OFAERINAT T2V Th D, £ DTz
[FETNAAN=ZFE L L L Db, BIFRIERAMIHIN 2K S Y — A
DOt LT TR AERIBIFE D TR 2 B AN DB 8 5.

[ Rtk }
= BEIEmR ST
FTHERT D

7J04s5 Q

Yz 7EHEEITOER] ‘/7I~-‘J:7#fﬁm:& Bl
Voo 7AREZETOER] | | LRILORBEHELTFEE
THEREhZETIL TaA—TA4VT %175

X 4-3 H LV B3 7 1t 2048

Figure 4-3  General view of new development process.

X 4-3 1%, H LW BRI Z TR L TWD, T _—AOBIIE, FERAAE
OIERK, E7 V7, 7NN T 0T T LOHBEROIATHIE YA 7 V& #ic
TRREREOIE MO ARAE B T EDRAFR O EFN B A X — b U CRERIZBIR 7 m e A &A1

ZZTETMEORER LT DD, 4.1.1, K42 TRULIZE DY 7 by =T HEGERE
T AETOHPNR D, FNLLEOFEHMUTY 5 —2DRIET v A THHFTO
177 MERCCIFLSND.

X 4-4 1TET /L E a— ROBSRE L E LIZBIROTINEER(L L. BPROfn %€
TIE, FHTEREERD T L—LbT—0, FA4T TV, TETANLAERINDLT—R, F
TN % 2— ROBRTRL TN,
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New Change

Correction <--_ Correction of

~

requirements requirements demands ">~ specifications
7 ‘ ) N N
. -7 AN
i -7 \
L’ - \
- . \
JPtae Don't modif \
P Framework directl y '
4" Generate/ trectly
on and | REGENETate | ooqo oo i TN T
Design an .| Code (by auto generation) Execute

>

redesign

models [ Code (by hand)
Don’t reflect

Libraries Modify directly

X 4-4 ETNVET—FEfubE LIZBPFEOWN
Figure 4-4 Flow of development with a focus on the models and code.

H#EA Rk <415 22— R(Code (By auto generation)(%Y 7 b = 7EHEHR T 0k A L
V7 by =T TSGR A TR SNy & Y T b Y = TR e X TRk
SN BB b s D, FEECTa— MELEE(Code By hand)iZY 7 h o =7
FEMIRET 7 T A TG SNIFR Y Oy L 70D,

7 L—ALU—7 (Framework)Z(Y, T2 ¥ 7T A XL AT AIMEDHIERERES & 52>
U3 %, SR EEMATRE 250, filxiL Java THIULT 7Y r—r g oh—
73, COBOL THIUXOLTP =472 NV = T ARHEIS, isfliea 7Y 7 b
TxT « AVR=RY METOZ—P ID T —F =20t v ¥ a AFRGIE L2 8K
JRRERER 3y A — VMRS 2 7 L— A U — 7 DT 5.

Z4 77 V(Libraries)lE, T2 H 7 T4 X AT L TELFAENS B, dEfmEL
Hp L TOREL, BT ANLARINIZa— FROFTEMSIz2— RO B LT
AT,

IR T T RNy TEREAR R A T L E ORERENE, FeBinshiza—
R(Code (By hand)) &7 /M LZRVRICH D, RERBIFFCEINS -2 — T
4.1.1 THlA=Y 7 b o = 7RG 0 A CEMS AR E SN A0 5 Th 5.
E7/MModels) HE L L ENED ALY 7 N = TEFER T mE R, YT U=
7 HREF T AOERERILLTEY, HEAK SN2 — F(Code By auto
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generation)) & DA [AEIH(Generation/Regeneration) & & 5.

FTENMLU7Z2— RiTET USRS 7ey (Don't reflect) 728, V7 b o = 7 EEHERE
LYV OHFRBNIIR N Y Z S TS IEAEEI TR0 Ay Y — ATkt LU CER T 2 5 (Modify
directory) D C7'1 77~ OBPSIEEABRE L72V . V7 b U = 7 lRGT L~V OskGHE
RET UL, V—REITEAETHERENED LW, R5FT7 = — A Cld Javadoc 72 &
ITRFESNBIRST R 2 A v MERY — L ORER—IME L TR Y, Eenyy 7 4%
P D RMEORIBEEN 2 EOBNF THERF T o658 70D, ZOZ L zZE 3,
ZOFEHIETI LN Z D, ETCETADDAERS I 2 — NS D EEEELET
JUZIFR S 220 L, EERRZZEE L L7-(Don't modify directly).

Bk 2D1E, FTNAVRY 7 b =T EIEERSY 7 MY =T ARG VL ofER
ERELL DL THY, RIERSNe2— NIUEEPLERGE, TIUTT AT A
FER LAYV TOHERDIBNN, ZRLI R, I THLAREMD Y, HIZa— FOEET
TEES, 2P AT DDA ZT = v 7 T HMBMERHTS D, ATy 7
N 2 T EERLILOET L E T BT T Aa— REF 1 1S SI3R ST,
a— ROBIEBRIELE T2 1 2O, o> =— F~b 8% KT T rREMD 5 =
LIFEELSHBENTND. ARV~ IO S HIEIEZ 20— RISk LS T 1 7 7~ 3
ITUTEERIATS &, BTNV LIV CHAROAES Z b7 b It b TL 2.

FD1D, FTINBAERSIND 32— REGOEEL, T7 /VOEEIZ L > TOHR
SED by I ROT T a—FE R LT

TV ETHREICIEEAINZ GNEATE, BT ADDAR Sz a— RIHEE
SNHDY, FAEETIRLL T oa— RIILRREDR L T2 b ORZ DO E EHRIND.
Lo THIL SN a— REET VOEESHIZR O L 9 RESRTUTZe 6700,

FNEIAET DAY —LTClL, BT ANLERESNZa— FEFEETINZ-a—
RNT 07 T BRBIARER L D12, =— RARR &[RRI RN =2 A > RAVERR S L
%. FEETa— MBS AR & RN R E DR .

A THEEFEDFRFOE Y 2—/UURE B2 1X% —4 v F 55823 COBOL Th->THot
YT N—F & L0 ZFHLT, BEERSIVC 2 — N3RS ivcE Y 2 —
ELTHRT . 20720707 =3l T L7 07T AR EH e E TR, 7
JPRARENOEY 2 —/UEEEIE L, ST 22—V OEREETE LT3 A M afii
TWNTHE, Rz cE 5.
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4. 2 YT +YT7EEEREE

421 ERENDY T bz THFLHRY —

WHZY 7 by =7 ORAREE, 353, 2 TREL b

319, 320 TRLIEEHIT, 3BT hoaT » Ao di—ky ko U L & HoAch
EEFFO.

MAT, BFDES 7Y 7 b =7 I3 bOA— LT T,

VRIS DT L— AT — I R0T A 7T YN RN T a U AR— RNTOD
77— IVEBRIRIEERIEL, Y7 b U =T - avaR—x 0 METTHESEL, A
VR T x—A%iE L CEET S 2 & THTEONER A T 5.

« FT—H ) —AA~DT 7B ALD BIRET .

- FECAT V7 MEWEEEAFIHT 258, 7 L—AU—2 B DOIEELISTHE
DR N E WD R LUFRIBER LTz

PR, MR I rTert ERSHE R R O D TH D, BEFED 7 T ANTHERENRE
T SrA COBHFET NVEIEET D), B/t ae7 Vo 7 L THLWY 7 hy
T e A= FELTERTHZEAAERL WA,

FRLDBRSRFEER Y S —IT XY, ARESNDEY T R =T - a ARk MIEE
DEVBREZR . FTFTEMESNS 32— R 2O/ AR—R1y MINEA IS T2,
ZHHDFANSEHID.

S NI CHARDIBNN, ZEHRS, a—F ¢ L T DIBNN, ZEH A0 I AT OBISE A &
A MIBNT, FAHER T — FOBHR N7 ORAZARIIS TR D 5.

422 BEERODKE

FHIFECERLILIEOT v/ MEEL, 7077 LHEAENRG PIE, FJE, DED
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3 AR Bk L TIT D

(C): Automatically generated 100%
(___ ):Automatically generated almost 100%

(___ ): Providing templates

[D Iaver hagic clage 2
[Qereon? (P laver) [E 1aver o lace 2 [D1aver hacic clage 2
[Qereon 2 (P laver) [E 1aver clace 2 D layer basic class 1
Screen 1 (P layer) F Iayer class 1 P
c
event processing module for output : ]JJJ
] [ main module (for each method) [ [ Basic 4 methods
[ editing modules for output ] c £
|: [validation and editing modules for input]J [ Additional methods —
[ Screen output module ] p —
]JJ [ editing modules for output ]J Wnnm clace 2
event processing modules for input tinnal class 2
[ vent p ing modu inpu y: uJJ j_> D layer additional class 1
L £
[/alldation and editing modules for inpuu | | [ D layer access modules | | [ AENeE e e ]JJ | |

X 4-5 BEVERSND T 0T LD
Figure4-5 Whole image of program generated automatically.

4, 1 TBR=X9IL, ETONHEEZET L BEERT 2O TIERL, Y7 hU=

T HAEG T T A E TICEG SNV AEAERR T, V7 Y = TRERGG Y e R
Tt LIeE oI Fa—T 0 7Tl L, K457 L9018, 7mr T 04T
OEDEBER S NS DT TIIRV. 72721, D JEIE 100%0 BEERE1T5. £ DRk
HiT 4.2.4, 4.2.5 TlR~5.

423 VIO T » AUR—3R 2 FERUBE S DAER

B = — NHEER TR OEER L0, 3. 2 TEELZ3MED Y 7 h =7 2
VIN—F Y OGN T D 2L TH L.

I R—x NOBEIZHT= D8, BIZITPEROIFA N b RY 7,
Flg, DJEchiuifh= s R—22 MrOFNHEND AL B 2— Wi Th 5.
ZIHOEGE, K45 TiET 7 L— MTemplate) E R Lz L0, PEREL Y
YN — REERT AT T, BRI IBPRE N TFCIEET o ENRH LD, BY
TR Ay RDAH T 2—AFTETHVETHD.

X 4-6 I X F J@OBITZ D) D HEMS T 5. ZZIIINHCART 282 72« AV o R
@4V&7i—x&m®W%%yrﬂWE¢6@d,&e%%éw@%%%yz~wk
LCHRfEEND DR EOMH L a— RREEVER SIS, SNBA v # 7 2—A XY 7 K
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U T EER T OB AR T Y 7 by =T HRERE v A TR AR & AR
PTHRN T L— I Z o Enb.

a) Framework

IF laver clage R
IF laver clagg 2

F layer class 1

L

b) main module (for each method)

e

¢) validation and editing modules for input

d) editing modules for output

L
L

[

= At

e) D layer access modules

f) Libraries

46 V7 ho=T - arviR—xr hORE (F @)
Figure 4-6 Internal structure of the software component. (Layer F)

B ANiT—20OF =7, fEEH (validation and editing modules for input) &
H 77157 — & O (editing modules for output) TH Y, [X14-6 Tlidco) & DITH7=5.
T B R RINEA L H T = — ANERIR EIN DS Lo T — 2 THA OAFR, A, (k%
PR 7o 7 — 2 H EF(Data definition) ZFIH L CTAERT 2. HHREIZEICATIEL,
HIIE, RERIE, EE .

FITH Y T ADOFHE U OERTH Y, X 46 Tid )% ¥ 5. ZHUdY 7 by =
7GR e ATEG SNS Y T AKX, —7 ARG P, F, DEOKY 7 hU
T AR RO UBGREfART L AT 5.

BAEDHIERSRE CH D, /2= T — B, FEfli7ea 7 ORTSE, 7 —#~—2ZX° ID
LEOZITE L Eh B CART 5. #iBRe 5 260 BEAERIC L 287243 T 70
RFOFRV RS & 720, PReFHEDm B2 b726 L, REIORSTFAREE 5.

HifERERED I, COBOL SRE0S%At 3/ I BB ER COIZIEIL, A7 v =7 ME
FISFEOBAITEIC DT L— LT —7 |2 L) KB 5.
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F72 SOAP 73 EONERESEH DT X7 2T A NHDAR T, RTA/N, TARATY
FROERBITY. UL 77U r—3 g BRI IS E I R R A L H 127
5.

424 TTVIir— 3 AAERERS O BEERS S

WITHERET Y DR TH DAY, BT IAA_—ABFEICBW TS, AfREABR Y = — REEV:
FREATV, =T 7 DEZP S T2 & THFEMER E2H D OMEAR 2B 2 T Th 5.
L LBIFEIZ T = — FREERGREZIRY 72 < 100%I3E500 &5 £7°5, WL
Da—RNE2DTF LI ET25E, BTV 7EEOBHEMNEL, 7V 7 a—T 1
7 DITERIINEENE, TEERIZEN /o TLE ). FREETNAR—ADT L~ T
BHOD, FNLY 7 N =TT v 7 MeiEd D 5 2 THRkE L TR 5
FTNR—R LD EIVEREZEAT L2 L L L

Others
17%

Other Platform
(ex. OS,
AP serveer)
16%

Network
2%
Database

Program 63%

structure
2%

4 4-7 HPFET—LOxHGERH
Figure 4-7 The reason that expert teams were called

4T 13Hx DRFEDIEE L CNDT—H T, vy NCEAIRERCE L/

T EAORTEE A 2% L Q0D (B E L hoORSREIZBE 2 RIA 3RO TN D) 28, T—H_—

ANZBET DRENTEINC SN E VD, T AT T KRDY AT NIFEILT—H

NR=REDA BT a AR TRV THEY, Ei T — 2 — 2% 5
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FENT I EANE I DD AT AEFRIC BT AR A v R E o TWNA. FD
72 D JgD BEVERR D EREE CTh D Z L350 5.

425 DEDBEENER

D B —5772 DAO(Data Access Object) & #7225 50, 3. 2 TR~k 912, DJF
DT =27 72 AT 2022 TNET D RICH 5.

—ITEE LT DIEREREZR DAO (3HMie 7 —# 7 7 24% DAO O7 L—L
U — DT 5. Lo UEHE e SQL SN SQL LA T 5, HAHVNNIDAO @
EEMNCHRITSEABINZ. —F, D BITET N_—AOBZERSE Tkt L7- SQL
DFHZR, SQL DINTHRASLE N COFATEFF S/ DF Y D JgarSTI1o7 —
BAR—=2%F DL LImTFT—F ) Y —Z~DT 7 & ATHERR M L 72> TN 5.

ZHUIDEIZY Y —=A~DT 7w RBEA LN S D 2 LT, T—F =X ORIME
(ZEIRT 5 Y 7 b7 = 7 BA%E EORTENIAE LIRS, PRojin g itk L, R
FRLFFEREL T5. M2 T D EOBFIRIA 7 /L L CEARITERT 2 Z & Th%
OHES S RIBYERTREE 720, ey =y NEE ERE/ A Y » M.

SQL m1— F&EL 72O DRGHIRHAN Y 7 b = TG n e A Tithbh b, A
VLT, BEAMICHBAER SIS 2— NIXY 7 MY = T EEER T e R E Y T R
U =7 ARG 0 A TG SN E G Th 575, SQLIFHNCTH Y, FHHIERE HEHD)
& BHEVERT 2.

D JBIXIHI 4-6 |~ F JB & [ARROREE 2RO — el IFAAE L 72V )28, BEERS
T2 SQL L b)D A A Y a—/VNIZELE SIS, D BITRRIIME OFSRE BN B 7
FIUL, 7T AL LTGERSIVTN DT, FCa— RaBT 20482 {FIHTE 5.

426 FEDOBEEEM

FREIIEIHHEOD g7 /A% F LoD Facade(ANH, LD X H72%ED), L LTD
BEIZ S . FJECERSND 32— NiT 4.2.3 [TR~7280 7278, B VR AN—LETT
FHET ARHR ARSI TS, 1FEAEDF—ATIHH 43 DDIZERET—T > 7T
DEINZND, WERE Y 2—L & LTFCRURT 52 & b, INBEY 2 — /& TOfERK L,
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D F AN L OFT7 e LTER L TARKTHZ L HARETH D.
INE Y 2 —VEMEHTERIT Y T AKX & 2 — VA TRDILD A, ET /L Gtk 3
BHA Uy MY, ZOINBEY 2 — WM Flg =2 R—xy b EHHAREL 72 5 Rl 5.
F BN BRI SN T A 77 U OFFOH, LM 27 AOREONH L7z 8 bts
5.

427 PREOBEER

P JBIZoW T, Java flZIBV YT Struts 23— A2 L7ZHEH LA 7 v FEEED HBE
D3E O HEV A RRERE 2 R IL L T A,

a) Framework

I Screen (P laver)
I Screen? (P laver)

Screen 1 (P layer)

b) event processing module for output

¢) editing modules for output

d) Screen output module

)
Al )
[ )
/[’ e) event processing modules for input ]JJ

<'[ f) validation and editing modules for input

g) Libraries

48 V7 bhU=xT - arviR—xr hOKE (PJE)
Figure 4-8 Internal structure of the software component. (Layer P)

HEIIF LR, A Y 2—/UREOHE, SN EREFRT DA~
> Ml (event processing module for output) & 7NN AT SIUA IR Z RS 5 AT
A X MU (event processing modules for input)23ifi.5 (X1 4-8).

H)A R MU ORER: | CTH 17— & Ot (editing modules for output) & i
7778 = —/UScreen output module) 3FEH S5, AJIA X MUBLODIER: ECTAT)
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T—HDF =7, FENF(validation and editing modules for input) 23FEH 05,

HEERIT Struts (D720 BT a) &7 5. bIT a) DEBIFRICHESWTIFHE S
o, QIINENLDA X b (T TENRLOANT) IZX VI ENS.

P J@i3iraE7s 5, #il2 1E RIA(Rich Internet Application)°A~— k7 4 72 EOEFH
H%<, HINNZAR T LB LS, BRI IEIETHLHD, 1 Y — /L TER
(SR DINHRIA D DD, 2D F JEOT 7B AL 27 =—2% SOAP IZHAE D72
EMT AT DTS A & OHFE AR DA — 7 AR & & >7-. COTS & LTz
X152 < DEENERDOT2DDOH— R LR AR TX 5.

4. 3 F&EO

ZOFETIE, 4. 1 TIEUDIZET _— A THIFE T HHiHZ 7B~ 1 ADIE
WETNANLEXTZL, 20T B AOHTET L_—R|Z XKD RGN & TAEEIC X
4 SAERIBIT DB R AR Rt 2 & T, BT — AP & SUERIBETs A7 A W] RE
L7z, B — DV T DN TET LA — Z DR ERIBIS 21TV, FEETa—F +
VT DEGN I EE ChAERBAR 21T .

4. 2 TIFETNAN—ADBIEY —NADVERST DY 7 b T =7 OBREIZOWT, Y —/Ld
—H U TR 2H A > L, PFD B8O TR D4R 2 Bl b LTz

ARETIRERLEFR I v A &qiEs L, AETRELZY 7 Y =T O HEV RN A5
B3 2T N_— R B — U DN T 6 TR,
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F5F ETIA—RFERY—ILZRHRE L=V I YT 7HRE
Ml EDIRE

KTy 7 b = TP A D VAT ABPRIZRBWTE, V7 b o= 7 B RS
FEZAMANZ A LS EL0DETH L Z L& 2. 3 TR~

FP & LOC 9 REEDLIFING AW BTN, FP I3EBIE & <, 7 e v =
7 NORPENSRIFATRE T 240N CNDA, WRICTED M) D R E, VY —Aa—
R EDHIEHBT L HES T2 eb 7 ey =7 MEETHH LI V.

—JCLOCIEZY —Aa— RIpbEEEHIT 57207 vy 7 MEETHIA LSOO,
R B2 £ 2 ik L L IREIMECZ LS, Iz <ray =2 MiRECiEFIA
TEZRUN.

U EDZ D, BEVOEFREENTETCTay =7 NORPEE FP T, %1% LOC
TY 7 NU 7 OFFEBNHPAUT R, WK, FillY 7 b7 = 7BFRIZIO T FP
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4 5-1 IFPUG {EOMEREH
Figure 5-1  Component of IFPUG method.
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ILF(Internal Logical File, W&EaEL Y 7 1 /L) &, SIROILTHERRIS CI3/2 DB, 7 7
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52 FPHEHH Dy

Figure 5-2 Flow of FP calculation.

& 9 LAl < FHGRR AR~ 5.
N Y rvarTyrrrvaryOEE, ELHHWNEEO, EQ & L CRllilk L7/t
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FTR IZILF & EIF oAk s s, ILF, EIF Sl35—% 777 v a Tl
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DET #1045,
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AT DDMER LT, WBEHOBMES & U TEHAZ T TR AR RO D, Z D%
BIA RT3 g FP ThA. IFPUG T 1 DOMBT 3~7 OO ~ 7 4
v a v FP MEbhs.

ZOVEEABRET DB T, BARIZITEEIRE, e AT e 2T =—R
T LTI .

T—=H Ty vanE, OO ILF, H5WNEEIF Z &2 RET(Record Element
Type)& DET 27> h3%. RET XL 22— ROEEEZ DL 550 THY, &
SO ILF & 5NLEIF 248 28 L 21— RORRA R 5.

T—H T 7 a AZBWTCDET I, RET ICEENDT—XHAOREEE 7 7 k
T5.

J1v > N LIZRET & DET Z5tis, #Hillkigie Liz7 7 A A ILF £721X EIF (2%
THDMER LT, BHEDOIREE RO D, ZORET—4 FP Th%. IFPUG 35T
1% 1 DOFELY 7 A )L C 5~15 OHFIPADT—4 FP HMFHi 5.

ZOVEERBRET D DB T 7 A VTR LT T2 ).

VLEORANG, FPIL, LAFOY AT IMERRERNDEX NI 2 E 035505,
NI va L ofE GNIBAT), SN, SNIRGY)
DB, 77 ANOREE (W7 7 AL, SNRA 2T == AT 7 A V)
T —X2 A
FwEE 7 7 A L
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FP 75 LOC ~ZHa 325 9 2T, Z 2 ORULTIE/ST A—ZLISNOERAFHH = L
IAEE SN, DEY ZNHD/T R B Zffio TEAITH Z L SAHES L 72 5.

5. 2 ETILA—RFGIRYV—ILZHHRE LI-fEE07 TO0—F

521 ETIA—REAFREY—ILZFHRE LT-LOC DRIEE FP ~NDZEHL

AWTEDHELRE T DET NA_N—AFEY — WS, BaHEREZETVE LTEEIL, 71—
LU—=IRTA47Z Y, 7urZ AEEERETEHWT, 7 LE Y —Ra— REEK
HEANTHRD IR U B3 T 5 2 & C, BEIOEETREOE Y, miEbz AL LT
[43].

BT NN—ZAFAREATIR O L FEBLWMEREDO KE NI ET AN OO BBV TH
N—&R, ANFIZE-TY—RAa— REFERT_REEHMNIRERIN /2D,

77, AFICE > THEEFT RSOV T S a—F 1 7T A E AT L,
Fa—T 4 VT OFEIBHKIZRIT D Z L TEAZECL D a—T 1 7 EDIXHoEN
INEL 2B b END. ETAT V=7 MARSTEOMK, 7 AT MiEmEW-o7
LOC Rl FOFEE, U bORIMZ 7 L—2 T —ZADIMTHIBEL T LE 5 = & T
WD,

— A A D 7 B 2 TOVSREIEIE, KBS AT ARSI IR UE e —Y A &
7 = —ADUGEHIDHFIFT 2ONR— 1L 720, JRFHIZFIHICE EE 5T 5.

UUbD X DZET NAR—2[FR Y — LV OFH AR & THUL, Y —Aa3— RN EDEy
IZEDEHTERSIOHAEE LT < 72570 LOC ORI LT WV EBiRFS L
.

Mz T, EOFT NS EOEHGSTD ) —Aa— RPERRESNADEHOLINTHHZ L
5, 2 FP &7 VORI b SAUE, FP CHHII L7l & DE D ) — A 20—
R & B BRNR DRI 72 B B 2 HILA.
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DEVIIFP 725 LOC ~DZEE bmsh D Z LS AREL B bILD.

522 FETIA—REAFRY—ILNERTHY—XO—F

5-3ZJava D Web A7 L& 4 —4 > & L2 PFDJEsa s AR—rr MIAERKT
2 TR RERS S 2~ T
D g3y —UZ ko TaToen ik Sns. PE, FEHZ< OEe) Bk
RENDH0, PlEDA X M (event processing modules for input), FJED A A AL
H(main module) 5LBM=—T 1 > VHHRDT o 7 L— NDHZEERS D, ZDOA N
NLPESO A A AR Z 2 — RZ25BI0LC, #Eifm /(screen output modules), FRFEHREE
(validation and editing modules), D &7 7 & A(D layer access modules)7 & DOYLFE -
OHL, AMOREZ el S 2.

(C"): Automatically generated 100%
(_ J: Automatically generated almost 100%

(___ ):Providing templates

[D laver hasic clace 3
[Screen 2 (P laver) [E laver clacs R [D laver hasic clace 2
SI Qan')F:lln laver) FIII: Inuarl r\lne‘le 2 D layer basic class 1
creen ayer) ayer class e
(P layer) Jay ,
[ event processing module for output ] ['main module (for each method) ]JJ [ [ T T,
[ editing modules for output ] c c
|: [validation and editing modules for input]J [ Additional methods —
[ Screen output module ] P —
c ]JJ [ editing modules for output ]J itinnal rlacs 3
t : les for i t d itinnal clags 2
[ Svent processing modules for inpu = ]JJJ J'_J‘> D layer additional class 1
c L] r:
{/alidation and editing modules for inpu}J | | [ D layer access modules | | [ Aekliienel el esks ]JJ | |

53 HEVERSND T 17T Lt
Figure 5-3  Automatically generated program structure.

ZDXTa T MEEN 2 R —3 v M E BEAERRIC X o T SEEL ST
TRY, MEICT a7 I<wRNESEIRVRY, 7'vlT AOFAREERRKE < EDp-T
LFEHZEiFv. Lo TFP 25 LOC ~OZB S E I Im & ARSI A.

523 FP HM5 LOC ~ADZTHAE

FP 726 LOC ~DZH S, = R—x MEAE#R L TTH. v R—x hTEI
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LOC # RA&ES % Z EHERTE, HIC Y —R2a— FOKEST TR, aviR—ry b
B2 DTERENIWEIRY, RV AL FPERTD.

FASYSPHEE LT= FP 205 LOC ~DZEHA A— 13K 54 [TRTHES, N HF 7 ia
Y77y rvaryBnPRE, FREOLOCHEMICHHIN, 7—4% 777 a WD B
*dHE L.

[ Transaction function ] [ Data function ]
I I |
Conversion A Conversion B Conversion C
= = ~ -~ ?
r = <

r

P layer :|I> D layer -

y F layer Database

54 FPbariR—xr MIZLOC #H T 55
Figure 5-4  Flow to calculate LOC of every component from FP.

UL, DJEIESERRIcTY v—y a s —2 =R e 1 ek L C3EET 50—
DEEENZZ L, — 727 7 AV CThIUL F @ THEBLT 57 — & OiERfhH, ~—,
V—heWoToiEEE SQL TRAICFHLTE D, F2D L H RFEENS H a X I
ZETHY, HELEV. DEVDBIX N T Y var Ty sy a O ESEE
LT ZEAERE L TR LERDHS.

524 D EBOIEDIY

D JBOB3IY, FEMEREH 1 A(Detailed design process) CHEEFK T LT\ 5. AFIC
LDa—T 4 T EEHEE LTS PECF 8 LR, 7 /L _—ADOBREREN T
VIR b E UTHEEET D LUV ETREL TV D, REBRSCIRE A SQL EFsY —
JUSQL definition editor) Taxat L TV DRESCHERER £ TIT AU, LIBROBE 7 ot 2
Ta—7 ¢ U TVEECMBNHERET /Ny 7 Z i DB, ET _—ABAJEY —
JVHVEREME & SVETR FIZF 55— ma s LT 5.
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FIRHCT—% 7 7 o7 3 3 AT LTI LOC ~OZEHakERD 0] BT e B A7) S
ZEHRLTWA.

5 3 IREAXDFELXIG
FEoTar ey =2V, RSN PE, FElZounwT FP 26 LOC ~D&
BailAd. 2 2T F B U R—k o hAOZSIRH R A U7 R & bz b 5.
5. LIZib~/=bB0, T ar Ty 7 a A ELEOEQ @ 3 EH Y,

FNEND N7 Y7 v a rivEie DET & FTR ICE 2HASHT TFP 20587 5.

KLOC/F class

25
20 ®
L
15
L J
10 ‘ ’%
L 2
5 . $
® e >4
s - &
0 T T T T 1
0 5 10 15 20 25 30 FP

55 FP & LOC DOfHRd
Figure 5-5 Correlation between FP and LOC.

55 13D 2y N —HDF J@% 7 7 AHENIZFP £ LOC Trey Lz
HOTEN, FAEL Y A2 D HEREAMEL, B FP 225 LOC ~DHRE ClI~ R A v
MIFIFHTE DIZEDIBEED 72N Z LAV LTz

IFPAG TliZ, 1 oD 7Y 7 a7 77 arTHEETS FTR & DET O30
FaHNENS L 16 FETH DN, ZOX 55 DVAT AT, FIR TFY4 ZitBx,
DET 1340 282 %. KT 14 & 128 THY, IFPAG IEOMEE K& < Hal-
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TLE9.

ZIT2O0T 7a—TF % L o> TSR ERE-T-.

—OIFRLOC #FHeE L UTFP L0 FEBADE VST A X 22 L. 6 5 —DiF Y —
Aa— REE U THEE L CQUWRWIEEST Y Ra— KM EL VW TF =y 752 8
Th5b.

—DOHOT 7 u—F ThHLMHEDEN VT AZOPFETH LN, NI rar 7y
Y varOgh, MUY v a L oORBEELEOEQ & FP HINCFI &S FTIR &
DET M & 7225, ZHHLISND /T X 23T /it B A 5 72, Alalor—
A CITRATE 20,

LLFIZ ELIZOWT 2902357 2 4 & LOC & %R~

Regression analysis | Explanatory variable | Correlation | Coefficient
Simple linear regression DET 0.62] 8.11
Simple linear regression FTR 0.20
Simple linear regression DETxFTR 0.49

DET 8.16
Multiple regression FTR 0.66 8.00

4 5-6 EI %A 7O M
Figure 5-6 Regression analysis for the EI type.

X 56 13X 55 TRLIZT—HBEDHI G, BIXATDORNT LYo vary Ty rva
EH%EE T 527 7 A8O FTR, DET &HAWNIliH & LOC & OMBEZHRE L= b0 TH
%. DET H{E, H2DHUVNEDET & FTR & OmEFEYFIEEBIME S R oz, FPIZb e
& DET & FIR 2 0RMINDOT, ARG EeROEIEEHEES © 07223, DET H
RTH 7RG S N, BERUFTIE FTR O~ A F A L 22 TR Y EEEA
/OYANAN

UbXY, ZoalR—xr MECIIDET 237 A 2 L.
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Figure 5-7  Correlation between EI type DET and LOC.

%] 5-7 1 33EHE & [X] 5-6 D DET OHRIRSHTORE A 77 7I1Ic7ay FLI2H O Th
%, [EIFERIILLF &2 5.

y=811x+17.33

X 5-7121T A, B & LTREMIMUEZ R LTZ. IO E2SETEIUE, BHREEITER
BWZmETS. ZZTABIZEEND 4RO FR—R M L.
AIZEEND 2D H 1KY, R RARY Y 7 G b O Tho72. FP X
ZORITRETIFRL, FHIRASERGHEFR DIEERS 2O X 9 2B AR s 7 v M5
VIENHD. RO D1IAIT Y Ra— Rer a—ra— RS BRENZ. Mx<Tr 7
AND A Y RIERLS FHAE L OB MG L 7e> Tz, o7 a Yy MIBHFRIERER
TobLDIRHLILTVEZD, FIUCROT LB L7 v T L0 ) ZENRHPkZ. =
DI TS D 2 & TIERR 2R TE 5 LW ) Fnil A 457,

B D2 AL, WINLEFOLEE Y > 71372, Bl D@a v R—xr v a7 7%
292% Facade(AH, LD L 5 7eZE)TH -7
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_Layer F class

a) main module (for each method) ] _-

b) validation and editing modules for input ]L' 4+
7|

7
7
7
c) editing modules for output ]L’ e
\ i d) D-layer access modules ]@/- 4 -

58 FED7 T 2R

—

Figure 5-8  F-layer class structure.

58IXF DY T A% 1 DDA Y v REHFINIHN D TH S, FERHTIFTEHD A

Y RT1ODF B 7 A %A DHINZ D, %A Y v ROEIRECTHH. AV >
RO IR E L, a. A AP, b, AJI7—% OREGIE, ik, c. 17— OfFtE,
d.DJEDT 7B A B O SIS, 2D 9B, DET OFUZKA 7 LT LOC A3 Lpi
Nhed V2D L, FIR KT L THEZ 2 ERE TELDITAd.ORATHY, ZD
FEDTRE RIS TN 8V 2 D,

PLEIE EL A 712N TRARZZA, FREOFERIZ EQ, EO #A 712\ Thnz b,
EO, EQIZBIL TiE, MR %E D BN TJoin A TH A Y v B35 Z L2
X, £9FT FTR OMOELZFICL <7ed. FBE, ZO L9 RIZEFEIAET IV
N—2BPHEY — U RS T 5.

ZDZ EnD, El L, EQ, EO %A 7L Do DET OfRIER T 5.

El 8.1
EO 2.65
EQ 2.58

59 DET #Z%L Li3Fao& 2 A 7O
Figure 59  Coefficient of each transaction type.
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AHZR S RN, BRI ZBIEIC T AR S 5.
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BHIZO— R TIEe. Lo UBEAIERBITE T bH B2 5.

5 4 F&®H

V7 Ny TR Y 2 N RHIERIC Y 7 b =T RS T S — ARV,
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i S (DS MY

BT NAR— AR —LD Z OFKI T T, FP FHAIRACEUS 3 21855% 5 £ <FIf4
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ARFETIT, 55 3 HA DK b B E TR TE TWITECRZ S L 7Y — /U OW TR D,
FrZPJE, FJE, DJELE 3JEIMNLTHED DBIFEA S A NG, ~VTFT—F%7 7 F v
ORI, AR DRI CRRAVBRE Ol i~ 5. E7z, [RIREIICHIE
L7 MDA »—/1° OR v v/ 3— L DT HAT S .

6. 1 ETIAR—RERY—ILOLHKE

ABHFEY—MT, 4. 1 TR LB V7 My = TEHERB IOV 7 b =7 AR
FFCIER SN D ET NV EASIERE TS,
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(7 3MH F— SRR HE
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& srunz| el Gz IEEEL
BETOERD | g T 11:%%:&&?9 X _,7“ ;(. E-RE
BEEETIL) ::7- 445 z e e/

-
Jzrl—4 Eﬁ:l:-r«r’s Eﬁ:l:v-w ::7-49

1
net Framework | 1 NET progfam cope
( 1

1COBOL program cope
IJ_eiva Framework I[ Java progfam codel

Library for
P layer | | F layer || D layer Java
61 YV —ILDORRRERL
Figure 6-1  Composition of the tools.
BARMIZIEX 6-1 1T L 91 - MRESVERY —L, BmERX =T %, T —HIH
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AOF =7 - T 1+ &, 772K, v~ AR, BR R L2 AERET
5. TAHERENSET VHOBEGH AT DB E R, VT MY = TR
7R AR o — R =R L— S Ea > TG HEE L 2 —TF o o T EED—
ZHEMET 2.

2. LITHT 72 £ 910, RBFY — /U3y TS SOA RA~— R 7 L E T,
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Ta T ha— ROENTE, PEERTT A A&V L—4, TTT NEFRTT 4
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LT, 2ok L—2RAHNC 7 a1 75 A AEVEROTNEZ L TSR~ 5.

6. 2 JOYJSLEBERMETORN

70T L EEVERT D £ TORRE T 1 2A0FHULY —/ WSO~ T, LE
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TW% (X6-2). T—XHERE L OGS 2ERSIIUE, 3 SO ot A XHEVE
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Figure 6-2 Development process of each layer.
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ELTWDA, AV —/L Tt Java DY, BURTRHELDZWeb 77 7L, Web
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T— MIBEEEBOTNITEE S, ZOFAUTR-> TEif /), B < F2NE,
FNENDOANHIIA v B2 7 2—AL72% ActionForm (DA4FR) AHENER NS, KIC
FAE¥E T ActionForm EFE FOAHJEE & LT —#EHE ZAE0 1<, dEimmh
JIEFRE, A N2 MERFIL, 22 THOHET FE, HWVNIDEDZ T A AV v
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R7Y2-VERYRT A

1
- = = = 1
1
| HTMLAVSJSPIZ
£MT5 | BT D
1
(TR S . o

~Handler .

Figure 6-3  Outline of P-layer development.
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Figure 6-11 Generation of validation and editing process. (example of P-layer)
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' [ SKAScheduleManagementF_entrySchedule® A HEHET—295 R ]
‘@? public class SKAScheduleManagementF_entryScheduleln extends PginParam {
- : private Schedule_st schedule;
~E&~
}

TS LEEI T4 public class SK Y
L—

A _— public ReturnValue e
SKAS cheduleManagementF entryscheduieln inParam) Jhrows PgException [
e ~ B~
try {
superinit();
e // DBEGDBE
- suger. o , A
super checkConnection(systeminfoln);
E T ] N
I 11011
// START main module UOG zone
pRa UoCHBIZZe
_ [=]
5 A4 :SKAScheduleManagementF - -
: main modu zome
AR 1: & ¥ entrySchedule ey
A=A : AF1785 A% Schedule @Eﬁi -
A/ ATAR TR > 1/ ot \SHIDNBRT
:main module UOC zone: %L " ~Bg~
I ) } cateh (xcent on)
AYyR2: & #:changeSchedule R v gy
~m§~ i ion = super. L ception,
throw pgException;
} finally {
~I§~
supertraceEnd();
H
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Figure 6-12  Generation first time of F-layer.
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HL, FETITHO 2L BAEETHD.
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public class SK extends PgF v2s { ( U OC - U d )
o e - : User own code
SK leln inParam) throws ion |
I // Rz
~B~ ] 7
try 1 // START main module UOC zone

superinit(); 1

1 J/BRULIELTLAZBRED, IO UDSRIRINI-ZRED NS,

. //[KigstD_selectTO04S01 O 0FT L)

//oBEgROBE . " KigstD_selectTO04S01 In selectTOO4SO1 In = new KigstD,_selectTOO4SO1 In);
supersetulC . dbC : selectT004S01 In setKigstidinParam ( :
super checkConnection(systeminfoln); ! IISele ctT004S01 OnKigstDl: systeminfoOut, selectTO04SON In);
// RIS s - 5 YN
LTI I 1111101112110 24110001110111117, /BRI ZBREDBRESNTOI8S
// START main module UOC zone

if(systeminfoOut getHitCount() < 1){

throw new PgApplicationException(COConstGlobals SK_ERR CD_KIGST NOT_FOUND);
UOCZ;:Em ’

//(ScheduleD._insertTO02I01 O 0FU L)

// END main module UOC zone

/IFEAI K DBIDRT I a=IVE, 2T Va=IUITtwk T,
e Schedule_st schedule = inParam getSchedule();
1

/AR YF BIBITEWIBBER T Va— WISty T4

h /27 a— VIDERELT vk

1/ outASREDHBERT \ schedule setScheduleld XSe quenceNo getSequenceNo(COConstGlobals SK_JXSEQUENCENO_SCHED)|

~BE~ 1 //BIRDST (0: BIRREN TN
} catch (Exception exception) { 1 chedule lag(COCor SK_DEL_FLG_BXIST);

// BEED SRR 1 127 2= )L+ —

k = super. 3 )y schedule OConstGlobals SK_BX_KEY_INIT);

throw pgException; 1 ScheduleD.insertTOOZION In insertTO02I01 In = new ScheduleD._insertT002I01 In();
} finally { 1 /277 2= EinserT0O2I01 Inl £y

~Bg~ 1 insertTO02101 InsetSchedule(schedule);

) 112 BTFG EL
} 1 calllnsertTO02I01 OnSchedule D{systemlnfoln, systeminfoOut, insertTO02101In);
super.traceEnd(); 1
1 // END main module UOC zone
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Figure 6-13 Hand coding and reverse processing to F-layer.
121



614 \TET VBN, IEEEAT TS ORI OIEDTINE T, 7D
IEFS S BBV ERR STV — A a— RIS S, —5 Tl UOC 5 IMET SN s,

oublic glass SKAS

|
) public ReturnValue emrySchedu\e[Sys(err(nfn(n systefnlnfoln,
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super.traceStart();

0 1/ i/ $SAEDHERT

D SKASch F_entn DANEBT—HIIR

public class SKAScheduleManagementF_entryScheduleln extends PginParam {

A BITTI—RER private Schedule_st schedule;
REE BB

}

7/ DBIEEDERSAT
LIIIILIIEIEIIILIEI I E L1012 L EE A2 A L0200 0001 00007
// START UOC DBIERRILEEATUOC

K // END UOC DBIESMLEATUOC
e

EREIFAI i
// DBIEFDHE

" #3524 :SKAScheduleManagementF o by - e
I AR 1: & Ff: entrySchedule supercheckConnestion(systemlnfoln);
e I :AE/\E}%:Schedule.Kigst l...-" @EE,&

T TEe
:main module UOC zone:

R
LIIILTELIEIII I IET I D EEIE LI IE LI IIEEI LI I T4 00000000000
// START main module UOC zone

//ﬁiiL.}:?tL‘(L‘éxﬁiﬂ‘ 71L9'7/¢)“:£?R§11tx“§§ﬁ\ B,
//[KigstD_

iE 7."] bf_ uoc f . KigstD_selectT004501 in s:\ectrumsmln = new KigstD_selectTO048011n();
- Trea,, s0lectTO04SD1 In.setKigstld Kigstld();

callSeloctT004S01 OnKigstD(systeminfoln, systeminfoOut, selectT004S01In);

/BRLIRBESHBIA TV IRE
if(systeminfoOutgetHitCount() < 1)
throw new PgAuplicationException(COConstGlobals.SK_ ERR CD_ KIGST_NOT_FOUND);

. jre—
. //zp«umiwwy =R [ l\
,{)971_X£E ﬂllo) Sehedule st schedule = inParamg s edule(); ME]
UOCE Jz B 1/ERAYIRE IR B l-ﬂfw-yoc

/RIS a—=DEREL THuk

0 K. )_SCHED));

//BIRTSY (0: HIREATLVELY

DEL_FLGEXIST);
1A G a— L E—
schedule setScheduleExKey(COConstGlobals.SK_EX_KEY_INIT);

ScheduleD_insertTOD2(01n insertTOD2I01In = new ScheduleD_insertT002101In0;
/7RIS a— L EinsertTO02101 It
insertTO02I01In.setSchedule(schedule);

I RETFUHL

calllnsertTt . systominfoOut

7/ END main module UOC zone
L

if (systemlnfoln.isTransactCtri0) {
super.closeTransactWithCommit0);

/7 out SSASDNBRT
superwriteLogSystemlnfoln(;
sugerrteLogSysteminfoOut(systominfoOut);

retur super.createReturnValue(systeminfoOut, nul;
1 caten (Exception exception)
1/ REEEDSAERT
sugerwriteLogParamOnError(systeminfoln, inParam, systeminfoOut, null);

PeException pgExcention = super.processException(excestion, systeminfoln);

hrow ogException;
1 finally {
# (systeminfoln.sTransactCtr()) {
super.restoreConnection();

7/ Finaly 838

W e s
// START UOC finally £L3U0C

// END UOC finally}33BU0C
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super.traceEnd();
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Figure 6-14 The model's correction and re-generation of F-layer.
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Figure 6-16 Comparison with OR mapping tool.
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Figure 7-3 Occurs density of bugs.
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