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Abstract

In the process of software development, the source code becomes complicated
every time specifications are added or changed. It becomes difficult to grasp the
contents. As a system development method, UML (Unified Modeling Language) is
a language that unifies the description when modeling a system in object-oriented
design, and because it is visualized, it is easier to understand the contents than
the source code. Model Driven Development (MDD) is a method that automati-
cally generates a source code template from a UML model, and consists of a class
diagram, sequence diagram, use case diagram, etc. as a model. MDD makes it
easy to maintain model and code consistency in model development. However,
UML itself may become complicated and maintainability may deteriorate. The
sequence diagram itself, in which exceptions occur due to the addition and change
of specifications and their processing appears, becomes complicated, and the main-
tainability deteriorates, which adversely affects the automatically generated source
coat.

The purpose of this study is to propose a method to suppress the complexity
of software that should consider numerous exception sequences for the addition
of functions in MDD. The complexity of the sequence diagram is measured using
several complexity metrics, and the factors that increase the complexity due to
the addition of functions are clarified.

First a case study of system development is performed. Design the target system
and upgrade it by adding functions multiple times. As the configuration becomes
more complicated, the class diagram and sequence diagram become more com-
plicated, which affects the decrease in maintainability. Therefore, each version
evaluates this degree of complexity to identify the cause of the rapid increase in
complexity. The system developed in the case study is a route search problem.
There is a moving body and a mesh-like movable area, and the current position of
the moving body can be obtained from the position detection device. The direc-
tion of movement is limited to four directions, north, south, east, and west, and
the start point and end point of movement are given from the outside. In addi-
tion, the movement of the moving body to the movement start point is excluded.
The functional requirement of version 1 is to move in the shortest path, and the
constraint is not to go back. Class diagrams and sequence diagrams designed to
meet this requirement were created, and the complexity of the sequence diagrams
was measured using RFC(Response for a Class). As a result of measurement for
each UC (Use Case), the complexity of all UC0, UC1 and UC2 was 1.

The functional requirement of version 2 is that the required time is set for each
route and the sum of them is minimized. Also, as a constraint, "required time”



is added as information required for route calculation.The functional requirement
of version 2 is that the required time is set for each route and the sum of them is
minimized. Also, as a constraint, "required time” is added as information required
for route calculation. As a result of RFC measurement for each UC, the complexity
was unchanged for UCO and UC1 and UC2 was 3. This value is three times that
of V1.

The functional requirement of version 3 is that the required time changes de-
pending on the time of day. In addition, ”current time” is added as information
required for route calculation. As a result of RFC measurement for each UC,
the complexity was unchanged for UCO and UC1 and UC2 was 5. This value is
five times that of V1. In addition, when measuring with RFC considering the
parameters, V3 was 11 for UC2, showing a significant increase.

When exception handling was added in version 4, the complexity increased
sharply due to the increase in execution paths. Therefore, the reason for the
rapid increase is that there are many messages with arguments in the execution
path that accompanies the occurrence of an exception.

In order to suppress the increase in complexity, we propose a method of grouping
the objects that appear in the sequence diagram. It was confirmed that this
method can reduce the complexity.
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RERAD, FILWRAZR— FIED» S DEBLWIN LG E. K73 5%,

77 AKX %X 3.7TIZRT,

pkgjava J

EaEER T
+ R B +x:int
+ @ :float +yint
BRTERE BEMYIIRAE
Tr o] - EEIBA R R
| mmEDE B8 vd L] cmmwTa BR
+ getlocation() : B 4% + #8 T ZEZ() : boolean EE
+ EHRB(POA - BR, BERE i) BAEEER] SEREHEL S,
+ getCoal() : EEE
Bhk DHE SHEHT YT
B = —
_gg;g gg EAESEDT BE BBE EE - ARG BE p2 ) EAMR
-JEEHE int )
+—&#E() void

\L EHEK

EBRRETALIVXL

+pl: B
+ IRLEREH int +p2: EEAR
+ BBAHE(RAME  EE BEGE  EE) it + WA ERLEEA  in : float

- BEVEBUR(EH  EaA EEED)  void
+ {FREHEHA(): boolean

X 3.7: 7 AX V4
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F 7> a>® [SearchFailException] ZiBIT %, ZAUd. V3 DREBER T L
TYXLIZBWTXY v N THERFEMEE ] MTbhdlzo, >—r AKX 38D

X223,

sdseqV4 J

| BEA | |'fiﬁ$§tﬁ%ﬁ| |'¥§E§?¥§?flxj'}7{.ﬁ

BBy AT R

|
|
loop [b] |
|
L

ref

seqV3

1 b= REEHEE(

opt [Searcha\IExceptwon]

: boolean

next = 0=z oM, EDAVY

FTRRLRET HDM, Fi-.

DI Fcatch L TH N LIES

blEHhELHIESR (BTEH
THd
b = false

[N

X 3.8 >—4 AKX V4
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3.5.3 & SNIFHEIEIROBINIERHEED

3BWBIIBEHEETZ 7 X T (opt) DHISMLIE SearchFailException] (.
MTFCHE LD 39Dyt — 31,32, 4D 30FTCHRES %,

sdseqV3 J

| B | | BUWER || aEREEE || mmﬁwu:wn.” nmmzﬁml | imwv-u” BB
T T T T

| | UCO 1(1EIL ARG LBLY) N
UCT 2(F—NI= BT BFETRITT )

UC2 3, 4(BBI=HIT 2FTRITT 3)
3TnextEH

|

| | |
| |

1 ERfE = Qeteoa\q).??; |
|

| |

| |

|2 7 & = getlocation() | B4R

main() {
uco
do{

uct
while(next) {

|
|
|
|
|
|
|
|
! next& &
I 4

|

|
| [
I T
3 dst= BB AT (RAhI I E, B o)« gim
T

found % 8

| }while(lfound) {
30 W = WHIEEH 0 A S, BRI - W i )
|

|
3.1.1:C = MAHBIMMB (1 G4, p2 BH) WHBIN

312 w= BHRBEREHL ) foat
I »

3.2 dst, next:i;!ﬂﬁi}!?}i(!h s & EAR)  void
|

|
|
|
|
|
|
|
|
14.1: found = B 6 BEI52(): boplean
- |
|
|
|
|

-

0
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
} oreak! Jjouncy l 4 #B(dst)  void
| |
| |
| |
| |
| |
| |
|
}
| |
| |

X 3.9: ¥ —& > AKX V3(FH15)

BINFEER DFIT RRFATD 3B TH 5,

. Xvt—Y3 > Xvt—U 3 1(FINFEE)— FIFVLE
2. Xyt—Y3—=> RAvt—U31 > Xvt—32064FE) — FIFMLE
3. Xvt—Y3 > Xvt—Y31—> Rvt—Y32—> Xve—I4HINFRE) — FHISLE

FNENOEFTRZADEMEZHZ T 5,

F1T/VA 1
3:dst, next = BEILETE (FITEAT & AR, BRI E B PEAE
AT 27 FeDREDED 1. 5l 20H 270853

3.1:EA = BEARF (DB B AT & PERE (]
it 7227 b DREDTD 1, 518D 10570852

WZIZ, ET R 1D UC2IZBIT 2EHEIZEFH S TH S,
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EIT/INR 2
3.1.1:C = EABKEUS (p1: B, p2:FEAR): B AR
AT 27 b DREDTD 1, 518205 27-DEE3

3.1.2:W = BEAIUS (FAERFZ]:int):float

fbA 7227 b e DZAZD/D 1, 5TV 27 4 TRITH 572D GG
1
3.2:dst, next = BHIJLEIN (FE A HAN Z R []): BEAR

A 7227 e DREDD 0

W 2T, FIT R 2D UC2ICBIF 2EHMEIZEIT R EDOETITH S,

RITINZ 3
4: %8 (dst):void
fhiA 7> =22 b DREDLD 1, 518D 120D 2570E5?2
4.1:found = HHYHIEEE ():boolean
HA 7Y 27 P DREDD 0

W, EIT A3 D UC2IIBITI2EMEIZHET A2 E5HbETIIT
B 5,

L7223 T, BISFEAERD UC2 OEMEEITET R ZNENOEME G5 L
T, 25 TH 3,

= v AK 3.8 DEHMEE ZFHAI L A RDIR 3.5 TH 5, BlIANFEEZ S FEIT
NRADHEIMC X b, EHEENEHE L2, ZAUE, SRS EICRFEE 3. R M
WHEoTWBDONREKTH 3,

%% 3.5: WHEEISIRORIRER (V4 2 5 T)
V1l V2 V3| V4
vuco| 1 1 1
uct| 1 1 1 1
uc2| 2 7 11| 25

m3.1 5
m3.2 9
m4 11
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3.5.4 $EEOHZLMHRESR
EHEETERE 22 U CHEFHIZIT S5, AW EMEEREEEL DT IR,

WMC (Weighted methods per class) Z UL /=5l
SR D 7 5 ZADFFOX Y v NOBHMEDGEITH 2, dHlIIRI 7 X C D&
XYy % M, My, M, 2L, ZOHDXY vy NOBEMELZ ZNZH cp,co,
e &THEe, WMC(C)=X_,C, TH 53, RetITIE, FXYV v ROBEMXD
1L, BN=VarOr—r Y AKICHBT XY vy NBEBZ BT 5, 72
L. B2 e XAy b—IRERITHIRAY Yy FOBHIDOMHEIZ0 T 5,
BHEEFRREE WMC 2RV, & — 7 v R [X 3.8 DEMEE 25 L /=452 3.6 T
Db, Vi DEHEEED V3 & LU U CTHEHEEED 6 L 72,

7 3.6: WMC o zHHlf5 R
V1l V2 V3| V4
uco|l 1 1 1 1
uci| 1 1 1 1
uc2| 1 3 5] 11

m3.1 2
m3.2 4
m4 5
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518 zDEEFEER LI WMC IC&k 35

WMCHIZH L, &FXY v FOSIBOMEEEBZ LT3, 2 2 TIESIBDMEER
ThHi5E. TOHHGDEEZERT 5, OF D 1 DOEEBEROFHDIEL 2 0D
2856, Bl E2T 5,

V=AM 3.8 DEME R EH L IAGRO K 3T TH S, VADEMEED V3 &
PRI U CHEHERE 23 25 BN U 72, BIARSEAEICHE S EIT R RIZB W T, 51z > A v
L —=IPEZNV EPTHEOERTH 5,

K 3.7 5l ZOMEREEE L7 WMC OFHIIRTR

Vi V2 V3 V4

ucCo 1 1 1 1
UC1 1 1 1 1
ucC2 2 10 18 43
m3.1 9
m3.2 16
m4 18

£ 37TOFHERER»S. V3IDI—4 22X 3.10 ®m3.1. m3.1.1. m3.1.2 234
MEAMOBER o TWAZBbh 3,

ERFERTILTY XL : BB O RES (EHAEHTYT CEHEH

[ | | I
| | |

|
31 FH = ihﬂﬁi@bé:&%, BRIt . EHfHEEE]
|

|

|

|

|

| |

31.1:C= imaﬁzﬂm(mgﬁ, P2EEHE) EHBM |
|

|

|

[
3.1.2:w= BHERB(BEEEZLIM) : float

[

[

o I

3.10: V3D X v t—¥

BB Lo T, EHEIEML TWAERDHS IR DT, KE
TINEBRT 27-DDOFELRRET 5,
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F4E EMHEDHOF

4.1 RRERDREHFEH

H3ETIIREAN—Y a0y —r Y AR U TEMETEOF 21T 72, Z
DGR, BIANFAEIHED FIT AN X D EHENZE T2 Z LI
Rote, RETIE, ZOFTARICEEFNDE X v —YHEHIRT 572D DFE
ZEA L., EHEREORNE ST 2, 2, BRI T Y OREEHEE 2 M X
N7 E RS,

4.2 HFOXREFE

BHELEOBER L R o TWARX v —UREBIREALAA T2 M2 7L —
L. ZORDRX v —=IRERF M Ly — 7 Y AR Z AR T 5, BHEE
AHOERE 725X 4.1 OIFRBHRCH - =& % 2 v— 7k L, 12047 x>
LTS 8 TY—F7 Y AKIIBIIZA T 27 VRO TN TE 3,

EBBRERTLIY XL - BB E R RE B cEBAHEH YT EHEH

31 EH= iﬂﬁ?ﬁfdb;f—ii&%. BRI | EHFHE EE]
I

|

|
| 311 C = BN (p1 8, p2 E18): B4 MM
|
| |
| 312 w= BaHREBEERL Y float
| m
|

|

X 4.1: EHATOX vt —
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ATV 27 VeI N—TT E2FEEUTOLSITERT 5,

¢ 1DODIN—=TD5b, RRLBRLIZATI =7 FeikDD

o JNL—THEHERX v —IRERTEIAF T P eREE TS

o VNV—THEKRE1DDF TV =7 b LTI, BELETREL T3
o RRLBZATY =z MTHT B XYy RIFRH LIFEE LW

BEREEIPH ) A 7Y =27 b ERFEL L, EABEB~Y 7 ¢ TEABEEK
BEDE30RIN—MT B, THUTED AT 27 PO, Xvt—Y
311BLURX =Y 31205 RD S —F7 VAR SHHIFRE L, Xvt—
ZEDBHB DT %,

COFERZX 4.1 #EH LGRS, K42 Th 3,

CERERTLT) XL - B e REEER

l I
| |
‘ |
31 FH= EHRSZ?%?,_ID)#\:E#E, BRERFZ:int) : EAH T E ER(]

<———— === T

X 4.2: WHZEOX v tE—
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4.3 HHIFER

FABETHOWI-EHEEREED S 5, FHIKERS KOS 2 (518 2o
HEER L WMC) 12X bEHId 3,
BEEMRAT=VADY —7  ARDEMEE R I L 72682 £ 4.1 183,

K 4.1 BHEETERR O EHARG R O L

WG | A%

ucCo 1 1
UC1 1 1
UucC2 43 29
m3.1 9 9
m3.2 16 9
m4 18 11

COFERDS, BWHIC KD EMEEES 4BP Lz, Lo T, ZOFER
= Y AKNI BT B EHEEOHIHNCEMTH 5,
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EHE IbHDIC

51 &

ARIAZETlE MDD 12 B 2HEEEEMMIT L. 28BNy — 7 v R 2EET 3
NEY 7 by =7 OBEMEZIGET 2 FEEZIRE L. MDD X UML O 7L 2»
LY —=Xa—FOURMZBERNCERT 2FETHD, ETAHARICBTSE
TV —2Da— RO—EBHRPEZTH 55, UML BIERIEHEICI D LRSF
HEEAL, V—Ra— FZHEEZELNEZT WO MEDND 5,

CK X MY ZZXDRFC ¥ WMC ZHWT S —4 > AXDOEHEE ZHIE L. HEHE
BANC & 2 BHEE OHEIMEZ R 23FIANFEE 2 £S5 BT SADEIMTH % Z e BHH S
MIZTIR o 7=,

FITRRWZEZEND X v =V HIB L. BHELZNGET2FEELTEHT
Dzl Ve N—THFT 2 VWS FRES—F U AKNCEHA Lz 2 AEMER
Tz enTcEl, Moz eh s, NS -7 REEE L —F VA
XD EHERE 2 13 2 Z 2 TMDD BT 32 ETF VDR RO Z L Al RE
2h, V—Ra— FOERICEBRTE 2 Z e ARt 3,

5.2 S#&DEFE

1 DODET NG — A0 U THEMEE 2 8 LIGIFERD AR TH o 7225, T4
HNOETNTH L THENLTERTH 20 2R 2 0ER D %,
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BT

AR EED 212H2D), FRERETH 2R ENERRICQIHY TE R D
B8R F L2 L ICHELSBEH L ET, RO NEDE D SHHIEIEEIH HEM
LTOWERD DD F L0, REFTHOT AWML EEE LIF2 203 TE
7= DIXEARICE DD T AL ZAZ LT FE o225 T, AYiIZhHh
M D TENVE L,
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