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Abstract

This research proposes a complexity index for improving the low success rate of
software development projects. In the 1st chapter, I explain problem with software
project management. In the 22 chapter, I develop a software project model and the
index for project management, In the 34 chapter, I develop theoretical formula
between project efforts and development schedule, and in the 4th chapter, I show
that the index for project management makes it easier to control the project efforts
and development schedule.

Software development project members communicate with each other by various
means and various subjects. The management for such complexities of the
communication has an effect on project quality and development cost. As pointed
out by researchers, communication in a project has a real influence on quality and
cost. However, researchers have not yet assessed the project complexity. In
particular, the correlation with productivity and development cost remains
unproved. In this paper, I propose the idea of a complexity index focused on
mapping paths of design information in software development project. This
research establishes a correlation between the complexity and productivity (average
workdays per person), development cost (man-hour). I develop the project model

using axiomatic design theory. A large portion of the software development activity



is made up of transforming design information. Simpler mapping paths are better
for productivity and development cost. This research proposes the complexity index
for mapping paths. I prove the validity of the complexity index by discussing a
software development project as a case study.

The 3rd chapter develops a theoretical formula that describes the relationship
between man-hour and development schedule. This study theoretically discusses
why mathematical models in previous works have exponential relationships, and
why their multiplier factors and exponents have various values. My research theory
1s based on a project model determined by the number of mapping paths for design
information, and difficulty of mapping. I show that the multiplier factor is defined
by the number of mapping paths and the difficulty of mapping, and exponent is
specified by the number of mapping paths. I apply my model to actual development
data, and found that my model significantly correlates with actual data.

In the 4th chapter, I explain how to use the complexity index in a project. As a
consequence, in this research, I show that the index for project management makes

1t easier to control the project efforts and development schedule.
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MDHZEIITER. £, MO EoHEEZR R L6, T=2 - CG ffFT'm
VU FOBHEAZILETREELZ[17]. WRICEHTEICSRREMA, e =27 M T
DIEATFIEEN EOET AV ERACCHA L8], £ e Yo7 M TEMnE T
MT 256 0HRIZONT, 2O HEEZREZE LN BFZICETe Y =7 MIB
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0% . FI-HEREFEIIIEEE O ERAFE DS EREHE & HI S CRSN R TH D
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Figure 2-1 Information Mapping Model of Software Development Project
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Table 2-1 Project Model Element and Feature for Mapping
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Figure 2-2 Number of Parallel and Redundant Path
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Figure 2-3 Basic Project Model
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EEFTWDLN, fhathx 0[O, ooz L iZFVEW. —J7, BERET
L LT Putnam €7 V1B ELTH LD, vy =7 hO THS THICEE L7
ffF 72 1%, fh 12 Design Structure Matrix (DSM)[12] % i~ A L 7= #F %4¢
[13][14[15][16][17][18][19][20] <> , System Dynamics[21] % it~ i L 7= #F 28
[22][23][24][25][26][271[28][29][30][31]72 238 5. LinL, b OHGHE T /ML
BRAC~ v F LW EORERD 5.
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31 BRRETNVOFE - 55

Table 3-1 Multiplier and Exponent of Models

HFREH R E=E2
Organic 2.5 0.38
COCOMOI[1] Semi-detached 2.5 0.35
Embedded 2.5 0.32
COCOMOII[2] 3.67~5.25 0.28~0.34
C. E. Walston, C. P. Felix [3] 2.47 0.35
Web-based electronic commerce 2.0
Financial/trading application 2.2
D. Reifer[4] Business-to-business application 1.5 (0.32 f(c)).rSIarger)
Web- based portals 1.8
Web-based information utilities 2.0
Evl Gk - 0.32
YINIIFRRTF—YEE 2012-2013[5]
R - 0.31
YIMIIPANIIZAEHE 20114FEEHT[6] 2.54 0.33
FARBF 2.44 0.34
FEREMFRAAZELR— 2010[7]
BT 1.73 0.39
BINT0> 17 bl 2.38 0.33
FH, %, %, S18[8] XWI0>1/h=nl 2.94 0.27
Javalc k2R IhEH 1.64 0.42

F72, BERET L EZHRAICHT 2 Z &N TWRW. oF D, HERET VLR
BRET LOMT, BEMENLEN TRV, ZOREEFRT 5121, RO=ZSOEE
T DN B D .
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Figure 3-1 Problem and Approach of Earlier Studies
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DEZNZHGAAT DDONRZNEIRNDTHD. T7bb, FET IEEICHN RS
Yo TNT—=F DEEOENEHETITR V. #-oT, TV FT—Z THESH
BT NVORE - FREN R ZEH G, ST L3 L.

WICFEE 2 1%, BEERET AL AZET L (y=axb) 8T L THD. Thb
B, i, TH— THOBRAN y=axt OFXT, £ OET AN T HD0, Y
DHEETWARWDTH A1), Zoiw, TH—THEZORTEREZOMGRE,
MR 2 MmN H 5.

BRICE 31X, EaET A bRRBRET LV EEHT 5 Z L THhD. Putham E7 /b
[11]CIE, 1 7 ADFTITH 100 AA DEFEE, 2 7 AT TT o 7256, B,
6.25 NATHEATLE Y. thOET /X TRIETH D & DFRFENRH D[], £,
Putnam €7 /VITRERGRICX T 2 b e\ & DR S H 5 [32].
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5. ZOHRET MIEGRESZOEHROM L IIEB LEZET A THY, MoHER
EFETNADOLINCT RO TH T E THIZRET 251513825, gk ok
e L LT 728wt 7 /L (DSMI[12]72 &) Ti, o mERICER LIEET L
W<, TuZy N ORIELERAARD TES TN KT B2 EMERICHER LT
THHFEANEEIT 5T E-> T, L, &BE5 /L Th COCOMOII [2]7:
£, fm&&%%gkﬁ%%%ﬁbtﬁ%ﬁéMTw CES T, BREBRET VL
BHRAET 5 BT, TORBEEZM ETH720121E, 7avRET TR, 7rn¥ s hOHE
KRR ER L L THEE LM %7»%%w5 ENMVELEEZ - ENBEETH
5.

ZOX I REERET N EMWT, R OFEER, BBRET NV TRINT-RREAH DR
BT BAGIRIE & Z DO EG O L SITKF LB CHRIE TE, -2 0BT TSR
BORAEGF LI-EBETHETE S Z L 2RT. 2L T, 2o OMEELIcBmAIIC
EHLERPRE, EEOTa Y2y b T LR L, REGHE T DI EES
D7l ML TWAS Z & & ERRET 5.

A L OERITKOEY TH D, TT32ETESRKICEA LIz ey =7 bET
VNG, TH—THOREEREZOFREZHONCT S, KRIZ3-3ETHWMET VA
T 5. 3-3-1 HiTlE, 32 EBCEMNEFEEZICI, vy R LTAELED
TH—THoOT—2 ORERZRT. 27 —2 OREMAZ I, TH - THO A X ET
e LT, IR y=axt #3845, 2 L C, IR y=ax O L AR DR &
BETH. WIT 3-3-2 HiTlX, 3-2 TR LI TH— THOREER AL R OXFR
¥ (ab) ~EDLX DB ERITTONHALMNCL, BEGET VEBET D, 0K,
34 EIZBWC, EEOVavzy hr—F L&, 33 EETTCEHIMNLLHERmET LIC
LBl (RERE) 2L, RiHCTRLEHEGET ML - T, RBRET L E
HTCE L L EMGET 5. &R, 3HhETE LD D.
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ARETIEET, FATRICE T 2 TH— THIOR 2 FE2u L, RICKGRZBIT D
TH— TR G il T 5.

3-2-1IH—THOREERE TDRER
3-2-1-1HTHARICEFTLIIHEITHDIRR A

FATHZEONC BN T, Z< D a X MERBBEIMINTND. 2 b0 R FERENIT,
THSTHNCREL, HEMIIZ 57 b1E, THESSTIISEKBEME, AL BT
TENRTED, ZIT, xilFaAMERETS.

TH=fx1,x3 * *xi, * *) (3-1)

TH=fi(x1,x2, * x5, * *) (3-2)

Boehm[33]3NY) 2 —F = — 0 TRLIZE DT, BFEZENMRLICHEL T, “aR R
FRERK L TWD. D72, THSTHE Z0EHKROGREZHES 5 2 &3,
ZTOaryha—LHELNWEEZ LTV,

3-2-1-2KWXITBETAITHETHOEAR - BZA

AL TlE, TH—-THEUTOXL IR L, TOBRBERIETS. £7, HFHRER
T84T, THEKEQ, AEMQ AHTZD OFEEEBEN “EHNE" L oE
BEMERHHZ Eam Ll GEMIT TR 3-2-1-3 Tih5).

TH oc HEHEMEX ¥ (3-3)
LPEVE (1 AN B D DFLIEZEHF) o FEHENE (3-4)
PEHEME=Z8 DB | & DL XL (3-5)

7B, AESCTCIRAEEEREZICE DX, R@BDDOEY, 1 AH=0 OFHEEB K
ELTWn5[34].

FRRA D &I, ARFCTIRAEEE O AHTZY OFEERE) L THORREYL
ML, THD, THEEEMMORKR FLiioTnh Z & &mrT.

THI=F (T, ##HAE) (3-6)
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Figure 3-2 Software Development Project Model

ZHUCEY Y7 MU= TRRE T B Y =/ PN TORGHEROGHBRL LR T L. K
ETIVCIE, 70 vy M EERT HEFE L LT, Team, Activity, Artifact, Component,
Function, Requirement, Feature, Needs Zfiiii9 % (X 3-2 ®HHI). HEEIZET
Vo 73 512hiz->TiE, FlziE, Team &3~ OBRBE LT —ALbUE, &
KREBHT— L, T—FT7 7 F ¥y —RiTFT—L%, 7oz NNOTF—2ET52L
FRETH D . Activity 1ZBIRE TITONAIEETH H. Artifact &1E, HASIES Ttk
SNTGHESL Y — A3 — R %2457, Component (il % DX v r—, FITEIZ
FEMZRRIECET U /T 572 51F, Java 7 7 AEEET. £ 04, Function |3 H 4
DAYy RENRFEY T 5. Requirement [TER{EER, Feature [FHAZEM:, Needs 1%
==X Th5%.

T, THOHEERAZRATLR (K32 0ER) 1, FFHEROGERKZRT. 5
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T, F—HE3WETHHELWIBREZFELHLTWD. 2ok REfET5H L
0. RETMEL, ZOFBEMHEKNTLEREL ML —RAL, ZREHRTHSZET, 5
Bk L L TORL TN S.

3-2-1-4V727 bz 7THREIZEIT2EHBIEE

WIZ, TORIBRFHBENIBZIFIZEST, FARIEERED X D ITHRI DD
FET S GEME, 2 mEE2SH).

Bl 21X, BEOBFEArtifact) 12 X > T, & >DE G (Component) 235% 7 X4 T
WA A, Artifact & Component O GEAfRIZ n % 1 OEARIC/D. ZORE, &5
HEH M (Team) X, & 5 axFHEZE(Activity) Zi8 L T, flBH5EE (Team) D% G E(Artifact)
L, BHEXYORGEArtifact) & OBEZID Z LT, O LD (Component)
ZIELMED ZERHRD. T—, HOXKFAFICOLE DO I ANRFERAINNL, ZDR
SHEDOIERIE(EDOFRY 1375, %< ORBEFEEDOFRVICH DN, AEHIKT D
ERE 2%, BIZ, BEEBRN 11 Tholm & LT, Fl 2 Xkt E N e 2501
FoTEHREINTW DO THIUE, ENEAMMICESRZ L2 SI3H LW, AR LY
BiAfRE, ELEMEL, RR0 R EERT 22 EBRELERD. 201D, D
BERI D)V — N ZFED WG EZ I LT GAIClE, i, ELLSHEMFET 5720

VR 2L, AEMITME T 5. 2ok e Yo7 ME#ERT 2 EBRORME
IZE->ThH, HEFFENDERAFEIHEREGTHRT L2 L0 LI EDD. T7bb,
GRRRBEE & FIERIC, RO L I X > THAEMITERT 5.

UEDES72EZ NG, FEHEROGHIEFRIZIB N T, GHRRRI DIV, 1FE
OAEFEMRITE S, £z, 7uP = MR 28 EROGLRNES IR, EEMN S
V. BIS, BESERIOM BARFIZITEMENMELS, A OBRBERIIGEERES RFEETH D
ZEMEFELW. —J, K@DLY, EEENEED I EITEMEENMERS DL L
BEThD. toT, KEITIE, ZOEMMEOERICIHOWTHHTS.

3-2-1-5FHREBZETILOHEBHRIR

SFEATARZE[34] TlX, Z DO HREBET IV CTRENTZEEZBOBGREZ 7T >DITH O T
EHT AT E R L7=GE(E7)).
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DOEHOHL & 0 LLE 2 RMEOM T L (1.0 Z&KHEL 5. F/2 0 1FERM O
R REZ TR ), Z O RFEIIE A B L Lo BATHIORAEITHIA & LTz & &,
TVl hOBHOHEL S 2R3 TEFR LI (4713478 A DREAME) .

GROBEL X=|Al =2 ay (3-8)

Flz, OEOOFGRREIL, ¥ 321 L7 L 51T, Team 225 Needs £ TOXKESR
RO DRI 18I TH L. BEOFIOFER EHAKGFT 5 2 LS, Team, Activity,
Artifact &V O RIS, ETFIZ 1 ST OMAKET L. 20X BRI OK A WATHE
i el SO

WETTREEEE =775 A DKE (3-9

ER L. ThIANOBRREEKIT,

TURZHEEH=1A" —E|=%|a;—ey (3-10)
(el XENLATH E DRAE)

ELTERLE. BHL, 1781 A7 13175 A DRHMEZE 0,30% 1 (FEFRFORE 1S Hivid
1, BENZR2TNIEX0) & LIEATHITH Y, EIFHEMATIHITH 5. ayl3 78] ADAE
ZRTY.

INLDOEGREMLBBROBL SOFEE LN 2 O0OLKICLY, ey =7 O
BHMEA LT O FRATER Lz, AL, KB 1DOFHOH L SO FHLix, Ai(3-8)
#H(B-9)B-10)DEF A TEI S T-ETH 5.
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HEHtE = FROMEL SO TR s x (1+ 2258 (3-11)

R = 70V I T0) (3-12)

i

728, REHFIXNGIDEEF LIMERTHS. £ LT, KITH%EB4TIE, ol
Mtz b L1 R(3-3)(B-D DAL T D Z & A FEIERITR L TV 5.

7E, ZOMBEGETT MXEFTIZRIEE LTS, LrL, 7 LHAEREN
ETRIUEE 2D EIFRBRV. 65T, LFOFIETEFTIULT 5 Z ENNETH
L. BEREDPA—BOHEIE, X I—0TE3SEERL, 2TOEELEGDLYE,
ESATNEED. ZOBE, ZTOX I —DITRFORMIMEIZ 0 £ 35, 0 23R ET LM
X, HETHLH I —DITRFITH Y, EEIITERMORBEBRMNE L TWDERTIEZR
e ThD. GRG0 L S AR T 5 LT, liofiz 0352 L TE
LUMEDSR D B 5 [34].

-2 2RMXICETAHAITHE THORERFRR

TH# & THIOBMRZ A TRl L7z AT 2 B 2 TR T 5. 7 —AIC T
ETH, EEHOBMRIIUTOLIICRKIND. B, 7ey=r FTiTbhbi o 1E%HE
H % Work Breakdown Structure (WBS) [36]& L Cital 3 5.
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=X{WBSGODEEHE X WBSQDZEE# (3-13)

2T, WBSOZ GG 1 OTBRIMEELIRAD &, AB1TKRD LS ITLFTE
2.

TH= {GHREBEQDD GBI X GEEBEQIZE P S ZEH (3-14)
Thbb, 7uv=r FOTHIL, H255EREE 1 RKOGHRIEELH IV T T ry e
7 NOTHEOBRIE 72D, GHERE 1AM YT ey bTlE, RB12080, %
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Figure 3-3 Diagram Analysis for Relation between Mapping Paths and Personnel,
Development Schedule
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Table 3-2 Data for Validation of Actual Software Development Projects

I THA £E& EH{oLED

(AR) (A) ©® #B#e F9E (0+2)

1 3.187 0.83 1566 5.28.E-04
2 3.761 0.97 1566 6.19.E-04
3 2.850 0.74 1566 4.74.E-04
4 3.334 0.86 1566 5.51.E-04
5 3.008 0.78 1566 4.99.E-04
6 2.950 0.77 1566 4.90.E-04
7 3.342  0.70 1794 3.92.E-04
8 2.618 0.68 1566 4.33.E-04
9 2.861 0.74 1566 4.71.E-04
10 2.782 0.72 1566 4.59.E-04
11 2.834 0.73 1566 4.67.E-04
12 3.155 0.81 1566 5.18.E-04
13 3.303 0.85 1566 5.42.E-04
14 3.111 0.68 1794 3.77.E-04
15 2.442  0.63 1566 4.02.E-04
16 2.605 0.67 1566 4.28.E-04
17 2.337 0.60 1566 3.85.E-04
18 2.863 0.73 1566 4.69.E-04
19 2.495 0.64 1566 4.10.E-04
20 2.758 0.71 1566 4.52.E-04
21 2.621 0.57 1794 3.17.E-04
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