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Abstract: This research 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 value. Our research
theory is based on a project model determined by the number of mapping paths for design information, and
difficulty of mapping. We 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. We applied our model
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to actual development data, and found that our model significantly correlates with actual data.
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Table 1 Multiplier and exponent of models.

BFE bl R BN
COCOMO 1 Organic 2.5 0.38
[1] Semi-detached 25 0.35
Embedded 2.5 0.32
COCOMOII 2] 3.67~5.25 0.28~0.34
C. E. Walston, C. P. Felix [3] 247 0.35
D. Reifer[4] Web-based electronic commerce 2.0 0.5
Financial/trading application 22 (0.32 for
Business-to-business application 1.5 larger)
Web- based portals 1.8
Web-based information utilities 2.0
V7 Y =THRET—FEE LB - 0.32
2012-2013]5] KRB - 0.31
V7 by =T A MY 7 REE 2011 FFERT 6] 2.54 0.33
R RARTSERTAT A L AR — b o LBH e 244 0.34
2010[7] YR B 1.73 0.39
FH, B’ k7 ov=s b6 2.38 0.33
T, BBl KT Y=y b 2.94 0.27
Java |2 & % L Eh i fsl 1.64 0.42
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Fig. 1 Software development project model.

L T, Team, Activity, Artifact, Component, Function,
Requirement, Feature, Needs Z i3 % (X 1 OALH)).
EBICET) T 5I2HT2o L, 728 21X, Team &
ME A OBRZEEETHE T — A0 HNE, FREHTF— L4,
T=%T7 7 FYEE T —2%, Tuy s PNOF— 4
LB ELMRETH B, Activity [EBHZE THb N B 1
TH5b. Artifact &1F, BARFHETRL I NZFTER
V—Aa— FELZFET. Component (2l 4 D3y 7 —3,
FRESHICFMANETETY Y 795 %61E, Java 7
T AERIGT . FOY4, Function (3l & D X v RKEEAS
%9 5. Requirement [ $ZRALAR, Feature (IR,
Needs Z3=—XTH 5.

F72, INOLERMEFALHE (K1 0FER) X, 35
THHMOBAGREM A RT. B L1L, 7-& 2 I THBHEEIC
BWTiE, HEHE L W) 3R TRINDLFERE, 2 R7C
TERIASNLEFIEPAET S, EE 6 F LB HE %
RLELTWED, —HIE2RLT, $/-—KHE3XRILTH
B VI BEELLLTWS, 20X Ry EGL
W)L KETME, TORGEMET2EFE L AL,
INEHTHERZ LT, BEEREKE L TRLTWA.
2.1.4 V7 Y T7RERICE T 3EGERR

KIZ, TOEIBEBEHEVIEIFICE-T, HRMEE
BEDLHIHERENDDODFHT 5.

72k 2, HEOFEE (Artifact) 12X -T, 120
#Bim (Component) HSFEFIE N TWw 554, Artifact &
Component DEERARIE n 3 1 OFMRIZE L. 2Dk &,
HHHFEHY (Team) 13, & 5HEHMEH (Activity) &l
LT, fhi%E#E (Team) OikEt#E (Artifact) ML, H
HY DR (Artifact) L OEEZ L LI LT, 120
ih (Component) ZIELLfEHZENTED. Ji—, b
EFEIC 1 D0 I AR I NI, ZORREHEOIERAE
K(OFRNVEIBEAA, ZLOFEEEEDFRY ICHD%

672



BEIEF =R EE Vol.57 No.2 670-680 (Feb. 2016)

B, EEMETOERER L., 512, Eﬁﬁﬁﬁlﬂ
1 ThHorz LTh, 72k 2 I EFEFIEI M I

TE SN T WD TH UL, FNeihinl qﬁ%?ﬁ&xé_
LIEEL W, ARGy GAME, ELCHEMBL, BY %
CERERENER T B 2 EDWHEE R D, %@tb & % B
DIV —WIZED WG E S LIS LG EITHN, FiA
&, IEL PRS2 720 hW%ME%EL,EF@@ﬁ
T4h., Z0kHcTuy ey b EMET HELEORMIC
LoTYH, HEIEDPSFERNKEHERE GG T L2 L0
L3bZbb. Tabb, BRERBE RIS, SROH
LEICE o> THAEERIIELT 5.
DED X ) BEZFHS, BEEHEROGEBIEIZB VT,
BAGRER D 2w e, EEOEERIEIR L, $72, 71
V7 NERET A K EROGEDIESHIIE, EEEDS
. Tabh, ERBOMERMFITICEES L, 2o
BEARIEGPES R TH LI LPLEE LWV, —
Ji, N(4) &0, EEMSEE DL LIS 2D
CEEABETHH. LI oT, RETIE, ZOBMEED
EFICOWTHHT 5.
2.1.5 BREGRET I OFEHRR

FATIEE (34] Tld, ZOWHHREZRET IV TRINIEE
HORMRE 7 ODITH O TEHT 2B FHETVERL
72 (X (7).

Require-
s Feat n Function
7°I:I~/17|~ ” eature o ment b
— ° 5 S =
751 A=3 x2 X2 E
z L @ £
Compo-
P nt . Artifact Activi Team
& _ - > AT
g xE3 - g
c S c £ S
Z o < <

(7)

ZoOTaY s MIF AL ) BRI, TR0 L
THBT L. FEEOFOGHROML 2% 0.1 525 1.9
FCCIMOL (1.0 &ML §2), ZOMFEFEYMEE S
e LBITHOREITI AL Lz E, 7Y bO
oL 2K (8) TEF LT (ai; 13475 A DEHME).

gf%@%& L& = |A| = Eaij (8)
F 72, 1 DOEEGREIKIL, 1R L72 & 912, Team »
5 Needs F COZEELHEIORIF1HITH L. HoOK)

DEFZEMEMAFT H 2 & 7% {, Team, Activity, Artifact
L) XHig, EFIR1I 2T OMERKFT L. Z0kH 7%
BAZHEH DO % PATRERS B & TN,

T ATRRBR L = 751 A D% (9)
LFELI. FRLI OB
TRBEEH = |4 — B| = S|dy; — e (10)
(ei FHNIATH B OIS E)

© 2016 Information Processing Society of Japan

LEF LIz, 7221, ATH A IIATH A ORGER 0, F
7213 1 (BEMoOM#ESHIUL 1, BREXZRITILUE0) &L
7ZAHITH Y, EZHEEATIITH S, o 13ATH) AT DIk
Sl R

NS DEGIEHMEBBOEL SOTFHEN) 200
ZEIZEY, Tuv ey b OEEEE DT OHRERTER
L7z 72721, & (11) OB 08 L 2 0FH L, K (8)
23 (9), (10) DERIAKTEI - 72METH 5.

BHEVE = GIEOHE L S O x WATHEREL
X(L+Eﬁﬁﬁ%ﬁ)
AATREHE L
=3

EEAGHRER L

kb, XG)EX 1) 2ERLHERTHSL. 2LT, &
1THF5E [34) TlE, ZO#MEMELY b & 12X (3), (4) KLY
BT EREFMIRLTNS, B, ZOEREEETIV
ZIEHITHI R RHEE LT E2S, LT L BEENTRC
FUEZRD RS2V, L72A > T, EERIA—K
DAL, BoiEE 0 (ERMOMELRL) & L-FI—
DATEZIIHNEAER L, TRTCOEHER* &b, IEh1T
WEED Z EHBDLETH D [34].

(11)

BEOH L S (i) (12)

2.2 AWMXICH B ITHETHDORRK

T THOBMRERIHTHMA L7267 ife e 5 2 C
B L, TP IRWIC I E T, EREHOBRIILT
DEHIEREND. B, TuV s FTHDONAIEEE
H % Work Breakdown Structure (WBS) [36] & L THtik
T 5.

TH=TH x ZEHK
= X{WBS(i) DM
x WBS(i) DEE} (13)

(v

T, B()%%@f%i@E@W%tk%ié&
{

X (13) KD L) AR TE 5.
TH = S{GEE (i) OTIEHIN
« BAREES (i) 2 B B AR (14)

Tabb, 7uPzs FOTEKIE, H2EEE 1RO
BEgEAHI Y 77Uy s FOTHEOBME R L. B
G #H) 7 7u v s b, X (12) &b, 20
BIMEVES, BRI  OBROML S TkEs. 2512
X)LV, ZOBEMMEE, 1 Ad7) OBEGEYR i OF
YWEERE, bbb, BIERER i OBIEHIMIZHET 5.
L7255 T, R (14) 1ERD & 5 2 WHIBR CTHRE 5.

TH o« {5 GAEHE (1) OBAMENE
x GARAERS (1) \[CBb 2 HEREY (15)

673



BEIEF =R EE Vol.57 No.2 670-680 (Feb. 2016)

I?#
f \
BEaDEQRMEE T 7 T
(1-2) %@?%1|5ﬁ$%2|
EZEa# | ----- 4_____.'
iﬁf)w%ﬁﬂ;% 5—@%‘%3 | iR ERa |

______ |
2 BRI - T - BRI O MR R

Fig. 2 Diagram analysis for relation between mapping paths

and personnel, development schedule.
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Table 2 Data for validation of actual software development

projects.
g0 o) I¥ I3 4£54# B gD #H .0
(AR (A #EBEE@ FHHEO=)
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 2,950 077 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 2337  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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