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A Cost Model for Software in Embedded Microprocessors
Naomr Fujimuraf

It is important to measure and evaluate software productivity quantitatively. Several
cost models were proposed for large scale software projects. However, few cost models
have been proposed yet for small scale sofware projects in which a few people develop
software in a short period as in embedded microprocessors. We have been collecting data
about software productivity in embedded microprocessors. We proposed a new cost model
for small scale software projects and named JEIDA model. It is similar to the Basic
COCOMO model. We also discuss the characteristics around the software size, actual man-
months, and development period quantitatively. There is the significant difference between
our JEIDA model and the traditional cost models such as COCOMO. There are the mean-
ingful differences of the characteristics from the view point of CPU bits, description
languages, and product purposes in our JEIDA model. We have also established the base
to discuss the productivity of software in embedded microprocessors quantitatively.
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Table 3 The number of answers.
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Fig. 2 Distribution of the hours of one man-month.
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Table 4 Basic statistics of the development efficiency.

R Py R 24N R
1990 1.45 2.95 0.073 40.7
1991 1.96 7.08 0.016 111.1
1992 1.64 4.66 0.008 61.6
90-92 1.71 5.41 0.008 111.1
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Fig. 3 Distribution of the development efficiency.
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Table 5 Basic statistics on the size of software, the
actual man-months, and the development
period.

o B EE WOy EEREE BN &K

90 331 11.5  22.1 0.1 200
BEZeHIMS (S) 91 462 18.5  41.0 0.2 390
92 373 25.5  69.8 0.1 700
90 331 15.0  33.9 0.1 467
LT (M) 91 462 26.2  66.2 0.5 1013
92 373 46.7 253.9 0.2 3096
9 331 6.87 509 0.5 24
BESRIRD (T) 91 462 7.39 612 0.5 36
92 373 7.16 564 0.2 32
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Fig. 5 Scatter diagram between the size of software
and the actual man-months.
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Fig. 6 Scatter diagram between the actual man-
months and the development period.
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Table 6 The coefficients of JEIDA model.

EEE MM a b c d DE AM
90 331 1.95 0,76 2.44 0.41 1.05 1.85
91 462 1,92 0.82 1.71 0.51 1.00 2.62
92 373 1.66 0.84 1.98 0.44 1.18 4.26

90-92 1167 1.86 0.81 1.99 0.46 1.06 2.89
DE: BizERh=, AM: FBIRAR
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Table 7 The coefficients of the Basic COCOMO

model.
€ - F a b c d
ORGANIC 2.4 1.05 2.5 0.38
SEMIDETACHED 3.0 1.12 2.5 0.35
EMBEDDED 3.6 1.20 2.5 0.32
M=axS*
T=cxXM?
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B, ®EOSEINCHEUIEEOBHIC OO THRE
95. CPU Ly Ml 2 b EF VDR a~d,
BRsh®R (DE), EHHEREAR (AM) 2#%8ic, %
B oa~d ATTICRBE L EE T, SRTHREER
HMoBEFEER 9 &N 10 iR, DREERD 2 2
FEFND R a~d, BIFRZE (DE), FHHRA
B (AM) 2R 91, ¥ a~d #nICBERBIKE &
BLH, HREIHEERENOBERAEZRI X121
RY. B, E8ELEIITIT WO~EEDEERL
T3, BEICK > TREROENSLEH LT
5508H550T, SEMHLEDF—2%E LDTHE
P UIcERE G TRLTN S, COBAICBRAME
L& 27— 2 BROBEBEETHDT, F—4 K
SHFEEOAFNCRISKT USRS, BEAEIO
TR MEFIVORE a~d F TR S EET

£ 8 CPU vy bRl X FEF IV
Table 8 Cost model in CPU bits.

S OFEE OB e b ¢ d DE AM
90 77 2.16 0.60 1.55 0.61 0.89 1.25
91 69 2.46 0.56 1.35 0.63 0.79 1.55
4 bit 92 69 1.79 0.58 1.22 0.77 1.05 1.14
90-92 216 2.15 0.58 1.32 0.67 0.8% 1.33
90 130 2.46 0.61 1.77 0.56 1.07 1.60
91 165 2.04 0.73 1.54 0.58 1.10 1.89
8 bit 92 124 1.64 0.81 1.63 0.56 1.16 1.95
90-92 419 2.06 0.71 1.63 0.57 1.11 1.82
90 101 1.67 0.85 3.98 0.24 1.12 2.42
91 167 1.60 0.90 1.93 0.47 1.04 3.23
16 bit 92 125 2.14 0.78 2.92 0.31 1.12 3.87
90-92 394 1.77 0.85 2.70 0.36 1.10 3.12
90 23 1.52 0.89 5.53 0.22 1.17 2.79

91 61 2.33 0.83 2.29 0.40 0.86 4.14

32 bit 92 55 1.37 0.91 3.69 0.25 1.49 14.28
90-92 138 1.76 0.88 3.55 0.28 1.12 7.96
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X9, K10 83XU'E8,»5 CPUE Yy McX->T
ENTNHFBEE BT, FE TR
BURZBEMAERL TV ENAD 5. MIDDS
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HZ 51> CTLEDSE MBICIE DT EDBGH 5.
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Table 9 Cost model in languages.
S OEE BB o« b ¢ d DE AM
90 255 1.96 0.72 2.35 0.44 1.06 1.47
91 259 2,13 0.73 1.54 0.57 1.02 1.91
ASM 92 218 1.73 0.81 1.73 0.52 1.07 3.01
90-92 735 1.97 0.75 1.84 0.51 1.05 2.08
90 61 2.50 0.75 2.39 0.40 0.9 3.12
91 109 1.79 0.89 1.79 0.47 0.91 38.32
C 92 76 1.59 0.86 2.50 0.34 1.35 7.38
90-92 244 1.91 0.84 2.16 0.41 1.04 4.38
90 — — — -— — — —
91 79 1.57 0.91 2.47 0.41 1.07 3.72
C+ASM 92 60 1.54 0.84 1.82 0.47 1.35 3.51
90-92 139 1.56 0.88 2,15 0.43 1.19 3.63
90 15 1.69 0.83 3,92 0.27 1.21 3.26
91 15 1.64 0.84 1.35 0.46 0.97 3.94
Foftt 92 19 1.48 0.95 3.70 0.24 1.14 8.59
90-92 49 1,59 0.89 2.50 0.34 1.11 5.53
DE: BZ%hER, AM: FHEBERAR,
ASM: 7V 7 VELE, C: CEEE,
C+ASM: CEEELT V7Y BEOHA

(DE) 12 CPU It & ->TRBPEVEFLIBNC L, F
EERAR (AM) 13 CPU v ARS8 3icD
NTRELBBEMGDPA.
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B—EEMcR T AEDLIICRA B, Birc
R7 Y7 ) EEORTWCEBOTIIERT S
EMLEITEBERERTREWEELZONS. —7,
X 12 o RETHREARIMITEAEENENR S &
FNEFNERBRETRTIENINSE. BLZ0A
BULTRAUERTHICHLTE T YT YEET
%ﬁ?%@@ﬁﬁ%@%ﬁﬁ<ﬁofw%:&ﬁﬁm
3. 123 9 5 SR AR (AM) OEM5M
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ETHMBRELIL D &SRR BEL 25 &
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Fig. 11 Relation between the size of software and
the actual man-months in languages.
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