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IP
IP
1/(1-Re[ 4, 1) U IP
2 4.10
4.10(b) -1 VUP CPU
WBS16 4.10(a)
()
() () (>) (><)
VUP CPU IP
IP
4.10(c) 2 WBS16
(©) (><) () =)
VUP CPU IP
IP
42 1/(1-Re[ 4, 1)
1 2 VUP CPU
1/(1-Re[ 4, 1)
IP
1/(1-Re[4,])  1/(1-Re[ A4;])
1/(1-Re[ 4, 1)
1/(1-Re[ 4, 1) U
VUP CPU IP
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42
-1 -2
1/ (1-Re[A,D AL 6.777 3.159 2.924
A, 1.309 1.365 1.358
As 1.171 1.304 1.301
5.568 2.820 2.547
1.767 1.476 1.447
1.418 1.271 1.257
1.227 1.203 1.201
8.983 3.845 3.465
STG2 7.997 4.244 3.948
VUP CPU 9.554 2.564 1.457
1TSM 1P( 1.140 1.099 1.095
CM Mem IP 1.140 1.098 1.095
MCTP 7.004 3.768 3.518
DFTTP 5.476 2.902 2.739
11.082 4.892 4.424
8.455 4.264 3.881
(DFTTP TSTSL 4.392 2.426 2.314
5.821 3.450 3.262
10.309 4.651 4.210
6.641 2.626 2.335
2.805 1.974 1.905
5.310 2.852 2.598
2.710 1.929 1.866
(ERC/DRC/LVS 2.775 2.135 2.078
113.135 58.887 54.025
4.8
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5.1
( , 1976)
(Sage,
1997)
(Wang & Roush, 2003)
Restrepo (1995)

(Restrepo, 1995)

(Chapman et al.,
1985; Chapman, 1997) (Reid, 1989)
(Critical Path
Analysis: CPA )
(Pierce, 1998) (event) (task)
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(Webb, 1997)
(Wang & Roush, 2003; Kaplan & Garrick, 1981; , 2000; & , 2001; Vose,
2003)

(Patterson et al., 2002; Browning & Eppinger, 2002)
(Gantt Chart) (Gantt, 1910) PERT (Program

Evaluation and Review Technique) CPA

(iteration) ( , 2003)

(feedback)

(Browning & Eppinger, 2002)

(Design Structure Matrix: DSM )
DSM

DSM

5.2

5.2.1 DSM
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(feedback)
(Alexander, 1964; Whitney, 1990; Smith & Morrow, 1999)
(Schumpeter, 2001)
(task)
(von Hippel, 1994)
(Cooper, 1993; Kline, 1985; Nightingale, 2000)

(, 2004)

(Steward, 1981; Eppinger et al., 1994)

(Whitney, 1990)
(Gantt Chart) PERT (Program Evaluation and Review
Technique)  CPA (Critical Path Analysis: )
((Alexander, 1964; Whitney, 1990; Clark & Baldwin, 2004)

(Design Structure
Matrix: DSM ) (Steward, 1981; Eppinger et al., 1994; Eppinger,
2001) DSM

(Eppinger, 2001)
DSM ( ,2004)

5.2.2 DSM

(von Hippel, 1990)
ajj
A (Smith & Eppinger, 1997) aj

i J i a;
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5.3

5.3.1

2001)

S=vU=v () A,

t=0

C=WU=W() A,

t=0

( , 2000; Vose, 2003)

2001; Vose, 2003)

L

R( )=P(

x>T)
P(x) = f F(x)dx

L(x)

(Wang & Roush, 2003; Webb, 1997;

R

) L(
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P(x)

Sx)

, 2000;

(5.4)

(5.5)

&

(5.6)

(5.7)



R=Y" f(x)L(x,) (5.8)
i=1

R= I:}(x)L(x)dx (5.9)
X
L(x)
T
L(x)=K(x-T)* (5.10)
K x>T
(5.10)
L(x) T x>T
Lx)=L({T +x-T)=L(T) + Lvl('T) (x—=T)+ L”z('T) (x=T)* +-- (5.11)
L(T) =0 Lx) x=T () 0
3
L(x)=K(x—-T)* (5.12)
(
, 1969)
(5.10)  (5.9) R
R=K I FO0)(x—T)2dx
T (5.13)
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5.3.2

Ts
Ps(x)  (5.7)

R = [ fs()dx, x> T

Ts

(5.13)
Ry = K [ f5()(x—Ty) d
Ty

Tc
Pcy)

R0 = [ fedy,  y>T,
Tc

Re  (5.13)

+00

Re =Ke [ e y=Te)dy
Tc

5.4

5.4.1
5.1
522 DSM

U (5.3)
(5.15)  (5.16)  (5.17)

Ks

(5.7)

Kc
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(5.15)
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(5.14)



DSM }
)
( )
( <
U
)
v
( )
Ts, Tc 3
)
)
Ks, Kc JSx), o)
) ( )
v 9 ]
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5.4.2
EL (electroluminescence) (Tang & van Slyke,
1987) LSI (Large Scale Integrated Circuits)
DSM
5.2 DSM WBS
(Work Breakdown Structure:)
(Kerzner, 2001)
5 3
3
EL
0.2 0.1 0.05
3
WBS# 3 4 5 6 7 8 9 1 11 12 13 14 15 16 17 18 19 20 21 22 23 24
1
2 . 0.05 0.1
3 0.1 0.05 0.05
4 0.1
5 RAM 0.1
6 0.1
7 RAM
8 [bc-DC 0.1
9 0.1
10 0.2
11 0.1
12 [pc-bc
13 , Rowoff generator
14 |oscillator
15
16 0.1
17 GDSII
18
19
20 0.05
21 0.05
22
23 [coF/coc
24

52

DSM
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5.1
odell 3
WBS5  WBS7 RAM
(Clark & Baldwin, 2004)
WBS5 WBS7
WBS17
GDS
WBS17
5.1 8
3 5 718
wBss | RAM
6 m | m
WBS7
GDSIT | WBS17 14 - -
WBS2
WBS3
WBSS8
WBSI11
WBS12
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5.2

TEG

5.1 DSM
WBS10
WBS19
3
U
U
1.00

WBSI5
LSI

(5.3)
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(

(

etal., 2001; , 2004)

, 2000)

WBS10 WBS15 WBSI19

up



1999)

2003)

c

P(b):

5.2 U
WBS# | Model ' Model2  Model3  Model4  Model5 | Model6 ' Model7 | Model8
1 100 100 100 100 100 100 1.00 '1.00
2 155 154 100 148 100 145 1.00 @ 1.00
3 144 124 100 123 100 160 1.00 @ 1.00
4 185 162 100 156 100 202 1.00 @ 1.00
5 124 123 117 100 ' 117 100 1.00 @ 1.00
6 118 118 118 118 118 124 110 @ 1.00
7 137 136 130 100 130 /1.00 /| 1.00 ' 1.00
8 116 116 100 116 100 126 1.00 @ 1.00
9 162 161 152 158 152 177 | 140 @120
10 365 355 254 299 254 312 200 1.60
11 100 100 100 100 100 ' 1.00 | 1.00 ' 1.00
12 130 129 100 126 100 116 1.00 @ 1.00
13 113 /113 113 113 113 129 110 @ 1.00
14 127 127 126 127 126 129 120 110
15 270 265 172 234 172 225 160 140
16 122 122 122 100 122 100 110 @ 1.00
17 391 100 1.00 '1.00 ' 273 358 200 1.00
18 167 166 152 160 152 154 150 1.20
19 223 145 142 142 197 216 170 110
20 125 121 120 120 122 129 110 @ 1.00
21 111 111 111 111 111 1315 110 1.0
22 106 106 106 106 106 112 101 1.00
23 105 105 105 105 105 108 1.00 @ 1.00
24 111 /111 111 121 121 01318 1310 0 1.00

P(c)=0
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38.09 133.72 12948 31.75 [31.78 36.53 129.01 25.60

(Evans & Olson,

P(x)

(Vose,

P(a)=0



(c—a)2®) _,

1
5 (5.18)
523
| 4 w 5.3
Jsx)  fcv)
53
WBS

1 6.0 7.0 8.0 2500 3,000 3,600
2 35 45 5.8 386 451 580
3 21 28 5.9 208 277 623
4 43 54 7.6 514 649 920
5 RAM 24 3.2 5.2 242 322 524
6 51 5.9 85 635 678 1,016
7 RAM 4.0 51 6.6 585 658 804
8 |[DC-DC 17 2.6 4.7 215 258 515
9 2.2 25 43 681 743 1,361
10 0.7 0.8 16 384 411 521
11 35 40 6.5 1900 2,200 3,300
12 |DC-DC 19 23 35 1386 1540 3,079
13 , Rowoff generator 44 6.2 75 2,750 2927 3459
14 |Oscillator 39 55 7.1 2433 2590 3217
15 4.6 52 7.0 2,773 2,958 5177
16 53 5.7 6.5 4,085 4493 4,902
17 GDslI 33 3.6 51 1,022 1150 1,916
18 7.2 8.4 9.9 537 597 896
19 183 18.8 20.1 9,397 9,845 10,069
20 , 48 5.6 16.1 1124 1204 1,606
21 135 153 19.8 4495 5394 5844
22 28 38 4.7 43 47 52
23 |COF/COG 114 133 171 6,649 7,124 8549
24 1.8 2.7 5.4 361 406 812
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(5.14) (5.16) Pg(x)  Pux) (5.15) (5.17) Rs Rc
(McKay et al., 1979;
Stein, 1987)
(1% )
r
E[S/] S5
E[S.1-E[S,
| [ )] [ )—100]| <0.01 (519)
E[SV—IOO]
[6715,1= 718,100
; <0.01 (5.20)
S°[S, 100]
Ts Tc
Ks 100
K¢
54 8
5.4
1 2 3 4 5 6 7 8
7s 200
Ic 86
run | 1200 1200 1300 1200 1100 1200 1300 1100
E( )[2296 1999 1823 1912 1999 2231 1845 161.0
os | 544 51 48 49 50 53 46 4.1
E( )] 829 847 918 875 856 855 855 898
oc| 19 17 13 15 14 16 13 11
vs| 015 012 007 026 019 006 023 019
yc| 024 025 016 041 027 018 019 019
ks | 298 295 273 321 274 268 268 284
kc | 297 254 260 301 284 263 266 28
P( )] 990 468 20 39 450 980 20 20
P( )] 59 259 990 847 387 385 352 990
Rs | 208 347 32 6.2 362 161 3.2 3.2
Rc | 06 46 634 529 139 121 127 970
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Vose

50%
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2)

Ahmadi et al., 2001)

& ,2001)

Rs
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6.1

(Blackburn, 1991; Ahmadi el atl., 2001)

(Womack et al., 1991)

142

Womack et al. (1991)



6.2
6.2.1
(Schumpeter, 1980)
(Ahmadi et al., 2001; Graves, 1989)
crash Brooks (1975)
(Brooks, 1975)
(task) =n
nn 1)2 n
overlap (Clark & Fujimoto, 1989;
Roemer et al., 2000) 6.1 (sequential)

(Graves, 1989)

(Roemer et al., 2000)

(Graves, 1989)
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Sequential vs. overlapped development pro-
cess for turbopump example.

[—J Design Time in Sequential Process
I Additonal Time required in Overlapped Process

Overlapped Process

Sequential Process

0 0 X TR .3 (% %1 508 B i 00

L.

, —>
2515 Development Lead Time [days] 179.1

6.1 (Roemer et al., 2000)

6.2.2

(Scherer, 1966; Mansfield, 1971; Putnum & Fitzsimmons, 1979;
Eastman, 1980; Boehm, 1981) Scherer (1969)
Mansfield (1971) 11 29

(Scherer, 1969; Mansfield, 1971)  Putnum & Fitzsimmons (1979)  Boehm (1981)
Mansfield(1971)
Boehm (1981)
75%

Ahmadi et al. (2001)

(Roemer et al., 2000) 6.1
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& Baldwin, 2004) IP (Intellectual Property)

EL (Electronic luminescence)

6.2 Rs

( 100 )
140
120
100
80
60
40
20

Re
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7.2.1
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Mechanical product

Development Reduction in lifetime profit (%)
factor 0O 2 4 6 8 10 12

Lateness
(1 year late)

Product performance
(10% low volume)

Product cost
(10% higher cost)

R&D expense
(50% over budget)
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Development Reduction in lifetime profit (%)
factor 0 20 40 60 80 100

Lateness
(1 year late)

Product performance
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Product cost
(10% higher cost)

R&D expense
(50% over budget)
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95%
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7.3.2
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7.4
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(Fujimoto, Goldratt,1997)

(Fujimoto et al., 2003)

(,1999)
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7.3.3 CCM

PERT (Program Evaluation and Review
Technique) CPM (Critical Path Method)

CPM i
ii il

( etal2004)

TOC CCM TOC 73

CCM

166



(Yeo&Ning, 2002) CPM CPM
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7.4

7.4.1
7.6 PERT (Cook, 1998; Yeo & Ning, 2002)
PERT
PERT
PERT (Goldratt, 1997; Steyn, 2000 and 2002)
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7.4.2
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7.3.2
lg
Im
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64 32
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(©)
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a.20 b.10 c.14
e.20
d.16 b.16
.a.10 b.5 c.7
e.10 PB32
d.8 b.8 PB16
a.10 b.5 c.7
e.10 PB16 /
d.8 b.8 FBS8
a.10 FB5 | b.5 c.7 /
e.10 PB19 /

d.8 b.8

7.6 (Cook, 1998; Yeo & Ning, 2002)
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(Boldwin & Clark, 2004)

7.6
7.6.1
PERT CPM
TOC CCM CCM
(Vose, 2003) Goldratt
ABP (Aggressive But Possible)  HP (Highly
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90%
7.6.2
PCIExpress LSI
PCIExpress PCI (Peripheral Component
Interconnect)
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PCIExpress x 16 8GB/ LSI
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7.6.3
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WBS (Work Breakdown Structure)
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LVDS(Low Voltage Differential Signal:
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0°C  85°C
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8.2.2

1)

, 1984; , 1984; , 1992)

metal:
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1984)
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1960 (2 3
( ,1992)
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C
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Conway & Mead (1979)
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1980
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(Boolean
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RTL

IP

IP

HDL

HDL

IP

IP

194




1)

1P

(portability)
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/
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