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1 INTRODUCTION

DSM is one of the most suitable ways to analyze product development processes. On the other hand,
describing and maintaining DSM matrix which has complex dependencies is painful. This is one of the
major issues when we expect to use DSM in practice.

DMM partitioning method we developed is to overcome this issue in design study procedure
optimization. This method adopts user inputs as Domain Mapping Matrix format (DMM, QFD like
format, matrix of requirements vs. components or parameters). The DMM contains inter-domain
dependency and design risk and design freedom of each item. Then it converts user inputs of DMM
format to DSM format automatically which describes detail process of design and evaluation. This
generated DSM matrix can be analyzed to optimize design and evaluate process with existing DSM
sequencing technique.

By using this DMM partitioning method, we can describe and analyze design study procedure or detail
process of design and evaluation with approx. 1/4 to 1/20 load and time compared to when user
describes DSM in the conventional way. In addition, we can maintain and update DSM much more
easily when situation is changed because DMM as user input maintains eigen information
dependencies between items and status information of each item (risk and design freedom) separately.

2 MOTIVATION

In past, focal point of product development process improvement for almost manufacturers was to
establish and optimize gate management process. But recently, leading manufacturers’ focus is
shifting to inter-gate process optimization. This is to achieve higher productivity with less variance.
When we look at product development process, we can outline the process schematic as three layered
process. Figure 1 shows the three layers of product development process. The top layer is gate
management process as described above for minimal process leveling through the organization and
this gate management process is defined as static or ruled process. In this layer, we don’t find any
loops. The middle layer is inter-gate work-process mainly for inter-module or inter-division process
synchronization at rough level and this level has intermediate characteristic between rule and situation
depend. In this layer, we can see a few loops but not strong loops. The bottom layer is inter-gate
design study process to define detail procedures what requirement should be evaluated before than
others? Or what design parameters should be fixed before than others? In this layer, we can see a lot
of loops. When we look at the third layer, design study process, this layer is typically very complicated
and also situation depending process. This process layer should be optimized repeatedly according to
the situation changes. But, describing and maintaining the design study process is painful when we use
DSM in the conventional way.
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Figure 1. Three Layers of Product Development Process
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3 BASIC THEORY OF DMM PARTITONING

3.1 Analysis overview

In this approach, User Input and Output is DMM format. When user invokes DMM partitioning
analysis, the first step is DSM generation from DMM input. Then generated DSM is partitioned and
then DMM is reordered according to DSM partitioning result. These steps are automatically executed
by analysis tool we developed. Figure 2 shows the analysis overview.
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Figure 2. Analysis Overview
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Figure 3. Extended DMM Format

Figure 3 shows extended DMM format for user input and output. This format consists of sensitivities
between requirements and parameters as non-directed dependencies and status information of each
item (importance, requirement risk, design risk and design freedom)

3.3 DSM generation
DSM generation is to generate directed dependencies between all items from non-directed
dependencies and each item status in DMM input. Generated DSM example is shown in Figure 4.
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Figure 4. Generated DSM
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To automatically generate DSM from DMM input, firstly, it puts all of design components and module
requirements in row and column. Secondary, it calculates directed dependencies by using 4 different
conversion algorisms for 4 categories as shown in Figure 4. These directed dependencies means
strength of unexpected information flow between items. These prediction schematics are basically
analogous to water flow strength prediction in the water flow system. Figure 5 is the schematic of

directed dependency strength calculation for DCs to DCs.
Design
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19 - a Design Risk
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Figure 5. Schematic of DSM Generation for DCs to DCs
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- A design component which has higher risk tends to generate more unexpected Information.

- Stronger Information flow tends to occur between sensitivity paths which has stronger
sensitivity and higher requirement importance and requirement risk.

- A design component which has more design freedom tends to adapt more unexpected
information flow.

Generated DSM is analyzed by conventional DSM partitioning technique. Then, user output as DMM

is re-ordered according to generated DSM partitioning result and loop contour is also described.

This DMM partitioning result as shown in Figure 6 suggests where iterations are predicted between

components design and requirements evaluation and it also summarize DSM partitioning result as

optimized design and evaluation process.
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Figure 6. DMM Partitioning Result

SUMMARY

By using DMM Partitioning method, we can analyze design and evaluation process more easily
because DMM partitioning method can reduce user input load and time at around 1/4(2 domains case)
to 1/20(3 domains case or more) compared to when describing DSM in the conventional way.
Reducing user input load is key enabler to analyze design study procedure in practice because these
processes are typically very complex. In addition, we can maintain and update DSM of directed
dependencies much more easily when situation is changed because DMM as user input maintains non-
directed eigen information dependencies between items and status information of each item (risk and
design freedom) separately.

We have applied this methodology for recent 3 years to our consulting clients including copier and
automotive cases and these clients accept the DMM partitioning result as reasonable suggestion. We
will continue to increase cases and improve this methodology based on clients’ feedback.

Contact: Katsufumi Araki

iTiD Consulting, Ltd. Methodology Development Group
2-17-1, Konan, Minato-ku, 108-0075, Tokyo, Japan
Phone: +81-3-6713-5735 Fax: +81-3-6713-5899

e-mail: arakatsu@itid.co.jp
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Requirement for Process Optimization (Cont'd)

«  Limited support by organization standard and initial plan
g — Standard is definitely necessity...... but....
\f_.\/ *  Majority of process management is to response
QV‘ unplanned/unexpected situation especially for high risk project.
i — Management ability gap between managers become obvious
once unplanned/unexpected situations happen.
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Challenge for Design Study Procedure Optimization

*+  How to handle complex process includes loops?
v DSM!!

How to manage large system within reasonable time and effort?

— Describing and maintaining DSM is painful especially for
large systems.

How to manage uncertainty and quickly response unexpected?

— DSM dependencies are frequently changed according to
situation...

M & <e-
Product Development o @ .
Technische Universitat Miinchen

9th International DSM Conference 2007- 7

IN COOPERATION WITH BMW GRroOUP ;I'-.
S0 Camsidting. !

9TH INTERNATIONAL DSM CONFERENCE

Basic Theory of DMM Partitioning

TI-ITI w:@::'
Product Development @ = -
Technische Universitat Miinchen

119



;-.
CAPITALIZE ON COMPLEXITY i gnﬂﬁ-,,g_w.

Analysis Overview

User Input/Output

Partitioned
DMM

‘( Input/Output DMM
/

Generated
DSM

Internal Execution

Tum Q-
Product Development o - .
Technische Universitat Minchen

9th International DSM Conference 2007- 9

CaPITALIZE ON COMPLEXITY 5 g,,ﬂﬁ-,,g_w_

User Input as DMM format
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About DMM to DSM Conversion
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About DMM to DSM Conversion (Cont’d)

. How to predict “Unexpected Information Flow” between DPs?

— A design component which has higher risk tends to generate
more unexpected Information.

/\\ — Stronger Information flow tends to be occurred between sensitivity
< BY paths which has stronger sensitivity and higher requirement

) { priority.

— A design component which has more design freedom tends to
\‘/ adapt more unexpected information flow.

V/\ N, Design
‘6 /“ 59'(‘:‘3;'“!/ Component
\ - Design Risk
a
""s ‘ Importance Module (1-5)
" f -9 Requirement
’1}"/ / Requirement Risk A
%"‘ -3 Design
Design Freedom
‘Q Com%onent 1.5)
)

M & <o~
Product Development - &
Technische Universitat Miinchen

9th International DSM Conference 2007- 12

121



&

P

o

9th International DSM Conference 2007- 14

TUTI

Technische Universitat Minchen

E ) E
= ~ 3 5
kS kS
B b 8 LY
£ @ 3
1=
¢ 0 Iw:
=] = =]
iZ J k) my
S T g
o (@) S
w [ mppouIEy | - apan - L-dal = .- & o || =0
WBIBM - 0L-IN 3 a m —
souBUBIUIEI JO BSET - E1-IN == : ] o FIIRAT - 1INy AINsef g - £l 3f m " m| |m |~ |
uopebuol3 saded - g-IN 3 s ..ma — Bulear - 1804 183 H - -0 =+ o ) o o
BWNIOA- | L-IN S - -~ m - — ]
“ 5 8 nn Acdng o - pupoo-gdg( 2 o oo o | o w0 @ o ol o
jelsowlsayL - [ouo) - LL-da & - © Rl
- =
Bupieag - Jejjoy einssald - g-d0 S £ o Guzio-gpd] L@l wle | = @ |mfo| o) e|a ol
Buueeg - seljoy jeeH - v-da & .Ml 2UM}ANAS LOdANS, - 1310y 2Inssslg - a7 e wlw|woln w| |
Aiddng semod - 010D - £1-da K [ s M ——
o1eS B4 - PN == 4 ) NS pudnes - Sy e H - sd|n w|o|w|mn w| |
SN == 5 L
g
png seded - 0N S -~ 5 =) eprng edeg ¢ daf - a| ||« wl |afw
500 B - Z1-IN R = —T
¥#00 B -2 e m -— c sosay | - o3 -0 1-da| 2w el e | alw| =) [=|e] |«
pI0D uld - NS, [N 3 © !
BuisnoH - 91-da & ] £ O mEa - anlg-g-daf e o o w o e |
c £ B
nonys Hoddns - sajjoy ainsseld - £-da § = = 2 = e apey4 voneledas mdag - g-dg| o @ | -1 R w ofw
aumonuis poddng - J9)joy 1eeH - g-da & - - e o1
O (7)) afo - o -z dg( | e oo e o @ 5 @ o wml alw
wep soded - 1-INS ~ y— © L
o 8ping Jeded - 21-dq 2 - o~ M Re) g - g cdg| o | @ ool o ol ool o @ a|olo| oo ol w
e 1
c siouum seded - N 2 &0 c ooy - sy vy - cdg| o | of ool e ool el ool ala] [o]o|e] | v
— UORAWNSWIOY JaMOd - GL-IN> © M o —
c LB - 101103 - 0,40 2 = N iz - satoeat - 23| v || w | | ol o] el ol wlwf | wlel o]
(M) =
ﬁlv 1899 - oAUQ - 5100 2 B & = e e e i e \v e = o e |=] |= P
Aungeng - 6-IN S - © [7)] —
= I - AN - g %\\ - m| |n m| e
+ dei Joded - G-1IN 2 SN < © Z i
a ojeld uonesedag Jaded - g-dg & -~ ~ <« [ S JETLT] .m_.n_v \_9 m " m o ooy
Dl awiy dn-UWuepm - LN = P =) & & (0] (@] Ew_._._._n___>:mmmwm4.am.\ \m wl|m|e o|m|m| o o m 15 o —
0107 - 100D - Z1-da 2 [ = = i = © © < o © (/)] - ]
c 2o o w|o|oe als| |= o|—
M 10/GaNY - J9110Y 189H - £-d o [+ = flou o anmoosofuacoooofoaasco- ) o) = Rl
%) Angisng - zaweo = o [ o FYSINS PPN o~ v o o ca| =|w mf el m| ool | @]z
101104 - 9]0y 0InSsOId - 9-dA N [ = v N+ N~ <0 ovvrorfoootrnftna s e
Q ° a z
onools - Jelioy 1eeH - z-da o = = fa = o 0 w 0 0 vl A B0 ol Vo BolE - - oo Y o a .5
o T
J8jeaH - 18]I} 1eeH - L-dgw |+ — v &y wowowswoNmw v v ©® oo~ © — o m.:54433334322232w.m_ﬁ
010l - 8AUQ - pL-dd < E= NN N e B ~ Eee p > —_ £ .w =
o 5
JoUo] - BL-dg e = = o<t 0o Lo <o o <« <« 0o © -— ho] o &g
Juswuoug ebesn - 0z-dg & gy S === = S C & &
= Sl w|w | n] o =[] o] mfn ]l m ]|
epon-gi-da— - a -0 v w00 wo-AB-0To ST ool B e O ® n > m
cNotworEoSr R e 2PN ANRNNANRRBHNBE © N T\ =
o = n O >
g e > © 2% ON : :
£ ) 5
= 23 = frust =1 5
= £ = < L %a c 5 52
> 4 . e 15 3 o)) 2 gl o 22
5 o 58 r £ g o (o] Ele |52 z| |32
w I s £ s € ¢8 [ 3 w N O = = ElE S| £l e % =|& g =
- E % 5e8 & o 58 g3 se8s g I o) 3£ =2\ 5| =| Bl 5| E| . &=
s g g2 3 a 33 g4 BAEDY 5 8 = .Iuas HEEE N EREEE R
o z E §8: 5, 5§ EE -3 53.£ 55 ° o o c S 0 HEFERE N E N
% S8 sINn3 EHoE s 3 » 3 2033 =2z [} H N = E[E E|S| 22 elE 822 2&=
8 £ 5793 TOEE 58223 22 3022 [E 9 s — HEEEEEEEEHEER
s 3 S £ SEEST S S Ss : ] & R SIS R E
= B 2 8338 3988 FFEEE B . _pRi3F 35 3 = = — QN SLEE 2|7l E &£ 7] & E & E
22 L2888 2 8E3EL o858 2, 52 gl g m alloa] 5e 5
o s8sseb 52583952, 2555 03883888832 b o S o O i o b b M R B R K b i
[ 83 cs5s883553Rcz5585 858 s5t53L4¢ 13} W) = o E|E|E E[E[E[ 2|55 2| E| 5 2 E[E
= S LA Lt i LA S e L AL L Ak 3 Qo
8 Siitesairareeiihtuiteteitieiiee ° s
o 8688880500585 55885585588855558888555= a o]
w w
N N
M -
= =
o o

Product Development

122



IN COOPERATION WITH BMW GRroup ;l'-.
ST Camsudting, ! i,

O9TH INTERNATIONAL DSM CONFERENCE

Usage Scene

TI.ITI ‘=°=='
Product Development @ - -
Technische Universitat Miinchen

IN COOPERATION WITH BMW GROUP I -
1R
ST Camsidlting, el

Typical Usage Scene

/_ Organization Standard Modell\ Project Tailored Model
Y

Expert Project Progress
Know-How Situation Update

DMM
Template
Model

DMM
Partitioning

Org. Si'andard
— Design Study
Procedure

Initial Plan ‘ Updated Plan
/
i & <@-
m Product Development . et M @ b .
Technische Universitat Minchen

9th International DSM Conference 2007- 16

123



T Camsiiting, el

CAPITALIZE ON COMPLEXITY

Initial DMM (at the beginning of Phase-1)

WEOLIEY | - M0 - L1-d]

Finmag - 1Ny ansssig- c-rg

BulieaF - Jaloy 1234 - -7

Alcdng o - [upon - g -dg

Buigno4 -g1-d]

SUNJDNNS FOOHNS - 1910y SInsseld - 0]

NSNS HudUr . - Ry e - -y

5

spnodedey 2y dg

17

JOEILISY | - o) - 0l-dg

10

lgEa - a1 - g1-d]

|4 woeledes Bdag - e-d]

a9

b0~ - [Jpo -7 -d]

BN - 18110 JaH - £-07

Jefluy - I HansEsg - ey

EASBIE - 18I0 ¥aH - -0 ]

129 - ey e - -d| .

w

u

()

mrw - anlig - g

14

Jauo )| -F-da

19

Wawuonang abzs T - oz-dg

epap -gi-d]

18 |20

Luup Lewel 1
Loop Lawel 2
Luup Level 5
Loop Levval 1
Loop Level S
Loop Leval 7

15

N

13
10

y

Importance | Modue Risk

[4]aofafalaafz|zfala]a]2]-
afsfsls]sfafafs[s]s]a]ala]s]

lalalalz]a =

ENEREFRENE

Dasigr Rizk
Dezign Frecdom

2

Mr-2 - Fushility

flr-1 - arni-ups Tine

Mr-5 - Paper Wirap
hir_8 - Durahilty

hr-115 - 2oy Comsumption

hdr-4 - Paper Wrince

hir-7 - Paper Jam
-3 - Pl Cord

br-12 - fy. Cost
Mr & Pspar Cutl

14 - =lre Satety

hr-1-

-Malamz

Mr-2 - Maper Elongation

hr-13 -

aze of vidntenance

hdr-10 - “Meight

Technische Universitat Minchen

Product Development

9th International DSM Conference 2007- 17

i Cansulting

CAPITALIZE ON COMPLEXITY

f Phase-2)

inning o

Updated DMM (at the beg

oungonys poddns - 10j0y sunsscl - ~daf e w @ w o w w
2 reanng edeng - Ay 1Rap - 5| i o m ™ m |
Buig1od - q1-d| 2| o e “ “ wlmfem| ol o of =
alfo - oD -7 -dg| O | @ @ w| m|omfm| o] o @ o
lgeg - anl] - g-dg) e o @ w | o) =
apg Jaded - 2 |-dg| = | wf @ o0 wf 4] o
s uogeede e g - prd g o m m | wf @ w| | wf 4] o
oy wpgenzzeld cdj|w|cle|e o ool o] @ o] o 2] o] e w| cafw
geny - @y - cdd| e | @ e e o oo o | o) | == e
zhadls - Aoy aH- zdd| o o o| @ o | | o| @] o| o 2| @ oo o=
wauwonsugebes -gz-da| S e | o 8 I I I Y Bl -] -
Jauo) -g|-d3| 2 @ @ @ o | o o oy
elpap -g|-d]| = m o m| m| @] @ o | o=
Ay - e -l o0 m| w o o4 o2
Acding svo - papo D - g rd 3 2 e w w {7 (T T T ) waf oy
mEouIcy ] - 20D - L -dal = | = o cdf o
s AL - ng - 2 e m | m " w | m) oea| A waf ral
Euisead - 1910y aInzssld - s-df o ) mf o —[m
Bupeag - o peay - p-dg| =+ o o —| e
BEaE - EeyEey- d]l— | =] @ o o| o w| o o e
et B e e =] B = = R e e el Rl )
#
£ g
m_./222222222./_22./_2mw
g P
[
o
" = 2|g
& - 2
F } o
2 5 z
2 o1 I I e T e It Il It BT I I
£ £
- = £
T 8]
T [=d
- =
£ & = 8
s [} o =
£ £ =
¢ L o = ] E
£ of o 4 =| £ o}
= [ = £| |5l | 8] . 8| &3 =
& SEEEHEEEEE R BRI
£l 52 3| 5| 5| 5| 5| B 2| | 2| B 5| &
| B|E 2| o gl o=l =D o®
L4 E &R J HERE R RE L
o afa|a)ala IR
ol | O | | || 2] e
b Il B Il Bl Rl el Bl el el vl B Bl B
b1 B B0 B D= B B D= B - = B - =

Technische Universitat Miinchen

Product Development

9th International DSM Conference 2007- 18

124



;-.
CAPITALIZE ON COMPLEXITY i g,,ﬂﬁ-,,g_w_

OTH INTERNATIONAL DSM CONFERENCE

W'_ Summary

Product Development @ - s
Technische Universitat Minchen

;-.
CAPITALIZE ON COMPLEXITY i g,,ﬂﬁ-,,g_w_

Summary

* Analysis Result is Reasonable and Acceptable for User.

— Validated this analysis results with our consulting clients.
(copier, automotive and other industry clients)
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-
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Easy to Model Information Dependencies

&
Q’ — Appx. 1/4 (2 domains case) to 1/20 (3 domains or more
case) description load compared to the conventional way.

< ' + Easyto Update Information Dependencies

— This approach maintains eigen information dependencies
'gx ) (sensitivities) and status information of each item (risk and
‘ design freedom) separately.
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