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Abstract: The Design Structure Matrix (DSM) isacompact representation of theinformation structure
of adesign process. It isa powerful tool for representing and analyzing task dependencies of adesign
project. This method provides a major need in engineering design management through documenting
information that is exchanged. Analyzing the structure of a design process can identify many
opportunities to improve it. Building a DSM model of a project/system, improves the visibility and
understanding of project/system complexity through information flows. With the help of aDSM model
it can easily convey the process to othersin asingle snapshot. In this research work, an improvement
of the existing DSM tool is proposed which permits design managers to find an optimum way of
restructuring complex design tasks, exposing problems, and creating unique solutions that could not
be found simply by manually inspecting the design matrix. Theimproved model/algorithm followsthe
information-based approach of the design structure matrix (DSM) method, and uses transformed matrix
techniquesto reduce product devel opment time and cost through optimal task ordering, while maintaining
ahighlevel of quality.
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I ntroduction

Advanced technology, fierce market
competition and changing demand are forcing
companiesto design better quality andlessexpensve
productsat argpidtimepace. A product issomething
sold by an enterprise to its customers. Product
development (PD) isthe set of activitiesbeginning
with the perception of amarket opportunity and
ending in the production, sale and delivery of a
product. PD process is the sequence of steps or
activitieswhich an enterpriseemploysto conceive,
design and commercializeaproduct [1]. The PD
process in an organization can be a source of
competitive advantagein many industries. PD teams
today arefacing agrowing number of concerns, such
as production complexity, resource consumption,
future upgrades, maintenance, andrecycling[2]. A
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complex PD project involves a large number of
activitiesthat may require coordinating thework of
hundreds or thousands of people from various
disciplines. Thework of any one design task can
affect many other devel opment decis onsthroughout
theorganization. Ascomplexity increases, it becomes
very difficult to managetheinteractionsamong tasks
and people. It may be even impossibleto predict
theimpact of asingledesign changethroughout the
development process [3]. Coordinating design
decisions has therefore become a crucial
respons bility of engineering managemen.

Product development processisgenerally a
complex procedureinvolving information exchange
across many tasksin order to executethework [4].
It requires innovation and innovation requires
feedback loops. Product devel opment performance
isgenerally measured by thelead timeto develop
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the product, the cost of the devel opment effort, the
manufacturing cost of the product, and the product’s
quality or attractivenessinthemarket [5]. Analysis
of product development (PD) processesallowsus
to study product development efficiency and to
suggest processimprovements.

Iterationisafundamental characteristic of
any product development processes [3,6]. It is
assumed that theiteration of atask occursfor the
followingreasons. (1) new informationisobtained
from overlapped tasks after starting to work with
preliminary inputs, (2) inputschangewhen other tasks
arereworked, and (3) outputsfail to meet established
criteria. Many traditiona project management tools
suchasCPM [7], Gantt, and PERT [8], modelsdo
not represent iterativetask relationshipsvery well.
Although, thesetool sdlow themodding of sequentid
and parallel processes, they fail to address
interdependency (feed back and iteration) whichis
very commonin PD projects. To addressthisissue,
a matrix-based tool called the Design Structure
Matrix (DSM) hasevolved. Steward [9] devel oped
the design structure matrix (DSM) to model the
information flow of designtasksandtoidentify their
iterativeloops. It differsfrom conventiona project-
management tool s such as PERT, Gantt chartsand
CPM network diagrams in that it focuses on
representing information flowsof adesign project
rather than on thework flows.

Theaim of thisresearch wasto examinethe
existing DSM tool and to devel op amathematical
model or algorithm to restructure the complex PD
projectsin order to develop quality productsmore
quickly and economically. Suchimproved design
procedures offer opportunities to speed up
development progress by enhancing inter-task
coordination. This model/algorithm follows the
information-based approach of thedesign structure
matrix (DSM) method, and usestransformed matrix
techniquesto reduce product devel opment timeand
codt through optimal task ordering, whilemaintaining
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ahighlevd of quality.
Design structurematrix: an overview

A matrix-based tool caledtheDesign Structure
Matrix (DSM) introduced by Donald Steward [9]
providesgenericframework forinformationflowin
asimple and elegant manner. Both the sequences
andtechnical relationshipsareperformed by usnga
matrix representation. Thesere ationshipsdefinethe
technical structure of a project, which is then
analyzed in order to find alternative sequences of
thetasks. A DSM isacompact matrix representation
of aproject network. Thematrix containsalist of adl
constituent activities and the corresponding
information exchange patterns. That is, what
information pieces (parameters) arerequired to Sart
acertain activity and where doestheinformation
generated by that activity feed into. The DSM
providesinsightsabout how to manage acomplex
project, and highlightsissuesof information needs
and requirements, task sequencing and iterations.

Itisrelatively straight forward to construct a
DSM of any company’sexisting or future product
development process. Thefirst stepistoidentify the
tasksinvolved, whichiseasy and often availableas
part of the project management documentation. The
next step isto correctly identify the information
needed of the various tasks. Once al of the task
information isready, the next step isto draw the
projectsDSM. First, dl tasksarelisted inthe order
inwhichthey are presently carried out. Thesetasks
arethenarrangedinthesameorder horizontally and
verticaly toformamatrix of rowsand columns. The
other tasksthat supply the necessary information are
marked off acrosseach row corresponding to atask.
In other words, looking acrossarow showsall the
information inputs needed to complete atask and
looking down acolumn showsall theinformation
outputsthat will be provided to other tasks.

Figure 1 (adopted from [3]) shown below is
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an example of DSM construction, where task B
suppliesinput informationtotasksC, F, G, Jand K,
whiletask D receivesoutput informationfromtasks
E, F and L. All marks above the diagona are
feedback marks. Feedback marks correspond to
therequired inputsthat arenot availableat thetime
of executing atask. Inthiscase, the execution of the
dependent task will be based on assumptions
regarding thestatusof theinput tasks. Astheproject
unfoldstheseassumptionsarerevisedinthelight of

new information, and the dependent task is re-
executed if needed. Itisworth noting how easy itis
to determine feedback relationshipsin the DSM

compared to the graph, which makesthe DSM a
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powerful, but simple, graphic representation of a
complex system or project. The matrix can be
manipulated in order to eliminate or reduce the
feedback marks. Thisprocessiscalled partitioning
[9,10]. When thisisdone, atransparent structure
for thenetwork startsto emerge, which alowsbetter
planning of thePD project. InFig. 2, itisseenwhich
tasks are sequential, which ones can be donein
parallel, and which onesarecoupled or iterative.

After portioningthe DSM, thetasksin series
areidentified and executed sequentialy. Paralld tasks
area so exposed and can be executed concurrently.
For the coupled ones, upfront planningisnecessary.
For example, we would be able to develop an
iteration plan by determining what tasksshould sart
the iteration process based on an initial guess or
estimateof amissing pieceof information. InFig. 2,
block E-D-H can be executed asfollows: task E
sartswithaninitia guesson H’soutput, E'soutput
isfed totask D, then D’soutput isfed to task H,
andfinally H output isfed to task E. At thispoint,
task E comparesH’ soutput to theinitia guessmade,
and decidesif an extraiterationisrequired or not
depending on how far theinitial estimate deviated
fromthelatestinformation received fromH. This
iterative processproceedsuntil convergenceoccurs.

M ethodology

The analytical methodology of the design
processthus startswith building astructural model
usngaDSM. TheDSM isthen sorted out and tasks
arerearranged in an attempt to eliminate feedback
marks. The DSM is then partitioned into blocks
containing task subsets involved in a cyclic
information flow. Finally, feedback marksaretorn
fromthe DSM to break the cyclesto eliminate one
or morefeedback markswithin acoupled block in
suchaway that therearrangement of thetaskswithin
theblock convertsitinlower triangular form.
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Results and Discussion
Research Problem: Transformed DSM

Intheliteraturereview, it has been observed
that after partitioning, somecoupled taskstill remain
which causelengthy lead-timeand cost. The present
research attempted to find amathematical model or
algorithm, which removes al coupled blocks or
reduces coupling toaminimum level. To perform
thisoperation, al upper diagonal feedback marks
of a DSM had to be brought back to a more
appropriatelower triangular form.

In mathematics, we know that if we have a
matrix A andif |A|** O, then therecertainly exists
another matrix H, which can make A become
diagondized, if thefollowing caculationisapplied:

HL. A.H=D (isadiagonalised matrix) ......... (i)

As in this example, we desired to find the
transformation that can convert aDSM into one,
which hasthedesired featuresin order to optimize
theorganization of thedesign activities. Theproblem
can be solved in other ways, using an‘ operator’ to
expressthe matrix form. Let’sconsider the above
exampleagain; if A =agiven DSM and B = the
transformed DSM of A then its operator form
becomes.

Similarly, if wecanfind theexpression of H*, it will
tell us how to coordinate the design activities to
obtain optimal orderingsof theDSM.

HereH*isa'specid operator matrix’, which canbe
definedas:
H*A.A1=B.A",

[A.A=] (identity matrix)]

In other way, the transformed matrix can befound
out whichisshown below:

Here, H* and H aretwo different operators, which
convert A totransformed matrix B. It istherefore,
necessary to definethesetwo operatorsfor the DSM
transformation.

H*. A.H =B (isadiagonalised matrix)
Example of Matrix Transformation

Consider matrix A asawork transformation
matrix, wherethe diagonal elementsare zero and
off diagona marksrepresentsdependency strengths
between tasks. Now the columns of matrix A can
be interchanged to bring the higher dependency
marksinto alower triangle. Thistransformation
occursby multiplying matrix A by unit matrix H and
different values of H may be used to observethe
actual transformation-taking place. Thereforeit can
bewrittenas:

where A istheorigina matrix and B isnew matrix
after changing the column or row. Thematrix His
theunit matrix, which transformsmatrix A to matrix
B. Transformation of asample matrix A isshown
bel ow.

Let:
A= 00 01 02 03
03 00 04 02
01 03 00 05
01 01 02 00
Bl= 01 00 02 03
00 03 04 02
03 01 00 05
01 01 02 00
(Weobtained ‘B1' after interchange of
columns1& 2of ‘A’)
Therefore
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H1-=-B1/A= 01 00
1000
0010
0001
B2= 02 01 00 03
04 00 03 02
00 03 01 05
02 01 01 00

(Weobtained ‘B2 after interchange of
columns1& 3of ‘A’)

H2=B2ZA= 0 0 1 O...c...ceee(3)

0100
1000
0001

B3= 03 01 02 00

02 00 04 03

05 03 00 01

00 01 02 o1

(Weobtained ‘ B3 after interchange of
columns1& 40of ‘A’)

H3=B3JA= 0 0 0 1.............(d)

0100
0010
1000

B4= 00 02 01 03

03 04 00 02

01 00 03 05

01 02 01 00

(Weobtained ‘ B4 after interchange of
columns2& 3of ‘A’)

H4=B4/A =
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dependency marksinthelower triangular form as
necessary.

Inanother trial, carried out by interchanging
the rows of matrix A, the following results were
obtained:

A= 00 01 02 03
03 00 04 02
01 03 00 05
01 01 02 00

Bl1= 03 00 04 02
00 01 02 03
01 03 00 05
01 01 02 00

(Weobtained ‘B1' after interchange of
rows1& 2of ‘A’)

H'1=B'UA=-142 081 -1.6 0.80........(6)
048 0.84 0.32 -0.16
096 -032 1.6 -0.32
0.9 -0.06 0.12 0.93

B2= 01 03 00 05
03 00 04 02
00 01 02 03
01 01 02 00

(Weobtained ‘ B'2' after interchange of
rows1& 3of ‘A’)

H2=B'2A=029 -1.42 142 -142......(7)
-0.25 0.48 052 -0.52
048 096 003 0.96
009 0.19 -1.19 1.19

B3= 01 01 01 00
03 00 04 02
01 03 00 05
00 01 02 03

From the above transformations, it can be
observed that the columns of matrix A can be
interchanged by multiplying matrix H1, H2, H3, H4
and so on, which convert easily to the higher

(Weobtained ‘ B'3' after interchange of

rows1& 4of ‘A’)
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H3=B'3JA=054 0 O Toiion(8)
0711 0 2
008 0 1 -0.24
052 0 0 -055

B4= 00 01 02 03
01 03 00 05
03 00 04 02
01 01 02 00

(Weobtained ‘ B'4’ after interchange of
rows2& 3of ‘A’)
H'4=B'4/A=
0.80645 0.29032 -0.3871 0.29032..(9)
0.83871 -0.25806 1.6774 -1.2581
-0.32258 0.48387 0.35484 0.48387
-0.06451 0.096774-0.12903 1.0968

From theabovetransformations, it isevident
that rows of matrix A can be interchanged by
multiplying matrix H'1, H'2, H'3, H'4, and so on,
but it seemsthat avery complex form of H'sis
required to convert the higher dependency marksin
thelower triangular formthanthe columninterchange
of matrix A. Inthisway, wehoped thet after changing
each row of any DSM, ageneralized mathematical
model could bedeve oped for optimal task ordering.

Stepsto find the * Special Operator Matrix’ H*

() Analyzing published examples of product
design using the DSM method and its
transformed matrix tofind out therelationwith
the operator matrix.

(i) UsingMat Lab softwaretofind out theinterna
relationship between two square matricesand
alsoto find away how they aretransformed
into a more convenient coupled or lower
triangular form.

Thefallowingisanexamplewhichshows(Fgs.
310 8) theway transformation occurs (using equation

0)

Fig.5. A =0rigina DSM.

A|B|C|D|E|F |G
A 1
B 1 1
C 1
D 1 1
E 1
F| 1
G 1 1
Fig. 3. A=0Origina DSM.
AlF|G|B|D|C]|E
A 1
F| 1
G 11
B 1 1
D 11
C 1
E 1
Fig. 4. B1=Transformed DSM.
O 00O0T1PO0
001001
O 00100
A= 1 00 0O01
01 00O0O
O 00O0OOPO
1 01 000
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Fig. 7. B1=Transformed Matrix
(Optimized DSM).

H1=transformed matrix (B1) x Inverseof original
matrix ‘A’ (B)

H1= 0O 0 0 0 O 0 1
Y20 Y% 0 Y% Y% 0
0 01 1 0 O O
Y 0 %2 0 -%2 % O
0o 0 01 1 0 O
0O 1 0 O 00 O
Y 0 % 0 Y -% 0

Fig. 8. H1=Transformed matrix
(B1) x Inverseof original matrix’A' (B).

In this way a generalized mathematical model/
algorithm could be devel oped for the optimized
DSM.
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Significanceof thisresearch

Toincrease competitiveness, every firm hasto
develop its products with the importance of
improving theefficiency and predictability of their
design processes. Since, any processimprovement
requires process understanding, researchers and
practitionersput effort into observing product design
and development processes, looking for their
important characteristicsand devel oping model sthat
account for thosefeatures. Mot of theadvancesin
this area assume that the design process has an
underlying structure. Animportant characteristic of
product development (PD) processesisthat, unlike
most business and production processes, they are
described by termslike* credtive,” “innovative,” and
“iterative.” At an interesting level of detail, PD
processes do not proceed in a purely sequential
fashion. TheactivitiesinaPD processinteract by
exchanginginformationwhichisiterative.

Product development is considered to be a
processof input information about customer needs
and market opportunitiesinto output information,
which correspond manufacturability designsand
functiond tooling for volumeproduction. Inpractice,
theinformation exchanged between activitiestakes
variousformssuch ascustomer specifications, parts
dimension, and prototypes. Information exchanged
inthe engineering stages of product devel opment
can often be represented as a collection of
parameters[3]. Inred life, itisrarethat acompany
will be able to design a process in which al
interdependent or coupled tasks can be carried out
together. In coupled blocks, asignificant number of
potential unplanned iterationscan occur whenerrors
are discovered during the project development
process. Thisrework would a so requirethe company
to redo someintervening tasks. The company then
decideswhat to do about them. The coupled tasks
may be so far apart that a delay caused by
incorporating late information effectively means
starting the whol e process again. These situations
usualy arise because somefundamenta mistakein
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assumptionswasmadeat thebeginning of the project
[11].

Inthisresearch, animprovement of the DSM
tool is proposed that permits managers to find
optimumwaysof restructuring complex designtasks,
exposing problems, and creating uniquesol utionsthat
could not befound simply by manually inspecting
thedesign matrix. Thiswork will beableto reduce
thelead-time of any devel opment project. It can be
donethrough resequencing/reordering the coupled
task by using the proposed mathematical model/
dgorithm. If themodel isdevelopedit will definitely
help designers/engineersto organizetheir worksin
moreefficient waysthan ever.
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