
14013.315 Architectural Engineering System Design

Moonseo Park

39동 433
Phone  880-5848, Fax  871-5518

E-mail: mspark@snu.ac.kr

Department of Architecture
College of Engineering

Seoul National University

Associate Professor, PhD

Making Information FlowMaking Information Flow
DSM, Overlapping Framework, Design Principle 2

Mar.18th , 20094013.315 Architectural Engineering System Design



24013.315 Architectural Engineering System Design

Her dilemmaHer dilemma……how to order activities?how to order activities?

Sookja, the chief schedule 
planner of the SNU IT Center 
project, is looking at the 
design schedule that ‘Y’ design 
company recently reported to 
her. 

Since ‘Y’ company knows well about the design process 
she expected their design schedule would be one that 
represents the company’s experience and knowledge. 
However, their schedule does not seem to be optimized 
in terms of having a lot of design iteration cycles and 
lead time in the design process.
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As you are taking As you are taking 4013.3154013.315……

she asked you to help to find the activity order that 
minimize design lead time and change iterations. 

How can you help her?
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Lead time and iterationsLead time and iterations

Upstream

Downstream
Lead time

Design 
Iterations
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Information Dependency TableInformation Dependency Table

bi
ij

e, gh
f, hg
ef
ae

g, hd
d, hc
c, ib

a
Dependent on the information given byActivity

* All activity have the same duration and you do not have to 
consider other conditions like resource requirements. Also, note
that even in the optimum activity order there still exist some 
coupled activities, which means you cannot achieve zero lead 
time. 
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This may be helpfulThis may be helpful……

a b c d e f g h i j

Activity a

Activity b x x

Activity c x x

Activity d x x

Activity e x

Activity f x

Activity g x x

Activity h x x

Activity i x

Activity j x
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“Focusing on information flow among 
project functions and development 

phases”
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Lecture Outline Lecture Outline 

Design Activity Ordering 

Design Activity Overlapping

Fragmentation of Construction Value Chain
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Activity OrderingActivity Ordering

In a way to minimize:

Activity lead time that is required as a result of 
not having the necessary information.

Possible iterations in between design activities, 
when changes or errors are made in succeeding
activities.

DSM: Design (Dependency) Structure Matrix, 
Steward (1965), Eppinger 
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Different sequences for two Different sequences for two 
design activitiesdesign activities

a b c d e f g h i j

Activity a

Activity b x

Activity c x

Activity d x

Activity e x

Activity f x x

Activity g x

Activity h x x

Activity i x

Activity j x

b c

Sequential Relation
Parallel (independent) 

Relation

c

d

f

g

Coupled (interdependent) 
Relation

[Eppinger, 1992]
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DSM Principle IDSM Principle I

a b c d e f g h i j

Activity a

Activity b x x

Activity c x x

Activity d x x

Activity e x

Activity f x

Activity g x x

Activity h x x

Activity i x

Activity j x

Try to reduce the information dependency relationships 
located above the diagonal line by reordering activities 
so that the number of coupled activities and possible 
iterations can be minimized.

SookjaSookja’’ss
casecase
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DSM Principle IIDSM Principle II

a b c d e f g h i j

Activity a

Activity b x x

Activity c x x

Activity d x x

Activity e x

Activity f x

Activity g x x

Activity h x x

Activity i x

Activity j x

Try to reduce the path of iteration cycles by reordering 
activities so that associated efforts can be minimized.
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DSM Principle IIIDSM Principle III

If having inevitable ‘coupled’ activities, pay special 
managerial attentions to those activities (Breaking 
interdependency can be also tried).

a e f h g d c b i j

Activity a

Activity e x

Activity f x

Activity h x x

Activity g x x

Activity d x x

Activity c x x

Activity b x x

Activity i x

Activity j x

Optimized Activity Order for the Case

Activities still 
coupledNew activity 

order
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DSM PracticeDSM Practice

Please optimize the below DSM and Reorder the 
activity order.

a b c d e f g h i
Activity a
Activity b x x
Activity c x
Activity d x
Activity e x
Activity f x x
Activity g x x
Activity h x
Activity i x
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DSM PracticeDSM Practice

a e c d b f h g i
Activity a
Activity e x
Activity c x
Activity d x
Activity b x x
Activity f x x
Activity h x
Activity g x x
Activity i x
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Smart CellsSmart Cells

A B C D E F G H I J K L M N O P Q R S T
Activity A X
Activity B X
Activity C X X X X
Activity D X X
Activity E X X
Activity F X X X X
Activity G X X
Activity H X X
Activity I X X
Activity J X X X
Activity K X X
Activity L X X
Activity M X X X X X
Activity N X X X
Activity O X X
Activity P X X
Activity Q X X
Activity R X
Activity S X
Activity T X

Probability of realizing this dependency 
relationship

Precedence Relationships (FF,FS,SS,SF) or 
Reprocess Iterations (RI)

To be used to break down activities into 
smaller segments. In this case, 20% of 
downstream work can start independent of 
its upstream, because that portion of work 
is classified as general, administrative work, 
which is not dependent on upstream work.

Unique to the set of UP and DN. ie. 
Sensitivity of ‘C’ to ‘A’ can be different from 
sensitivity of  ‘C’ to ‘B’

* Impact of Reprocess Iterations: function 
of Dependency Probability, Upstream 
Sensitivity, and Downstream Reliability

D-C

GeneralSegmentation

Probability

Type

Lag/Lead

FS

Sensitivity
High

Normal

100%

20%

80%Specific

Low

5 Day

Lag or Lead Time associated with this 
dependency relationship
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ADePT   : a commercial applicationADePT   : a commercial application
A1.13.1 Service Void Design a a a a
A4.11 Above Ground Drainage Design c a a a a
A1311 Basements Ga c a c
A2421 Below  Ground Foul Drainage Design b b a a c c b
A1316 Building Elevations Gas c c c a c a
A32 Building Loads Analysis a a c c c c c c c c c b c c a
A1315 Building Sections Gas c a c a a a a a a c c a
A17 Ceilings Design c c a c a a a a a b
A443 Chw  System Layout Design a a c
A451 Domestic H And Cw  Load Analysis a
A19 Door, Screen And Ironmongery Design a a a c c a
A562 Earthing And Bonding System Design c c c c c c a c c c c
A523 Electrical Carcassing Design a c c b b c b a a b c b c c b a
A531 Emergency Lighting Design a c a c c a c a
A14 External Walls Design a a a a c c
A251 External Works Design c c
A561 Fire Alarm System Design b c a c a a a
A5611 Fire Alarm System Requirements b c c c b c b
A532 General Lighting Design a c c a c a a
A23214 Ground Beam Design c a c c a
A1312 Ground Floor Ga c
A23211 Ground Floor Slab Design a c b c a c c a b a
A15 Internal Walls Design c c b a c
A571 Lift Design c a b a b c c
A342 Lift Shaft Structure Design a c c
A563 Lightning Protection System Design c b a a
A431 Lphw  Load Analysis c a c a c c
A433 Lphw  System Layout Design a a a a a
A5221 Lv Sub-station Design c c c
A5222 Lv Supply And Distribution Design b c a b c
A332325 Non-plant Floor Design a c a a
A323 Overall Stability Check a
A23142 Pad Foundation Design b c c
A332321 Plant Floor Design a c a c a c c c a
A331212 Plant Room Primary Member Plan c a c a c c a
A13 Primary Elements Design c b c b c c
A33123 Primary Member Section Draw ings a c a c
A233 Retaining Wall Design c a b
A16 Roofs Design c a a c a
A1314 Roofs Gas c b c a a
A1.11.3 Sanitary Fittings Design a c a
A524 Small Pow er Design a a c b b a b b
A4.12 Sprinkler System Design a a
A18 Stairs And Ramps Design b
A471 Steam Load Analysis a
A473 Steam System Layout Design a a a a c
A472 Steam System Schematic Design c a
A1.11.4 Storage Fittings Design a c a
A3311 Structural Frame Calculations c a b c c c a c a a c a b b c
A3312 Structural Frame Plan Draw ings c a a a a c a a
A343 Structural Staircase Design b
A241 U/G Services Design a a a
A1313 Upper Floors Gas c c a c c a
A1.10 Window s And Louvres Design a a c

A343 Structural Staircase Design b
A251 External Works Design c c
A18 Stairs And Ramps Design c
A1312 Ground Floor Ga c
A1313 Upper Floors Gas a c c c c c c
A1316 Building Elevations Gas a a c c c c
A1.11.3 Sanitary Fittings Design a a c
A442 Chw  System Schematic Design c c c c
A451 Domestic H And Cw  Load Analysis a
A13 Primary Elements Design b c b c c a
A15 Internal Walls Design b c a c c
A233 Retaining Wall Design c b c
A1311 Basements Ga a a c
A32 Building Loads Analysis a c a b c a c c c c c c c c c
A1315 Building Sections Gas a a a a a c c c c c c c
A571 Lif t Design b c c a a b c
A342 Lif t Shaf t Structure Design a c c
A323 Overall Stability Check a
A33123 Primary Member Section Draw ings c a a a
A1314 Roofs Gas a c a a
A3311 Structural Frame Calculations b c c a c a b a a b a c c a c c
A5611 Fire Alarm System Requirements b b c b c a c
A4.11 Above Ground Drainage Design a a a a c
A562 Earthing And Bonding System Design c c c c c c c a c a c c
A563 Lightning Protection System Design b c a a
A14 External Walls Design a c a a c c
A331212 Plant Room Primary Member Plan c a a c c a a c
A16 Roofs Design c c a a c
A1.13.1 Service Void Design a a a a
A423 Ac / Vent System Layout Design c c c a c a
A443 Chw  System Layout Design c a a a
A433 Lphw  System Layout Design a a a a
A471 Steam Load Analysis a
A473 Steam System Layout Design c a a a a
A472 Steam System Schematic Design c c a
A23142 Pad Foundation Design c b c
A2421 Below  Ground Foul Drainage Design c c b a b a b
A23214 Ground Beam Design c c a a c
A23211 Ground Floor Slab Design c c b c a b a a a c
A241 U/G Services Design a a c
A17 Ceilings Design a b a c c c a a a a a
A531 Emergency Lighting Design a a a c c a c c
A561 Fire A larm System Design a a b c a a c
A532 General Lighting Design a a c a c a c
A4.12 Sprinkler System Design a a
A19 Door, Screen & Ironmongery Design a a a a a a
A1.10 Window s And Louvres Design c a b a
A3312 Structural Frame Plan Draw ings a c a a c a a a
A523 Electrical Carcassing Design a a b c c c b c a c c b b b a c b
A5222 Lv Supply And Distribution Design c c b a
A524 Small Pow er Design b b b c c a a a b
A332325 Non-plant Floor Design c a a a
A332321 Plant Floor Design c c a a a c c c c c c
A1.11.4 Storage Fittings Design a a c

Optimized Process

A 18 Stairs  A nd Ramps  Des ign b
A 343 Struc tu ral Stairc as e Des ign b
A 251 Ex terna l W orks  Des ign c c
A 1312 Ground Floor Ga c
A 1313 Upper  Floors  Gas a c c c c c c
A 1316 Building Elev ations  Gas a a c c c c
A 1.11.3 Sanitary  Fittings  Des ign a a c
A 442 Chw  Sy s tem Sc hematic  Des ign c c c c
A 451 Domes tic  H A nd Cw  Load A naly s is a
A 13 Pr imary  Elements  Des ign b c b c c c
A 15 Internal W alls  Des ign b c a c c
A 233 Retaining W all Des ign c b c
A 1311 Bas ements  Ga a c c
A 32 Building Loads  A naly s is a c a b c a c c c c c c c c c
A 1315 Building Sec tions  Gas a a a a a c c c c c c c
A 571 Lif t Des ign b c c a a b c
A 342 Lif t Sha f t Struc ture Des ign a c c
A 323 Ov erall Stability  Chec k a
A 33123 Pr imary  Member Sec tion Draw ings c a a c
A 1314 Roof s  Gas a c a c
A 3311 Struc tural Frame Calc ulations b c c a c a b a a b c c c c c c
A 5611 Fire A larm Sy s tem Requirements b b c b c c c
A 4.11 A bov e  Ground Drainage Des ign a a a a c
A 562 Earthing A nd Bonding Sy s tem Des ign c c c c c c c a c c c c
A 563 Lightning Protec tion Sy s tem Des ign b c a a
A 14 Ex ternal W alls  Des ign a c a a c c
A 331212 Plant Room Primary  Member Plan c a a c c c c c
A 16 Roof s  Des ign c c a a c
A 1.13.1 Serv ic e V oid Des ign a a a a
A 423 A c  / V ent Sy s tem Lay out Des ign c c c a c a
A 443 Chw  Sy s tem Lay out Des ign c a a a
A 433 Lphw  Sy s tem Lay out Des ign a a a a
A 471 Steam Load A naly s is a
A 473 Steam Sy s tem Lay out Des ign c a a a a
A 472 Steam Sy s tem Sc hematic  Des ign c c a
A 23142 Pad Foundation Des ign c b c
A 2421 Below  Ground Foul Drainage Des ign c c b a b a b
A 23214 Ground Beam Des ign c c a a c
A 23211 Ground Floor Slab Des ign c c b c a b a a a c
A 241 U/G Serv ic es  Des ign a a c
A 17 Ceilings  Des ign a b a c c c a a a a a
A 531 Emergenc y  Lighting Des ign a a a c c a c c
A 561 Fire A la rm Sy s tem Des ign a a b c a a c
A 532 Genera l Lighting Des ign a a c a c a c
A 4.12 Spr inkler Sy s tem Des ign a a
A 19 Door, Sc reen & Ironmongery  Des ign a a a a a
A 1.10 W indow s  A nd Louv res  Des ign c a b a
A 3312 Struc tural Frame Plan Draw ings a c a a c a c c
A 523 Elec tr ic al Carc as s ing Des ign a a b c c c b c a c c b b b a c b
A 5222 Lv  Supply  A nd Dis tr ibution Des ign c c b a
A 524 Small Pow er Des ign b b b c c a a a b
A 332325 Non-plant Floor Des ign c a a a
A 332321 Plant Floor Des ign c c a a a c c c c c c
A 1.11.4 Storage Fittings  Des ign a a c

Breaking Interdependencies

ID Task Name
1 Ground Floor Slab Calculations
3 Survey Work
6 Foundation Calcs & Details
10 WP A050 Civils Works QS Documentation, Tenders, Update Design Info.
129 WP B200 Concrete Frame QS Documentation, Tenders, Update Design Info
11 Earth Works
130 Structural Staircase Design
44 Site & Low Level Structure Design Exercise
137 Structural Loading Assessment
34 Structural Frame Calculations
14 Retaining Wall Design
16 Enabling Works
19 Below Ground Foul Drainage Design
22 Ground Beam Design
24 Underground Services Design
27 WP A050 Civils Works Specification
148 Internal Partition Design Exercise
28 WP A050 Civils Works Construction Issue
143 Masonry Panel Design
81 Studwork Panel Design
192 Plant Space Design Exercise
94 Building Structure Design Exercise
84 Trimmer Support Design
155 Roof Safety Design
90 WP B100 Structural Steelwork Specification
37 Structural Frame Detail Drawings
91 WP B100 Structural Steelwork Tender Issue
92 WP B100 Structural Steelwork QS Documentation, Tenders, Update Design
145 WP B200 Concrete Frame Specification
133 WP B200 Concrete Frame Construction Issue
146 Column Casing Design
93 WP B100 Structural Steelwork Construction Issue

Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1997

Incorporating to Project 
Scheduling

* Simon Austin, Loughborough University

TM*
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Lecture Outline Lecture Outline 

Design Activity Ordering 

Design Activity Overlapping

Fragmentation of Construction Value Chain



194013.315 Architectural Engineering System Design

Concurrent engineering has been developed to cope 
with competitive business environments that 
require the industries to develop and market 
products faster [Eppinger et al., 1992]. 

Concurrent engineering aims principally at reducing 
the duration of engineering time and costs. 

One of the major challenges facing concurrent 
engineering lies in an overlapping practice. 

Activity OverlappingActivity Overlapping
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Properly overlapped tasks can facilitate 
development progress, while overlapping practice 
without careful management may increase the 
development cost and worsen the product quality
[Eppinger et al., 1992]. 

Activity OverlappingActivity Overlapping
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Discussions: effectiveness of design Discussions: effectiveness of design 
activity overlappingactivity overlapping

What if the upstream activity transfers immature 
data that still requires a substantial amount of 
rework and time to finalize to the downstream 
activity? 

The downstream activity becomes inefficient by 
producing problematic results based on inaccurate 
upstream data [Li, 1999], which results in rework 
iterations between two activities.
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Discussions: effectiveness of design Discussions: effectiveness of design 
activity overlappingactivity overlapping

What would be a solution to achieve effective 
overlapping? 

An effective overlapping practice can be achieved 
by freezing upstream parameters before 
transferring information to the downstream 
activity so that the downstream crew can begin 
their work based on the frozen parameters [Li, 
1999]. 
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Discussions: effectiveness of design Discussions: effectiveness of design 
activity overlappingactivity overlapping

What would be a pitfall of this solution?

If the finalized information released by the 
upstream crew actually contains a substantial 
amount of undiscovered rework, the downstream 
work based on this unreliable information might 
need additional rework [Li, 1999]. 
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Discussions: effectiveness of design Discussions: effectiveness of design 
activity overlappingactivity overlapping

What else would be an alternative to achieve 
effective overlapping?

Using preliminary data from upstream, generate 
work units that are flexible and have high 
tolerances for errors and changes. In this strategy, 
the upstream parameters are not necessarily 
frozen when transferred. The important thing is 
that the downstream activity must be flexible 
enough for fast iterations as upstream data 
finalizes. [Li, 1999]. 
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Overlapping practicesOverlapping practices

A to B: Nominally Sequential Tasks
Downstream task is delayed until upstream data transfer.A

B B to C: Poor Overlapping Practice
Wasteful iteration results from transfer of 

preliminary data which subsequently 
changes.

C

D
C to D: Effective Overlapping Practice

Upstream task freezes early, permitting 
downstream to begin earlier.

Legend:
Finalized information exchange
Preliminary information exchange

Versions of overlapping practices [adapted from Eppinger, 1992]

ED to E: Effective Overlapping Practice
Analogous to B to C; however, downstream task uses preliminary 

data to begin early, and finalizes with fast iterations.
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Which characteristics in design work can influence 
a decision of overlapping degrees between design 
activities?

And, how to evaluate the effectiveness of design 
activity overlapping?  

Discussions: how to evaluate Discussions: how to evaluate 
effectiveness of overlapping?effectiveness of overlapping?
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Eppinger [1992] classifies overlapping practices in 
terms of upstream evolution and downstream 
sensitivity, focusing on transferring information 
that is derived from design parameters. 

Upstream evolution describes the ability of the 
upstream to provide finalized information, with 
which a downstream task can proceed. 

Downstream sensitivity describes the sensitivity of 
the downstream to changes in an upstream task. 

EppingerEppinger’’s Overlapping Frameworks Overlapping Framework
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Expanding the frameworkExpanding the framework

Sensitivity
(Sensitive/Insensitive)

Sensitivity
(Sensitive/Insensitive)

Downstream

Reliability
(Reliable/Unreliable)

NA

Production rate 
(Fast/Slow)

Information evolution 
(Fast/Slow)

Upstream

ExpandedEppinger’sActivities
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Production RateProduction Rate

Percent 
Complete

Time

Fast Production

0      25  50  75                                100

(percent complete)

0%

100%
Percent 

Complete

Time

Slow Production

0                                     25  50  75  100

(percent complete)

0%

100%

Production Rate [Li, 1999]
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If the upstream has a fast production rate, the 
required overlapping degree would be 1) increase 
or 2) decreased?

If the upstream is reliable, the required 
overlapping degree would be 1) increase or 2) 
decreased?

If the downstream is sensitive to upstream errors 
and changes, the required overlapping degree 
would be 1) increase or 2) decreased?

Discussions: how to determine an Discussions: how to determine an 
appropriate overlapping degree?appropriate overlapping degree?
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Overlapping Framework [Pena-Mora & Li, 2001]

An exampleAn example
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Lecture Outline Lecture Outline 

Design Activity Ordering 

Design Activity Overlapping

Fragmentation of Construction Value Chain
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Fragmentation of Fragmentation of 
construction value chainconstruction value chain

Customers and competition has led, in dynamic 
markets, to increasing the performance at reduced 
cost.

In construction, the added pressure of volatile and 
erratic demand, and increased complexity have led 
to increased specialisation and fragmentation of 
construction value chain.

Copyright © 2001, Dulami Mohamad, revised by Moonseo Park, SNU
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Project organisations getting complexProject organisations getting complex

The process of construction procurement involves 
a series of different specialists in contributing to 
the work at different times.

The level of understanding between them is often 
less than would be desirable.

The need to build an effective project team, in 
which information flow is streamlined and 
decision-making is responsive to changing 
environment.

Copyright © 2001, Dulami Mohamad, revised by Moonseo Park, SNU
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All designers and technologists should be able to 
manage themselves.

However, there is a need for a coordinating effort of 
the whole project.

Although every team will have their own “Project 
Manager”, there is a need for one to take the 
responsibility for the overall coordination.

The Wheel of LeadershipThe Wheel of Leadership

Copyright © 2001, Dulami Mohamad, revised by Moonseo Park, SNU
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