
 

 Multidisciplinary Design and Analysis -- using VDC 

CEE 111/211 Agenda: Jan 16 

 

John Kunz 

 

The big ideas: Project definition (v) defines the: 

1. Functional objectives ï what you want for your project;  

2. scope or formï what you will or did do (ñmost expensiveò 

elements); 

3. Behaviors ï predictions and measurements of what you did 

For the Product, Organization and Process, i.e., the and all the 

manageable elements of the project 

  
.  

Rate

Baseline 

($K) Change

Year-1 

(K$)

Revenue 100,000 2% 102,000

Cost of contracted work 85% 85,000 -2.0% 84,660

Cost of self-performed work 10% 10,000 2.0% 12,240

Gross Margin 5,000 5,100

Sales, G&A 2% 2,000 2,040

IT investment 70

Amortized costs of IT/yr 33% 23

Net income 3,000 3,037

Time to payback (years) 1.9

Net Income change (%) 1.2

*05-07-01

Finish

Final Program 

Confirmation with 

Pharmacology

Final Program 

confirmation with LAR

KPFF

SRG Lab Task 37 Task 44 Project Mgt AEI Core Task 41  Task26 H Block Crew Task 23
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Technical
AEI Core and

SRG Lab
HDCCO Costing
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Design
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37. 

*Reprogram 

B#15 Shafts

34. *Finalize 

Pharmacology 

Program

33. *Finalize 

LAR Program

32. *Finalize 

Bio-Organic 

Chemistry 

Program

35. *Finalize 

Protein Chemistry 

Program 20. *Determine Scope of 

package D including vivarium 

changes

45. *Complete all 

Basement/LAR Drawings

41. *Reprogram 

bookends B#13 and 

B#15

36. *Analyze 

structural impacts

12. *Complete UG 

utiliites

25. *Do Central Plant 

design changes

19. *Determine vertical 

utilities

22. *Complete catwalk drawings

52. Finalize landscape

26. *Finalize B#13 and 

B#15 

Exiting/architecural H 

occupancy concept

*Lab and 

vivarium  

Programming 

Complete

27. *Finalize B#13, 

15 Shaft Size & 

MEP Room 

Locations

31.* AEI & 

SRG 

Determine 

Design $/Time  

Impact of 

Change

23. *Reprogram 

B#13  and B#15 

Exterior Architecture

Bookend 

Programming 

Accepted by Genentech

Notice to proceed on 

structural changes

Architect 

program/MEP 

oncepts 

Established 

By Design 

Team

29. *Document 

lab plan

1. *Redesign main MEP 

distribution systems

SRG Management AEI Management

Genentech  PM

SRG Lab Plan 

Ken Mouchka

Task 27
Task 38

Organization

5. *Finalize lab & Equipment 

plans

Task 29

Task 28

30. *Approve 

Change to 

Design  

Contract

21. *Prepare Plan Views for 

Review of Concept w/City

39. *Finalize MEP 

distribution and 

section

Task4 Task22

Review 80% 

documents

48. *Develop exiting 

plan

49. Develop 

reflected ceiling 

plan

Turnover 

reflected 

ceiling plan to 

AEI

Detailed Design 80 PC 

Complete

3. Complete Tele Data Design

42. *Develop 

Execution 

Strategy

44. *Complete 

B#14 Officing 

Planning

18. *Detailed Lab 

Program  

Documentation

47. *Develop lab 

DD plan

28. *Determine 

segregation of lab 

and tech space

G accept lab 

equipment matrix

*Package B structural 

modifications (CCD3A)

13. *Code Consultants 

Review Concept for final 

city Presentation

14. *HDCCO update Estimate of cost 

of Program

Review skin changes w/db team

Lab Planning Program 

Meetings with 

Pharmacology

Lab planning Program Meeting with Protein 

Chemistry

BMS Controls Meetings 

(Weekly)

Lab Planning Program meeting with Bio 

Organic 80% Drawing Review

Tele Data Coordination MeetingsSteel Detailing 

Meetings

Genentech 80% Detailed Design 

Review

Final Program 

Confirmation with Officing

Weekly 

Coordination 

Meeting

Lab Planning Program 

Meetings with Directors

50. Designate size, location of 

13 MEP, teledata rooms

54. KPFF design 

stairs for 13/14
38. *SRG 

Reprogram 13/14 

interface, exiting, 

stairs

43. *Changes in Steel 

Forwarded to Steel 

Detailers

46. *RA Furnture 

Concept Complete

MEP, Teledata room design

*Design Budget & 

Schedule for Changes 

Approved

*Notice to proceed 

with detailed design

24. *Complete B13,4 H 

block occupancy 

requirements on MEP 

systems

17. *Risick 

reprogram solvent 

distribution and waste

Issue 80% 

MEP CDs

(20) Incorporate 

80% MEP review 

comments

(19) Genentech review 

80% drawings

53. Incorporate 

comments, complete 

Architectural detail

2. Initial redesign MEP branch 

lateral distribution

G accept 

13/14 

Interface

*City Accept 

exiting

*Package C 

skin 

modifications

55. KPFF design 

stairs for 15/14

40. *SRG 

Reprogram 15/14 

interface, exiting, 

stairs

B13 MEP HVAC, 

conduit, piping mains 

completed

MEP 80% Review 

comments 

incorporated

Package D and UG 

addendum issued: 

underground utilities, 

vivarium catwalk

10. Draft Alternate means

15. Jeff reprogram HMIS

(3) *AEI design MEP 

HVAC, Conduit & 

piping mains B13

16. *HDCCO Determine 

Schedule Impact

City Approval of 

Alternate Means 

for Program

8. Review Alternate 

Means w/impact on LEL 

and LFFH

(21-4) Finalize MEP Details, 

update specs and p&ID's

(8) *Revise 

MEP loads, 
MEP 

Equipment 

schedules 

finalized

(13,15,16) MEP specs, P&ID's, 

control sequences

Work Process

Meetings

(6) Coord B13 MEP 

floor section

4. complete all Interior Architcture

*Cal OSHA Recommend  

Determination of LFFH

51. Designate size, location 

of 14 MEP, teledata rooms G accept 

15/14 

Interface

*Accept project 

scope:budget  

by Genentech

*City Approval of 

H Concept

*Exterior 

Programming 

Accepted by Genentech

*Turnover lab and 

vivarium DD plan 

to AEI

Object Attribute
Requirement 

Relationship Requirement

Predicte

d value

Observed 

value -2 -1 0 1 2

Product

Product Scope 

Product Scope . Building Spaces includes -

Project Goals

Project Goal . Capacity (people) >= 60 - ?o

Project Goal . Cost (M$) = 70 - ?o

Building

Goal . Net Energy Use (K-

BTU/ft2) <= 250 - ?o

Building

Goal . Quality conformance 

(%) >= 12 - ?o

Organization Scope 

Organization Scope . Actors includes - -

Organization Goals

Organization Goal . Predicted . Cost (K$) - <= - ?o

Organization

Goal . Observed . Response 

Latency (days) 3 <= - ?o

Organization

Goal . Predicted . Peak 

Backlog (days) 3 <= - ?o

Organization

Goal . Predicted . rework 

(FTE-days) - <= - ?o

Process

Process Goals

Process Goal . Peak Quality Risk < 0.50 - -

Process

Goal . Schedule Growth 

(months) < - ?o

Process Goal . Completion Date <= 1/1/09 - ?o

Process Task . Action: Object 

Process Task . Design: Actor Actor that designs

Process Task . Predict: Actor Actor that predicts

Process Task . Assess: Actor Actor that assesses

Process Task . Build: Actor Actor that builds

Function Product Behavior

Organization

Qualitative Threshhold values

http://www.stanford.edu/group/CIFE/images/VDC2.mov
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Notices 

ÅQ1 was due today, Tuesday 

ÅLab: Wednesday ï 3D BIM + 4D (Revit) and 

SimVision - OPTIONAL 

ÅQ2 due next Tuesday: teams of about 2 

ÅThursday: ICE session to do concept design for 

World Trade Center 
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Q1 

1. Which of the methods below does the paper suggest might help a 
project team to develop VDC models in practice today?  

 a)  ABC analysis to systematically model and analyze  the most 
important elements  before elaborating detail  
b) Automated design methods that take a generic design and 
automatically create details  
(not yet)  

 c) Integrated modeling of product, organization and process  so that the 
models are consistent and the analyses are mutually supportive  
d) 4D animation and analysis, which shows the process to build 
something quickly and allows a set of stakeholders to identify 
constructability problems quickly and easily and thereby obviates the 
need for detailed models  
(sadly, no)  
e) All of a -  d 
f)  Options a, c  
g) Options a, b, c  
h) None of a ï d 
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Q2 

2. Which of the following statements is true about the contents of 
POP models?  

 a) Organization function describes intended  skills and 
responsibilities of project stakeholders  
b) Product forms implement product functions  
c) All Behaviors should have quantitative or measurable 
objectives stated in functional requirements  
d) At Level -B, each process form (i.e., task) represents about 
10% of the project TCE2  
e)  All of a -  d  
f) Options a, c  
g) Options a, b, c  
h) None of a ï d 
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Q3 

3. Which of the following suggestions is appropriate regarding use of POP 
models?  

 a) Invite all relevant stakeholders to the project kickoff meeting , 
including an owner representative, architect, major contractors, and a 
potential user, and engage them the design and use of the integrated 
POP model  
b) Create a Level -B instance POP model very early in the design 
process, at least by the end of the first hour of a kickoff meeting (paper 
suggests first day)  
c) Create the vocabulary of POP models  using the names and 
definitions of physical elements, organization ñactorsò and process 
tasks as defined in the industry standard Industry Foundation Class 
specification.  
d) Elaborate the level of detail of a POP model from Level -B to Level -C 
as soon as the Level -B product elements are defined (remember 
maximum anxiety)  
e) All of a -  d 
f) Options a, c  
g) Options a, b, c  
h) None of a ï d 
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Q4 

4. (1 point) Which of the following statements is true about FFB  

 a) Behavior describes é predicted behaviors and measured é.  
b) Form, é represents the requirement (Form represents choice) 

 c) Function, represents design intent,   
d) A POP modeling team will elaborate the level of design detail 
once the design team has significant confidence that the design 
of the physical elements are all consistently specified, modeled 
in CAD  (not necessarily) and acceptable  (not necessarily, just 
consistent)  

 e) All of a -  d 
f)  Options a, c  
g) Options a, b, c  
h) None of a ï d 
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Q5 

5. Which statements are true about ñbreakdown structures?ò 

 a)  The generic OBS elements have responsibility to design or 
construct the physical product elements in PBS. POP organizational 
form elements have responsibility to work on POP product form 
elements.  
b)  The WBS represents work design, i.e., the tasks that the 
organization performs to create the building of the PBS. The generic 
WBS defines the types of project design and construction 
deliverables.  
c) Nodes higher in the OBS hierarchy have responsibility for 
management, é. Lower nodes OBS have responsibility for tasks in 
the WBS. The relationships in the OBS specify information flow: 
lower - level organization elements pass issues that require executive 
resolution ñupò the hierarchy ... 
d) The Breakdown Structure definitions directly inform the design of 
the POP Function, Form and Behavior of the Product, Organization 
and Process respectively.(NO; function informs BSs)  

 e) All of a -  d 
f) Options a, c  
g)  Options a, b, c  
h) None of a ï d 
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Writing guidelines: captions 

Å Q2: submit slide deck as a pdf  to Coursework  before 
the start of class next Tuesday. Please see writing 
guidelines .  

Å Label figures with "extended captions"  

ï E.g., Scientific American or Science  

ï Explain content of figures: important features of the figure  

ï Identify the ñso whatò message that you want the reader to 
understand 

Å Make sure that the figure has an important message;  

ï Delete any unimportant figure 

http://coursework.stanford.edu/
http://www.stanford.edu/class/cee243/WritingGuidelines.htm
http://www.stanford.edu/class/cee243/WritingGuidelines.htm
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Example extended caption 

ÅArrow and box 
identify important 
features 

ÅExtended caption 
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3D BIM and 4D Lab (Optional) 

1. Revit 3D model of a very simple building with 

ï at least 4 walls  

ï roof  
ï é 

2. Plan and schedule of the design-construction of 
your simple building that has  

ï a few design and construction management 
activities  

ï a small but appropriate set of construction 
activities  

ï é  

3. 4D animation that shows the construction of your 
simple building  
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SimVision lab (Optional) 

Å Build and analyze an organization ï process model 
based on your specification in your POP model 
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Lab: Create BIM from project definition of POP Form 

 Form

Object Attribute

Requireme

nt 

Relationshi

p Requirement Choice

Product

Product Scope 

Product Scope . Building Spaces includes  Room  Room

Product Scope . Cardinality (Walls) = 4

Product

Scope . Cardinality (Building 

Physical Elements) range 4 - 5

Product

Scope . Building Physical 

Elements includes roof slab roof slab

Product

Scope . Building Physical 

Elements includes floor slab floor slab

Product

Scope . Building Physical 

Elements includes wall-1 wall-1

Product

Scope . Building Physical 

Elements includes wall-2 wall-2

Product

Scope . Building Physical 

Elements includes wall-1 wall-1

Product

Scope . Building Physical 

Elements includes wall-1 wall-1

Product

Scope . Building Physical 

Elements includes gutter gutter

Product

Scope . Building Physical 

Elements includes Door Door

Product Scope . Wall-1 . Type =

Exterior - Brick on 

CMU Exterior - Brick on CMU

Product Scope . Wall-2 . Type =

Generic - 6" 

masonry Generic - 6" masonry

Function

POP BIM 



Introduction to Project Definition 
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Learning goals: Project Definition 

Learn to define a project using VDC methods and how to create an 

framework to keep multiple VDC models and analyses consistent 

over the project lifetime.  

Specifically, learn to do Project Definition.  For the project, i.e., 

Product, Organization and Process, identify issues that drive 

project management: 

1. Functional objectives ï what you want:  

2. Scope or form ï what you will do  

3. Behaviors ï what you:  

ÅPredict 

ÅMeasure 

Plan strategy and methods to get businesses value from 

multidisciplinary models and analyses 



Inspired by Science and Decisions: Advancing Risk 

Assessment, National academies press, 2009. 

Questions to consider in Project Definition 

Å What is the problem?  

ïRelate it to Function ï Form ï Behavior of the P, O, P 

Å For whom is it a problem? 

ï Identify the organization: the stakeholders in the decision(s) that will 

address the problem.  

Å Who is the decision maker(s) 

ïGive clear description and analysis to decision maker(s) and other 

stakeholders 

Å Why do the modeling and analysis? 

ïUse judgment to identify goals, objectives and designs that address 

value and risks of stakeholders (typically related to quality, cost, 

schedule, risk) 

Å So what?  

ï Adjust modeling and analysis level of detail to fit the impact of the 

decision on form or scope, schedule, quality and risk 
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Goals of Project Definition (v) 

For the product, organization and process, project definition clarifies and aligns: 

Å Functional goals and objectives ï what project stakeholders want ï  

ï Specific deliverables, e.g., spaces, systems 

ï Conformance (highly reliable) safety, schedule, quality and cost  

Å Scope or Form you do in response to objectives, i.e., specific designs of the 

ï Product (~weekly or daily): spaces, systems and components 

ï Organization: groups of people to do tasks that work on the design 

ï Process (daily work): tasks and milestones to specify functions, design and 

manage forms, and plan, procure, fabricate, deliver, construct and inspect 

Å Behaviors: Status of the project wrt goals and objectives ï predicted and 

measured performance of designed form or scope 

ï With respect to specific stakeholder objectives  

ï Using methods of VDC, Integrated Project Delivery, Lean and Sustainable 

development 

 

 

 

 



POP Model format 
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Process of Project Definition 

ÅBuild POP model as a stakeholder team 

ÅSet functions (goals and objectives) of Product, Organization, 

Process  

ÅDesign scope or form of Product, Organization, Process 

ÅIdentify project behaviors and define methods to predict, 

assess and observe them 
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Virtual Design and Construction (VDC) vs.  

Building Information Modeling (BIM) 

VDC 
BIM 



POP models represent goals and objectives 

Broad Goals Measurable Objectives 

Scope Broad Narrow 

Generality General Precise 

Precision Abstract Concrete 

Assessment Stakeholder judgment Measurable 

Product Spaces, systems Quality, cost, size, number 

Organization Actors (teams, 

people) 

Conformance, budget, 

backlog, latency, é 

Process Tasks, milestones Dates, Schedule 

conformance, safety, cost 

CEE 111/211 20 

Objectives are specific, measurable concise. They can be measurable, or 

attitudinal, e.g., ñgood.ò 

 

Like an "object," an objective is ñthereò ï it is actual.  

G
e

n
e

ra
l 

V
D

C
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Process of Project Definition 

ÅBuild POP model as a stakeholder team 
ÅSet functions (goals and objectives) of Product, Organization, 

Process  

ÅDesign scope or form of Product, Organization, Process 

ÅIdentify project behaviors and define methods to predict, assess 
and observe them 

ÅElaborate POP model details: 
ÅAdd predicted, assessed or observed values P, O, P Behaviors 

ÅAssess each behavior (3 or 4-point scale: 0, 1, 2, 3) 

ÅNote automatically calculated weighted design goodness for each 
objective and overall for project 

ÅCompare relative design goodness of this option vs. others on 
Analyses tab  

ÅAssign management attention to objectives that have lowest 
assessed goodness for those options that have highest goodness 

 

 



For a  hospital w/Functional objectives  

- energy use > community baseline 

- high reliability operation post-incident 

Function 

Project 

Element Attribute Relation-ship  Objective 

Product       

Product scope or form Relationship Functional Requirement 

Product Building Spaces include  Patient roomsx400 

Product Building Spaces include  Medical services, e.g., CAT 

Product Building Spaces include  public areas 

Product Building Systems include HVAC 

Product Support include iRoom 

Product Building Physical Elements include foundation 

Product Building Physical Elements include above-ground steel 

Product Building Physical Elements include Wall systems 

Product Building Physical Elements include skin 

Product Building Physical Elements include windows 

Product Building Physical Elements include roof 

CEE 111/211 22 

LOD: B ï top ~10 highest cost/risk product forms, similar for 

organization and process 

 



For a  hospital w/Functional objectives  

- energy use > community baseline 

- high reliability operation post-incident 
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Function  Form/Scope 

Project 

Element Attribute 

Relation-

ship  Objective Choice 

Product Objectives       

Product *Conformance to product objectives >= 99   

Product Energy (KBTU/sq-ft/year) < 300   

Product Energy (KBTU/Patient-day/year) = 1000   

Product *Operability % post-incident > 90   

Organization 

Organization Objectives       

Organization 

Conformance (Actor assignment to 

Organization Function) (%) = 100   

Organization Cost (K$) = 40   

Organization  Actor Backlog = 3   

Process         

Process Objectives       

Process *Safety: lost work incidents = 0   

Process Peak Quality Risk < 0.25   

Process 

Conformance (Actual schedule to 

plan)  (%) > 80   

Process 

Peak Predicted Schedule Risk 

(wks) < 2   

Emergent, 

predictable or 

measurable 

quantitative 

objectives 

LOD: B ï top 

~10 highest 

cost/risk 

behaviors 

(total) 
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Project Definition Clarifies and aligns Functional Objectives 

é and 

identifies relative assigned weights of objectives (ä= 100) 

é 
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Project Definition Clarifies and aligns Project 

behaviors 

Å Example: For each behavior, team 
identifies:  

ïRelative weight (×= 100)  

ïQualitative threshold values to 
convert behavior to arbitrary units  

Å Evaluated Goodness = ×assessed * 
weight  

ïGiven predicted values and threshold 
values, assign Assessed value  

 

 

Assessed values 
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MACDADI: Evaluate ñgoodnessò of project designs 

 Multi Attribute 
Collective Decision 
Assistance for Design 
Integration 

 

Project definition 

Assessed Project 

performance Views of Assessed 

Project performance 

1. Overall 

2. By objective 

26 
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MACDADI  Evaluation of Design Option Goodness (+ is good)

-1

0

1

2
*Conformance to product objectives

*Rentable area (ft2)

*Cost (K$)

Energy (KBTU/sq-ft/year)

Conformance (Actor assignment to Organization

Function) (%)
Conformance (Actor assignment to Organization

Function) (%)
 Actor Backlog

*Safety: lost work incidents

Peak Quality Risk

Conformance (Actual schedule to plan)  (%)

Peak Predicted Schedule Risk (wks)

Option 1: POP

Option 2: POP V2

Meets all objectives

MACDADI: Evaluate ñgoodnessò of project designs 

 Multi Attribute 
Collective Decision 
Assistance for Design 
Integration 

 

Evaluation:  
1. Does design meet 

functional  objectives?  

 

27 
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MACDADI  Evaluation of Design Option Goodness (+ is good)

-1

0

1

2
*Conformance to product objectives

*Rentable area (ft2)

*Cost (K$)

Energy (KBTU/sq-ft/year)

Conformance (Actor assignment to Organization

Function) (%)
Conformance (Actor assignment to Organization

Function) (%)
 Actor Backlog

*Safety: lost work incidents

Peak Quality Risk

Conformance (Actual schedule to plan)  (%)

Peak Predicted Schedule Risk (wks)

Option 1: POP

Option 2: POP V2

Meets all objectives

MACDADI: Evaluate ñgoodnessò of project designs 

 Multi Attribute 
Collective Decision 
Assistance for Design 
Integration 

 

Evaluation:  
1. Does design meet 

functional  objectives?  

2. Is Option-i better or 
worse than Option-j 

 

Goal . Evaluated goodness (high is good)

0

20

40

60

80

100

120

Evaluated goodness

Design Versions

E
v
a
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a
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o
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d
n

e
s
s

Option 1: POP

Option 2: POP V2

Meets all objectives

28 
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MACDADI  Evaluation of Design Option Goodness (+ is good)

-1

0

1

2
*Conformance to product objectives

*Rentable area (ft2)

*Cost (K$)

Energy (KBTU/sq-ft/year)

Conformance (Actor assignment to Organization

Function) (%)
Conformance (Actor assignment to Organization

Function) (%)
 Actor Backlog

*Safety: lost work incidents

Peak Quality Risk

Conformance (Actual schedule to plan)  (%)

Peak Predicted Schedule Risk (wks)

Option 1: POP

Option 2: POP V2

Meets all objectives

MACDADI: Evaluate ñgoodnessò of project designs 

 Multi Attribute 
Collective Decision 
Assistance for Design 
Integration 

 

Evaluation:  
1. Does design meet 

functional  objectives?  

2. Is Option-i better or 
worse than Option-j 

3. Does design make 
business sense? 

 
Goal . Evaluated goodness (high is good)

0

20

40

60

80

100

120

Evaluated goodness

Design Versions

E
v
a
lu

a
te

d
 g

o
o

d
n

e
s
s

Option 1: POP

Option 2: POP V2

Meets all objectives

29 
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MACDADI: Qualitative threshold behavior values 

(Preferences), Weights 

Å Task: enable conversion of predicted 

values (arbitrary units) to normalized 

value scale (assessed) 

Å Method: for each functional objective, 

ïSpecify range values of predicted (or 

observed) behavior to be given 

preference value of 0, 1,  etc. 

ïe.g., for Objective: Cost (K$) = 525 

 

30 
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MACDADI: Qualitative threshold 

behavior values (Preferences), Weights 

Å Task: enable conversion of predicted 

values (arbitrary units) to normalized 

value scale (assessed) 

Å Useful conventions:  

ïDefine 2 as meeting objectives (green); 1 

OK (yellow); 0 bad (red) 

ïPut * on required (must-have) objectives 

Ą All values on spider chart on (outside) 2 

represent met (exceeded) objectives 

ïEasy to check if Objectives* are (not) met 

MACDADI  Evaluation of Design Option Goodness (+ is 

good)

-1

0

1

2
Conformance to product objectives

Rentable area (ft2)

Cost (K$)

Energy (KBTU/sq-ft/year)

Conformance (Actor assignment to

Organization Function) (%)
Conformance (Actor assignment to

Organization Function) (%)
 Actor Backlog

Safety: lost work incidents

Peak Quality Risk

Conformance (Actual schedule to plan) 

(%)

Peak Predicted Schedule Risk (wks)

Option 1: POP

Option 2: POP V2

Meets all objectives

31 
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MACDADI: Qualitative threshold behavior 

values (Preferences) 

Å Task: enable conversion of predicted values (arbitrary units) to 

normalized value scale (assessed) 

Å Choose threshold curve shape carefully: 

ïMore is better (e.g., building energy efficiency) 

ï Asymptote: (e.g., Actor Backlog < 3 days) 

ï Inverted U or V: (e.g., project cost) 

Types of threshold values functions

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

2.5

1 2 3 4 5 6 7 8 9

Predicted values

A
s
s
e
s
s
e
d

 v
a
lu

e
s

More is better

Goodness asymptotes

Inverted 'V'

Inverted 'U'

32 
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MACDADI: Product, Process forms (Options) 

ÅGiven a set of P,O,P functional objectives, 

ïChoose P, O, P forms (design option) 

ïPut alternative forms in POP model, e.g., POPV1, 

POPV2 

 

33 
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MACDADI: Assess behavior  
(ñ4-point Likert scaleò) 

 For each functional objective and each option, identify:  

ïWeighted behavior value (auto), given 

ïPredicted value (you do it), 

ïAssessed value (auto)  

ïThreshold preferences (Define on Analyses page) 

ïAssessment: =IF(G39<I39,0,IF(AND(G39>=I39,G39<J39),1,2)) 

ïWeighted assessment 

34 

Example threshold 

values 
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MACDADI: (POP model) Assesses design goodness 

of each option | thresholds 

ïAssessed goodness é automatically assigned given 

predicted value + qualitative threshold values 

35 
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MACDADI: (POP model) Assesses design goodness 

of each option | thresholds 

ïWeighted assessment = Assessed value * Objective 

weight 

36 

Weighted 

Assessment 
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MACDADI: Calculates design goodness of each 

option 

ïProject: Evaluated goodness =  

 ä Assessed  behavior values (each Objective) * weight 

Analyses sheet 

Copied 

automatically 

37 
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MACDADI  Evaluation of Design Option Goodness (+ is good)

-1

0

1

2
*Conformance to product objectives

*Rentable area (ft2)

*Cost (K$)

Energy (KBTU/sq-ft/year)

Conformance (Actor assignment to Organization

Function) (%)
Conformance (Actor assignment to Organization

Function) (%)
 Actor Backlog

*Safety: lost work incidents

Peak Quality Risk

Conformance (Actual schedule to plan)  (%)

Peak Predicted Schedule Risk (wks)

Option 1: POP

Option 2: POP V2

Meets all objectives

MACDADI: POP Analyses sheet 

Analyses sheet shows Objectives and 

Evaluated performance 

38 



In-class exercise 

Teams of about two 

Å Build on an iRoom POP model,  

Å Create predicted behaviors for two design versions where 

preference between versions A, B changes with change in 

preference weights from Scenario I to II 

Å Note: you will need to change objective weights 
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Scenarios 

I II 

Behaviors Weights 

Schedule 60 20 

Cost 20 60 

Quality 20 20 
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Project Definition Clarifies and aligns Functional 

Objectives é and 

Å Describes shape of value curves:  

ïTarget behaviors -- cost/schedule/etc. 

ïShape of the value curve: assessment of 

goodness of predicted values 

Åspecific predicted (or observed) 

qualitative threshold behavior values 

to receive assessed importance of 0 

(red), 1 (yellow), 2 (green), etc. 
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V
a

lu
e
 

High 

Low 

Energy 
Low High 

Project Definition Clarifies Target behavior values ï  

Status of the project wrt goals and objectives  

Target energy 

Linear value 

curve 

1.Specify value 
proposition of each 
performance metric: 
Value vs. metric value 
curve 

2.Set target performance 
value 

3.Identify upside 
opportunity, downside 
risk of performance 
change 

 

 

 

 

 



Project Definition Clarifies Target behavior values ï  

Status of the project wrt goals and objectives  

ÅBroad bands for green, yellow 
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V
a

lu
e
 

High 

Low 

Energy 
Low High 

Assessed design quality for 

predicted energy 
1.Specify value 

proposition of each 
performance metric: 
Value vs. metric value 
curve 

2.Set target performance 
value 

3.Identify upside 
opportunity, downside 
risk of performance 
change 

4.Specify boundaries of 
good, OK, bad 
performance 

ïGreen, yellow, red 
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Project Definition Clarifies Target behavior values ï  

Status of the project wrt goals and objectives  

V
a

lu
e
 

High 

Low 

Energy 
Low High 

Assessed design quality for 

predicted energy 

ÅTight bands for green, yellow 

1.Specify value 
proposition of each 
performance metric: 
Value vs. metric value 
curve 

2.Set target performance 
value 

3.Identify upside 
opportunity, downside 
risk of performance 
change 

4.Specify boundaries of 
good, OK, bad 
performance 

ïGreen, yellow, red 
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V
a
lu

e
 

Cost 
Low High 

Project Definition Clarifies Target behavior values ï  

Status of the project wrt goals and objectives  

High 

Low 

Target cost 

Inverted ñUò 

value curve 

1.Specify value 
proposition of each 
performance metric: 
Value vs. metric value 
curve 

2.Set target performance 
value 

3.Identify upside 
opportunity, downside 
risk of performance 
change 

4.Specify boundaries of 
good, OK, bad 
performance 

ïGreen, yellow, red 
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High 

Low 

Cost 
Low High 

Assessed value for predicted 

cost 

Project Definition Clarifies Target behavior values ï  

Status of the project wrt goals and objectives  

V
a
lu

e
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High 

Low 

Cost 
Low High 

Assessed design quality and 

predicted cost of many options 

Project Definition Clarifies Target behavior values ï  

Status of the project wrt goals and objectives  

V
a
lu

e
 

Target cost 

Asymptotic  

value curve 

1.Specify value 
proposition of each 
performance metric: 
Value vs. metric value 
curve 

2.Set target performance 
value 

3.Identify upside 
opportunity, downside 
risk of performance 
change 

4.Specify boundaries of 
good, OK, bad 
performance 

ïGreen, yellow, red 
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Schedule 

Short Long 

Project Definition Clarifies Target behavior values ï  

Status of the project wrt goals and objectives  

V
a
lu

e
 

High 

Low 

Target 

schedule 

Multiple  

value curves 

1.Specify value 
proposition of each 
performance metric: 
Value vs. metric value 
curve 

2.Set target performance 
value 

3.Identify upside 
opportunity, downside 
risk of performance 
change 

4.Specify boundaries of 
good, OK, bad 
performance 

ïGreen, yellow, red 

 

 

 

 

 

 



In-class exercise 

Teams of about two 

ÅFind two iRoom design versions where preference 

between versions A, B changes with change in 

distribution of green/yellow/red threshold values for a 

behavior with high preference weight 

ÅNote: You will need to change qualitative threshold 

values on some behavior 
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V
a

lu
e
 

High 

L

o

w 
Energy 

Low High 

Assessed design 

quality for predicted 

energy 
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Project Definition Clarifies and aligns Form/Scope re function ï  

specific steps to achieve goals and objectives 

scope or form includes  

Å Product  components and 
systems, e.g.,  
ï Spaces  

Ą Deliverables, 2/3/4D 
models, QTO, clashes, 
risks  

Å Organization  actors, e.g.,  
ï Designers  

Ą Commitments, 
Responsibilities  

Å Process  tasks, e.g.,  
ï Design -build building 

elements  

Ą Plans, schedule, metrics  

 
Limit Level of Detail  to top -10 (or top 
100) most ñexpensiveò project 
elements  
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Project Definition Clarifies and aligns Form/Scope re function ï  

specific steps to achieve goals and objectives 

Forms include:  

Å Product  components and 
systems, e.g.,  
ï Spaces  

Ą Deliverables, 2/3/4D 
models, QTO, clashes,  

Å Risks  
Å Organization  actors, e.g.,  

ï Designers  

Ą Commitments, 
Responsibilities  

Å Process  tasks, e.g.,  
ï Design -build building 

elements  

Ą Plans, schedule, metrics  

Á POP creation process  
 
Limit Level of Detail  to top -10 (or top 
100) most ñexpensiveò project 
elements  

Deliverables templates 

These templates available 

trough POP Home page 



POP models in Excel for CEE211: Home sheet 
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Å Navigate to all 

POP sheets from 

the Home sheet 
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POP model content 

Å Function: Intent or requirement, 
including 

ïFunction, Schedule, Cost, 
Sustainability, Value é. 

ïEngineering content, emotion 

Å scope or form(design choices):  

ïComponents, systems, 
groups, tasks 

Å Behavior (predicted, observed): 

ïFunctional performance 

ïSchedule, Cost, Sustainability 
(energy), Value 

ïUser assessment 

ïé  

Å Product: the abstract and physical 

deliverables (shown as 3D 

visualization) 

Å Organization: the team that 

designs and builds the product (org 

chart ++) 

Å Process: the tasks that the 

organization is to perform to design 

and build the product (task network 

diagram) 

 

Form/Scope [Choice] Weight

 Predicted Assessed 

Weighted 

Assessment

(sum = 

100) -2 -1 0 1 2

Product

Product Scope (Space, System)

 Offices

 conference rooms

 public areas

HVAC

telecom/network

foundation

above-ground steel

drywall

skin

windows

roof

Objective value

99 ?p 1 10 10 < 90 90 - 93 93 - 06 96 - 99 = 100

300 - 400 ?p 1 15 15

< 200 or 

> 500

200 - 250 

or 450 - 

500

250 - 300 

or 400 - 

450 300 - 400

60 ?p 1 10 10

< 50 or > 

65 50 - 54 

55 - 57 or 

63 - 65 58 - 62

40 ?p 1 15 15 > 46 44 - 46 42 - 44 40 - 42 < 40

Organization

Organization Form (Actor)

Architect

City

Concrete sub

Flooring sub

GC

MEP sub

Actors

Painters

Steel sub

Structural Engineer

Objective value

100 ?p 1 5 5 < 90 90 - 93 93 - 06 96 - 99 = 100

40 ?p 1 5 5 +- > 10%

+- 7 - 

10% +- 5 - 6% +- 3 - 4% +- 2%

3 ?p 1 10 10 > 10

>=7 and 

< 10 5 - 7

< 2 or 4 - 

5 2 - 4

Process

Responsible Actor

 Process Form (Actor - Action: 

Object)

Architect Architect - Approve: design

Owner Owner - Assess: Behaviors

Architect

Architect - Design: Building 

elements

HVAC/MEP 

designers

HVAC/MEP designers - Design: 

Building systems

Owner

Owner - Predict: Predictable 

Behaviors

GC GC - Build: Building elements

Flooring sub

Flooring sub - Build: Building 

elements

GC GC - Build: Building elements

Concrete sub

Concrete sub - Build: concrete 

elements

Flooring sub Flooring sub - Build: Flooring

Objective value

0 ?p 1 10 10 >= 2 1 0

0.25 ?p 1 5 5 > 0.8 0,5 - 0.8 0.5 - 0.4

>0.4 - 

0.25 < .25

80 ?p 1 10 10 < 65 65 - 70 70 - 75 75 - 80 > 80

Qualitative Threshold valuesBehaviorFunction

skin

windows

Product Functional Requirements

 Offices

 conference rooms

 public areas

HVAC

telecom/network

foundation

above-ground steel

drywall

Organization Functional Requirements

roof

Architect

Product Measurable Objectives

Energy (KBTU/sq-ft/year)

City

Concrete sub

Flooring sub

GC

MEP sub

Owner

Painters

Steel sub

Build: Building elements

Build: concrete elements

Assess: Behaviors

Design: Building elements

Design: Building systems

Predict: Predictable Behaviors

Build: Building elements

Build: Building elements

*Safety: lost work incidents

Peak Schedule Quality Risk

Conformance (Actual schedule 

Structural Engineer

Approve: design

 Actor Backlog

Organization Measurable 

Objectives

Conformance (Actor assignment 

to Organization Function) (%)

Organization Cost (K$)

Process Measurable Objectives

Process Functional 

Requirements (Task Action: 

Object)

Build: Flooring

*Conformance to product 

objectives

*Rentable area (ft2)

*Project Cost (K$)
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Process of Project Definition 

ÅBuild POP model as a stakeholder team 
ÅSet functions (objectives) of Product, Organization, Process  

ÅDesign form or scope of Product, Organization, Process 

ÅIdentify project behaviors and define methods to predict, 
assess and observe them 

ÅElaborate POP model details: 
ÅAdd predicted, assessed or observed values P, O, P 

Behaviors 

ÅAssess each behavior (4-point scale: 0, 1, 2, 3) 

ÅNote automatically calculated weighted design goodness for 
each objective and overall for project 

ÅCompare relative design goodness of this option vs. others on 
Analyses tab  

ÅAssign management attention to objectives that have lowest 
assessed goodness for those options that have highest 
goodness 

 

 



1. Set functions, then create design responses, or 

Create design elements; set enabling functions 

10 January 2012 CEE 111/211 54 

Å Adjust your POP model so there is good consistency of the 

values of the three sets of POP rows, i.e., that  

1. P, O and P Functions all have associated Forms, or design 

choices, and vice versa. 

 



2. Identify predicted/measured values of project behaviors and 

enter into Behavior rows of POP model 
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Å Adjust your POP model so there is good consistency of the values of 

the three sets of POP rows, i.e., that  

2. All Functional objectives have associated predicted/measurable 

Behaviors ï at least conformance.  

Home
Function (what you want)

Form / Scope (what you 

plan)

Objective 

Weight

Weighted 

Assessment

Project 

Element
Attribute Relationship  Objective Choice

Predicted/ 

Observed
Assessed

(sum = 

100)

Product

LOD
Product Element Relationship  Objective value

Product Form (Space, 

System)

Product Systems include work/interact tables

Product Physical Elements include floor floor

Product Physical Elements include ceiling ceiling

Product Physical Elements include windows/doors windows/doors

Product Physical Elements include Walls Walls

Product Objectives
Predicted/ 

Observed
Assessed

Product Conformance to product objectives >= 96 96.0 2 10 20

Product Rentable area (ft2) = 1,300 1,464.0 1 15 15

Product Product Cost (K$) = 455 525.0 0 10 0

Product Energy (KBTU/sq-ft/year) <= 40 37.0 3 15 45

A

A+

B

B+

Behavior (how you are 

doing)

Plot
Plot

Plot

Plot



3. Adjust your POP model so there is good consistency of the 

values of the three sets of POP rows 

10 January 2012 CEE 111/211 56 

Å Similarly, adjust your POP model so there is good consistency of the 

values of the FFB columns, i.e.,  

3. P, O and P functions together specify all the important project 

functions; 



3. Adjust your POP model so there is good consistency of the 

values of the three sets of POP rows 
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Å Similarly, adjust your POP model so there is good consistency of the 

values of the FFB columns, i.e.,  

4. Product, organization and process Form choices correspond in 

level of detail and (implicitly or explicitly) reference each other; 



4. Similarly, adjust your POP model so there is good 

consistency of the values of the FFB columns 
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1 

Å Similarly, adjust your POP model so there is good consistency of the 

values of the FFB columns, i.e.,  

5. Organizational elements all have responsibility for a Process 

task(s)  



4. Similarly, adjust your POP model so there is good 

consistency of the values of the FFB columns 
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1 

Å Similarly, adjust your POP model so there is good consistency of the 

values of the FFB columns, i.e.,  

6. Process tasks have both a responsible Organizational element and 

a related product Form.  
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Suggestions: 

ÅInvite all relevant stakeholders to the project kickoff 

meeting and subsequent major design reviews é.  

ÅDefine the project product, organization and process 

vocabulary in a generic POP model as part of the 

kickoff meeting. 
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Suggestion: 

ÅWhenever possible, create the vocabulary of the 

scope or form segment of POP models using the 

names and definitions of deliverable elements (such 

as components, spaces and systems) of organization 

elements, or ñactors,ò and process activities ...  
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Suggestion: 

ÅStart with a Level-A instance POP model (~1 P, O and 

P elements) at the start of a kickoff meeting.  

ÅCreate a Level-B instance POP model (~10 P, O and 

P elements) very early in the design process, at least 

by the end of the first day of a kickoff meeting.  

ïAn agreed-upon Level-B POP model becomes the framework 

for more detailed modeling and analysis 

ÅStart to elaborate the level of detail to Level-C (~100 

elements each segment) only after the Level-B 

elements are defined, modeled, mutually consistent, 

acceptable and well understood. 

ïAn agreed-upon POP model at each LOD becomes the 

specification for more detailed modeling and analysis 
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Suggestion: 

ÅSuggestion: Choose Level-B POP model elements so 

each represents about 10% of the cost, effort, risk or 

schedule duration of the project, whichever is most 

important for project success. 
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Suggestion: 

ÅInclude all relevant stakeholders in defining 

breakdown structures and each major version of the 

POP model, at least including  

ïowner representative 

ïdesigner 

ïbuilder 

ïpotential user 
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Suggestion: 

ÅCreate the scope or form elements of the POP model 

to be consistent with corresponding breakdown 

structures, i.e., 

ïProduct scope or form~ Product Breakdown 

Structure (PBS)  

ïOrganization scope or form~ Organization 

Breakdown Structure (OBS) 

ïProcess scope or form~  Work Breakdown 

Structure (WBS) 
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Suggestion: 

ÅExplicitly describe process performance metrics as 

part of the Process Functions of the POP model.  
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Suggestion: 

ÅUse organization ï process models to  

ïdocument the organization so all stakeholders understand it 

clearly 

ïpredict organizational backlogs  

ïpredict the volume and distribution of direct and hidden work 

ïidentify 1 ï 2 actors and tasks with greatest risk 

ÅAttempt to mitigate the greatest predicted 

organization backlog, coordination, time and cost 

risks.  

ÅTrack organization commitments in a commitment 

report 

ïNature of the commitment; by whom; to whom; when; 

comments 
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Suggestion: 

ÅTrack product ï organization ï process risks: 

ïDescription 

ïProbability of occurrence 

ïCost (of a change order to fix) 

ïAffected stakeholders (who can help fix, who must 

respond if it becomes real) 

ïCommit date: last responsible moment for 

resolution 

ïClarity date: first responsible moment for 

clarification and (possible) mitigation 

ïTask and task owner: to clarify and mitigate or 

work around 
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Use POP models for Project Definition to 

Clarify and align: 

Å Functional objectives ï what project stakeholders want ï for product, 
organization and process 

ï Specific deliverables, e.g., spaces, systems 

ï Conforming and highly reliable safety, schedule, quality and cost  

Å scope or formï what you will do -- periodic design and construction 
deliverables, including: 

ï Virtual designs (~weekly or daily) ï to update objectives, form or 
scope, predicted and measured behaviors 

ï Activities (daily work) ï to design and manage, procure, 
fabricate, deliver, construct and inspect 

Å Behaviors ï what you did -- project performance that 

ï Conforms to specific stakeholder objectives  

ï Using methods of VDC, Integrated Project Delivery, Lean and 
Sustainable development 
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POP models define é 

Å Product systems and components  

ïFunctional objectives (precise, measurable) 

ïform or scope: physical elements, systems and spaces 

ïBehaviors: definitions, preferences, predictions, qualitative 
goodness thresholds and assessed values 

Å Organization  

ïFunctional objectives  

ïform or scope: actors 

ïresponsibility for components, systems & tasks 

ïBehaviors 

Å Process milestones and tasks  

ïFunctional objectives  

ïform or scope: activities 

ïBehaviors 
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Use POP models for Project Definition é 

Å Whatever your role: A, E, C or O 

Å Collaborating with your other stakeholders  

Å At every major milestone and at least every two weeks 

Å (re)do project definition of project functions, form or scope, 

behaviors  

Å Based on project definition POP model, other models, analyses 

and field observations,  

ïIdentify greatest risks in current product, organization, 

process 

ïSet measurable objectives to mitigate those risks 

ïFocus modeling and management attention to support risk 

mitigation objectives 

ïSet modeling purposes and model LOD given risk focus and 

mitigation objectives 
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ICE-2 exercise: Thursday 

Å Task: Design WTC submission (Q2, due next Tuesday) 

Å Deliverables 

ïPOP/MACDADI project description 

ïOrganization (org chart - PPT) and Process models (Gantt 

chart ï MSP) 

ïProduct sketch + 3D BIM (Revit) 

ïOwner: resolve issues; build presentation to summarize design 

+ analyses; project and business recommendation; pre-plan 

next meeting; tasks for next session  

ïNext steps: Business recommendation; Pre-plan next meeting; 

Tasks for next meeting 

Å Budget 

ïGroups of ~5: different than last week 

ï45 minutes for ICE interaction 

ï40 minutes for presentations, discussion 



CEE 111/211 73 

Query-2 

Group project 

2. Create a POP and 3D BIM of the 

construction of a structure to go on the 

World Trade Center (WTC) site. The model 

can be as abstract or real as you like. 

Please respond in some fashion to the call 

for proposals from the City of New York, 

and please see the submissions already 

made. Be creative and expressive.  

 

http://september11.ceenews.com/ar/electric_lmdc_announces_international/
http://september11.ceenews.com/ar/electric_lmdc_announces_international/
http://www.architectureweek.com/2003/0101/news_1-1.html
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WTC site design 
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WTC site design 

     

         

         

  

 

http://www.architectureweek.com/cgi-bin/awimage?dir=2003/0101&article=news_1-2.html&image=12019_image_3.jpg
http://www.architectureweek.com/cgi-bin/awimage?dir=2003/0101&article=news_1-2.html&image=12019_image_3.jpg

