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A COORDINATION STRUCTURE APPROACH
TO THE MANAGEMENT OF PROJECTS

ABSTRACT

The paper uses object based models to capture and make visible the system level coordination structure
of complex projects. These models facilitate the development of a shared view necessary for effective
project management. In the paper, development and use of the models are illustrated usng examples
drawn from the design of custom slicon. We examine three custom dlicon design projects to identify
the sgnificant coordination problems encountered as well as the difficulties of usng activity based
project management tools. Then we develop object based models of coordination structure as atool to
overcome these difficulties. We use these models to capture a project manager's view of the four stages
of the custom slicon design cycde design definition, chip design, prototype manufacture, and system
integration. We conclude by discussng the relationship between the coordination structure gpproach
and other project management tools, and the manageria advantages of the proposed approach in the
management of projects. Because of their amplicity and stability, coordination structure moddls form a
useful front-end for conventiond activity based project management. The approach has particular value
for the management of projects in which the task gructure is complex, uncertain and undable, as is
typicdly the case in new product development.



A COORDINATION STRUCTURE APPROACH
TO THE MANAGEMENT OF PROJECTS

. INTRODUCTION

The paper devel ops an object based gpproach to modeling coordination structure which is useful in the
management of projects which exhibit complex interdependencies, high task uncertainty and significant
autonomy of the individuals and groups involved. The modes take the form of diagrams which make
vigble & a sysem leve the interdependencies among groups and individuasinvolved in aproject. This
vighility facilitates the development of a shared view of the project which is necessary for effective
management. The modds provide a useful complement to conventiona activity based project
management and control tools. We ground our explanation of the approach in experience gained during
the management of custom silicon design projects.

Coordination tasks typically change over the course of aproject's life cycle. Coordination requirements
of acomplex project are unlike those between units, such as manufacturing and procurement, that
interact with one another in away that is Stable over time. In managing and controlling projects, firms
commonly use avariety of activity based tools such as Gantt charts and PERT/CPM network models.
However, these tools often prove inadequate [6, 20]. In large projects activity specifications become
very complex. In projects with high task uncertainty the work breakdown structureis volatile and
unsgtable as well as complex. Complexity and uncertainty limit the usefulness of work breakdown
Sructure and activity based management tools as a basis for project management particularly if the
individuas and groups involved can make significant decisons about work processes independently.

The design and manufacture of semi-conductor microe ectronic devices has been on along, continuous
and rapid learning curve unprecedented in the hitory of technology. Asline widths and feature Szes
gpproach the 0.5 micron level, eectronic systems producers are now able to integrate large systems on
sngle chips. These developments, together with rgpid advances in design methodology and CAD
systems, have meant that custom silicon design has achieved critica importance in the push for
competitive advantage in industries like computers and telecommunications.

Cugtom slicon design entails the design of high performance integrated circuits most often using slicon
as the subdtrate, in which maximum performance is attained through the use of custom designed
circuitry. Custom silicon designs are a one extreme of awhole continuum of integrated circuit design -
they push the limits of technology. Asareault, cusom dlicon design projects feature complex
interdependencies, high task uncertainty and significant designer autonomy and so were chosen asa
context within which to explain the coordination structure gpproach to project management.

The objective of this paper isto develop amethod for representing at the system leve the coordination
dructure of a project that can be used to integrate different parts of an organization to accomplish
project goals. The proposed approach alows managers to: i. capture and make visible the system leve
interdependencies between project participants, ii. assign coordination tasks that fit the changesin
coordination requirements over the life of the project, and iii. reuse proven coordination structures.
Vighility at the system leved facilitates the development of a shared view of the assgnment of



respongbility and their interrelaionships. A better fit between coordination tasks and coordination
requirements results in better management of the changes inherent in projects from one stage to another.
Reuse of coordination structures leads to reduction in project lead time.

Section |1 sets the context of the paper with abrief review of coordination and project management. In
Section 111 we outline the cases of three custom silicon design projectsto identify typica coordination
problems, and the difficulties found in using activity based project management methods to address
them. In Section IV we define coordination structure as the entire set of interrelated interdependencies
between dl of theindividuas and groups in some problem domain, and introduce object based models
to capture a system level view of coordination structure. In Section V we develop object models which
capture the coordination structure of atypica custom silicon design project and show how they can be
used to address some of the shortcomings of activity based project management methods. Section VI
concludes by summarizing the relationship between the coordination structure gpproach and other
project management tools, and the manageria advantages of the gpproach in the management of
complex projects.

1. COORDINATION AND PROJECT MANAGEMENT

Coordination entalls integrating or linking together different but interdependent parts of an organization
as they work together to accomplish organizational gods|[7, 15, 31, 42]. Research hasidentified
effective coordination as an important factor which differentiates successful from unsuccessful projects.
Performance in product development has been linked to a higher degree of coordination around: i.
functiond units, ii. Stages of development, iii. multiple projects, iv. suppliers of technology and
components, and v. customers[7, 15, 17, 23, 24, 32, 34, 44, 46, 48]. Many of the most sgnificant
problems in the development of complex products stem from inadequate integration of work between
groups.

A variety of coordination mechanisms useful for the management of projects have been proposed in the
research literature. These mechanismsinclude: task partitioning to decrease task interdependencies
[43]; engineers with broader skills devel oped through extensive training and job rotation [7, 15, 19, 44];
overlgpping engineering stages with early downstream involvement and intensive cross-stage
communication [7, 15, 44, 46]; customer driven development [7, 15, 44]; smulations and computer
based tools [7, 15]; cross-functional teams[7, 14, 15, 29, 38, 44]; project managers with strong power
[7, 15, 34, 44, 46]; clear and widely shared understanding of the product and the project [14, 44]; war
rooms where timetables, mockups, process layouts, drawings and related documents are available and
al critica meetings are held [7, 15]; speedy cross-function conflict resolution mechanisms[7, 15]; and
frequent reviews of the development process[10].

A centra themein outstanding projectsis having a system view of the project concept [14, 44].
Implementation of coordination mechanisms by a project manager is directly related to participants of
the project having a shared view of the entire st of interrelated interdependencies between dl of the
individuals and groups that are involved in the project.



In this paper we are concerned with the scheduling of activities which forms the basis of project
management defined as "the system of procedures, practices, technologies, and know-how that
provides the planning, organizing, saffing, directing, and controlling necessary to successfully manage an
engineering project” [40]. We argue that whatever coordination mechanism is used in a project, its
effectiveness will benefit from activity scheduling based on ashared view of coordination structure.

Once the objectives for a project have been defined, developing a project schedule traditionaly involves
the following steps: producing awork breakdown structure of activities to be performed, dlocating the
activitiesto individuds and groups, identifying the interrel ationships between activities and sequencing
them, estimating activity duration and cogts, reconciling the schedule with available project timing
congraints and available resources, and finaly reviewing and updating the schedule as the project
proceeds. The five mgor scheduling gpproaches used in project management are milestone charts,
Gantt charts, full wall scheduling, and the precedence network techniques- CPM and PERT [12].
Milestone charts, full wall scheduling and PERT are based on events which mark the completion of
gpecified activities. Gantt charts and CPM are based on activity specifications directly.

We argue that a system leve view of the entire set of interrelated interdependencies between those
involved in a project can make scheduling more effective as abasis for project management. Thisis
particularly true for projectsin which thereis a) acomplex set of interdependencies between individuas
and groupsinvolved, b) ahigh levd of task uncertainty, i.e., uncertainty in whether or not atask is
necessary, what its precedence rel ationships with other tasks are, and what its duration will be, and ¢) a
sgnificant level of decison making autonomy for these individuas and groups. In projects with these
characteristics, work breakdown structures and schedul e representations are complex and unstable. As
aresult they are difficult to make visble in ameaningful way to the individuas and groupsinvolved in a
project and so fail to provide the basis for the development of a shared view necessary for effective
project management.

[1l. COORDINATION OF CUSTOM SILICON DESIGN PROJECTS

We examined three projects carried out in the same product development organization of amaor
integrated manufacturer of telecommunications products. The firm has a business srategy of being a
technology leader and incorporating the capabilities of the most advanced technologiesin its products.
The development organization creates competitive advantage for the firm by capturing innovative, high
quality, manufacturable system designsin silicon. Thefirm hasinternd slicon design, fabrication and
packaging facilities, dthough its product devel opment groups can and do go outside for these services.
The firm has sufficient resources to develop internaly basic design and manufacturing technologies and
CAD toolsfor chip design.



Table 1 provides an overview of the three projects.

Table 1: Three custom silicon design projects

Interndl/ Desgn & Use of Complexity
Number Externd Manufacturing & Speed Potential
Project of Chips Technology Technology of the Technology
A 3 externd 1.0micron pushed the limits of
standard cell complexity & speed
B 1 externa 1.0 micron pushed the limits of
gate array complexity & speed
C 3 internal 0.8 micron used 2/3 of the potential
BiCMOS complexity & speed

Coordination Problems Identified

In this section we briefly describe each of the three projects and outline the responses of managersto
the question: what were the significant coordination related problems encountered and what were their
impact on the firm in terms of unanticipated costs and time delays?

Project A

Project A supported the development of a new telecommunications switch. The project was managed
using CPM and Gantt charts. The three chips were application specific integrated circuits (ASICs) to
be designed using a one micron standard cdll design and manufacturing technology provided by alarge
externa vendor. The firm had been assured by the vendor that this technology was stable. The
designers of the firm took this assurance at face value. This became a costly error when the
technology's cdll library proved inadequate for the purposes of the ASIC designsin the project. Inthe
end, the externdl vendor worked with the firm on the development of another design and manufacturing
technology which was used for the chipsin the project. Managing this unanticipated change cost the
firm $450,000 directly and 16 weeksin slicon design interval. The consequent indirect costs from
delays in software development and other downsiream activities was Sgnificantly higher than this.

Project A dso experienced three other Sgnificant interna coordination problems. First, alack of clarity
with respect to responsibilities for the back plane specification cogt the firm 3 man months and $40,000.
Second, no system architect was charged with overal respongbility for one of the three chips. Asa
result there was inadequate coordination among the various groups contributing to the development of
the chip. The chip had 11 system related bugs, dthough it "met" its specification. These bugs cost the
firm $150,000 and delayed completion of the design by 21 weeks. Third, the bus specification proved
to be too complex. The person who wrote the specification was not explicitly coordinating with any
other individud or group that was going to useit. Asaresult no one but the author of the specification
understood it. Performance of the system had to be degraded by at least 20 percent because of the
resulting misunderstandings.






Project B

The one chip in project B was an average complexity ASIC, again using technology supplied by an
externd vendor. It wasthe critical component in a system that had hard customer deliverables and
pendty clauses. Project B was managed using Gantt charts. The assumption was made that the design
was going to be "easy". The design project looked very good for the first 2/3 of the schedule, but then
fel gpart. A requirement for a schedule acceleration of severd weeks prompted the design team to
make what they thought was a smple switch between the vendor's standard cdll design and
manufacturing technology to the same vendor's gate array technology. The standard cell technology had
been put through an approval process by the firm itself. The design team assumed that the gate array
technology had aso been approved, whereasit had not been. This proved to be a costly mistake.
When the switch in technology ran into problems, the lack of a systemic view of coordination made it
difficult to assess responghilities and information transfer for technology choice, and documented
performance. The problem caused an additiond 8-10 man-months on an 18 mart month project.

Project C

Project C involved the development of three very high performance custom chips using leading edge
technology, design methodology and packaging. The project was managed usng CPM. A variant of
Venn diagrams was aso used to map out areas of respongbility. Three significant coordination related
problems wereidentified. The first was caused by not specifying interrelated responsibilities for the
computer aided engineering (CAE) environment. Thislead to alate start in identifying CAE issues
resulting in adirect impact of $425,000 on the project and adelay in design interval of 10 weeks. The
second resulted from not achieving a shared view within the project team of cdl library performance for
the technology to be used, a problem not unlike that which occurred in project A but in this case entirely
within the firm. Asaresult, inadequaciesin cdl library performance were not gpparent early. This
caused an additiond 2-4 man-months of extraeffort in a stressful environment and a direct dollar impact
of $46,000. The third problem was caused by alack of adequate specification of akey circuit in ahigh
performance microprocessor provided by an externd supplier. The circuit had been talked about, but
neither its attributes nor the interrelated respongbilities anchored around it had been well specified. In
the end, this caused the firm eight man-months of new work and a direct dollar cost of $100,000.

Difficulties of Using Activity Based Methods to Coordinate

Managers of the three projects described above used PERT, CPM and Gantt charts to facilitate
coordination. There are four reasons why marnegers of the three projects found it difficult to facilitate
coordination using these toals. Firgt, PERT and CPM chart representations do not make visible the
interconnections between individua respongbilities and that of the development organization as awhole.
When aproject ran into difficulties (and al did a some point in time) or when the content of the project
changed, there was no integrated system level view of the design process, the design organization, and
the chip being designed which facilitated the rework of the work breakdown structure and the
redllocation of task assgnments.



Second, activity based representations were unstable and for this reason not reusable from project to
project. Thiswasasgnificant barrier to organizationd learning. An ex-post examination of the three
projects revealed that each had activity work breakdown structures that were very ungtable over thelife
of the project. In project A, taskstook on average two times aslong as originaly scheduled for. As
well there was a 30 percent increase in the number of tasks actudly carried out from what was origindly
scheduled. Project B experienced a 1.5 times increase in average task times and 50 percent new tasks
originaly unscheduled. Project C experienced a 1.2 timesincrease in average task times and 15
percent new activities originaly unscheduled.

Third, project members relying on activity based process models to coordinate their efforts did not
create a shared view of what needed to be coordinated for the project to be successful. They expected
agngle source of activity specification, one person who has been accepted by al within the design
organization to know and understand what needs to be done when, by whom and how. Project
managers found this expectation hard to live up to. The main reason for the lack of a shared view of the
project was the lack of vighility of activity based PERT and CPM representations.

Fourth, the leve of detall involved in specifying alarge number of activities as entities quickly led to a
loss of perspective for both the project manager and for the project team members. The specification
of activities very quickly became complex and granular. Managers found them very hard to use to
integrate the efforts of the many participantsin the design process. In projects A and C, for example,
the CPM and Gantt chart project management methods did not make visible the lack of adequate
coordination mechanisms anchored around the technology to be supplied.

IV.DIAGRAMMATIC REPRESENTATION OF COORDINATION STRUCTURE

We argue that a manager can best develop an understanding of a complex project, such as acustom
dlicon desgn project, through an andysis of its coordination structure - a system leved view of the entire
st of interrelated interdependencies between dl of the individuals and groups thet are involved in the
project. Specifying the coordination structure of the project prior to specifying the actions required to
manage these interdependencies, and arriving at a shared view of this structure on the part of the project
participants, can reduce the structural problem of managing part-whole reationships [41]. Thus, we
argue that creating a shared view of coordination structure can increase managerid effectiveness

The ability of individuas and groups to coordinate has been linked with their ability to perceive and
manipul ate the same common objects [13, 26, 27, 30] or their ability to come to have smilar
understanding of the objects that they share[14]. This concept of common or shared object is smilar
to that of boundary object [39]. We build on this work to conceptualize coordination structure using
three elements: actors, shared objects and links between actors and shared objects. Actors arethe
individuas and groups involved in aproject. Interdependencies between actors are pecified by their
linksto aset of shared objects. Conceived in thisway, the coordination structure of a project can be
made visble usng diagrams. Participantsin aproject can work toward achieving a shared view of the
coordination structure of the project using these diagrams.



Some andysts have taken an information flow perspective to sudy projects[1, 7, 15, 25, 28]. While
we agree that the andyss of information flow isimportant for the management of projects, we maintain
that there is amore fundamenta point of view based on coordination between actors through their links
with shared objects. Once the coordination structure of a project is understood, information flows and
their related tasks can be andyzed in amore concrete and meaningful way. The shared objects which
link two actors form the basis for the content of their interaction. The frequency of communication
between two actors without reference to content can be a mideading indicator of interaction
effectiveness[2]. Modeling project interdependencies using shared objects is consstent with [13, 26,
27].

Coordination Ensembles

A coordination ensemble [3, 4] isaconfiguration of actors that interact by creating, modifying and usng
an array of shared objects. This definition captures the essence of the base layer that underliesthe
coordination processes involved in acomplex project. It focuses on actors ability to see and
manipulate shared information.

We focus on links between actors and shared objects and exclude those between actors or between
shared objects. The interdependency between two actors responsibilitiesis represented in terms of the
shared objects that the actors create, modify or use. A second important characteristic of coordination
ensamblesis that they focus on system leve coordination structure. This highlights the fact that each link
must be consdered within awhole configuration of other actor/shared object links. This approachis
different from those which study interdependencies between actors or objects teken apair & atime
[13]. We emphasi ze representing the coordination ensemble around objects rather than procedures or
data. Thisisathird important characteristic of our coordination ensembles. Both actors and objects
are objectsin the sense used in object-oriented andysis and design. Objects are entities, concepts,
abgtractions or things with crigp boundaries and meaning in the problem domain [35]. An object
combines both data structure and behavior in one entity that you can do thingsto. An object is
something that can be distinguished from other objects (has identity), can be characterized in terms of
dynamic vaues of a set of properties (has state), and can interact with other objects (has behavior) [5].

Object based representations gppea to human cognition [5]. Humansfind it quite natural. They reduce
the gap between the complex real world system and the model used to represent it [18]. The object
basad representation of coordination provides actors participating in a project with a better appreciation
of the critical elements of the project, what needs to be coordinated and how to go about coordinating.
It provides acommon vocabulary of discourse to effectively communicate the nuances of a project.
More importantly, object based representations are more stable than those that are activity or data
based [5, 8, 9]. This sahility can facilitate organizationd and individud learning.

Coordination ensembles are diagrammatic representations. An dternative is to describe a system of
interdependencies astext. Larkin and Smon [21] found that in diagrammatic representations, as
opposed to textud representations, much of the information needed to make an inference is present and
explicit a asinglelocation. Cuesto solving the next step of the problem often are present in an adjacent
location in the diagram. Moreover, problem solving proceeds more smoothly and requires less search
of implicit dementsthan is the case for sententid representations.



Several authors[5, 8, 9, 16, 22, 33, 35, 36, 37, 45] have specified approaches to object oriented
analysisto describe what atarget system is supposed to do. We use the agpproach detailed in [35]
because of its elaborate specification of the sequence of steps to follow, greater care placed on
identifying and specifying links between objects, emphasis on front-end conceptua analys's, and wide
useinindustrid object-oriented applications.

V. MODELING COORDINATION STRUCTURES

In this section we illugtrate the development and use of coordination ensembles by modeling the generic
coordination structure of the custom design process.

We anchor our examination of the custom silicon design process around three important keypoints:
dlicon release to design (SRTD) which marks the successful completion of a specification for the chip to
be designed, silicon release to production (SRTP) which marks the successful completion of alayout
which can be used for manufacturing, and sample ddivery which marks the point in time when samples
arefirg available for test and system integration. These keypoints mark significant changesin the
coordination ensemble active at thetime. Thus, we have four stages for the silicon design process:.
design definition, chip design, prototype manufacture, and system integration as shown in Figure 1.

Figure 1.
The four stages of custom silicon design

design chip prototype system
definition | design | manufacture | integration
1 1 1
samples
SRTD SRTP available

Figures 2, 3, 4 and 5 capture the view of aproject manager of the generic coordination structure for the
four stages of custom silicon design projects based on thoseillustrated in the three cases. Actors are
shown as rectangles and shared objects as ovas. Verbs specify the nature of the links between actors
and shared objects. Figure 2 shows the coordination ensemble for the chip definition stage. The chip
architect coordinates with the system architect around three shared objects: the product specification,
the architecture of the product and the specification of the board on which the chip is to be mounted, in
order to produce the chip specification. There are three levels of management involved in this process:
a chip manager who operates at the technical level and takes an active role in the development of the
chip specification; a project manager who manages the design and development of anumber of chips
involved in a project and takes aless active role technicdly in the development of the chip specification;
and a program manager who is part of senior management and is charged with overdl program
direction, resource dlocation and linking with other departments.
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Chip design
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Figure 4:
Prototype manufacture
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Figure 3 shows the coordination ensemble for the chip design stage of the process. The design team,
generdly a sdf-organizing group of 3 to 4 designers, is charged with using the chip specification to
produce a layout usable for chip manufacture. 1t coordinates with avariety of actorsincluding
managers, alayout specidig, acel library group and manufacturing around a variety of shared objects.
The technical overview contains the technica demands which will be placed on manufacturing given the

use

uses
contributes




current state of the chip desgn and is used to coordinate design and manufacturing during the design
dage. Thechip designisitself awhole set of shared objects high level design, schemdtic, netlit,
verification plan, verification vectors, and smulation results both pre- and post-layouit.

Figures 4 and 5 show the prototype manufacture and system integration stages of the process.

The coordination ensemble for each of the four phases forms a base layer which supports a complex set
of interdependent activities. Consder Figure 3, the coordination ensemble for the chip design stage.
The design team uses the chip pecification to develop and verify in sequence ahigh level design, a
schemétic representation and a netlist representation of the chip design. Predesigned cells devel oped
and maintained in alibrary by a cdl library group are used in this sequence. The netlist is used by the
layout specidist who in turn develops a physicd layout representation usable by manufacturing for
producing chips. Thislayout is Smulated and verified by the design group using a verification plan and
verification vectors. The design team aso produces test vectors for manufacturing which can be used to
test the chip samples at the next stage. Although there are many logica precedence relaionships within
this design process, there is no set sequence of activities because of the inherent uncertainty of doing
design at the edge of technologica cagpabilities. Much of it isiterative. For example, during the chip
design stage it is common to revidt the high level design and schematic representations of the design
based on the outcomes of subsequent design steps. Moreover, there is no single locus of activity in the
coordination ensemble. Actors affect and are affected by shared objects concurrently. The project
manager ded s with manufacturing around schedule issues at the same time that the cell library group
interacts with both process technology and manufacturing around the manufacturing specifications
contained in the process file in order to evolve the cdl library in away that facilitates the work of the
design team.

In a coordination ensemble, each actor and shared object has aresponshility (i.e., arationadefor their
presence which amounts to a short description of their role in the model) and attributes or describing
characterigtics. In adesign system, important attributes for an actor (either an individua or agroup) are
skills, and norms and vaues. Each shared object has internd data and a method by which that data can
be changed by actors. This specification of objectsisin line with object oriented analysis and design in
software [35]. Links are defined by their actor/shared object endpoints and a full description of how
the actor affects or is affected by the shared object. Actor/shared object links specify the power that
actors have over the evolution and use of shared objects. It is useful when creating coordination
ensembles to create a data dictionary specifying the responsibilities and attributes of al of the actors and
shared objects and full descriptions of linksin the ensemble. An example of the kind of deta thet this
entalsis provided in Figure 6 for an actor, shared object and link from the coordination ensemble for
the design definition stage of custom slicon design shown in Figure 2.



Figure 6:

Examples of actor, shared object and link

specifications for adata dictionary
("Actor Name ) (Chip Architect )
Responsibility > Create chip specification
* SKills: * VLSl design, built in self-test
\ Normsand values: ) \ Block reusability, built in self-test )
Shared Object Name chip specification
/ Responsibility \ / specifies operating requirements of chip \

* Data:

* Method:

« Input/output specifications, test vectors

« Created by Chip Architect, controlled

by System Architect and Chip
M anager

Link Name create

Actor/shared object endpoints Chip Architect/chip specification

Creates chip specification for review by Project Manager, Chip
Manager and System Ar chitect

Full description

Note that the shared objectsin figures 2, 3, 4, and 5 can be categorized in a number of ways. There
are shared objects which are deliverables such as chip specification, layout and chip samples whose
completions mark the end of the phases design specification, chip design and prototype manufacture.
Thus, the proposed coordination structure gpproach is consistent with phase review processes[11] in
which projects are marked out into digtinctive nornoverlapping phases with specific deliverables
required for exit from one phase and entry into the next. Coordination ensembles can be used to
specify the data required to manage phase review processesincluding detail on the peopleinvolved ina
project, their respongbilities and their interdependencies.

There are shared objects which are related to manageria control such as the chip schedule and technica
overview. There are dso shared objects which are neither ddliverables nor used for managerid control.
Product architecture in Figure 2 is shared by both the system architect and the chip architect. This
architecture provides rules for data management, communication protocols and signd exchange. It
channds and directs the coordinated activities of both the system and chip architects but is neither a
deliverable of the chip design project being modeled nor isit used for managerid control. Another
category of shared object relevant to a coordinated situation which is resource congtrained is the scarce
resource itself, such as might happen when limited computer resources must be shared among designers
in away that creates interdependency and congrains ther activities. Thiswas not considered rdevant in
the modding of custom slicon design.

Figures 2, 3, 4 and 5 represent the coordination structure of atypica custom silicon chip design project.
The detail of the coordination structure of any specific design project often differs from this generic



gructure. Congder project C described above. In this project, the silicon designers were to function
asfull custom designers. This meant that if existing design methods, the CAE tool set and the cdll library
were not adequate for the demands of the design, these designers were to develop their own methods,
take charge of updating the tool set and design their own cells. As aresult, there wasinitidly no support
for desgn method or CAE tool set development and there was no "issues and errata’ object shared by
both designer and cell library group which could be used to systematically update the cdll library.
However, many of the designers themselves regarded their role as semi-custom designers using

standard methods, tools and cell libraries. The resulting late sart in identifying CAE issues, and the lack
of ashared view within the project team of cell library performance, cost significant time and resources
to overcome. The coordination ensemble in Figure 7 shows the coordination structure for the technical
support for the designer team in the project. Those parts of the coordination ensemble which were
missing early in the project are shown in gray. Management of the project is of the opinion that had
there been a coordination ensemble view of the project to prompt questions concerning the adequacy of
the coordination structure initialy, these coordination structure deficiencies would have been corrected
before they lead to serious problems. 1t was very hard to sort out issues like this using activity
descriptions because of the complexity involved.

Figure 7:

Technica support for the design team
in Project C

 METHODS ‘---:--- design
! SUPPORT . Create methods use

: CAE o CAE DESIGN
+ SUPPORT + supply toolset use TEAM
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V1. SUMMARY AND CONCLUSIONS

In this paper we have introduced a method to capture and make visible the sysem level coordination
Sructure of a complex Stuation such as that found during custom silicon design.

We argue that coordination ensembles, object based modes of coordination structure, are a useful tool
in the management of complex design projects. Because of their smplicity and stability, coordination



ensambles form a useful front-end for conventiona activity based project management. Coordination
ensemble model's can provide the missing system level perspective and facilitate the development of a
shared view of the assgnment of responsibilities and their interrdationships. They can be used in the
initial work breskdown structure and task alocation, and for subsequent adjustments during a project.
The place of coordination structure in the management of projectsis shown in Figure 8.

Figure 8:
Therole of coordination structure models
in the management of projects
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Individuals and groups involved in a project can use a coordination ensemble to establish a shered view
of the project. Thisis because of two properties of coordination ensembles. First, coordination
ensembles are stable over time. An ex-post examination of the coordination ensembles of Projects A,
B and C reveded that they were much more stable than the corresponding work breakdown structures.



The coordination ensembles changed very predictably at the three previoudy identified key points: the
completion of the design specification which marks the start of chip design, the completion of the layout
which marks the gart of prototype manufacture, and the availability of samples which marksthe gart of
system integration. This was not true of the work breakdown structures which changed irregularly from
week to week.

Second, coordination ensembles are easily made visble. Meaningful coordination ensembles can be
drawn on asingle sheet of paper and made visble to al concerned, even in complex projects. This sort
of vighility isimportant in complex projects [47].

For design projects, coordination ensembles integrate design, design process, and supporting design
organization in one integrated diagram. This system level view facilitates coordinated adjustments to
changes in such factors as design technology, manufacturing capabilities, design methods, design tools
and design requirements. Aswaell, when new people are introduced into a project, their roles and
respongbilities in relation to others on the project can be easly explained using coordination ensembles.

Coordination ensembles are reusable. Thisis because they are very smilar from project to project.
Theidentification of the problems inherent in running complex silicon design projects using conventiona
activity based modes such as CPM and Gantt charts together with the stable and visible properties of
coordination ensembles lead the firm described in section 111 to recently begin avery large slicon design
project using coordination ensembles as a basic management tool. 1t was amatter of 20 minutes or so
for amanager using the generic coordination ensembles detailed in figures 2, 3, 4, and 5 to develop
coordination ensembles for the new project. There was no corresponding level of reusability of work
breakdown structures from former projects. The firm recognizes that the stability and reusability of
coordination ensembles provides a bass for organizationa learning between projects.

Coordination ensembles aso facilitate the andyss and design of interfaces between the individuas and
groupsinvolved in aproject. As mentioned above, research shows that effective cross-functiond
coordination differentiates successful from unsuccessful projects.

A coordination ensemble facilitates the identification and alocation of activities by bringing actors
together in time and space in asmple and meaningful way. Consider the interface in Figure 2 between
the chip architect and the system architect around the chip specification. The chip architect creates the
chip specification; the system architect contributes to and reviews the chip specification. This
arrangement means that the chip architect is the person who actudly figures out what the chip
specification should be. He or she does so with help from the system architect. Theredaionshipisnot a
partnership. The chip architect is responsible for the chip specification. The system architect helps, and
reviews the result to check the interfaces with the system as awhole, but is not responsible for creation.
Thisinterreaionship implies awhole complex set of activities and their alocation to the two actors.
Using Figure 2, the interrelationship between the two actors can be changed easily, for example, to a
partnership where they arejointly responsible for creeting the chip specification together. Thisistrivid
to do on the coordination ensemble, but it implies awhole different set of activity alocations than

before. Thismeansthat in practice such an interface is difficult to analyze and design using awork
breakdown structure.



A number of avenues for future research suggest themselves. Oneis the automation of the modeling
processitsalf. Thiswould make coordination ensembles even easer to use and work with. Effortsare
currently underway to adapt industria strength programs for the graphica representation of system
designs, for use in developing coordination ensemble diagrams on a persond computer. Automation
will aso dlow the development of festures that would make coordination ensembles more ussful to the
design project manager. For example, it would be possible to incorporate hierarchy into the diagrams
such that a user could click on afesature such as alink and be presented with useful dataon the link, or
on an actor and be shown the interna coordination structure of the actor. As mentioned in the paper,
projects are now underway using coordination ensembles as abasc tool. Datafrom these projects are
being gathered to better understand how coordination ensembles change over time and to measure their
effectiveness as a coordination tool. Research is dso underway to study what group processes are best

to use with coordination ensembles for developing shared views of the coordination structure of adesign
project.
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