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Abstract

A system architecture was developed and analyzed for a basic elevator system using a limited
number of system level components. A Design Structure Matrix was created which represented
the complex interactions of the system components. These components were derived from a
decomposition of system requirements, code and safety requirements, and evaluation of scenario
operational requirements. Clustering routines using cost assignment of interactions aided in
optimizing the cluster assignment of components. These cost assignments reflect cost and time
associated with managing interactions inside and outside of subsystems. Management and
optimization of the interfaces between the clustered components leads to an architecture that
minimizes complexity and will hopefully lead to quicker and less costly product development
cycles.

Using this approach, near-optimal architectures can be analyzed and alternatives can be
evaluated for system level impact. As was observed with this test case, highly complex or
integrative systems are difficult to analyze, even with the tools utilized. These tools provided a
structured approach that utilizes an objective process. This approach provides documentation
and analysis of the architecture that is normally managed on the fly as product development
progresses. The results of the analysis can provide a framework for an organizational structure
of the product development process, provide an avenue for dialogue between design teams
responsible for different subsystems, provide a process for evaluation of architecture alternatives,
and identify the interactions between subsystems that must be managed carefully.

Thesis Supervisor:  Dr. Daniel E. Whitney
Title: Senior Research Scientist
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Chapter 1 Introduction

Motivation

Product development of today’s complex systems often requires managing large numbers of
interfaces, both physical and organizational. Physical systems and their architecture continue to
become more complex as the number of interfaces grows and “increasing complexity is at the
heart of the most difficult problems” (Rechtin & Maier 8). To reduce complexity, it is often
desirable to minimize the number of actual interfaces close to what may be considered an
optimal or essential number of interfaces that produce the desired functionality and meet product
requirements. Managing these interfaces requires an understanding of functional requirements,
system interactions, and the system implications of local design changes. Engineers and product
development managers usually have a good understanding of local design requirements, but may
frequently under-estimate the system effect of interface architecture or the effect of local design

changes.

It is believed that insufficient knowledge management of system interfaces may result in an
excess number of interfaces, design induced rework, or insufficient knowledge of implications of
design changes. A knowledge management tool to document, track, and analyze system,
subsystem, and component interactions may minimize the number of interfaces, reduce cycle-
time by minimizing rework, and provide an essential systems understanding for engineers and
managers. Efficient interface design will also allow for technology and design updates of
product components while minimizing the impact on other components and the system level

architecture. Ideally, the objective is to define proper interfaces that allow efficient
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upgrades/changes to product components without causing rework that is not functionally
required by the upgrade/change. It is highly desirable to have a process for developing an
optimized interface architecture that is independent of current technology, company history and

organizational structure, and one that is able to support efficient field service.

The management of complexity related to interactions is equally important to product
development organizations. As the number of interactions between development teams
increases, delays are incurred from waiting for information and errors are more likely as designs
are more reliant on information from other teams. Therefore it is equally important to optimize

team interactions as it is for a system’s physical interactions.

Organization of the Thesis

To create a process and method for evaluating interface architectures, a test case will be
developed for a roped elevator system. The test case will be somewhat generic but will carry
enough detail to evaluate the requirements across different engineering disciplines, interface
types, and functional requirements. This test case will also demonstrate the potential for using

this method on actual products.

There are several stages of this work. The first set of activities will be focused around the

creation of a Design Structure Matrix (DSM) and will be covered in Chapter 3. The DSM will
represent the interactions between the elements and will be used to document and evaluate the
interface architecture. The DSM will be created through a functional decomposition of system

level requirements. These functional requirements will then be used to develop the physical
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system that will represent the functional requirements. The physical elements will be mapped to
the functional requirements through a matrix implementation. Then finally, the DSM will be

extracted from the functional to physical mapping.

The second set of activities will be focused on evaluating the example DSM with a clustering
algorithm. The “first step in structuring is usually aggregating — collecting or clustering closely
related functions or requirements together” (Rechtin 39). The clustering algorithm will be used
to optimize the architecture by grouping like elements. The objective will be to contain the
majority of element-to-element interactions within clusters and minimize the interactions outside
of the clusters while keeping the size each cluster reasonable. “Choosing the appropriate
aggregation of functions is critical in the design of systems.” (Rechtin 39) The implementation
and evaluation of a foundation clustering algorithm will be covered in Chapter 4. The
foundation clustering algorithm is based on work by Carlos Ihaki Gutierrez Fernandez in his
thesis “Integration Analysis of Product Architecture to Support Effective Team Co-location”.
This initial algorithm will be used to evaluate clustering, its application to the elevator problem,
and initially get appropriate clustering parameters. This algorithm will also be used to get an

understanding of the clustering procedure.

The objective is to produce a system architecture, and possibly an organizational structure, by
assigning system elements to groups. With this, we can learn more about the elevator system
and how its components can be optimally clustered to minimize unnecessary interfaces. The end
result provides some innovative ways to cluster the elements to produce an architecture and it

confirms some of the design choices for the current architecture. Th results will show that some
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elements produce well-defined clusters while other elements hinder optimal clustering. When
the elements hindering effective clustering are removed from the clustering calculations, they
provide valuable information if redefined as a system element that is managed differently than

the clustered elements.

The example problems in Fernadez’s work were much simpler than the elevator problem, and
were mainly focused on effective co-location of team members. The clustering algorithm in
Fernandez’s thesis will be extended to make it more applicable to the elevator problem. The
changes will reflect the needs of complex real-world problems where there is a large number of
elements. Several modifications to the algorithm will be evaluated. The final clustering

algorithm and parameters will be documented in Chapter 5.

All findings of the clustering routines, including how well it evaluated and proposed interface
architectures, will be discussed in Chapter 6. The results and their implications on architecture
and product development organizations will be covered in Chapter 7. Finally, conclusions and

proposed future work will be covered in Chapter 8.
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Chapter 2 Background

Elevators

The interface issues and clustering algorithms for this work have been applied to a basic roped
elevator system. The elevator system presents some issues that make clustering and interface
design nontrivial. The elevator system does not provide any natural grouping that spans the
system. Instead the elevator is made up of many subsystems that represent different types of
interfaces. These interfaces may not always be spatially close and can be highly integrative.
There are control, communication, power, structural, and safety functions that are all integrated
into an automated system that must communicate and take commands from the lay person, meet
performance requirements, and maintain safe operating conditions for the passengers and service

personnel.

Brief History'

Prior to 1852 elevators had largely been used as a hoisting device for freight with the largest
advances coming from steam and hydraulic power. In 1852, Elisha Graves Otis introduced the
world’s first safety system that would protect the passenger in case of a breakage in the ropes. In
1857 the first passenger elevators were installed in New York and by 1873 over 2,000 elevators
were installed across America. In 1903 Otis Elevator introduced the first elevators that were

driven directly by an electric motor, without a gearbox, and it cleared the way for the era of the

' Dates and statistics obtained from Otis Elevator Company public web page at
http://www.otis.com/aboutotis/elevatorsinfo/
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skyscrapers. Since then improvements and innovations have included automatic controls,

microprocessor based controls, improved ride quality, and improved performance times.

How elevators work

The basic roped elevator (Figure 1) consists of a cab or containment to hold the passenger or
load, a counterweight to balance the weight of the cab and an electric motor to provide the
motion. Hoist ropes (usually steel cables) connect the cab and counterweight and are wrapped
over a rotating sheave that is connected to the motor to provide motion. Compensation ropes are
connected to the bottom of the cab and bottom of the counterweight to counterbalance the weight

of the hoist ropes as the cab and counterweight travel up and down.

The cab and counterweight travel in a shaft called the hoistway that runs the length of the travel
distance for the system. Steel rails are located on the side of the hoistway for guidance of the cab
up and down the hoistway. The guidance system maintains the orientation of the cab with
respect to the building. A similar set of rails guide the counterweight. The motor and control
systems are usually located in a room at the top of the hoistway called the machine room. The
combined hanging weight of the cab and counterweight provide the necessary traction for the

ropes so that they don’t slip on the motor sheave.

The control system is usually located in the machine room and receives signals from different
sensors and systems located on the motor, in the building hallway, within the hoistway, in the
machine room, and in the cab. Motion commands and requests can originate from the hallway,

the cab, or other systems (group control, building systems control, etc.). A multiple wire cable
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(travel cable) that connects the machine room to the cab supplies power and communication
signals for the cab. One end of the travel cable is anchored at the machine room and the other

travels with the cab.

'The mechanical safety system consists of mechanical jaws located beneath the cab to stop it in
case of rope breakage or an uncontrolled falling motion in excess of maximum speed. The
mechanical jaws (called safeties) are activated by a mechanical governor system located at the
top of the hoistway. The governor is connected to the safeties by a rope and when the cab speed
exceeds the maximum, the governor system clamps the governor rope and pulls on the safeties,
causing them to drop and lock onto the steel rails. There is also a buffer, usually a hydraulic
piston, located at the bottom of the hoistway, to cushion the landing of the car in case it travels

below the bottom floor.
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Figure 1: Elevator System Diagram”
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Otis Impact Resource CD. Copyright Otis Elevator Company 2000
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The Elevator System Design Process

The design process for an elevator system typically takes 2-5 years for new product development
and 1-2 years for product modification. The process usually begins with a marketing request to
meet some new market requirements for product performance, price, or features. When the
market requirements have been defined, engineering must evaluate the request for feasibility and
resource availability. This part of the process usually includes discussions with manufacturing,
field service, and product strategy experts. After negotiations, a document is produced to define
the system requirements. Sometimes this takes the form of a modification to an existing product

or it can initiate a new product development.

During the development phase that defines the system requirements, there are often many
requirements that must be traded off. Product performance usually comes at a price, and the end
user of an elevator system (riding passenger) is usually not the purchaser of the product (building
owner, construction company). Therefore performance for the passenger must be weighed
against the cost requirements of the purchaser. Every installation of an elevator is a unique
system as all buildings vary in height, number of floors, floor height, number of door openings,
etc. The performance parameters such as maximum load weight, maximum velocity, maximum
acceleration also varies from building to building. Even the system inertia (total mass) varies
with the height of the building and the purchaser’s decisions on the style and features of the
passenger cab. Because it is impractical to design a system for each building, the system design
must be able to operate in a range of conditions, as each installation is custom built. It is also
impractical to design many different systems because of the relatively small volume and high

cost of engineering and manufacturing for each system. This usually results in some type of
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platform for a range of products. These platforms cover a range of duties. The platforms usually
fall into one of three categories- hydraulic systems, geared systems (systems using a gearbox),

and gearless systems (system whiteout a gearbox).

One of the difficulties with the platforms is they usually address very different segments of the
market (performance, price, and options) and can create very different architectures. The
architectures are not usually interchangeable between platforms. This can cause significant price
or performance variations between market segments and can force a customer into a platform
that does not meet their particular needs. This can be especially true if a customer has a need
that borders two platforms and all decisions and concessions can make one of the available
products infeasible. It can be very difficult to define the design parameters, as the exact

operational requirements will vary from building to building.

The design decisions must also consider the many systems and people for which it interacts.
This can include the riding passengers, freight, traveling robots (common in hospitals), other
elevators (group control), building system managers (software/hardware systems to monitor &
control building systems), service personnel, the building, power supplies, emergency
equipment, emergency personnel (firefighters, medical, etc.), and others, as well as the interfaces
that occur with the elevator system itself. Each of these brings separate requirements and

additional considerations for the system architect

Therefore, it is highly desirable to create a system architecture that meets system performance

requirements, but for which the interfaces are standard and optimal. This can create a more
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versatile architecture for which components of platforms are interchangeable as the needs arise.
It can also create a situation where the design groups can design sub-systems that, if they
maintain the interface architecture, can be designed to replace or update technology without

having to make changes to other parts of the system.

The Design Structure Matrix

The Design Structure Matrix is a useful tool for representing the interactions between different
elements. These elements can take the form of physical components, design teams, systems,
design parameters or any other items where an interaction or interface occurs. The interaction
typically takes the form of energy, spatial, material, or information (Pimmler 7). The DSM also
shows direction of flow. Interactions below the diagonal indicate feed-forward interactions and
above the diagonal interactions indicate feedback. Feedback and feed-forward are especially
important for time or decisions based sequences. For more detailed information on the DSM see
the Pimmler and Eppinger paper or go to the Massachusetts Institute of Technology (MIT) DSM

web pageﬁi.

As an example DSM is shown in Table 1. This example will discuss sequencing but it is not
used in this research project. If the DSM contained design parameters then sequencing would be
important, as the order of completion would be important. For the purposes of this paper
sequencing is not considered as crucial as is the knowledge of where the interfaces should be
optimally designed. The locations of interfaces are the primary parameters regardless of the

direction of the interaction at the interface.
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There are several types of interactions shown in this example. The diagonals do not have any
significance, except that an element interacts with itself. All diagonals usually have an entry.
Interaction BC represents an interaction where Element-B provides something to Element-C. If
sequencing were being considered, Interaction-BC would be feed-forward. Interaction-DB
represents an interaction where Element-D provides something to Element-B and Interaction-BA
represents an interaction where Element-B provides something to Element A. If sequencing
were being considered, Interaction-DB and Interaction-BA would represent feedback.
Interaction EA represents the condition where Element-E passes something to Element-A and
interaction AE represents the condition where Element-A passes something to Element-E. If
sequencing were considered, they represent feedback and feed-forward respectively. Together
they may represent a coupled interaction where the two elements are dependent on or interact

with each other.

From

To

el iwll@Yievii

Table 1: Example DSM Interactions

The entries of the DSM can represent the strength of the interaction. For example, for each of

the interactions in Table 1 (AE, BC, DB, EA), the value placed in the DSM could be 1 if we

. http://web.mit.edu/dsm/
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want to weight each interaction equally. An option to vary the interaction strength could
possibly use 0.5 for a weak interaction, 1 for a normal interaction, and 2 for a strong interaction.
The choice depends on what will be done with the DSM and how it affects the analysis. The
DSM created for the elevator system started with 1°s for all interactions, but later the interaction
strengths were modified to represent weak and strong interactions. The details for the elevator

DSM will be discussed later.

Previous Work

The methodology of creating a DSM is based on an explanations published on MIT’s DSM web
page and a MIT Master of Science Thesis by Qi Dong, "Representing Information Flow and
Knowledge Management in Product Design Using the Design Structure Matrix”. The method
for creating a DSM from a functional-to-physical mapping is based on an idea generated by Qi
Dong. The base mathematical clustering algorithm is developed from the clustering algorithm in
the Fernandez thesis. Pimmler and Eppinger have suggested some additional ideas for clustering
and varying interaction strengths in their paper. These previous works developed the foundation
for the process that was followed to analyze system interface architecture and product

development process.
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Chapter 3 Creation of the DSM

Introduction

This chapter will cover the creation of the Design Structure Matrix from listing the elements to
be included to entering the DSM interactions. It will include the different methodologies used to
list the elements; a functional decomposition of the system, a check of the list of elements using
scenarios, and a functional requirements to physical elements mapping. It will also cover the

method for identifying the DSM interactions and then entering them into the DSM.

To create the DSM that was used in this process, an example system was chosen that represented
a basic roped elevator system. This particular system was chosen because is was basically
generic and was most representative of any elevator system. The DSM that was created is not
complete, nor is it completely correct. Instead, this is an example DSM with an understanding
that more work can be done to complete the DSM or make it more representative of an actual or
desired system. This author took some liberty in creating the entries. Some functional
requirements and physical implementations are generic and not representative of any particular
system while other entries are representative of an actual elevator system. The idea was to create
an example DSM that could represent all of the problems that we would look to analyze with the
clustering routines. Because of this, some of the DSM entries are high-level system
requirements and others are more detailed. If an actual system was being analyzed or developed
it is expected that much more work would be dedicated to the creation of the DSM and its

entries.
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To create the DSM, a 5-step process was followed as listed below.
1. Functional Decomposition of high-level elevator requirements.
2. Scenario Analysis to verify and complete the functional requirements listing.
3. Functional-to-Physical Mapping
4. DSM Extraction from Functional-to-Physical Mapping

5. Enter the DSM Entries representing the interactions

Functional Decomposition

Assembling functional requirements through a basic decomposition of the high-level system
requirements started the process of creating the data for the DSM. Due to time constraints not all
requirements have been captured, but instead, an important subset was developed for the
purposes of testing the feasibility of using clustering algorithms to aid in interface design. The
process yielded the basic and most important functional requirements as observed in the outline
presented in Appendix A. Other functional requirements were derived from analyzing possible
operational scenarios. Existing architecture was also examined in an effort to capture some of

the current interface designs.

Scenario Analysis

Examining operational scenarios is one approach for ensuring that all functional requirements
have been captured. This approach was used to supplement the functional requirements listed

through functional decomposition of the high-level system requirements. Several scenarios for
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normal operating modes and abnormal or failure modes were listed. Then the functional
requirements that were obtained through functional decomposition were mapped to the
operational scenarios. If the functional requirements did not adequately address the operational
scenario, additional functional requirements were added so that it adequately covered the
operational mode. Many of the additional functional requirements that were found through this
process mainly dealt with code issues, failure issues, and some requirements that were derived
from design decisions. A complete listing of the functional requirements and the scenario

mapping can be found in Appendix B.

Another motivation behind the mapping of the scenarios was the possibility of examining how
the clusters address the different scenarios. For example, it may not be optimal for a cluster to be
built if only one element of the cluster was needed to address any scenario. If that were to occur
there may be some cost associated with applying a cluster to an operating condition when the
cluster did not efficiently address the scenario. Using the scenario to functional mapping and the
tunctional to physical mapping, we may have been able to extract clusters for each of the
scenarios. Therefore there may be some additional procedures or algorithms that could be
developed to address clustering to meet operational scenarios. Unfortunately, there wasn’t
enough time to complete this part of the analysis. This may be something to consider for future

research.

Functional to Physical Mapping

The next step in the process was to create a mapping of the functional requirements to their

physical implementation. This process closely followed research work by Qi Dong and she was
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consulted as this work progressed. The main idea behind this process is that every functional
requirement is answered by some physical implementation. Therefore, for each functional
requirement a single physical element was listed. Sometimes this was difficult, as it appeared
that there might be several physical elements that implement the functional requirement. Upon
closer examination, it was found that the functional requirements that appeared to have more
than one physical element to implement it, was actually made up of more than one functional
requirement. In other words, the functional requirement could be broken down into several
functional requirements so that there was a one to one mapping of functional requirements to
physical elements. Because of this, this process also uncovered other functional requirements.
Usually these additional functional requirements were derived requirements from the physical
implementation that was being modeled in the mapping. The additional functional requirements
are second and third tier functional requirements that result from a zigzag process of defining
functional requirements, mapping the functional requirements to physical elements, which then
get mapped to additional functional requirements, that get mapped down to more functional
requirements, etc. The functional requirements listed in Appendix B contain all functional
requirements that were listed either through functional decomposition, scenario analysis, or

function to physical mapping.

Once the functional to physical mapping had been completed, it was time to place the entry
marks into the matrix to represent the interactions. Although it should have been possible to
enter the interactions in a functional-to-functional mapping or a functional-to-physical mapping,
I found it very difficult to correctly identify all of the interactions. Instead, I moved directly to

the next step of creating the physical-to-physical mapping (physical DSM) and then entered the
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interactions. The mapping of the functional requirements to physical elements can be found in
Appendix C. Although this mapping was created, there was not sufficient time to use the
functional-to-physical mapping to evaluate the clustering or the resulting architecture. The
entries developed in the physical-to-physical mapping were transferred to the functional-to-
physical mapping since this process assumed that every functional requirement could be replaced
by its physical implementation. If time had allowed, additional analysis of the clusters using the

functional-to-physical mapping could have been observed.

The next step in this process was to replace all of the functional entries on the matrix with their
corresponding physical element. This resulted in a matrix with the physical elements on both
axes of the matrix. This then represented the DSM that was going to be used. After creating the
DSM axes, the physical interactions were documented. A generic mapping of the DSM without
interaction strengths can be found in Appendix D. This base DSM served as the foundation for

entering the interaction strengths.

Enter the DSM Interactions

Initially in this process, all types and strengths of interactions were entered into the DSM with
equal weight. The DSM interactions included power, communications, control, safety, and a
category called other. These do not match the classical categories of energy, material exchange,
and information”. In any case, the DSM treated all interactions the same. The reasoning behind

this is that an interface must be managed without much regard for the type of interaction that is

™ As specified in the Pimmler and Eppinger paper
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taking place. A design team or a subsystem must manage all interactions regardless of the type.

All interactions have cost associated with them.

To simplify the process, all interaction strengths were initially weighted equally. For example,
all X’s in the DSM in Appendix D were initially replaced with 1’s. This allowed the analysis of
the clustering algorithm and a check of the results without complicating the process because of
varying interaction strengths. Once the process and algorithm had been completed, the
interaction values were then modified to acknowledge the different strengths of the interactions.
A strong interaction received a 2 and a weak interaction received a 0.5. For the purposes of this
research, a strong interaction was defined as an interaction that was highly important, critical to
operation, or was not optional. Weak interactions were defined as interactions that were not
important to the design of the system, interactions that were a result of design choices but may be
modified, or interactions that were not critical to the operation of the system. As will be
discussed in Chapter 6, the clustering algorithm yielded better results when the strength of the

interaction was accounted for in the analysis.

As previously discussed, all types of interactions were treated the same. An energy interaction
was treated the same as a communication interaction. If time had allowed, further analysis may
have included clustering on different types of interactions or some type of combined clustering.
The combined clustering would take into account all types of interactions and would recognize
that an element could interact with another element in different ways. The cost of an interaction
between two elements would be higher if they shared more than one interaction type rather than

the current method of equal interaction weights regardless of the number of interactions taking
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place between the two elements. For this research project, all interaction types were treated

equally.
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Chapter 4 Original Clustering Algorithm

Original Algorithm Background

This analysis was begun with the basic clustering algorithm developed in the Fernandez thesis.
For a detailed explanation of the algorithm, see the thesis by Fernandez. Developing co-located
design teams was the primary purpose for the clustering algorithm developed in Fernandez’s
research. That is slightly different than the intent of this research, but the concepts are the same.
The algorithm by Fernandez will be modified in Chapter 5 for real-world complex problems as

applied to this elevator example.

The original algorithm was written in C code, compiled and linked to Microsoft® Excel. The

original algorithm consisted of several steps.

1. Each element is initially placed in its own cluster

2. Calculate the Coordination Cost" of the Cluster Matrix

3. Randomly choose an element

4. Calculate bid from all clusters for the selected element

5. Randomly choose a number between 1 and rand_bid (algorithm parameter)

6. Calculate the total Coordination Cost if the selected element becomes a member of the
cluster with highest bid (use second highest bid if step 5 is equal to rand_bid)

7. Randomly choose a number between 1 and rand_accept (algorithm parameter)

8. If new Coordination Cost is lower than the old coordination cost or the number chosen in

step 7 is equal to rand_accept, make the change permanent otherwise make no changes
9. Go back to Step 3 until repeated a set number of times

There was also simulated annealing in the algorithm to avoid getting stuck in a local optimum
when there may have been a better global optimum. The simulated annealing worked by making

a change without using data to determine of the change is beneficial or not. This was
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accomplished in step 6 by randomly (1 out of N times") taking the second highest bid rather than
the highest bid. The second part of the simulated annealing was to randomly (1 out of M""

times) accept the change even if the coordination cost was not improved in step 8. N and M

were parameters of the clustering algorithm.

The bid was calculated with the following formula. Note that the bid is calculated for the
randomly chosen element in step 3.

For the element chosen in step 3, get a bid from each cluster j such that

: de
. inout POV P
ClusterBid ; = ( ) whid
(ClusterS ize ; )p
where: j = cluster number
ClusterBid; = Bid from Cluster j for the chosen element
inout = sum of DSM interactions of the chosen element with
each of the elements in cluster )
powdep = exponential to emphasize interactions
powbid =exponential to penalize size of the cluster

The Coordination cost was calculated with the following formula. The Coordination Cost is
calculated using the DSM matrix and the Cluster matrix that defines which elements are in each

of the clusters.

For an interaction between element j & k that occur within a cluster

IntraClusterCost = (DSM(j, k) + DSM(k, j)) * ClusterSize(y) powee

¥ Coordination Cost is the calculated value of the objective function of the optimization routine
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For and interaction between element j & k that occurs outside of a cluster

ExtraClusterCost = (DSM(j, k) + DSM(k, j)) * DSMSize PO%¢¢

TotalCost = z IntraClusterCost + 2 ExtraClusterCost

where:

TotalCost = Coordination Cost

IntraClusterCost = Cost of interaction occurring within a cluster
ExtraClusterCost = Cost of interaction occurring outside of any clusters
DSM(.k),DSM(k,)) = DSM interaction between element j & k
ClusterSize(y) = Number of elements in the cluster y

DSMSize = Number of elements in the DSM

powcce = penalizes the size of clusters

These equations served as the basis and starting point for the analysis and clustering of the

elevator DSM.

Matlab® Tools

As previously discussed, the clustering algorithms had been written in C-code, compiled and
linked to Microsoft Excel. I have instead chosen to implement the algorithms in the
mathematical package Matlab. I have chosen this package for several reasons. I have extensive
experience with using Matlab and writing routines and analysis packa