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I.  All of the following household expenditures are included in consumption expenditure EXCEPT
(A) purchase of corporate stock (B) puichase of hair styling
(C) payment to a dentist for filling a tooth (D) purchase of a new purse
2. Which of the following will cause the demand curve for real money to sh ft to the left?
(A) An increase in real GDP.
(B) The expanded use of credit cards.

1o B A ¥ R b H

(C) An increase in the price level.

(D) An increase in the quantity of money supplied.

3. Firms A and B can conduct research and development (R&D) or not conduct it. R&D is costly but can
increase the quality of the product and thus possibly increase sales. The payoff matrix is the economic
profits of the two firms and is given below, where the numbers are milliors of dollars. A’s best strategy
is to
(A)  conduct R&D regardless of what B does
(B)  conduct R&D only if B does not conduction R&D
(&) conduct R&D only if B conduction R&D
(D)  not conduct R&D regardless of what B does

Firm A
R&D No R&D
A $25 A -$3

R&D :
B: $§15 B: $60

Firm B
A: 360 A: 8§50
No R&D

-$3 B: $35
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6. Y HAIEBRIER (real-business-cycle theory JFBE iy SEERATE A RE% - ILERR TR °
(A) SENAGHRE RS [RERBR AR —ERRA -
(B) MEMAERIRAVEE
(C) &EREL G5 ARG - BRIFRIFER -
(D) LA EER
(E) LIEH#FE

7. BRI E AR (U) BREAERIE?
(A) 2 MRS concave
(B) BB PR
(C) U[(a+b)/2]<(U(a)+U(b))2
(D) AENATHER
(B) LLEEIE

SAEEME B SMEELMELE?
(A) WO ER
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D(p)=6-P : S(p)=3+2P
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(A) RAEZZISE
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(©) REZLBBNRATT BRI — B
(D) RAZRBEFIRATE 2B — S EH
(E) BAEsEdE
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C =80+0.8Y,
I =150
G =100
T =100
KB ISMRIARES?
(A) 1150 ;
(B) 1200 :
(C) 1250 ;
(D) 1300
(E) DALESIE

12T #ORAESZ ?
(A) Phillip Curve S3RFAM © K3 BWE LRkERIEFRRIR -
(B) HMVECRUREZEREMELE -
(C) Lucas BB AT LAFE R EESEB SRRIR A, -
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(E) DA EEIE

13.LUF#f Stackelberg FRAIRIFGR{AIESER 7
(A) B—1EX S B (sequential game )
(B) M BATRESGETHR

(O HEBRERETER
(D) A leader E2 follower
(E) DALEEIE
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14. SR BRIV (E F G A RERY credit cruch FaR9R
(A) credit 89 demand 54
(B) credit B supply g4
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{8 —. The Pizza Distribution Olympics: A Question of Dough......

...the kind you spend as well as the kind you knead and spread in a pizza pan.
Domino’s Pizza Distribution Olympics was managemént’s brain-storm for
recognizing employee achievement and encouraging high, uniform work standards at
the same time. This special event takes place every July and features employee
competition in events ranging from forming dough (%) balls and driving pizza
trucks to slicing vegetables and balancing an accounting ledger.. _

The Olympics began as a way of recognizing the essential, but often unsung,
efforts of Domino’s subsidiary, Domino’s Pizza Distribution. |

This unit was formed to provide Domino’s retail stores worldwide w1th vegetables,
toppings, napkins, uniforms—and, of course, dough. However, Domino’s ﬁanchisees '
aren’t obligated to buy from the subsidiary. That’s why the subsidiary works hard to .

please the stores it serves. _ ‘
Domino’s founder Tom Monaghan once called the Distribution unit his “secret
weapon” because of its contribution to Domino’s success. However, keeping
employee morale high was difficult, in part because the subsidiary’s work was
virtually unknown outside the company. However, Valerie Russell, an accountant at
company headquarters, believed participation in the Olympics would not only
highlight the importance of every individual’s job but also act as a means of
monitoring and improving work standards by making performance competitive. _
The three-day Olympics event is now company wide. Each department in the

~ Distribution subsidiary holds competitions to qualify team members for the Olympics.

The local winners are flown to headquarters to compete for valuable prizes, such as
cash, rings, and vacations. Contestants have a good time and, at the same time, they
demonstrate work practices that lead to faster or more efficient performance. After the
competition, Domino’s managers meet with the champions to discuss how the
winning procedures, methods, and techniques can help improve every-one’s job
performance. '

The dough event, for example, yielded unexpected dividends. Management
observed that contestants were using a number of techniques and achieving varying
results when they prepared pizza dough. So the Domino’s managers picked the brains

of the best dough makers to create a manual detailing the specifics of dough -

production. This manual helps employees in every Domino’s unit make good dough
every time by following the procedures outlined by the chain’s winning dough
makers.

Dough makers haven’t been the only personnel inspired to better performance.

¥R B

-
-
-~

5 st

i

F | R 8 M ¥ & %

w

& H £ B -2[¥- (#%) 23 & 4 A & =

AR ML LR RA Y WA R I KERFRAITF (TR HIEA) -

o FuakikmAd Mg L& Ep il NE .




£ K # 8

g X~ %@lﬁﬁ z-%%?ﬁ(‘% QH# ® e r=1l pg /%*—Af%/ﬁfz

Also rising to the occasion was the Flonda—based truck driver who times himself

whenever he loads his truck (and the many others like him who were stimulated to

make a special effort by special recognition).

EX_FE (2057):

1. Domino’s budgets more than $1 million yearly for the games. What does the
company gain in return?

2. What effect does the pooling of experiise have on employee morale and
performance?

3. Do the Pizza Olympics appeal to lower-level or higher-level employee needs"
Why do you think so?
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Question 1

1-1 How would you evaluate Team New Zealand's
use of simulation in the design procsss? o 00/.

W R ]

£

‘ i 9
1-2 What are its advantages and disadvantages" .
20/,
13 How did their approach to simulation differ
from that used by other syndicates? :—o"/

Question 2

2-1 Which yacht construction strategy should
Team New Zealand follow? Why? 2 '°°
2-1 How much improvement would you expect

)
from each? 29 /o .

Doug Peterson leaned back i his chair and twisted the
capoff another Steinlager. The Wharf Cafe had grown
crowded and smoky since. the meeting had started. “We
really have to get ourselves a proper conference room
nexttime,” he thought, as he stared out over g misty, gray
Auckland harbor.

It was late May 1994, Peterson had been working on
the design of New Zealand's 1995 America’s Cup yacht
for over a year. As lead designer, he had conceived the
original concept and recruited the design team, which,
for the first time, was making extensive use of sophisti-
cated computer-aided design and simulation tools, Now,
as the team assembled for its weekly review after the
day’s sailing, the time had come to comimit to the con-
struction of the new yacht,

Peterson pondered the decision they faced. The bud-
get allowed for two yachts to be built; however, there
Wele several strategies they could take with regard to

their design. Should they build two yachts with Similar
hull and kee} designs, so they could vary the details of
A e i the keel design and race them against each other to assess

T with halls optimized for different sailing conditions? Or
should they build one yacht now, but delay building the
second, waiting till after another round of prototype tests,
while they experimented with the first one on the water?

potential improvements? Should they build two yachts B S



The decision they made in the next hour would pro-
foundly uffect their chances of winning in San Disgo and
becorning only the second team in 143 years to win the
Cup from the Americans.

THE AMERICA’S CUpP

In 1331, the Royal Yacht Squadron of England ofered
a stlver trophy, called the Hundred Guinea Mug, o the
winner ot a sailing race run around the Isle of Wight, a
small island off the south coast. Open to all nations, the
race attracted 15 English entries and only one foreign
chullenger—the eventual winner, America. The Hun-
dred Guinea Mug thereatter becume knywy as the Amer-
ica’s Cup, in honor of its first winner, and when the Jast
surviving owner of the victorious team donated it o the
New York Yucht Club, it was decided that challengers
from other countries should be allowed to compete for
the trophy in a “friendly competition belzween'foreig_n nu-
tiors.” The rules tor these races were defined in a docu-
ment called “The Deed of the Gift.”

The first America’s Cup challenge was held in ! 870.
Over the next 30 years, the American defenders success-
fully defended against teams from England, Scotland,
Canada, and [reland. At this time, participants were not
limited in design, hence boats varied greatly in both size
and power. However, since the European challengers were
required by the rules to cross the stormy North Atlantic
under their own sail power, their boats were often heav-
ily built and slower than the Americans’. Races were of-
ten one-sided affairs, of little interest to spectators.

In 1920, the rules were changed to specify the use
of J-class designs, enormous single-masted boats over
100 feet long, with masts 120 feet high and a crew of 40.
While races became closer, ultimately, the results were
the same. Between 1920 and 1937, the Americans made
another four successtul defenses. After a long break due
to World War I, J-class boats were ruled too expensive,
and a new |2-meter class was created, with 65-foot long
hulls, 90-foot masts, and a crew of 11. The tules were
changed so that challengers’ boats could be transported
to the race site by ship rather than havinz to sail. As de-
signs converged, racing became even ughter. Even so,
between 1938 and 1980, the Americans defended sue-
cessfully another eight times.

In 1983, the longest winning streak in sports history —
132 years—ended when the revolutionary Ausiralia I1,
with a radical and controversial “winged keel,” defeated
Liberty, under the heimsmanship of Dennis Conner In
1987, however, Conner regained the cup in Perth with

Stars & Stripes, racing for the San Diego Yacht Club;
The next year, a team from New Zealand, exploiting}g

clause in “The Deed of Gift,” challenged Conner with ¥

huge boat micknamed “The Big One.” Without time to,

redesign, Conner defended successtully with a 60-foqt -

ultralight catamaran, the first use of a double-hull in the
America’s Cup. '

In 1992, a new yacht class was defined for the lighter
winds of San Diego. The International America’s Cup
Class (IACC) required boats of 75 feet in length, with
110-foot masts and a crew of 16. By using advanced ma-
terials, boats became lighter for their size, and hence
faster in the light winds. While America 3 eventually de-
feated the Italian challenger in the final, the 1992 races
were enormously expensive. The American defender
buiit five boats, the Italian challenger four. Both spent

over $60 million. It was decided in the futire 10 reduce -

expenses; each team would be limited to only two boats,
with further limits on the use of sails and other equipment,

The 1995 cup races would follow a round-robin for-
mat. First, the boats would be divided into two groups:
the defenders, from the country of the current cup hold-
ers, and the challengers, from all other nations. The rac-
ing would then be divided into three parts. In the first,
which wil start in January, the challengers will race
against each other for the right to enter the final (this will
be called the Louis Vuitton Cup). In the second, which
will run simultaneously with the first, yachts from the
host country will race for the right to detend. Finally, in
May, the winning challenger team will race against the
winning defender team tor the America’s Cup. Boat de-
signs will be allowed to evolve between each race, until
the start of the final.

Typical time differences between first- and second-
placed boats would usually be less than one minute.

THE DESIGN OF A RACING YACHT

The design of a present-day racing yacht comprises four
essential elements-—the hull, the keel, the mast, and the
sails (see Exhibit 1). The objective of the design team is
to produce a light boat with as low a drag factor as pos-
sible. The structure, however, must also have the strength
and stability to cope with highly variable wind and sea
conditions. To achieve this balance, teams rely heavily
on the skills and experience of the lead designer to make
many critical trade-offs during the design process.

The bulk of the initial design work focuses on the hull
and keel, as these are on the critical path for the con-
struction of the yacht. To develop these, designers have
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EXHIBIT 1 Schematic of a Recent Racing Yacht

Mast

B Mainsaii

Hull

traditionally relied on what is known as the “tank-and-
tunnel” process for getting feedback on performance.
This process entails construction of a series of scaled-
down physical prototypes which are tested in a wind tun-
nel and a towing tank (a large swimming pool equipped
with a winch at one end, which tows the prototype down
the middle) providing data on the amount of drag gener-
ated by a particular design.

During the initial stages of a typical yacht develop-
ment, five to six physical prototypes are built at one-
quarter scale (20 feet) and subject to testing in the wind
tunnel and towing tank. Fabrication and testing of these
prototypes takes several months and costs about $50,000
per prototype. Data on the performance of each of these
designs are analyzed to assess relative performance char-
acteristics and used to project potential design enhance-
ments. A further set of protatypes is then built, and the
whole process repeated. This series of prototype itera-
tions typically occurs three or four times prior to freez-
ing the design for construction. As Peterson explained:

The tank-and-tunnel method is a design process where ex-
perimentation occurs m bursts. Every couple of months.
you get back the results of your experiments. As a result,
there is a limit tc the number of design iterarions you can

Rudder

perform. A typical project can rarely afford more than 20
prototypes, due to time and money constraints. In each de-
sign cycle, you have to rely on big gains in performance.

THE USE OF SIMULATION IN DESIGN

The design of the critical surfaces on a present-day rac-
ing yacht is a complex activity. The presence of many in-
teractions means it is not easy to predict the effect of even
small changes in the structure. The system is “chaotic,”
and predicting its bghavior is much like trying to predict
the weather. While traditional tank-and-tunnel design
methods rely on experienced designers and informed
trial and error to overcome such complexity, the advent
of cheap computer hardware and automated design tools
have led to rapid advances in the possibility of simulat-
ing designs.

Modern yacht design makes use of several tools to
help automate the process. Among the most important
are finite element analysis (FEA), a tool which analyzes
the structural characteristics of a design; computational
fluid dynamics (CFD) programs, which help simulate the
flow of water over the yacht’s critical surfaces; and ve-
locity prediction programs (VPPs), which predict how
fast a particular design will be in a given set of wind and
sea conditions. _

CFD programs were originally developed for the
aerospace industry, traditionally being used to model the
flow of air over an aircraft’s control surfaces. The soft-
ware is “panel-based,” the structure first being “broken
up” into many small panels, each of which is represented
by a set of mathematical equations. The program links
these panels together to form a model of the complete
design, then solves a set of equations governed by fluid
mechanics theory to calculate the pressures and flows
at the surface. While CFD had been around since the
1960s, its application to yacht design was a recent phe-
nomenon as the teams began design work for the 1995
America’s Cup. In its initial applications, it had met with
only limited success, and opinions were mixed as to its
usefulness.

Advantages of Simulation

The major advantages of simulation over traditional de-
sign methods fall into three main areas. It is cheaper and
faster than constructing physical prototypes, it generates
more insight into why particular designs are better or
worse than others, and it avoids problems associated with

“scaling up” the design from a physical prototype to the
real world.
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The primary advantage of simulation is in its speed and
cost. While programs often require a significant amount
of computing memory and processing power, once a ba-
sic design has been configured, design iterations can be
run in a matter of hours, at little cost. The oanly limitation
on how many iterations can be conducted relates to the
amount of computer power available and, more impor-
tant, the capacity of the design team to interpret results,
In general, the bottleneck becomes a team’s ability o
generate and evaluate new configurations, not its abiliry
to test them.

Another important advantage of simulation is that it
establishes an understandmg of the trade-offs involved
with alternative design choices. Although tank-and-
tunnel methods give a good lndlca[IOILOf the Tverall per-
formance of a design, they do not help the designer in-
terpret why one design is performing better than another.
CFD, by comparison, can show the pressure distribu-
tions and flows around a hull or keel whi¢h generate the
drag preduced by a given design.

A final advantage of simulation is that it avoids the
problems of “scale-up.” This occurs when the use of
scaled-down models introduces distortions which atfect
the accuracy of test results. For example, certain types of
drag, generated by the chaotic nature of a fluid flowing
over a surface, are very sensitive to scale; hence, results
from reduced-scale physical models are likely to be in-
accurate. The use of simulation avoids such a bias.

" Prawbacks of Simulation

Although simulation has many advantages over tank-and-
tunnel tests, these tools are complementary nevertheless.
As Peterson emphasized, “Even with all the simulation
in the world, no one is going to commit $3 million to a
yacht without towing it down a tank first!” Physical pro-
totypes are used extensively early in the design process
to set the basic parameters of the hull and keel. Once
these have been defined, simulation is used to help opti-
rnize their shape.

The importance of simulation is greatly increased
once the hull and keel have been built. CFD can be used
to substantially improve the performance of the yacht
through the design of aerodynamic wings which attach to
the bulb at the bottom of the keel (the lead weight which
gives a yacht its stability). In the run-up to a major race
program, extensive testing and refinement of these ap-
pendages occurs, driven by the results of simulating dif-
ferent designs. These changes can lead to substantial im-
provements in performance.

Ultimately, however, all of these tools are only as
good as the designer in whose hands they are placed. The

lead designer is responsible for putting together the' mii‘
tial concept, without which no amount of simulation Wlll&
yield a good design. Also in charge of directing the ex_,,
perimentation strategy, the designer is the person who

says “what to try next.” The concept design and experi-

mentation strategy together provide critical “stakes ip

the ground” and a sense of direction— activities for

which automated design tools prov1de little help. As

Peterson noted: -

The CFD program can’t design a yacht from scratch without
conceptual input. It.doesn’t know what parameters it should
be optimizing. Consider designing a golf ball to fly as far as
possible off the tee. The computer won’t tell you the ball
should have dimples, but if you specify this as a design pa-

. rameter, it will find the optimal dimple pattern and densiti{
for you.

TEAM NEW ZEALAND

During May 1993, general manager Peter Blake began
putting together the team of people who would work to-
gether for over two years in an effort to win the Amer-
ica’s Cup. The Team New Zealand syndicate comprised
about 50 people, with activities split between team man-
agerent, design and construction, and the crew, skip-
pered by Olympic Gold medalist Russell Coutts (see Ex-
hibit 2).

The budget for the syndicate, raised from corporate

sponsors in New Zealand, was $20 million. While com-
parable to the budgets of other teams, Team New Zea-
land had decided to build two boats, rather than one, due
to the experimental benefits this would give them during -
the testing period. Given the full cost of a boat, mast,
keel, and sail program was around $3 million to $4 mil-
lion, it was clear from the start that the money for other
resources would be severely limited. The tearmn would
need to be small, tocused, and highly motivated, with
everyone adopting multiple roles.

Blake’s philosophy in running the team was to have
all the critical people on board from the beginning. On
24th May 1993, the team assembled for the first time.
Rather than dive straight into the detail of design and
crew training, they spent the first three weeks working to-
gether with an external consultant to outline the mission
for the tearn and a vision of how they would work to-
gether. Peterson described the process:

We spent a lot of time going over why certain teams had
won or lost in the past. What we found was that unsuccess-
ful efforts were often driven by one or two personalities, be
they designer-driven, skipper-driven, or owner-driven. Suc-
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EXHIBIT 2 Team New Zealand Syndicate:

Key Staff Members

Syndicate head:
Yacht Club:

Syndicate budget:
Team sponsors:

Management
Campaign public relations:

Campaign business manager:

Lead Crew
Skipper:

Navigator:
Afterguard:

Design Team
Chief Designers

Computational dynamicist
Aero/hydro dynamicist
Performance analyst

Peter Biake

Royal New Zealand Yacht

Squadron
Estimated $20 miliion

ENZA {New Zeatand Apple

and Pear Board)

Lion Nathan (Steinlager)

Lotteries Commission

Television New Zealand

Toyota New Zealand

Alan Sefton
Ross Blackman

Russell Coutts
Tom Schnackenberg

Brad Butterworth
Rick Dodson
Murray Jones

Doug Peterson
Laurie Davidson

David Egan
Richard Karn
Peter Jackson

Structures/weather David Alan-Wiiliams
Construction
Construction chief Tim Gurr
Structural experts Wayne Smith
Mike Drummond
Chris Mitchell
Nail Wilkinson

cessful teams were truly “managed,” not dominated by one
voice. Hence we wanted to run the syndicate in a democratic
fashion. When we had differences of opinion on which di-
rection to go, we'd put it to a vote. One of the most im-
portant outputs of the three weeks was the mission state-
ment, which described the way that things would run.
Above all, we stressed open communication and dissemina-
tion of knowledge, even to the extreme of running classes
on yacht design and weather forecasting for anyone who
was interested.

With the three-week “vision thing” behind them, the
staff at last assumed their more traditional roles. The
crew began training, using the yachts which had been
built for the last America’s Cup, and the design team be-
gan work on the concepts for the new design.

The Design Process
Doug Peterson was appointed to lead the design team.

An American by birth, Peterson had extensive experi- -

ence with designing boats and racing yachts. Peterson
had no formal design or engineering training, but had
been designing boats for as long as he could remember:
“This is what I have always done. I can remember when
I was in high school, I-would spend all my time design-
ing boats on pieces of scrap paper instead of paying at-
tention in class.” About 30 years and thousands of de-
signs later, he was considered to be one of the world’s
leading yacht deéigners. His latest achievement was the
design of the America 3 boat, the America’s Cup winner
in 1992. Peterson was given responsibility for developing
the overall design concept for the Team New Zealand
boat, specifying test models, analyzing results, and de-
veloping construction plans.

As the design team planned to make extensive use
of automated design and simulation tools, Peterson as-
sembled a mix of experienced yacht designers and simu-
lation experts. Among them, Dave Egan was recruited to
run the design simulations. Egan’s appointment brought
to the team prior experience in simulating yacht designs
and a working knowledge of the required computer hard-
ware, having previously been a sales agent for Silicon
Graphics.

The design was initially driven by Peterson, who de-
fined the initial boat concept and specified an implemen-
tation plan. Peterson drew upon the knowledge he had
accumulated with the America 3 team to put his first
thoughts to paper. Given America 3 had built five boats,
each of which was significantly different in design, he
had a lot of experience to help him. During the design
process, the America 3 team had conducted over 65 pro-
totype tests in the wind tunnel alone.

Egan’s first job was to code this concept design into a
geometry model for the simulation program, providing
a baseline for performance. With this accomplished, de-
sign iterations and performance simulations began in
November 1993. The initial simulations focused prima-
rily on the design of the hull, with relatively simple keel
variations. The team would have to commit to the hull
design in May 1994, in order for construction to begin.

The Simulation Effort

Running CFD required substantial amounts of computer
power. For example, to simulate the keel required cod-
ing 13,000 individual panels as part of the modeling
program, creating data files of 6 to 8 gigabytes in size.
While several syndicates were using similar analytical
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programs, the resources available to them and strategies
they followed dittered considerably.

Most syndicates had lined up large corporations to
help with the task, allowing processing to be performed
on the largest and latest supercomputers. Young Amer-
ica, for example, had over a million dollars of computer
time available o them, through a partnership that in-
c¢luded both Cray and Boeing. Boeing ran the design
simulations on Cray supercomputers basad in their head-
quarters in Seattle, using advanced CFD software devel-
oped for their acrospace needs. These machines were
among the world’s fastest computers, each costing sev-
eral million dollars. Every tew weeks, the Boeing engi-
neers would run large batches of simulations and Feed
back their results to the Young America designers in San
Diego. This allowed them to test a massive number of ex-
perimental designs. -

The strategy adopted by Team New Zealand retlected
the resource coanstraints presented by the budget. The
team decided to use a small network of-workstations
which could be operated locally. Given the poor history
CFD simulation had in yacht design, Egan was given less
than $100,000 to cover personnel, hardware, and soft-
ware. As he recalls:

The early days of the project were u constant challenge to
find resources. We were running around companies leoking
for computer time. At one, we managed to grab a 16 proces-
sor Challenge computer for a month prior to its being com-
missioned. The MIS guy never knew what happened! Then
we gained access to a SunSparc2 workstation. Soon, how-
ever, the rising number of design iterations we needed to ex-
plore begun 1o exceed its capaciry.

- As luck would have it, during Christmas 1993, Jim

Clark, the CEO of Silicon Graphics, was in New Zealand
having his yacht refitted. A keen sailor, Clark had invited

several members of the ream aboard his yacht. Over din-

ner, as he learned of their predicament, he immediately
offered the INDY workstation installed in his yacht for
the team (0 use. As Egan explains:

Making contact with Jim was extremely timely. Although
we declined the offer of his waterproof INDY, he did put
us in touch with the local SGI office. They gave us access ta
the spare cycles on their demonstration michines, a four-
processor Challenge server, and a couple of warkstations.

The involvement of Silicon Graphics in the project
grew with time. The company eveniually became a spon-
sor of the team and lent a lot of compuling equipment
to the effort. This effectively increased the syndicate’s
simulation budget significantly. With 4 combination of
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workstations, the team could now simulate a new des'i‘éﬁé
every two or three hours. It gave the team immediate g ¥
cess to experimentation as the equipment was locateq ar
few feet from the dock. Egan emphasized the benefitg of:
this approach compared with the tank-and-tunne| tests:ff

[nstead of relying on a few big leaps, we had the ability'i‘g
continually design, test, and refine our ideas. The team would
often hold informat discussions on design issues, sketch”
some schematics on the back of a beer mat, and ask me (o
run the numbers. Using traditional design methods would
have meant waiting months for results, and by that time, oyr

thinking would have evolved so much that the reason for the -

experiment would long since have been forgotien. ,
We considered the crew our customers, in charge of what

went into the design. They needed to drive the process, By -
having 4 computing strategy based upoen locat workstations; ;
- we had the ability to display results of simulations to them 1

using flow-fll graphics. How we demonstrated the differ:

ence between two designs turned out o be a powerful mar- .

keting (00} to help convince the crew of the benefits.

Team New Zealand's approach to simulation was ex- -
tremely practical, heavily influenced by Peterson’s expe-

rience. As he explained:

Dave {Egan] was very realistic on the uses and limitations
of CED. In practice, if you start with a bad design, simula-
tion won't get you anywhere near a good one. Some of the
other syndicates let CFD drive their process. The Austra-
lians, for exumple, had some really deep simulation experts,
and see where that got them.' At the end of the duy, the real
performance advantage is in the initial design. Everything
else from there on in is just incremental improvement.

Take the velocity prediction program. Trying to work
out how the sails will perform is an extremely unreliable
science. There's so much variability tn the air flow. I told
them to tweak it until they got the answer | expected; then
we looked at the coefficients to see if they looked reason-
able. In the end. it doesn’t matter. All you're looking at is the
differences between alternative designs. No one really be-
lieves we can accurately predict the time we'll put up over
the course in San Diego.

During the six months between November 1993 and
May 1994, the team cycled through building physical
prototypes for tank-and-tuanel testing three times, build-
ing 14 scaled-down models. The first set of prototypes
provided a performance baseline for the initial concept,
allowing the team to parameterize the velocity prediction
program and establish an estimate of the time around the

"The Australian boat sank in one of the early trials while racing against
Team New Zealand.
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course in San Diego. For the second and thirc. set of pro-
‘totypes, Peterson attempted to improve upon the initial
design using a combination of experience and the flow-
fill pictures generated by the CFD program. The improve-
ments were significant, with the best prototype from the
third set of tests bettering the time of the initial concept
design by over two minutes. Egan described the situation
as of early May:

We were emerging with a robust design for :he hull and
keel. We had reduced the drag considerably over the con-
cept design, but now, each new prototype was giving us less
and less improvement. The third set of prootype tests,
which we’d just got back, produced less than half the im-
provement of the second. There was a strorg argument
that the most improvement potential was now ir. the keel ap-
pendages, where a lot of enhancements can be made
through the design and placement of the wings. To run those
experiments, however, you have to put a real yacht in the
water.

Testing of the actual boat in the water would be com-
bined with CFD simulation of the keel. The two would
have to be used together, since historically only about a
third of the changes suggested by CFD resulted in “real”
improvements to the design.

“TWO BOATS, OR NOT TWO BOATS,
THAT IS THE QUESTION”

In late May 1994, the syndicate was faced with a major
decision. Construction of the first yacht was planned to
begin next month for an August delivery (boat construc-
tion took about two months). This would leave about four
months for travel to San Diego, testing, and improve-
ments before racing was to begin in January. However,
the initial budget had provided money for twe boats, and
there were several theories on how to get the best value
from the second one. '

One option was to commit to building two yachts now
for delivery in August. This way, the yachts could be used
in combination to conduct test iterations on the keel
wings. Another option was to build only one yacht now,
use this to begin testing different keel wings, and mean-
while conduct another round of prototype testing on the
basic hull and keel design. The second boat could then be
built just prior to the start of the qualifying competition
in January.

Building two boats now would allow Team New Zea-
land to put two boats in the water at the same time. Egan
articulated the perceived logic behind a two-boat testing
program:

The two-boat testing philosophy is driven by the fact that
the sea is a noisy environment in which to run experiments.
It we build two yachts of similar design, we gain the ability
to run better experiments. We can put two keels with differ-
ent wing designs on each boat, race them, and see how much
difference there is. Then we can swap the keels and make
sure the results hold for the other boat and crew. This way,
there is no argument over whether the wind or sea con-
ditions affected the results. The problem is especially rele-
vant, given the improvements that come from changes to the
keel wings are relatively small, in the order of two or three
seconds over the whole course. Detecting these differences
in noisy conditions is extremely difficult. Just a minor
change in wind speed between two trials can easily swamp
the effect of a design change.

In the past, teams using a two-boat testing program
had shown that it was possible to run and verify the per-
formance of a different keel wing design practically
every 24 hours, particularly if the two boats were iden-
tical. During the day, while the crew were on the water,

the simulation team would analyze hundreds of potential-

improvements to the keel appendages and select one or
two which appeared most promising. Overnight, the con-
struction teamn would work on the new designs and have
them ready to sail the next morning. When the crew ar-
rived, they would take the boats racing to verify whether
the design changes produced real improvements.

With only one boat, alternative keel designs had to be
removed and fitted during the sailing day. If conditions
changed, the crew would often have to sail each design a
number of times to identify which was better. As a result,
verifying the results of design changes was slower than
with two boats. Therefore, some argued that the differ-
ences in improvement speed between one- and two-boat
testing would soon add up.

Building only ore boat now traded the benefits of
rapid feedback inherent in a two-boat testing process in
tavor of another cycle of testing prior to committing to
the second yacht. Proponents of this approach argued
that although the improvement potential in the basic de-
sign of the hull and keel had diminished, another cycle
of tank-and-tunnel tests was still attractive. At the same
time, running experiments with different keel append-
ages, even with only one boat, would still produce sig-
nificant design enhancements. In combination, these two
activities would yield greater overall improvement to
the design and in addition would give the team the flexi-
bility of building the second boat later in the develop-
ment cycle. Building two boats now, they argued, was a
waste of money and opportunity, particularly if these
were identical.
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Team New Zealand were not alone in having a budget
big enough for two boats. As they tapped the sailing
grapevine, however, other syndicates were taking diverse
approaches.

The Japanese syndicate had decided to stagger the
construction of their boats. opting to conduct another
round of prototype tests before committing to the sec-
ond one.

The leading Australian syndicate was building twe
boats simultaneously, but each was of very different
design.

None of the three American defenders had decided to
build two boats, despite having budgets of sirnilar size (©
that of the New Zealand team. They had spent the money
on other items, including more prototypes and iterations
for tank-and-tunnel testing. )

Team New Zealand’s decision boiled down 1o three
basic options: building two identical boats now; building
two different boats now, perhaps one following one of
Peterson’s more aggressive concepts that hadn’t made it
to the wind tunnel yet; and building one boat now and
one boat after somme additional testing.
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