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Teaching a Multiagent Systems Class with Game Days:
Designsand L essons L ear ned

L een-Kiat Soh
Department of Computer Science and Engineering
University of Nebraska
115 Ferguson Hall, Lincoln, NE 68588-0115
Tel: (402) 472-6738 Fax: (402) 472-7767 E-mail: Iksoh@cse.unl.edu

Abstract

In the Fall semester of 2002, | introduced and taught a class in Multiagent Systems. The class
was aimed for seniors (with special permission) and graduate students in Computer Science, cov-
ering some breadth and depth of issues in multiagent systems. One of the requirements was par-
ticipation in four Game Days. On each Game Day, student teams competed against each other in
games related to issues such as auction, task allocation, coalition formation, and negotiation. This
article documents my designs of and lessons learned from these Game Days. The Game Days
were very successful. Through role-playing, the students were motivated and learned about mul-
tiagent systems. | believe that the Game Days are a good, educationa tool for teaching a multi-
agent systems class. It is my hope that other instructors teaching a similar class may find my ex-
perience and insights useful and helpful.

1. Introduction

In the Fall semester of 2002, | introduced and taught a class in Multiagent Systems. The class
was aimed for seniors (with special permission) and graduate students in Computer Science,
covering some breadth and depth of issues in multiagent systems. The requirements of the class
were: 3 homework assignments (15%), 7 topic summaries (15%), game days (group) (10%), one
mid-term examination (20%), one seminar presentation (group) (10%), and one final project
(group) (30%). Inthisarticle, | focus on the Game Days that | created for the class. Briefly, on
each Game Day, each student team was an agent trying to win games related to multiagent sys-
tems. On different Game Days, the students played in different games focusing on different ar-
eas, for example, auction, task alocation, coalition formation, and negotiation. This article
documents my designs of and the lessons learned from these Game Days. It is my hope that
other instructors teaching a similar class may find something useful and helpful from my experi-
ence.

2. Designs and Specifications

There were four Game Days: (1) Auction Day, (2) Allocation Day, (3) Coalition Day, and (4)
Negotiation Day. Each Game Day was allotted 75 minutes. | video-taped each Game Day’. The
videos were more than a capture of the activities. They were also helpful for me when reviewing
each Game Day and computing some of the parametersthat | tracked (such as the number of bids
a particular team offered on Auction Day). Each student group had two students and had a team
name.

! The students were not bothered by the fact that they were being taped.



Each team recelved a Game Day Package. The exact format of the Game Day Package was
given to the students on-line before each Game Day. However, the actual values (utility values,
amount of money, etc.) were given out as part of the Game Day Package only on each Game
Day. So, the students could work on pre-game strategies using the on-line version beforehand.

| designed a Monitor Package for myself for each Game Day. In this Monitor Package, | had the
actual values of every team. Also, | had tables with parameters (that | wanted to track) listed as
columns. This Monitor Package allowed me to observe and record the activities conveniently
during the games.

| graded each team based on two items. (1) Game Day Worksheets (50%) and (2) End-Of-Day
Ranking. | gave customized worksheets to each team as part of the Game Day Package. On the
worksheets were itemized rounds, tables, and blanks for the student to record their during-game
actions. The students were also encouraged to submit their pre-game discussions and strategies
a the end of the Game Day together with their worksheets. At the end of each Game Day, |
evaluated each team on their Game-Day Performances and ranked them. Usually, the team that
won would have all 50%, the second team would have 45%, and so on.

In the following, | briefly described the four Game Days. Readers are referred to my class web-
site” for the detailed Game Day assignments.

| used (Weiss 1999) as my textbook for the class.
21. GameDay 1. Auction Day

The objectives of Auction Day were to learn and familiarize with various auction proctocols, to
learn how to manage resources to obtain services/goods of high utility, and to learn how to ob-
serve the environment (e.g., the behavior of other agents) to support own decision making proc-
ess. Each student team’s goal was to obtain goods through bidding. Each team’s key to winning
the game was to obtain goods that were important to itself with the limited amount of resources
that each team had.

Here are some key features of Auction Day:

* | wasan honest Auctioneer and conducted the auctions based on five different protocols (Ta-
ble 1).

» The student teams offered bids and bidder collusions were not allowed.

» Each team was given the same amount of paper money and a list of items with associated
utility values. Every group thus knew the amount of paper money initially owned by each
group.

* In the beginning of Auction Day, each group received alist. On the list, every item to be
auctioned off was associated with a utility value particular to that group. Every team had a
different set of utilities. The sum of utility values of all items for each team was, however,
the same. Thislist was kept secret to each group.

2 http://www.cse.unl .edu/~ksoh/Classes' CSCE496_896_Fall02/gamedays.html



» Some items had the same utility values for two or more groups; thus each group should ex-
pect competition from other groups for the same item.

* The auctions were private value auctions; that is, the value of an item depends only on a
group’s own preferences (the utilities). Thereisno re-sale value here.

» All auctions are all-pay auctions. Thereisafee for each bid. If you sit out, then you will not
be charged with afee.

» Therewere 10 items to be auctioned off.

» To ensure active participation, each group must win at least one item. There would be a 15%
deduction on the Game-Day Performance score for failing to comply with this requirement.

» If the best offer the Auctioneer received from the bidders was below the market price of the
item being auctioned, then the Auctioneer would keep the item.

* Inthe two “sedled bids’ protocols, if multiple teams had the same bid, then there would be
another round of bidding between those teams only, using the same protocol.

Protocol Description

English Auction (first- Each bidder isfreeto raise its bid. When no bidder is willing to raise anymore, the
price, open-cry) auction ends, and the highest bidder wins the item at the price of his/her bid

English Auction (first- Same as above but with open-exit. For our Game Day, | modified the protocol: after
price, open-cry) 2 each new cry, each team would be asked to declare an exit. If ateam did not declare,

and the team ended up not submitting a bid after the bidding was over, then it would
be penalized for violating the protocol.

Dutch (descending) Auc- The auctioneer continuously lowers the price until one of the bidders takes the item at
tion the current price. For our Game Day, | modified the protocol: before the bidding
started, each team was asked to declare whether to participate. If yes, afee would be
collected from the team. If no, then the team could not participate.

First-Price Sealed-Bid Each bidder submits one bid without knowing the others' bids. The highest bidder

Auction wins the item and pays the amount of thisbid. Other groups know the winning trans-
action.

Vickrey (Second-Price Each bidder submits one bid without knowing the others' bids. The highest bidder

Sedled-Bid) Auction wins, but at the price of the second highest bid. Other groups know the winning
transaction.

Table 1. Auction Protocols for Game Day 1: Auction Day.
2.2. GameDay 2: Allocation Day

The objectives of Allocation Day were to learn and familiarize with the various alocation
mechanisms, to learn how to consider or decide which task to perform, and to learn how to re-
allocate tasks/resources better from observing the environment. At the implementation level, this
Allocation Day aso exposed students to how multi-threaded programming was needed for effi-
cient and effective processing for an agent in this environment. Each team’s key to wining the
game the objective was to solve as many problems as possible with as low costs (costs of tasks
and re-allocations) as possible, while helping with as many other teams as possible in solving
their problems.

Here are some key features of Allocation Day:

* All agents (teams) were considered rationally helpful and honest. If an agent could perform a
requested task that it rationalized to be useful to the entire system, it would.

» Agentswould not be paid for their help.




» Agentsdid not speculate and did not accept non-individual rational contract in anticipation of
alater synergic contract.

* Every team was required to solve alist of problems by securing a coalition of student groups
to perform the tasks required to solve each problem.

* Initially, each group was given the following: (1) alist of tasks that they were capable of do-
ing, and each task had a number indicating the number of such tasks that could be performed,
and the cost of each task, and (2) alist of problems to solve, and each problem was provided
with several solutions, and each solution was a set of tasks.

» |If ateam failed to solve a problem, it would be penalized. For example, if the House-Moving
task required ateam to get 2 movers and 3 drivers, and at the end of the round, the team only
had 2 movers and 2 drivers, then the team had failed to solve the problem.

* To simulate multi-threaded exercises, a transaction of a team’s goods/services could only
take place a the team’'s desk. Each team was not allowed to carry their paper tokens
(goods/services) around. Each team could walk around to solicit and obtain other teams' to-
kens, however. Thus ateam must split up its two members, one at the station, and one roam-
ing.

* Once ateam had obtained other teams’ tokens, the team could not simply throw them away
or return them. Once the tokens were in ateam'’s hands, the team was liable for them. This
feature forced the students to be cautious.

23 GameDay 3. Coalition Day

The objectives of Coalition Day were to learn and familiarize with the various coalition forma-
tion mechanisms (coordination and communication), to learn how to manage resources to obtain
services/goods of high utility, and to learn how to observe the environment (e.g., the behavior of
other agents) to support own decision making process. At the implementation level, this Coali-
tion Day also exposed the students to how multi-threaded programming was needed for efficient
and effective processing for an agent in this environment. This Game Day focused particularly
on three mechanisms. blackboard, voting, and matchmaking (or facilitating). In blackboard,
every team’s offers were viewable by all other teams. The round involving voting was only a
demonstration of the “pass-around-the-buck” mechanism. The goal here was to allow teams to
analyze the advantages and disadvantages of this mechanism. For matchmaking, the consumers
looked for services with low prices; while the providers looked for providing their services with
high prices; and the matchmaker kept both sides happy. Here, only the matchmaker knew each
team’s offers. Each team’s key to winning the games was to solve as many problems as possible
while keeping as much money as possible.

Here are some key features of Allocation Day:
* All agentswere honest. No lying and speculation were allowed.
» Once agreed, aresource, service, or task was committed. No decommitment was allowed.
» Blackboard:
o0 Every team had a list of problems to solve. Each problem needed a certain set of re-
sources/services. Every team had alimited supply of unique resources.
o0 Eachteam could post advertisements (for resources), with the cost of one of its resources.
Each posting cost a constant value.



0]

This game would start with a blank blackboard, and each round started with every team
posting simultaneously. Then, each team may grab the postings that he/she wanted from
the blackboard. Thus, this mechanism was asynchronous (simul ated)®.

Each team must keep track of their posting as they did not want to overdraw their re-
sources. The teams would be penalized for overdraws.

¢ Pass-Around-The-Buck:

(0]
0]
(0]

(0]

For each coalition, each team could only perform one task.

Each team had alist of tasks that they could perform with certain costs.

Every time ateam received the “buck”, it needed to pick the best task (lowest cost), and
passed the buck to the next team.

It was possible that when a team received the “buck”, it was not able to perform any of
the remaining tasks. Thus, this team became an impasse to the coalition formation proc-
ess. This “impasse-maker” informed al other teams and assumed the leader role for the
next round of codition formation. That is, this “impasse-maker” would now make the
first choice and then passed the buck to other teams.

* Matchmaking:

o

© O 0O
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| was the matchmaker (or facilitator).

Half of the class was service consumers; the other half was service providers.

The consumers’ goal was to obtain the needed services with low prices.

The providers goal was to supply the needed services with high prices.

A consumer told the matchmaker the maximum price that they were willing to pay for a
particular service, and a provider told the matchmaker the minimum price that they were
willing to receive for a particular service.

The matchmaker would find a match and inform the both sides, and a transaction was
executed.

An offer or aregquest was binding once made unless retracted before a deal was reached.

Game Day 4: Negotiation Day

The objectives of Negotiation Day were to learn and familiarize with the various negotiation pro-
tocols, and to learn how to observe the environment (e.g., the behavior of other agents) to sup-
port own decision making process. On Negotiation Day, students were required to participate in
two types of negotiations. The first was an open, free market where each team was a monopoly
on a unique product. Each team also needed to obtain goods from all other teams to solve their
problems. The second type was a hostage rescue simulation where the kidnappers and police
negotiated using some argument types. | scored the teams playing in the hostage rescue scenar-
i0s based on the number of argument types that they used.

Here are some key features of Negotiation Day:
» Therewere two types of games. (1) market place, and (2) hostage rescue.
* Market Place:

(0]
0]

Each team was a provider of one unique product.
Each team started with the same amount of money.

3| forewarned the students that this game might lead to fights as they simultaneously went for possibly the same
resources.



0 Suppose the number of student teams was N. Each team was required to have in posses-
sion oneitem of N unique products in the market.
o Each group started with 2N items of its own product, and O items of other products.
o | wasthe Market Monitor and would announce the starting price of each product.
0 Thereweretwo phasesin this type of game.
0 Phasel: Indirect
= The offers and responses were written and private.
= An offer should contain the name of the product, the number of items, and the price
that you want to pay for it.
= A response should contain “agreed”, or “higher”, and “swap <#your product> <#my
product>".
= The prices would not be announced as they were private knowledge between the two
sides of a successful transaction/deal .
= Once adea wasstruck, | would instruct the provider to turn over the product to the
buyer.
= Reneging on adeal would result in an immediate expulsion from the market place/
= At the start of each round, each teamsubmitted their offers and counter-offers to me.
| would then relay the offers to the corresponding counterparts and obtain in return
their responses. And then | would act on the transactions. Intentionally, | was the
bottleneck in this market place.
o0 Phasell: Direct
= Each team was allowed to communicate directly with all other teams.
= Each team was alowed to split up their team so it may conduct multiple concurrent
negotiations together.
= To prevent chaos, | would call atime out after every 5 minutes of negotiations. The
time out would last for 1 minute where everybody could regroup before continuing.
0 Eachteam’s goal was to obtain all N unique products and obtain as much money as pos-
sible, and as quickly as possible.
0 Once ateam obtained all N unique products, it must yell out “BINGO!” Then the team
might continue with other negotiations to obtain more money.
o Each team might draw their negotiation tactics, issues, strategies from (Faratin et al.
1998).
Hostage Rescue:
0 Student teams were paired up.
o For each pair, one team was the kidnappers; the other was the police.
0 Both teams should use the Automated Negotiation Agent (ANA)’s six argument typesin
the negotiation (Kraus et al. 1998) (See Table 2).
o | monitored the negotiation to see whether the teams deviated from the six argument
types, and whether the teams used all six types.
0 A coin toss decided the roles (the kidnappers or the police) of the teams at game time.
o Table 3 liststhe scenarios given to them beforehand.

Argument Types

Appeal to Prevailing Practice
Counter-Example

Appeal to Past Promise
Appeal to Self Interest




Promise of Future Reward
Threat
Table 2. The Automated Negotiation Agent (ANA)’s six argument types for Game Day 4: Negotiation Day.

Description
Situation 1 The kidnappers are well-known bad dudes. They have carried out other kidnappings
aswell. Thistime, they have held 100 school children in a school as hostages. Their demands
include cash, an airplane to transport them safely to a remote island, the publication of their
memorandum, the release of some known bad dudes currently injail, and so on. If their demands
are not met, they will harm the school children. The police try to convince them to release the
children.
Situation 2 The kidnappers are well-known anti-environmentalists. They have buried many fire
chargesin avery ancient and endangered forest and threatened to set fire to the forest if their de-
mands are not met. Their demands include passing new laws for tree harvesting, the publication
of their memorandum to environmental groups, protecting human rights over animal rights, 1 hour
of air time for them to address the nation, and so on. The police try to convince them to surrender
peacefully.
Situation 3 The kidnappers are well-known Earth protectionists. They have hijacked an oil
tanker fully loaded with crude oil. Their demands include strict environmental laws for all coun-
tries in the world, sanctions on countries that have poor pollution records, an International fund
managed by them, complete elimination of fuel-powered automobilesin 5 years, and so on. If
their demands are not met, they will drive the il tanker to the South Pole and crash it there. The
police try to release the workers on the oil tanker and to surrender peacefully.

Table 3. Hostage Rescue situations for Game Day 4: Negotiation Day.

25. Game Day Packages

The design of the Game Day Packages had the following common features:
* A very brief, informal Introduction. For example:

Welcorme to Sob's Suction House, Today, we have a collection of rare items, in
tnint conditions, to offer to ou—our roach appreciated and esteerned collectors
who are intelligent and skilled in rnaner anction protocols. Hope yon succeed in
ot ventures today. Good hick.

* A procedure or setup description. For example:

There are fTve rounds of auctions. For each round, two iters will be on the
anctionblock. For each round, o will have 2 mirates of preparation time. Lnd
o will also have 3 minntes of post-anction tire to surarvarize your activities for
the round, and also to discuss strategies based on o observations of other
gronps. (Use your Workisheet to docwurnent sour actrvities, attached.) For esery
itern that youbid, regmrdless of the anction outeome, wou have to pay a fee: §1. 1
will collect this at the end of each round. If o sit o, then ywon will not hesee to

P a fee.

» A team-specific description of utilities. For example:



Tod & Copper

Eound [tem Ifarket Value Wour tility

1. English 1 §150 $450

2. English 2 $50 $100

3. English 2 3 $130 $200

4. English 2 4 50 $200

5. Dutch 3 F100 $100

f. Dtch i $100 $200

7. lst Price Sealed |7 §15 $70

8 17Price Sealed | 2 F100 $300

9. Vickrey g $15 $70

10, Vickrey 10 §100 $300

TOTAL $e30 $1,000

Ideally, if there is ondy one bidder, and if son obtain all iterns anctioned at their
respective market valies, you will have a total sum of $1990 + (51030 - $230 -
$100 = $21280. So, the maxirmum swn you can get iz $2180. That iz the best you
can do. If you do not participate in any bidding, you will have $1030, the original
arnount of morey. 5o, it 15 good to bid suecessfully and wisely. Sornetires, it is
even acceptable to pay for more than an iter’s utility walue, just to prevent
sornehody else to obtain the item that thew want.

* A description of how the game was scored. For example:

S0, each group will recedve n the Gare Package a list of iterns with the group’s
utility, in terms of dollar amounts. And sour “wrility™ list iz onby knowem to you
and not other groups.

Your goal is to achieve as high as possible a sur of (1) roar rermaining monopoly
tooney and () the total utility of the iterns you obtain. So, for exaraple, if you do
not participate in any of the auction rounds, you will have a s of $1030 in the
end. Bat, for exarple, if wou participate in one round and obtain exotic itew #3
with a utility of $150 to yow, and it only eosts you $350, then your final sur will
be $1030 - §1 (fee) - $50 + 5150 = $1129. So, you will gain $599.

Your goal is nof to win each round, bt to win the Game Day. The group with the
hizhest sum is the winrer.

You can bring your textbook and notes to make sure that ywou follow the auction
protocals correctly. Failure to follow the protocols will cost you $2 per violation.
Wou are not allowed to ask me (the auctioneer) ary questions shout the protocols
during the game.

» Customized and tabulated worksheets. These worksheets were itemized and sectionized to
make things as convenient as possible for the students. The worksheets had tables and
blanks. For example:



Round 1: Blackbhoard, Under- consirained

The Coraputer Ifarmfacturing task requires each tearn to obtain a coalition of 150
units of corponents. There are 6 types of corponerts: hard disks, mordtors,
ditves, software, operating systern, and wmltirnedia. Each team must hawve at least
25 units of each coraponent. Plenty oftitne. Use the cost functions given to you.
Tearns rnust exchange goods at the costs goven.

Trans. | Function/Resource/Task From Hig§?

mlw| | —
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Mumber of messages posted:

Computer Manufacturing Huniiks Value

Hard disks
Ivlonttors

Ditres

Software

COperating System
Ivlnttirnedia

Motes:

* An accounting of the items in the Game Package: Monopoly paper money (amount and dis-
tribution of bills), paper tokens (Figures 1-3), placards (to be set up at the “station” of each
team), name tags (to be put on each team member), and Post-1t notes (for messages),

Figures 1-3 show the various paper tokens made for Allocation Day, Coalition Day, and Negotia-
tion Day, respectively. The paper tokens were designed so that each unit could be accounted for
and torn off easily.
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Figure 1. Paper tokens (resources available for ateam called “ SuperHunter”) for Game Day 2: Allocation day.
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Figure 2. Paper tokens (services available for ateam called “Koald") for Game Day 3: Coalition day.
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2.6. Monitor Packages

For each Game Day, | designed a Monitor Package. The objective of these packages was for me
to track key parameters (bid values, transactions, etc.) easily during the games. They also pro-
vided me with team-specific utility values so | could resolve any questions or arguments quickly
using them as references. Figures 4-5 show the Monitor Packages for some Game Days. Asin-
dicated in the two Figures, there were six student teams in my class. The Duke, Tod & Copper,
Koala, Runner, Trackers, and Super Hunter®,

Figure 3. Paper tokens (goods available for different teams) for Game Day 4: Negotiation day.

* These team names corresponded to the same teams for the Final Project of the class: a Fox-and-Hound game where
the teams built systems of hounds (agents) to trap afox (another agent built by me) in asimulated forest (built by
me).

11



Round Ltem | hlarket | Winner Selling Closest Losing
Vahe Price Compettior | Price

1, English 1 £150

1, English 2 430

25 Englishl 3 £150

2, English 2 4 330

1, Dutch 5 $100

3, Duich i 4100

4 1" Price Sealed |7 £13

4, 1% Price Sealed 8 f100

5, Vickrey 9 15

3, Vickrey 10 £100

Round Ltem | # Bidders | # Bids 1'tme Notes

1, English 1

1, English 2

2, English 2 k|

2, English 2 4

3, Duich 3

3, Duich ]

4, 1* Price Sealed |7

4, 1™ Price Sealed 8

5, Vickrey 9

5, Vickrey 10

Round Item | T'he Tod & Koala | Rumner | 1'rackers | Super

Duke Copper Hunter

1, English 1 $450 450 $450 $200 $200 $200

1, English 2 f100 100 $100 1200 $200 $200

2, English 2 3 $200 200 $200 $450 $450 450

2, English 2 4 £i00 $200 £200 $100 $100 $100

3, Duch 3 $200 $100 $200 §100 $200 $100

3, Duich B $100 $200 $100 20 $100 $200

4, 1* Price Sealed |7 hyie] 0 50 hyle] $70 70

4, 1" Price Sealed [ 8 0 %300 £330 px[o] $300 $300

3, Vickrey 2 hyle] 0 70 hyle] $70 570

5, Vickrey 10 $00 $300 $300 $3o0 $300 $300

Table of Litility Values
Figure 4. Monitor Package for Game Day 1: Auction day.

[ Round L: Blarket Place

Phase |:
CTOUpS Products Lnitial Frice
The Tuke Dranges 5500
Tod & Copper | Apples 55.00
Keoala Bananas $5.00
Runner Watermelons $5.00
Trackers Peaches £5.00
Super Hunter Cantaloupes F5.00
GTOuUps # Unique Products | # Own Product | $ BingoT
The Duke
Tod & Copper
Koala
Runner
Tiackers
SuperHunter

Phase L1: not shown here since 1t 1s the same as Phase | in terms of parameters to be

tracked.

| Round 2: Hostape Rescue

Groups Appesl Counter- | Appeal Appeal Promke | Threat
Prevall- Example | Past Self Ln- Future
ing Promise terest Reward
Practice

The Duke

Tod & Capper

Koala

Runner

Tracke =

Super Humter

Figure5. Monitor Package for Game Day 4: Negotiation day.
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3. Post-Game Analysis
For the Post-Game Analysis of each Game Day, | carried out two tasks.

The first task was the evaluation of the Worksheets (Game Day Packages) that each team turned
in. | double-checked all the transactions and the Monopoly paper money amounts of the teams
to make sure that all monies and paper tokens were accounted for correctly. | also reviewed the
videotape to resolve any conflicts | found in the worksheets. | also examined each team’s pre-
game strategies, in-game observations, and post-game analyses. | strongly encouraged the teams
to come up with a set of pre-game strategies beforehand. | aso encouraged each team to pay at-
tention to what other teams were doing during games, as agents are required to observe their en-
vironments. At the end of each Game Day, | also required each team to speak for about 1 minute
about their views of the Game Day and wrote their views down on the Worksheets. All these |
took into account when grading the Worksheets.

The second task was my Post-Game Analysis, which comprised the following items:

» Tableof results. | tabulated all parameters that | tracked during games. See Figure 6 for an
example.

» Declaration of winners and ranking. Here | ranked each team’s Game Day Performance for
each round. See Figure 7 for an example.

» Discussion of Operations. | talked about the operational issues of the Game Day in this sec-
tion, including failures on my part in terms of careless mistakes, of teams failing to follow
rules, etc. See Figure 8 for an example.

» General observations. | made some genera observations in this section. See Figure 9 for an
example.

» Team-specific observations. Here | evaluated each team based on their Game-Day Perform-
ances and their worksheets. | targeted specifically my comments for each team. See Figure
10 for an example.
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Rovrd Ttern | Market Winner Selling Closest Losing
Value Price C oanp etibor Price
1, English 1 3150 Koala 451 SuperHune:r 2450
1, English Z 550 SuperHune: $100 The Duks Sa0
2, English 2 3 2150 Tmchets 4200 Koals 4194
2 English 2 4 250 Tod & Coppex 4210 T kets 2200
3, Dutch 5 ] Runne: Fa00 4 Ha
3 Dutch 6 gimd Tod & Coppex 3175 4 Ha
4, 1% Price Sealed 7 315 The Duke 376 SuperHune: 475
4 1% Price Sealed, 2 100 Runney 3298 Koala 3280
5, Wickweyw [ 315 SuperHune: 209 {2120} Tod & Coppex 400
5 Wickeew 10 i Tod & Coppex $303 {5400y The Duke 2303
Table of Winning Bid

Rowrind Ttem # Bidders # Bids

1, Eng bish 1 ] 10

1, English 2 5 3

2 English 2 3 4 5

2 English 2 4 fi 8

z,Duch 5 5 1

3 Duth 6 4 1

4 1" Frice Sealed 7 5 5

4 1% Price Sealed g 5 5

O, Wickeer 9 5 b

o, Wicleay 10 fi fi

Table of Bidding Activities

ol Itan The Dvke | Tod&Copper | Koala REuuner | Trackers | SupeHunter
1, English 1 2 2 # z 3 %
1, English 2 # # £ i #
7 English 2 3 g ¥ " #
2, English 2 4 f # 3 i 5 *
3, Dutch K 3 i # i i
3, Dutch i H # 2 &
4 1% Price Sealed [ 7 # i * o o
4, 1% Price Sealed | 2 k g # i i
5 Wickaey ] * * E E #
5, Vickey 10 p # z 3 G G
Mooy ziven up 534 S605 5460 £503 5209 -5206
Tlitr gain 270 FRl] 2450 2500 2200 2170
T ofal surn 31016 31035 31030 31037 31031 3994

¥ participant # winne:

Table of Partidp ants and Total Suwm at the end of Avction Day
Figure 6. Table of results of the Post-Game Analysis of Game Day 1: Auction Day.
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Team 1A Y

The Duke

R 1B
1
Tod & Copper 1
1
1
1
1

Eoala
Funner
Tachkers
Super Huntex
Taotl ] i
Tablke 6 Mumbe rof Problems Solvwed. The winners in termes of solving the highest number of
problens are Trackers and Super Hunter. The worst = Tod & Copper.

R
1
1
1
1
1
1

DDDDDDDE

R
1]
0
1
1
1
1
2

.r.:.-.--:-.--:-.—-a

Team RlA Rl B RIA RIE B3 Total
The Duke § 1850 $1850 §1850 1700 1700 38950
Tod & Coppez 51850 2000 51850 2300 52350 310350
Eoal 31850 $2000 §1850 1700 $2000 39400
Eunney 51850 $2250 51850 1850 2300 310100
Tmckers §1850 $2300 41850 41700 f1850 39550
Supe: Huntex 51850 F2000 51850 2000 1850 39550

Table 7 Best Allocation Values. The winner in terms of bestallocation values is The Duke. The
worst is Tod & Copper.

Team Rla R E Rla RIE B3 Total
The Duke $2100 $1250 $2100 $1100 $1950 38500
Tod & Coppez §2100 $1400 2100 $350 100 36050
Eoal $2100 $1400 $2100 41100 $2000 38700
ERunney §2100 $1650 2100 1850 500 38200
Tmckers $2100 $1400 2100 2000 2000 39600
Supe: Hunter §2100 $1400 2100 1700 1850 39150

Tabk 8 Total Costs (Sum of All Services in Possessionk The winner in e rmes of total costs s Tod
& Copper. The worst = Tracker=

Team Rla R E Rla RIE B3 Total

The Duke § 1950 $16 10 51950 1400 1825 38,735
Tod & Coppez § 1950 $1760 §1950 $1325 1235 38210
Eoala § 1950 $1760 51950 1400 2000 39 060
Bunney § 1950 $2010 §1950 1850 1400 39,160
Tmckers 51950 51940 51950 1850 1925 39615
Super Hunter § 1950 $1760 §1950 1850 1850 39 360

Tablke 2 Final Scores. The winner in terms of otal costs & Tod & Copper. The worst i Trackers.
Figure 7. Declaration of winners and ranking of teams for each round of Game Day 2: Allocation Day.

First, there were serious rule violations:

1. Some groups brought tokens with them to other groups™ desks. This was not allowed ,
a5 specified in the Addendums. In real applications, usually you cannot entbed &
service wogetherin a message—that means you cannot being your paper tokens with
you when you visitother groups’ desks.

Some groups hargained. This was not allowed. Yon were supposed 1o only request

for services and let other groups come to your desk to ask for your services,

Therefore, multithreaded progranining has failed. Woreover, this constez ned your

offer. When your requestis conditional, you may not get agents 1o cooperate

willingly.

3. When you provide a service altruistically, you cannot fiorce the group who asks for
the service totake all your services. That is unethical and unfair. By doing that, you
become self-interested. As specified in the Announcement for Allocation Day, you
were supposed to provide services that had been requested, and nothing more.

5]

Second, there were several failues:

Round | Sitnation Cwas not carried out.

Round 2 Sitnation Cwas not carried ount.

The Moisy Warld step of Round 3 was not carried out.

Some groups were not able 1o compute the Best Allocation values.

Rules had to be broken 1o enable faster communication.

The time-constrz ned, anytime requirenent of Round 2 was not fulfilled.

The penalty mechanism had to be changed from 3*maxi oo _cost to simply
mexinum_cost for each untul il led iten.

B. The percentages of the Best Alloc {value) and the Total Costs had 1o be changed from
0.6and 041005 and 0.5, respectively.

Figure 8. Discussion of operations for the Post-Game Analysis of Game Day 2: Allocation Day.

SR L
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Round 1: Observations

1. A few teams broke roles. 1tis very important to fol low rules. Without mles, your nult agent

system will not work.

TWlost teams were able to give up their most abundant resources/services.

Some teans were too aggressive — grabbing whatever they saw on the board. As a result,

they were smck with the resources/services.

4. TMobody posted too many messages on the blackboared.

5. All teams are strongly encouraged to study the Tables sbove and see why some teams were
more successtul than the other teams. 1n general, successful teans [if we ignored the
infractions) were teams that obtained services and re-sell services. That neans these teams
were willing 1o take some risks.

o

Round 2: Observations

1. Wedid demonstrate the convenience of this coalition formation strategy, as well a5 its

di sadvantages.

Some teans failed to make decisions quickly and that defeated the purpose of hawving this

pass-around-the -buck mechani sm.

1. Most teams did not observe other teams well. When given the chance, only one team (Tod &
Copper) made a choice in naming the next group 1o pass the uck to.

4. Wedid not have encugh tinie to play this game enough times to acmal Iy learn how to form
coslition s better and faster. 1deal Iy, we should have at least 15 rounds.

B8]

Round 3: Observations |

1. Due to time constesnts, we were not sble to carry out more match-making in this round.
This must be taken into considerations for futire game days.

Since no homses were tnilt, Table 10 was not used.

Erom the producer group, Koals was able to make most stteactive and snitable offers. There
was one incident where || three producers were matching what a consumer was looking for.
But Koala won the transaction because of their low mininm price for their services. So,in
away, staying true or close 1o your original costs increased the chance of your services
getting matched up with the consumers” needs.

4. Some producers offered in bulks. But that might not work out since such offers may not be
matched up. To learn whether to offer in bulk orin smaller mumber of units, the indirect
feedback was when no match was announced for your offer. Then you modify your offers
accordingly.

5. Some consumers attempted 1o obtain bulk resources instead of trying to build a house at a
time. 1f you have time, then it might be okay to do so. But if tinwe is pressing, a5 in our case,
then you should try to get the necessary resources fior building one house. Once you build
that house, you can move on to the second one. 'Why? This is because you gain so much
more from successtully building & house (see Table 10 for house prices).

6. Trackers did wery well in the match-making round. They were able to post their needs that
suit the supplies. Very adaptive.

Figure 9. General observations for the Post-Game Analysis of Game Day 3: Coalition Day.

e
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1. The Duke: This teani camein without a pre-game steategy. They did learn during the
second round that if they could not solwe their own problems, then at least they could
hel p other groups solve their problems. They were able to lower their cost very well in
Romnd 1, Situstion B.

Tod & Copper: This tearm came in without a pre-game stategy. They made some

cbservations of other groups. They finally tried 1o be completely altri stic

indiscrimvinately. That was not a good practice as an agent, however. They also did

something that was illegal. They packaged services together and forced other groups 1o

get either all those services or none. This was not being altruistic. This was against the

rules. As specified in the Announcement and on Game Day, you were not &l lowed to
impose on other groups in terns of what services they should get. They came to you for
hel p with their requests. You must not take advantage of that. This group™ s niain goal
was to help others first.

3. Koata: This tean was fixated in selling and buying in the beginning, but was finally able
1o be helpful in Round 2, Situation B. There was no nodeling of other groups. This
group’s main goal was to solve their own problems first.

4. Runmer: This team had an excellent pre-game strategy. In Round 2 Simation B, the
tean was sble to obtain an extrs unit of component 2t a cheaper cost and gave sway a
higher cost unit. This team nade an important observation:

“Teams are not altruistic AND task-aware. They are either one or the other. For our
systerm to work, we need just enough altruistic giving teams to supply the task-aware
teams. 1f there is not an equilibeinm, then some teams will €all short of their goal. The
task-aware teans ae likely to win because of the mainum value penalty—even if only
multiplied by 1instesd of 3—is greater than the benefit of getting rid of all resources.™
The ohservation was generally true. But as we see from Tables 8 and 9, task-gware tears
did not win. The benefit fin terms of final scores) of getting rid of all resources was
actually greater than the benefit of solving atask.

Sl Trackers: This team had a pre-gane strategy. This team also made very good profiling
of other groups. ™ We had a successfil transaction with Super Hunter; 1n the next round
we will gotothem first.”™ They also resourcefully solved some problenis. They also
pointed out that Tod & Copper was not being truly altruistic in their “service packaging™.
This group’s main goal was to solve their own problems first with some helping in mind.

b. Super Hunter: This tean came in without a pre-gane steategy. This team did notdeo
any modeling of other gronps. This group®s niain goal was to solve their own problems
first. They did make a good observation:

“We learn 1o be sggressive to approsch other agents. 1f they are cooperative, the problem
can be solved. 1t is better to separate request and service providing.”

“Yes. By conbining request and service prowiding together, you are making things
complicated. And that makes an agent less cooperative, and problems more difficult to
solve.

Figure 10. Team-specific observations for the Post-Game Analysis of Game Day 2: Allocation Day.

&5}

» Lessons learned. Here | drew conclusions and related the observations made earlier in the
post-game analysis back to the design and research issues that | had covered in the class. On
average, | had about 4-5 lessons learned for each Game Day. Here are some examples:

Auction Day: For our garne day, if there were ordy one agent bidding, then the
total gain for the auctioneer would be §$1,990. But by opening it up to a group of
six competing agents, the auctioneer gained $2112 and another additional §47 in
auction fees. 5o, if the cost of organizing the auctions were larger than the $169,
then the anction would not be too useful. Keep this in rand when wou design
ot rultiagent syster in the future.
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Coalition Day: Some tearns in the blackboard round blatantly inemred
infractions: they grabbed sotne postings (from other tearns) and then returred the
postings after they realized that thesyr did not want thern anyroore. This is
ahsolutely unfair. Think about it. That meant son actually collected the postings
(and blocked other tearns from accessing the postings), selected the best one to
keep, and retwrmed the ones that won did not want. This was really bad agent
behavior. We canght one tearn doing that (Foala) bt there was another posting
that we could not find the tear who did it. Feraerber this clearly, when ywou
design sour rmoultiagent systern one dasyy, think dbout fairmess. Ifron have
nnintended biases in your desigr, then oy systern will not work right. Thisisa
wery iriportart lesson. So, Koadla and another tearn think sbout this careflly.
The tear that adhered to the mles cormpletelyy was Trackers. They even charged
the re-postings to their total noreber of messages posted. Tearns should learn
from ther.

Allocation Day: For under-constrained problers, agents were not mottrated to
irepronce on the quality of their solutions. For over-constrained problerns,
howresret, agents were motbrated to find a solotion, period. 5o, we see that it is
generally rore difficult to design a rultiagent systern in which agents aim to
Improvve ob their solutions. The motreation factor has to be delicately
ireplemmented to ensure there = enough berefit to force agents to risk to goto a
worse state before ultimate Iy reaching a better state. In other words, in the desizn
of our Garee Day, for Fiound 1 Situation & and Bound 2 Sitnation &, foresight
was needed to motfeate agents to want to oprove on their solutions. Lesson
Learned: That means wheneser we design a multiagent syetern to soke under-
constrained problerns where irgprosernent of the quality of the sohtions is the
goal, we should design a foresight compornent into the systern. Otheraise, it
wowld be generally not suitable. In fact, a systern with specialized agents is ranch
more suitable for tnder-constrained errdronments than a systerm with sivalar
agents (such as the studert groups on Game Day). 5o, remerber, if the
ervironnent is under-constraived, then a ore suitable IIAS desigh in general
should be ore with specialized agents. In general.

Negotiation Day: For Round 1, there was a sigraficant difference in the tearns’
behavior in Phase [ and Phase II. Because of a middle person in Phase I, the
tearns were conservattve. They optedto swap goods to begin with, Why? It was
meorvenient for a tearn to execute rmonopoly power due to the comprunication
delay. It weas diffienlt for & tear to check out the supply and dernand in the
rnarket and thus difficult for a tearn to raise the price of its products. In Phase 11,
each tearm was dhle to gather more inforrnation more gquickly and had raore
control over the negotiations. Thus, this phase is more corevendent for a team to
execute its ronopoly power. 5o, even though in hoth phases, each tearn had the
rnonopoly power, ondy one tearn i Phase IT exereized it fully (Tod & Copper) and
another tearn in Phase [ exercized it partially (Trackers). Lessom Learned: Ewven
in a setup like the ahove, agents can still cooperate fairly because of the reliance
on each other for productsfservices to accorplish own tasks. This gives us
designers great flexihility in desigrang our agents. We can give our agents urigue
characteristics and be cormpetitiee and self-interested, and we can still muarantes
to sorne extent that the agents will cooperate.

| handed my Post-Game Analysis of each Game Day back to the students immediately (the next
day) and discussed some of the key points with them in class. | stressed to them that participat-
ing and winning a game was one thing; learning about multiagent systems from the game was
another. | emphasized that the latter was the ultimate objective of the Game Days.

4, Game Days L eague
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At the end of the semester, | tallied up the Game-Day Performances of the teams for al Game
Days and announced the ranking for the Game Days League. Table 4 shows the ranking scores
that | announced to the students.

Groups Auction Day Allocation Day | Coalition Day | Negotiation Total
Day

The Duke 5 2 3 2 12
Tod & Copper 1 1 6 3 11
Koaa 3 3 1 6 13
Runner 2 5 5 1 13
Trackers 4 6 2 5 17
Super Hunter 6 4 4 3 17

Table4. Total ranking scores for all Game Days.

Together with the announcement, | also stressed to the students that the above ranking was sim-
ply how they performed on the Game Days, excluding their worksheet scores. So, in terms of
playing the games, Tod & Copper won. Also, the above ranking was ordinal. So, the above ta-
ble was not a completely fair comparison. It was an approximation. This notion of League was
agood one as some teams felt very competitive and tried to do well to win the League.

5. Evaluation

Before the semester ended, | did a survey about the Game Days. Students were asked to fill out
the survey (Figure 11) anonymously. | collected the surveys and tabulated the results. The sec-
ond question of my survey was based on a pedagogical ordering of five items, from the mastery,
to the familiarity, and the exposure of subjects or topics in Multiagent Systems (MAS). 2(a)
asked the students about “ understanding the concepts of MAS’, 2(b) inquired about “understand-
ing the design issues of MAS’, and so on. In the least, my goal was to expose the usefulness of
MAS to the students, and thus 2(d) asked the students about “appreciating what MAS is about”.

Table 5 shows the average scores for Questions 1 and 2. The students thought that Auction Day
and Negotiation Day hel ped them the most, and Allocation Day and Coalition Day not as much.
| have an explanation for this. Both Auction Day and Negotiation Day were easier to play. The
rules were simpler; computations were simpler; communication among group members of the
same team was not needed as much; the environment was much less dynamic. With a less dy-
namic environment, the students were able to plan pre-game strategies well and | was able to
monitor and oversee the game better during the game as well.

Most students thought that the Game Days helped them (a) understand the concepts of MAS
(4.58/5.0), (b) understand the design issues of MAS (4.00/5.0), (c) remember the issues or terms
of MAS (4.17/5.0), and (d) appreciate what MAS is about (4.08/5.0). Based on this survey, |
conclude that the Game Days were very successful.

Table 6 shows the ranking of the helpfulness of the Game Days and other assignments in the
classto the students' learning and understanding of the topicsin the class.

® | had 7 non-native English speakersin the class; so | also asked the question 2(€) in my survey.
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For the fiest 2 questions, 1 = strongly disagree, 2 =disagree, 1 = indifferent, 4 = zgree, 5=
strongly agree.

1. The following gane day was useful. 50 8] 1 A 27
[ay Auction Day 1 2 k| 4 5
by Allocation Day 1 2 3 4 5
(e} Coalition Day 1 2 3 4 3
[d} Tegotiatoin Day 1 2 3 4 5

2. The Game Days were helpfalin: 5o D 1 A SA
[a) Helping me understand the concepts of MAS 1 2 3 4 5
(b} Helping me understand the design issues of WAS 1 2 3 4 3
ey Helping me remember the issuesterms of WAS 1 2 3 4 5
[d} Helping me appreciate what WAS is about 1 2 3 4 5
(e} Helping me communicate better (English) 1 2 3 4 3
(f) Mothing 1 2 3 4 5

3. Comments about the Game Days [good things, bed things, things that need to be improved
et

4. Rankthe fol lowing items from 1 to 7 (with 1 being the least helpful, and 7 being the most
helpful) in terms of their helpfoliness to your learning and understandi ng of the
topics/subjects of MAS:

Lectures

Game Days
Topic Summaries
Homewarks
Exam

Serninae

Final Froject

Figure 10. Survey on Game Days at the end of the semester.

Q1 average
a. Auction day 4.50
b. Allocation Day 4.00
c. Coalition Day 4.17
d. Negotiation Day 4.33
Q2 average
a. Understand concepts 4.58
b. Understand design issues 4.00
c. Remember issues/terms 4.17
d. Appreciate MAS 4.08
e. Communicate better in English 3.75
f. Nothing 1.58

Table5. Average scores for Questions 1 and 2 of Survey.
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Items Raw Normalized
Lectures 5.58 5.00
Game Days 6.33 5.50
Topic Summaries 5.92 5.83
Homeworks 4.33 3.42
Exam 3.83 2.83
Seminar 4.08 3.75
Final Project 5.92 5.42

Table 6. Ranking of requirementsin the classin terms of helpfulness.

In the raw scoring column, the students scored the Game Days usefulness at 6.33, way above
the closest item (Topic Summaries and Final Project at 5.92).

Some students entered the same scores for different items, such as 7 for Lectures, and 7 again for
Game days, and 6 for the other items. | re-scored these. For example, 7s for Lectures and Game
Days, but 5 for the other items. Thus, | normalized the scores. As aresult, the Topic Summa
ries® overtook the Game Days as the most useful.

Overal, the students thought the Lectures, Game Days, Topic Summaries and the Final Project
to be very useful, above 5.0 in ascale of 7.0. They did not think that the Homeworks and Exam
were useful. Come to think of it, this makes sense. | used the Homeworks and Exam mainly to
evaluate the students, not to teach them.

6. Lessons Learned

In this section | discuss the lessons learned from the Game Days.

(@) First of al, the Game Days that | have designed and conducted are natura role-playing
games for students in multiagent systems. Each team is an agent and naturally, the class be-
comes a multiagent system. So the application of multiagent system-related problems to
gamesis straightforward.

(b) Second of al, these role-playing games where students get to move around in class, form
their own cligues, and discuss and argue loudly and energetically are very motivating. Stu-
dents feel a sense of accomplishment. | believe that the face-to-face contacts during the
games are akey factor to their enjoyment of the games.

(c) The size of the class has to be small enough. My class had 12 students so it was manageable.
Two students comprised ateam. Thus, | had only 6 teams to manage. Judging from my ex-
perience, | do not recommend more than 6 teamsin a class. Each team may have 2 to 4 stu-
dents, however. For Auction and Negotiation Days, 2 students per team are appropriate. For
Allocation and Coalition Days, 3-4 students per team would be more suitable.

® Each topic summary was a summary of my lectures on a chapter (or atopic) and included at least the following (a)
an overview of the topic — motivations and underlying principles, etc., (b) alist of praises: a description of what the
student thought were the important/useful aspects of the topic, (c) alist of critiques: a description of what the stu-
dent thought were the weaknesses of the topic, (d) alist of wishes: areas of the topic that the student thought should
be improved, and (e) alist of questions on material that the student did not understand from the lectures and text-
book
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(d) Keep the games simple and easy to play. Make them as convenient as possible. Make every-
thing as readily available as possible (tables, worksheets, paper tokens, etc.). My Allocation
and Coalition Days were more difficult to play as more in-game computations were required.
That held up the games and severa rounds had to be cancelled. Thus, when you design your
own Game Days, keep that in mind. Some teams will be slower than the others’.

(e) Punish rule-breakers and reward rule-abiders fairly. Some teams are bound to break the rules
of the games. Hopefully, they are caught during the games so the impact can be minimized.
If not, penalize them post-game.

(f) Itisimportant to make sure that the games are fair to everybody. Students are very particular
about this. They want to compete and they want the gamesto be fair. And it isour responsi-
bility as instructors to ensure that. So, when you assign individual utility values and costs,
make sure that they are symmetrical. For games that are not symmetrical (such as consumer
groups and provider groups for my Coalition Day), score them differently.

(g) Give the students their Game Day assignments early. For my Game Days, | gave the stu-
dents the assignment at least one week before the Game Day. Make sure that a genera ver-
sion of the Game Day Package is available to the students. The students, as | have said, are
generaly motivated to do well on Game Days, and thus they do study the assignments a few
days ahead of the Game Day, unlike their other, more conventional assignments. Talk to
your students to help them understand the games, and to let them know the importance of the
games.

(h) Give more weight to the Game Days. In my class, the Game Days only accounted for 10%
of the final grade. | realized in the end that the students learned much more from the Game
Days and spent much time on the preparation for the Game Days that they deserved more
than 10%. My recommendation for a semester of four Game Days is 15-20%.

(i) Encourage the students to come up with pre-game strategies, to perform in-game observa-
tions, and to conduct post-game analyses. | stressed these on my Game Days and | scored
them accordingly. Encourage them to speak out at the end of the Game Day about the
games. Give them enough time to share their views with the class. In my class, some teams
enjoyed these requirements; some teams did not. Teams that did were better teams.

() Beflexible on the Game Days. Since you have to fit the Game Day into a class period, that
is aredly hard time constraint. Eliminate rounds that seem to go nowhere due to poor de-
signs on your part or executions of the teams. Shorten rounds that are going on too long.
Some students immediately notice the problems with the design as they play the games. Ac-
knowledge them by fixing the problems (if fixable) immediately. Use these fixes in your
Post-Game Analysis. These are very valuable. For my Game Days, | encountered about
three of them.

(K) Be persistent and dedicated to your Post-Game Analyses. Games are just games if the stu-
dents do not learn from them. So, when you analyze the outcomes of the games, give feed-
back specifically to each team and draw general observations. Most of al, discuss the les-
sons learned from the viewpoint of a multiagent system designer. Relate the lessons back to
the topics or subjects taught in the class. Make the connections between the games and the
lectures for the students explicit through your Post-Game Analyses.

" used this as an example, to the class, for a multiagent system of agents of different processing speeds. And it was
a really good example as al the teams immediately felt the impact of the system slowing down due to slower
“agents’ during games.
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(1) Invite other faculty to visit your Game Days. Introduce the visitors to your class at the be-
ginning of your Game Days. The students have a sense of pride and tend to do better to show
the visitors that they are good and they have fun.

(m)Every student must be present on Game Days, especially for 2-member teams. | had two oc-
casions where a student failed to show up and another showed up late. In both occasions, the
team with only one student had to work doubly hard to cope with the “processing” of infor-
mation and events in the games. | penalized harshly on those students who failed to show up
or show up on time, and gave those students working on their own extra points. If the atten-
dance rate of your classis poor, then these Game Days are not a good idea.

(n) Be prepared to spend alot of time pre-game and post-game, at |east for the first time you in-
corporate the Game Days into your class. Based on my experience, | spent probably 25
hours, for each Game Day, on defining the assignment, preparing the Game Day Packages
and the Monitor Packages, designing the utility values and costs, and double-checking all
numbers were correct. | spent another 5 hours or so on the Post-Game Analysis for each
Game Day. Luckily, each Game Day, once designed, isre-usable. That means, in the future,
| only have to spend, say, 1 hour on pre-game design and packaging. However, | may only
be able to cut one hour or two from the Post-Game Analysis. It is my hope that with this ar-
ticle, instructors interested in introducing the Game Days to their multiagent system classes
would spend considerably less amount of time pre-game.

(o) Make your Post-Game Analyses available to the next class for their Game Days. These pro-
vide valuable insights for those future students.

(p) Here are some recommendations on operational issues:

* Give every team member a nametag so that other teams and you can track them. | gave
two stickers for front and back. Thisis critical especially when teams get up and move
around in the classroom frequently.

» Use Post-It notes as messages to be passed. Have each team number each note to keep
track of the number of messages passed. Specify clearly how a message is done. | gave
them specific formats. For example, “sender”, “service available”, “service needed”, and
So on.

* Use Monopoly’s paper money. Make your utility values and costs in round numbers,
corresponding to the smallest denomination of the paper money. That makes things eas-
ier to process.

* Usetoysasgoods. In my Auction Day, | bought some plastic toys and gave them away
to the winning bidders. The students enjoyed this part and were proud to showoff their
winnings in the end. In my other Game Days, due to the number of unitsinvolved, | was
not able to get enough toys for the games. Instead, | designed paper tokens. However, |
did make an effort to make these tokens colorful and easy to use. The more care you put
into making these paper tokens or goods, the more the students appreciate your effort and
seriousness about the games.

* Put each Game Day Package in a sealed envelope. This has two effects. It gives each
team a sense of individuality. At the end of the Game Day, each team puts al their mate-
riasin the envelope and hands it back to you. So it isaso avery easy way of organizing
and not forgetting things to be turned in.

» Compartmentalize as much as possible. For example, for each Game Day, there are sev-
eral rounds. For each round that involves monies and tokens that are not to be used in
other rounds, provide a small envelope to keep those items. Ask each team to “Put all
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bills and tokens related to Round 1 into the envelope marked ‘Round 1'” after Round 1,
for example. This is a significant time-saver when you do your Post-Game Analysis
later.

* Bring a kitchen/oven clock to the Game Days. When you assign N minutes to a round,
simply wind up your clock accordingly. Then you do not have to worry about the time
until the alarm sounds. It also allows you to warn the students about the number of min-
utes left in the game.

» Organize your Game Daysin alLeague. Thiskeepsthe interests of the students higher.

* Finaly, have fun. Enjoy the Game Days.

7. Conclusions

In this article, | have described a new way of teaching a class in multiagent systems. Game Days.
| have designed and conducted four Game Days. Auction, Allocation, Coalition, and Negotia-
tion. | have discussed each game day in terms of its design and specifications. | have illustrated
the design of the Game Day Packages and Monitor Packages. In addition, | have outlined the
key topicsin the Post-Game Analyses. Moreover, | have presented a survey that tells me that the
students in my class enjoyed the Game Days and agreed that the Game Days were helpful in
their learning and understanding of the materials taught in the class. Finaly, | listed a set of
agendas as lessons learned from my experience for al instructors who are interested in adopting
Game Days for their multiagent systems classes.

To conclude, role-playing through games where students get to expend energy in face-to-face
interactionsis a great way of learning about multiagent systems. In addition, role-playing allows
the students build a multiagent system instantly! Each team is an agent that is intelligent and is
readily to assume different roles. Each team aso communicates with and understands each
other. Thus, role-playing is a great way to demonstrate multiagent activities. The students do
not have to get bogged down in programming languages or syntax or threads to learn about mul-
tiagent systems. Moreover, usually-less-motivated students are more inclined to play games than
doing written homework assignments. In my class, there were some students who did not do
well in other assignments but yet showed a high level of fervor on the Game Days—they were
very involved and much motivated.

Finaly, | believe that the Game Days are a good, educational tool for teaching a multiagent sys-
temsclass. After al, we, young and old, are all agents who enjoy playing games.
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