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I. INTRODUCTIOH

Abstract

Several projects which address Issues of environmental regulation and the
managesMne of cooaon property resources are In progress In the Experimental
Economics Laboratory at McHaster University. The market and non-market decision-
making environments which are created In the laboratory setting to study
environmental regulation and common property resource management are presented
In this paper.

Members of the Department of Economics at KcHaster University are

participating In a major eco-researeh programme at the University which la funded

by the Government of Canada and which focuses on the restoration of the Hamilton

Harbour and the harbour eco-system. The HcMaster research programme encompasses

researchers from the humanities, social sciences, physical sciences, health

sciences, and engineering. While much of the research Is discipline oriented

(such as engineers studying water flows In the harbour and how this affects the

distribution of toxic substances and biologists studying the effects of toxic

substances on bird populations), a considerable amount of Inter-dlaclpllnary work

Is being undertaken (such aa psychologists, sociologists, and economists joining

to prepare surveys to evaluate attitudes toward the environment and to acquire

contingent valuations of different environmental projects).

This paper has been prepared for presentation In the session Market Mechanisms
and Collective Decision-Making: Laboratory Evidence on Environmental Management
at the Fifth Common Property Conference of the International Association for the
Study of Common Property, 24-28 May 1995. Bodo, Norway.

Laboratory methodology Is becoming established aa an effective tool for

evaluating economic theories about Individual and market behaviour and for

testbeddlng Institutions designed to Implement regulatory policies (Plott, 1991).

Experimental economics laboratories are established In the United States, Europe,

the United Kingdom, and Japan. As part of the eco-reaearch prograaae. McMsstsr

University has established the first dedicated experimental economics laboratory

In Canada. Work Is proceeding on the study of a pollution emission permit

trading scheme vhlch has been proposed for nitrous oxides and sulphur oxides In



Canada (Godby et «!.. 1996, 199S; Mestelman at *!., 1993; Muller and Mestelman,

1994) . Research la directed towards atudylng the benefit* of permit banking, Cha

trading of permit entitlement*, market uncertainty, and lndu*try concentration

(Brown Kruie et •!.. 1995). In addition to studying market baaed regulation

scheme*, reaearcheri at cha McMa*ter Experimental Economic* Laboratory are

atudylng voluntary allocation* by Indlvlduala of resources Co group good* (auch

a* environmental clean-up) and alternative fora* of collaeclva decision-making

for determining environment*! acandarda (Chan, Godby ae ml., 1994a, 1994b; chan,

MaacaUon at aj.. 1995a. 199Sb).

1C la Important Co note that participant* In laboratory market* and

collective deel*lon-euklng environments are noc engaged In a slnulsclon exerel**.

Real markets ara created In a controlled environment and real money la paid baaed

on Che declalona made by cradar* In Cheae market*. In collective deeldon-oaklng

environments, che action* of each Individual have an Impact on Che payoffs of all

Individual!. unless there la reason Co believe that che payoff* co participant*

are salient, Ic I* unlikely that cha outcomes of che laboratory envlronnent* vlll

be aeanlngful.

The laboratory environment* In which enl««lon panic trading and voluntary

contribution* Co public good* are studied are presented In the following

section*. The** environments are flexible and can be easily adapted co study

ocher problea*. The three environments described below are che environment In

which boch pemlc* and entitlements to permits aay be craded and che market ha*

a balanced mix of fin* types (some small, some large, some with high abatement

coses, some with low abatement cost*), che environment In which che market for

permlcs contains a 'large* dominant firm and a group of 'small* fringe firms, and

Che environment In which voluntary contribution* are made Coward* the provision

of a public good (such a* cha maintenance of a resource which can be u**d by all

member* of a community).

II. PERMIT TRADING WITHOUT A DOMINANT FIRM

2.1. The Setting

The decision-making environment In which agents buy and aell permit* co

emit pollutant* and entitlements co future permit* may be complex. In Ita most

complex fora In che laboratory, In addition to trading decisions, agent* must

determine a plan for allocating permits across time and how to deal with the

uncertainty that they may find themselves with a surplus or deficit of permits

because of events external to the market. Ambient air quality within the

vicinity of the firm may be the measure of emission* released by the firm. The

firm may plan for a particular ambient air quality, which will require that 1C

relinquish a particular number of emission permits. If an air Inversion In the

vicinity of che firm results In lower ambtenC air quality than anticipated, che

fins arusc remit more permit* than 1C planned Co use. The alternatives are Co pay

a large fine, acquire additional permit* from the market, or reduce It*

Inventories of permit*.

The Canadian permit trading proposals ware ftrsc considered In • laboratory

environment In which no transactions were computer mediated (Kestelman ec *!.,

1993, Muller and Mestelman, 1994). This environment required that traders



manually maintain all of chair trading and production record*. This made 1C

difficult for traders Co concentrate all of chair attention on market

tranaaecloni. The currant work on emission permit trading at McMascer's

Experimental Economics Laboratory (McEEL) uaea a compucar-aadlatad anvlronaanc

which reduce* the afforc and atcanclon traders must devote to record keeping,

which la all maintained via che computer station* Into which Cha subject* enter

their trading and production decisions.' Sections 2.2, 2.3, and 2.4 are taken

and adapted from Godby ft fl. (1995).

2 2 The Trading Envlronaent

In the enlsslon trading envlronaent which la currently balng used In McEEL

a session consists of periods which are divided Into 6 sub-periods or phases —

share market, distribution, primary coupon market, production decision,

production result, and reconciliation. Not every phase occurs In every

treatment.

During the share market phase traders buy and sell shares In a computerized

double auction markec. This phase only occurs under treatments with tradable

shares. The share market phase Is followed by the distribution phase, In which

subjects receive coupons according to their currant holding* of share* and the

previously announced coupon dividend race for chat period. The distribution

phase does not require any Intervention from the trader*. During the primary

coupon aarkec phtia, craders again buy and sell coupons In a computerized double—

1 The software li adapted from RNA3, a computer program developed by Shewn
LaMascer and colleagues at the University of Arizona.

auction market. During che production decision phase, cradera choose the number

of unit* of che Inpuc Co us* and consequently the number of coupons they will

need. In the production resume pna*e, which occurs once all production plans

have been submitted, traders are Informed of their actual Inpuc use and of che

cash genereced from current production. Under the uncertainty treatment, actual

Input uae may differ froei planned Input use by an amount specified In advance by

the Investigators. In the present case these errors were drawn from a uniform

distribution over the values (-1, 0, +1). This feature models measurement error

(as discussed by Carlson »e fl.. 1993) or other errors In determining emissions.

Such other errors might Include unforeseen changes In output or changes In the

availability of a substitute for che rationed Inpuc.

During ch* reconciliation phase craders buy and sell coupons In a

computerized double—auction market to eliminate any coupon deficit or unwanted

coupon surplus. Va choose not to allow traders to plan a coupon deficit during

the production decision phase. Nevertheless, when uncertainty Is present. It may

be the case that actual use exceeds coupon holdings. In this case, the trader

has a coupon deficit that must be cleared by purchasing more coupons.

Similarly, traders may deliberately Incur a coupon surplus (In the production

decision phase) chat they choose Co sell rather than to bank. The reconciliation

period allows such trade*.

In the coupon-redeapclon phase, traders redeem che number of coupons

corresponding Co their actual Inpuc. Traders with a coupon deficit pay a per

unit penalty which Is greater than any trader's marginal abatement cose.

Subsequencly, eliminating Che deficit becomes a flrsC charge against any coupons



acquired In the following period The coupon-redemption phase does noc require

•ny Intervention on the trader's pare

After the coupon-redemption phase the next period begins with a share

market (If enabled) and a new distribution of coupons. There Is no share market

In the last period of the session. At the end of the session, traders' earnings

are converted to Canadian dollars and paid privately In cash.

2.3. The Planner and Wizard

The market Institution just described clearly places major cognitive

demands on the traders. Whan banking Is allowed, the marginal value of a coupon

Is not determined directly by the trader's abatement cost schedule for the

current trading period, but rather by the place In the schedule that the coupon

would occupy If all current coupons and anticipated coupon dividends are

allocated optimally over the remaining periods of the session. Similarly, the

marginal value of a share Is derived from the Incremental value of the coupons

It bears. These values are the output of simple, deterministic maximization

problems. In the field, the operations research department of participating

firms could certainly compute these marginal values, given any trial holding of

shares and coupons. Accordingly, traders are provided with a production planner

that simulates an operations research department. The production planner Is

shown In a window on the computer screen. Traders can enter any trial quantity

of coupons and shares. The production planner computes the abatement cost-

alnlmlzlng allocation of current and anticipated coupons over time and reports

both the allocation, the corresponding profit, and the change from the current

holdings.

Even the production planner may be too time-consuming for traders to use

In the course of the auction markets Accordingly, traders are slio provided

with advice from trading and production wizards. The trading wizard uses the

production planner to compute the marginal value of coupons or shares, depending

on the phase of the market, and displays Its advice In a window during the

primary coupon market, the reconciliation market, and share market phases of the

period. The production wizard simply displays the operating profit-maximizing

number of Input units to use during the production decision phase.

2.4. An Example

Table 1 displays the marginal abatement cost saving schedule (In laboratory

dollars, L$) for a trader In an emission permit trsdlng environment. In this

abbreviated example, the trader must plsn over a three period time horizon If

this trader usea five coupons In period 1, the abatement cost saving Is the sum

of L$200, L$190. US180. L$170, and LS160, for a total abatement cose saving of

L$900. The trader has been given an entitlement of two shares, which each pays

a coupon dividend of two coupons In periods 1 and 2 and one coupon In period 3.

Figure 1 displays the Information presented to the trsder during the share

phase. The Status window shows the trader's Inventory of shares, coupons and

cash at all times. A Market window displays the current Ask and Bid The Clock

window displays time remaining In the market. In the top right corner, the

Vizard displays Its trading advice Traders should be able to Infer from this



their maximum wllllngness-to-pay for a coupon (I.e. their maxiaua bid) and their

alnlaua wllllngness-to-accept payment for a coupon (I.e. their minimum ask). The

Planner, which can be directly aceeased during trading, allov« tradara to

calculate their profit! for any trial nuaber of share* or coupon*. The trial

numbers are adjusted using the arrow keys. The Planner advlaea thla trader to

allocate 4 coupona In period I and three coupon* In each of period* 2 and 3.

Table I «hov« that by transferring one coupon froa period 2 (during which the 2

•hare* pay a dividend of 2 coupona each) to period 3 (during which the 2 sharea

pay a dividend of I coupon each), abateaent coat laving* will Increaae by L$10

(by giving up abateaent coat caving* of LSI70 In period 2 thl* trader gain*

abateaent coat aavlnga of L$180 In period 3).

Furthermore. If thl* trader purchased one more share at the »tart of period

1, there will be 5 additional coupona to allocate over the three period*. The

IS coupon* will be aoit effectively allocated If 5 coupona were redeemed In each

of the three period* Thl* will Increaae thl* trader'* abateaent coat savings

by L$160 In period 1, L$330 In period 2. and L$330 In period 3. The total

abatement cost laving Is L$820 (which Is reported by the Vltard In the top right-

hand box). Thl* trader could profit by paying UP to L$820 for an additional

share. The other value reported In the Visard box 1* L$900. Thl* 1* the

abateaent co*t saving which would be lost If one of the two share* wa* «old In

thl* first round of trading. By selling thl* share, only five coupona would be

available for use over the three periods. Opcloal coupon use will fall by two

coupons In period 1. by one In period 2, and by two In period 3. The total

reduction In abateaent coat saving la L$3SO In period 1, L$1BO In period 2. and

L$370 In period 3 The total of these value*. L$900, 1* the alnlaua price the

trader should accept for the sale of one share it the trader wanted to aaxlalre

profit. Once a share Is purchased or sold, the Visard aaenda Ita advise to

reflect the valua of the next transaction.

Figure 2 displays the Information presented during the prlaary coupon

aarket. Mote that the Visard now dlsplaya advice about the valua of additional

coupon* rather than share*. Assualng no shares were bought or *old during the

•hare aarkat. thl* trader could Increaae abateaent coat saving by purchasing on*

additional coupon and using It In period 2 or period 3. Abateaent coat laving

will Increaae by L$170. Slallarly. by selling one coupon, the trader will reduce

the nuaber of coupona that can be redeeaed In period 1 froa four to three, and

abatement coat laving will fall by L$170 Thl* trader should neither pay more

than L$170 for an additional coupon nor accept less than L$170 for the *al* of

one coupon. Thl* 1* reported In the Visard box. Once a coupon ha* been

purchased or sold, the Visard box 1* amended to reflect the value of the next

transaction. A* Figure 2 la presented, there are 31 aecond* reaalnlng for

trading In Period 1, the outstanding bid 1* L$90 and the outatandlng ask Is

L$300. both entered by trader 1 (whose screen Is displayed). No trades have been

made In Period because the Llat of Trades box Is empty.

Figure 3 displays the Information presented during the production decision

phase. Note that the Production Decision window give* Information on coupons

owned and coupona Intended to be used (Planned Input), together with the Implied

effect on thl* period'* cash balance. Tha Planner Indicates the profit

maximizing allocation of an alternative bundle of shares and coupon*. The screen

displayed In Figure 3 shows the Visard recommending the use of 4 coupon* In the



first period. The Production Decision box shows the new cash position which

would result If only 2 coupons are uaed. The Planner reflects the optimal

allocation of coupons If this trader had two coupons available for the first

period and 3 shares available for the remaining two periods. The recommended

allocation Is correct, but It Is not a particularly meaningful scenario to

describe, because this trader has 4 coupons available for the current period 1.

not 2 coupons. Although the Planner Is a useful planning tool. It Is only as

effective as the trader who asks the questions. If you ask Inappropriate

questions, you will get Inappropriate answers!

Figure U displays the Information given the trader during the

reconciliation market. This trader chose to use 4 coupons In period 1 (as

recommended by the Vizard). This trader's cash position has Increased to L$1540

(L$500 Is the Cash endowment shown In Figure 1, L$300 Is the net sales revenue

received by this trader for sales of output, which Is fixed each period, and

L$740 1* the abatement cost saving realized by the use of 4 coupons In period 1).

This trader, however, was unfortunate. Notice that the Status box In Figure 4

Indicates a coupon deficit. Conditions were such that this trader must deliver

an additional coupon to the regulator. If this coupon Is not delivered, the_

trader will have to pay a L$200 penalty and give up a coupon In the next period.

If the trader can purchase an additional coupon during the reconciliation market,

the trader saves both the fine (L$200 In this case) and the coupon's value when

used optimally In future periods (L$180 In period 1, given optimal banking).

Therefore, the value of a coupon to this trader Is up to L$380 In the period 1

reconciliation market. Thla Is reported by the tfliard In Figure 4.
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2 . 5 . Closing Comments

This environment Is complex. Although traders are provided with a tool to

assist them to make sale, purchase, and coupon-use decisions, traders are free

to speculate on the decisions that others will make. The outcomes of these

market Interactions are very dependent upon the behaviour of the traders In the

markets. An Important question Is *Does the trading environment provide

sufficient Incentives to traders to use the Information available In such a way

as to lead to efficient outcomes?" In this context an efficient outcome Is one

which minimizes the cost of achieving the level of emission prescribed by the

regulator. The outcome la not predetermined by the valued Induced by the

experlmentera. In the manner that the outcome of a numerical simulation Is

predetermined by the parameterization of the model.

III. PERMIT TRADING WITH A DOMINANT FIRM

3.1 . The Setting

In some ways this environment Is not as complex as the previous

environment. This environment, however, does not present a transparent problem

to the traders In these markets. The environment contains one large trader,

who would produce 10 units of output In the absence of sny regulation. There are

ten small firms, who would each produce 1 unit of output In the abience of any

regulation. One research question Is "Can the dominant firm exercise monopoly

or monopsony power In the emission permit market If given the opportunity?" A

second research question Is "Can the dominant ftrn manipulate the price In the
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produce market by exercising monopoly or monopsony power In the emission permit

market?*

The market for perales (the sceeas to a regulated InpuC) It • double-

auction market In which son* agent* are aellera and COM aganta are buyera. Nona

of che agenca are able to trade on both aldea of the market. The market price

for the final product 1* the price which will clear the unlta aupplled by the

eleven producera. All producera know what market demand la, but not what othera

will produce. The dominant firm knowa the production coita and abatement coat*

of all of the fringe flrma. The double-auction market for permits la a coaputer-

medlatad trading Inatltutlon.

3.2. The Double-Auction Trading Environment

The double-auction trading Inatltutlon with a dominant firm and ten fringe

firms Is Implemented ualng the multiple-unit double-auction (HUDA) software

developed at the California Institute of Technology. This software does not

provide the record keeping functions described In the previous section. The

buyers and sellers must keep manual records of sales and purchases and the

profits on all transactions. The MUDA software facilitates the market

Interaction*, and records all bids, asks, and contract*. The abatement cost

savings associated with the use of a permit, and the profits gained by selling

or buying permits must be computed from the records kept by buyers and sellers.

Figure S displays the trading screen and the Contract History screen for

MUDA At the top of Figure 5 are a series of boxes which display the Market In
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which the buyer or seller Is participating (under HUDA It Is possible for traders

to participate simultaneously In many markets for many different products), the

Period, and the Time remaining In the period. A second and third series of box**

display the outstanding 110 PRICE and the outstanding ASK PUCE, along with che

quantity demanded (bid for) and supplied, QNTT and the Identification number (ID)

of the trader who ha* entered the outstanding bid or ask. The INVHIKT box

reporta the buyer's or seller's Inventory of units bought or available for sale.

Finally, the PRICE and QHTT boxes at the right of the top row will contain the

buyer's or seller's bid price or aak price and the quantity demanded or offered

for sale (one unit In all cases for this experiment).

The second row provides prompt* to the buyers and sellers to aid them ID

entering blda and aaks, accepting outstanding asks or bids, and cancelling bids

or asks which they previously entered. To enter a bid, a buyer must type the bid

price In the right-hand PUCK box, type 1 In the QHTT box, and than press the Fl

function key on the computer keyboard. If a seller wishes to accept the

outstanding bid, the seller presses the Ctrl key on the computer keyboard. In

this environment, only a bid or an ask which Improves on the outstanding bid or

ask 1* accepted and displayed on the screen. All traders see the same ID, BID

PUCE, and ASK PUCE boxes. The F3 key calls up a COHTJUCTS BISTORT screen which

permits the trader to see the list of all previous contracts, the period In which

they were made, the time In the period, who che buyer and seller ware, the price,

the quantity traded, and the total value of the transaction. This assists the

traders In maintaining their record sheets. This also permits the experlawnters

to reconstruct the record sheets of all aubjecta and cheek their calculation* of

earnings.
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3. 3 The Produce (Urkac
(_

When output decisions can affect the prlca of the product, the eleven

producer* privately transmit an output daclalon to the experimenter. The

experlnanter determines the total output produced by the eleven producers and

announce* the price which vlll cleer the market. Each producer chen datenlnea

the profit earned that period. Coat la determined by the number of unlca of

output produced and the number of permits which are uaed.

3.4. Closing Comments

While chit environment appears to be ouch leaa complex than the environment

In which cradera could carry permits (called coupona) from period to period and

In which they could crada entltlenenta to permits, the variable product price

treacaene In tbla environment Introduces a degree of complexity which Bakes the

ultimate permit use and output leas than transparent. Because the price of the

product la not determined when decisions ouat be made about the purchase or aala

of permits, che realization of any particular allocation of permits, use of

permits, and distribution of output across the dominant and fringe firms is

dependent on the expectations of the agenta. Whether a particular solution

prevails will depend on the behaviour of the traders In these environment*.

Whether the double-auction Institution supports a competitive outcome or an

imperfectly competitive (monopolistic or monopsonlstlc) outcome 1* not a

prediction of the theoretical models underlying this envlronaent (see Brown Kni*e

ec at.. 1995).

IV. THE VOLUNTARY CONTRIBUTION ENVIRONMENT

6.1. The Setting

The computer-mediated voluntary contribution (or public goods) environment

uaed In McBEL was flrat used for the experiment reported In Chan, Codby, et al

(1996a). The software waa developed by R. Andrew Huller and Mary-Anna Slllamaa

for use on a UNIX baae, and has proven to be versatile.

Participant* In the voluntary contribution environments are told that they

must allocate an endowment of resources or Income across two marketa. Each

participant's payoff depend* upon the amount of resources the participant

allocates to Market 1 and the amount of reaources the participant and all ether

participants allocate to Karket 2. The participant's payoff can be represented

by a payoff Cable which summarizes all possible outcomes based upon the amount

the participant allocates to Market 2 and the amount that all of the other

participants allocate to Market 2 Given the endowment of each participant,

anything not allocated to Market 2 Is automatically allocated to Market 1. The

payoff tables for a three-person group In which everyone has the same endowment,

but one person receives a greater return from allocatlona to Market 2, are

presented as Tables 2 and 3.

4 2. The Computer-Mediated Environment

Table 2 shows the payoff* for a person who has an endowment of 20 tokens

(see the number at the extreme right of the first row). This person knows that

IS



cha combined endowment* of che other rwo people In the group Is 40 token* (•««

the number ac the bottom of the first column) If this person thinks chat the

others In the group will allot nothing to Market 2. the best this person can do

Is to allot 12 or 13 tokens to Market 2 If this person's expectations are

fulfilled, this person's peyoff will be 176 tokens. On the other hand. If this

person thought that the others vould each allot 13 tokens to Market 2. or 26

tokens In total, this person's best response would be to allot nothing Co Market

2 and earn a payoff of 696 cokens.

Once a session begins, each subject's computer screen displays the

Information on the upper porclon of Figure 6 (excluding che second sec of

Input/Status lines). Each subject Is presented with a message with Information

about the number of tokens which can be allotted to Market 2, and an Instruction

line which repeats that Information for the current period, when an allotment

Is made, Ic appears In che square brackets In che Tours coluan under allotments.

As soon as all of the people In all of che groups participating In a session make

their decisions, Che cosjpucer collects everyone's allotment and provides this

Information plus payoff Information Co che participants. Ac this polnc numbers

would appesr In che Others' column and che Tour Fayoff coluan. A new line will

appear on che screen wlch a 2 In the Period column, and che participant will be

cued wlch (perhaps) a new message and Instructions Cor the next period.

The second set of Input/Status lines would appear If It was possible to

monitor che behaviour of ocher members of the group. If monitoring was coatless.

Instead of receiving Information about Others' contributions, each participant

would receive Information about the ocher two members of the group, who will be

16

Identified throughout the session as participants 1 and 2.

4.3. Closing Commencs

This Is a versatile environment. By che appropriate choice of payoff

function environments can be created In which people are contributing to the

provision of a public good or In which people are exercising entitlements Co

approprlaca resources from a common pool. In che former case we can study che

faccors which lead Co cooperative behaviour In the provision of public good* or

which lead Co free—riding. New Institutions can be Introduced, and their success

at facilitating cooperative behaviour can be assessed. In che lacter case we can

scudy Issues related Co environmental management. We can study the factors which

lead to cooperative behaviour In the exploitation of scarce resources when

congestion externalities are present. More complex environments can be

Introduced In which Che exploitation of Che common pool can lead Co lea

extinction. In Chls situation, Institutions which lead to cooperstlve behaviour

would be Important to Identify, for not only would exploitation lead to low

social benefits over time, buc Co che elimination of all benefit!.

V. CONCLUSIONS

Three dlfferenc compucer-aedlaced environments were presenced. These are

all currently being used to study Issues which have some relationship to the

problems of che Hamilton Harbour watershed at the western end of Lake Ontario.

Any use of emission permit trading to allocate emissions across those firm* and

Individuals who use the Haul 1 ton Harbour as a depository for waste materials will
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require some regulating body to decemlne the size and distribution of

entitlements co produce. Institutions by vhlch the entitlements and their

distribution ere determined and through which permits snd entitlements «re traded

must be selected. The laboratory methods described here offer relatively

Inexpensive vays to evaluate market and non-market Institutions designed to

facilitate cooperative behaviour for the management of common property resources.
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Tabla 1

Saapl* Marginal Abataaant Cote Saving Schadula

Farlod 2 Mrlod 3

Coupon 1
Coupon 2
Coupon 3
Coupon %
Coupon I
Coupon (
Coupon 7

200
190
180
170
160
150
140

200
190
180
170
160
150
140

200
190
110
170
160
150
140

20



IOOB XLLonoon to uuusr a
0
2(
M
72
98

124
190
176
203
226
254
280
306
312
351
364
41C
436
462
488
514
940
966
591
616
644
670
696
722
746
774
800
826
852
676
904
930
956
982

1006
1034
1060

1
4-
61
94

119
144
169
194
219
244
269
294
319
344
369
394
415
444
469
494
519
544
969
994
619
644
669
694
719
744
769
794
819
844
869
894
919
944
969
994

1019
1044

90
114
136
162
166
210
234
296
M
106
330
354
376
402
476
450
474
496
52?
540
570
594
610
64?
666
690
714
736
76?
766
•to
634
896
882
906
930
954
978

1002
1026

86
10!
112
155
176
201
224
247
?7C
793
116
119
362
363
406
431
494
477
499
173
546
569
59?
615
618
661
664
707
730
791
776
799
87?
649
866
•91
914
937
WO
963

1006

104
176
146
170
192
Z14
23C
296
28C
30?
374
346
368
39C
41?
434
456
476
500
522
944
966
566
• 10
632
694
678
696
770
74?
764
786
808
630
69?
874
896
916
940
96?
964

120
141
16?
163
204
779
746
787
286
309
330
351
372
393
414
435
455
477
496
519
940
561
96?
603
624
645
666
687
706
729
790
771
792
• 13
634

676
897
918
939
960

114
194
174
194
214
234
254
274
794
314
334
194
174
394
414
434
494
474
494
514
934
994
974
594
614
634
654
674
694
714
734
794
774
794
814
834
894
874
894
914
934

140
165
184
203
722
241
760
779
796
117
336
399
374
39:
412
431
490
469
466
907
526
949
964
583
602
621
640
659
670
897
716
715
794
773
792
611
810
849
688
•87
toe

174
192
210
220
246
264
78?
100
116
136
194
17?
390

426
444
462
460
490
916
934
99?
970
980
606
624
64?
660
670
698
714
73?
750
768
768
804
822
640
•96
•76

tat
196
219
232
249
266
283
300
317
334
391
368
365
402
419
436
493
470
467
504
521
938
999
97?
989
606
623
640
657
674
691
708
779
742
799
776
793
610
627
644

10

166
202
218
234
250
766
78?
796
314
330
346
362
378
394
410
426
443
458
474
490
906
922
938
994
970
966
602
618
634
690
666
662
698
714
730
746
762
770
7M
910

11

189
204
219
234
249
364

794
309
374
339
394
369
384
399
414
479
444
459
474
489
504
919
534
549
964
979
594
609
674
839
694
669
664
699
714
779
744
799
774

11

190
704
718
73?
746
260
774
288
302
316
330
344
198
17?
308
400
414
429
442
496
470
484
498
912
926
940
9S4
968
982
996
610
624
638
65?
666
660
694
706
772
7H1

11

189
202
215
228
241
294
267
280
291
308
311
332
349
390
371
384
397
410
421
430
449
46?
479
460
501
514
977
940
993
566
979
592
609
618
631
644
697
670
AN
AM

14

186
196
210
77?
734
746
798
770
78?
294
306
318
330
342
354
366
378
390
402
414
426
430
450
46?
474
466
498
510
97?
534
946
956
570
982
994
608
616
630
•42

16

181
192
703
714
779
730
747
?56
769
760
791
30?
31:
374
135
346
357
366
379
19C
401
41?
4?:
434
445
450
467
476
489
900
911
977
933
544
999
960
977
586
9M
•10

It

174
184
194
2O4
714
774
734
244
294
764
774
764
794
304
314
374
334
344
394
364
174
364
194
404
414
474
434
444
454
464
474
464
494
904
914
V4
934
944
994
964

17

169
174
163
19?
701
110
719
778
737
746
799
764
?73
76?
791
300
109
110
177
336
349
354
363
37?
381
390
399
400
417
478
435
444
453
462
471
460
489
498
907
SIB

It

154
18?
170
176
166
194
202
710
210
226
234
24?
250
290
766
774
78?
790
790
306
314
373
330
336
346
354
36?
370
370
366
394
40?
410
410
470
434
44?
490
4M
460

tt

141
148
155
16?
169
170
163
190
197
204
211
316
775
73?
739
246
293
26C
767
374
761
281
799
302
309
lie
173
IX
337
344
391
396
365
372
379
186
39Q
400
407
414

20

126
13?
138
144
190
156
16?
161
174
1BC
166
19?
196
704
710
716
77J
771
734
24C
246
792
756
264
270
276
282
266
294
100
3M
312
316
324
33C
33C

. .*!?
341
354
36C

I

TODB ALUmOBR TO KAUBT 2

0
1

1
11

« 12
t 13
H 14

a 1>
3 K

2 "*• 18
t 1t

8 ™
C 21
3 11
a 11

24

9 "
H "
B "5 "

21
10
]1
il
11
14
IS
Ib
17
16
It
40

0
20
99
90

129
160
195
210
269
300
319
170
405
440
479
510
545
560
615
650
685
720
799
790
625
660
895
930
965

1000
ID35
1070
mi
140

17i
210
245

1260
1315
1350
1369
142C

1
53
67

121
159
189
223
297
291
129
199
393
427
461
495
529
563
597
631
665
699
733
767
801
835
669
903
937
971

1005
1039
1073
1107
1 141
1175
1209
124:
1277
1311
1343
1371
141]

1
64

117
150
183
216
249
282
315
348
361
414
447
480
511
546
579
812
649
676
711
744
777
810
841
876
909
942
979

1008
1041
1074
1107
1 140
1173
1206
1219
1272
1309
133G
1171
1404

1
113
149
177
709
241
273
309
117
369
401
411
465
497
529
561
59:
625
657
A69
721
753
765
817
645
681
9i:
945
977

1004
1041
1072
105

~"l!7
169
201
2i:

126!
1297
I3H
1361
139:

4
140
171
202
233
264
295
126
157
388
419
450
481
512
943
974
609
636
667
696
72S
760
791
822
85:
664
919
946
977

1006
1039
1070
1101
H12
116:
1194
122!
1256
1367
13K
134S
I36C

6
169
195
225
259
289
315
345
375
409
439
469
499
525
555
585
615
649
679
705
735
769
795
825
855
885
915
94S
975

1005
1015
1065
1095
1125
1155
1185
1215
1245
127!
130!
131!
136!

t
186
J17
246
275
304
333
362
391
420
449
470
507
536
569
994
e?:
692
681
710
739
761
797
826
895
6*
91:
94]
971

tea
1021
1051
1067

"1116
1145
117<
120:
123;
1261
12*
131!
1341

T
209
237
265
293
121
349
377
405
413
461
469
517
545
57:
601
629
657
689
713
741
769
797
829
693
681
90S
937
96!
99]

1021
104=
1077

"fl05
1133
1161
1181
1217
124!
127:
1301
I32<

8
228
299
262
309
138
363
390
417
444
471
496
125
552
379
60S
633
660
687
714
741
766
79!
822
84E
871
903
93C
957
964

1011
1031
1065
1092
1119
114(
117!
120C
1277
125-
1261
1301

t
245
271
•fir
323
349
379
401
427
493
479
905
531
597
5KI
609
639
661
687
713
739
769
791
• 17
64:
869
899
971
947
973
999

107!
1091
1077
1103
117!
115!
net
1207
173!
125!
126!

10
260
269
310
339
360
369
410
439
460
469
910
535
560
564
610
635
660
685
710
735
76C
765
81C
635
08C
68!
91 C
935
96C
98!

101C
1035
1060
1089
1111
113!
1161
118!
121C
173!
12«

11
273
297
371
349
369
393
417
441
469
469
513
537
561
565
609
633
697
661
705
729
75:
777
601
625
841
87:
697
921
94!
965
993

101/
1041
1065
108!
1113
1137
1161
118!
I20E
1233

12
284
307
3»
393
376
399
422
449
466
490
514
537
560
583
606
629
692
679
696
721
744
767
79C
613
636
ess
662
90!
971
991
97<
997

1020
1043
1C6E
106!
111;
113!
1151
1161
120-

11
293
315
337
359
391
403
423
447
469
491
913
535
557
579
601
623
645
667
6M
711
730
799
777
795
821
64:
669
687
901
931
953
975

"997
101!
1041
1063
106!
1107
1121
1151
1173

M
300
321
342
363
384
405
426
446
460
40H
510
ill
552
573
594
619
830
A57
676
699
72C
741
767
793
604
625
846
867
661
905
93C
951
972
993

101'
103!
1096
1077
109C
lilt
1141

11
309
329
349
369
389
405
429
449
469
485
90!
925
545
161
983
60!
629
649
66!
66!
70!
72!
74!
76!
76!
80!
829
845
86!
88!
905
925
945
965
965

1005
1025
1045
106!
108!
110!

11
308
327
346
365
384
403
472
441
460
479
490
517
536
599
574
59:
61?
631
690
661
68E
707
726
74!
76J
783
603
821
84(
891
87E
697
916
935
954
97:
99:

1011
1031
1041
1061

17
309
327
345
363
361
399
417
43!
493
471
469
507
923
943
561
57t
597
61!
63:
651
669
687
70!
7?:
741
75!
777
79!
ai:
631
64!
667

"881
903
921
91!
957
97!
99:

101
102!

11
308
325
142
399
170
193
410
427
444
461
478
49!
913
521
546
963
96C
597
614
631
646
665
66;
69!
711
73:
750
76
764
601
611
SIS
852
869
881
90
920
93
9»
97
9ft

It
305
321
337
353
369
165
401
417
41:
44S
465
481
497
513
529
54S
561
577
593
60i
625
641
657
67:
66!
705
721
717
75:
769
785
801
817
811
649
865
66
•97
91
92!
94!

20
300
315
330
345
160
175
390
405
420
415
450
469
480
495
510
525
540
555
570
565
600
615
630
645
660
875
690
70!
720
71!
750
7G!>
"790
791
810
825
640
85!
871
66!
900
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(Status- —————————————————————————
Trader: 1 Inventory
Period: 1 Shares 2
Phase: Share Market Coupons 8
State: Burning Dfl Cash 588

[Market ——————————————————
(Current Ask:
Current Bid:
/••__*-•Clock ———————————————————

|TI»e regaining: 88:16

iCoBBands ————————————————— i
A - Place an ASK to SELL a unit
B - Place a BID to BUY a unit
p - Purchase a unit at Current Ask
S - Sell a unit at Current Bid

PZ- Production Planner

flame, —————————

itflzard ——————————————— i
One NOB share RAISES your
operating profit by 828
One LESS share LQUER3 your
operating profit by 988

Trial Shares: Z Coupons: 8
Profit Maximizing Allocation
Coupons froa Period to Period

4 1 1
3 Z 3

Indicated Operating Profit
Trial Holdings 1888
Current Holdings 1BB8
Change 8

<up>, <doun> change Trial Coupons
<lft>. <rht> change Trial Shares

list of Trades —————————————————————

ricmz i SIUU 1UJJXT

•M- •+••••

Trader: 1 Inwentorg
Period: 1 Shares 2
Phase: Prlaary Coupon Hkt Coupons 4
State: Running Dft Cash 588

[Market —————————————————— i
(Current Ask: 388 (1)
[Current Bid: 98 (1)

•Clock ——————————————————— |
JTlae regaining: 88:31

fCoBMnds ————————————————— i
A - Place an ASK to «""- a unit
B - Place a BID to BUY • unit
P - Purchase a unit at Current Ask
S - Sell a unit at Current Bid

FZ- Production Planner

[Vizard ——————————————— i
One MORE coupon RAISES your
operating profit by 179
One LESS coupon LOUfRS your
operating profit bu 178

Trial Shares: Z Coupons: 4
Profit NaxlBlrlng Allocation
Coupons fro« Period to Period
4 1 1
3 2 3

Indicated Operating Profit
Trial Holdings 1BB8
Current Holdings 1888
Change B

<up>. <doun> change Trial Coupons
<lft>. <rht> change Trial Shares

List of Trades ———————————————————————

ricuu i COVTOI



[Status————————————————————
Trader: 1 Inventory
Period: 1 Share*
Phase: Production Decision Coupons
State: DA Closed Cash

Vizard——————————————
To HaxlBlre Operating Profit
me 4 units of Input

Production Decision for Period 1

Coupons Owned 4
Planned Input -2

Coupon Surplus (Deficit) ~~2~

Previous Cash 588
Net Sales Revenue • 388
Indicated Cost Saving

froB Coupon RBdoptlon * 330

Indicated New Cash 1138

I ARROV KEYS CHANGE FLANKED INPUT
•pi-Record FZ-Plaimer P4-Resale PS-Done

flaimer——————————————————
Trial Shares: 3 Coupons: 2

Profit Maximizing Allocation
Coupons tram Period to Period

2 1 1
5 2 2
• 1 3 3

Indicated Operating Profit
Trial Holdings 2838
Current Holdings 1888
Change 158

<up>, <doun> change Trial Coupons
<lft>, <rht> change Trial Shares

TIGOU J raODOCTIOf DKCISIOB

.Status —————————————————————————— 1
Trader: 1 Inventory
Period: 1 Shares 2
Phase: Reconciliation Nkt Coupons -1
State: Running DA Cash 1548

.flarket —————————————————— 1
(Current Ask:
(Current Bid:

|TlBe remaining: 88:18

A - Place an ASK to SELL a unit
B - Place a BID to BUY a unit
P - Purchase a unit at Current Ask
S - Sell a unit at Current Bid

FZ- Production Planner

[Vizard ——————————————— •
One HORE coupon RAISES your
operating profit by 388
One LESS coupon LOWERS your
operating profit by 388

[Flaimt, ——————————————————— ,
Trial Shares: 2 Coupons: 4

Profit HaxlBlzlng Allocation
Coupons fro* Period to Period
1 1 1
3 2 2
2 3 3

Indicated Operating Profit
Trial Holdings 768
Current Holdings 768
Change 8

<up>, <doun> change Trial Coupons
<Ift>. <rht> change Trial Shares

.list of Trades ——————————————————————

1 ————————————————————————————————
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10 1 CASH ON HAND 500
BIO ASK

Mtik.t Pinod Timt ID PRICE ONTY ID PRICE dim INVNTHY PRICE OMTY

101 M«rk«t 11 1 | 0 00 00

STATIOH ID: ( • ]

Massages:

Ton mitt «llot between x and y tokens to aarkat 2

Instruction*:

Plea.se enter period 1 allonent b«t«*«n ( i - y ]

Fl BIO F2ASK F3HIST

PERIOD TIME BUYER/SELLER PRICE OJHTY TOTAL VALUE

Inpue/Statu*:

— Allotarati —

**rlod Tour. Oth«r«'
Tour

[ 1

1 0:00:12 1/2 100 1 100
1 000:49 1/4 120 1 120

UEXT MARKET (•) PREVIOUS MARKET ESC- PREVIOUS SCREEN

Input/Status : -^

... Allotments ---
Tour

Parlod Tours 1's i's Payoff

1 ( ]

Flgura 5 MDDA SCUEBS Plgura 6 PC SCHIHS


