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Chapter 5: Benefits of Barter
Using the two-good economy much beloved of economics textbooks, agents now trade
by barter. We model an exchange economy broadly based on a description of trading
that occurred in a prisoner-of-war camp. We start by creating a model that
reproduces the Edgeworth Box to tease out the essentials of the barter process
between two individuals. We explore the effectiveness of different price setting
mechanisms in clearing the market and achieving Pareto optimality, starting with the
theoretical Walrasian auctioneer. Then we extend this model to allow 200 agents to
trade. We show that a simple stochastic peer-to-peer trading mechanism can produce
a large increase in welfare, even if total utility is not actually maximised. The
Chapter demonstrates how agent-based modelling allows us to explore the dynamics
of heterogeneous agents interacting by trading.

Key words: Barter, Edgeworth Box, exchange economy, Cobb-Douglas utility function, market
equilibrium, Red Cross Parcels, Walrasian auctioneer
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Introduction
“This is a pretty early tick, I reckon. It’s the first one I’ve seen this year”
“Say, Huck – I’ll give you my tooth for him”
“Less see it”
Tom got out a bit of paper and carefully unrolled it. Huckleberry viewed it wistfully.
The temptation was very strong. At last he said: “Is it genuwyne?”
Tom lifted his lip and showed the vacancy.
“Well, all right,” said Huckleberry, “it’s a trade.”
Tom enclosed the tick in the percussion-cap box that had lately been the pinchbug’s
prison, and the boys separated, each feeling wealthier than before.
The Adventures of Tom Sawyer, Mark Twain (1876, Chapter VI)
Mark Twain’s message is clear: trade can make people feel better-off even though the quantity
of goods available has not changed. This Chapter looks at simple barter, the exchange of some
quantity of a good for some quantity of another good. Simple barter economies have been
described by economists since Adam Smith’s Wealth of Nations (1776). However, Graeber
(2011) reports that anthropologists have apparently never found such economies. For example,
Diamond (2012, pp.61-75) describes how trade was conducted in societies that did not use
money, where trade was as much a social as an economic activity, merging with gift-giving.
However, these are not the simple barter worlds described by Smith and those economists who
followed him. Nevertheless, there was some truth in the barter model. Sturt (1912: Chapters II,
VIII and IX) describes the self-reliance of Surrey villagers and the change that came about
when the loss of the open common meant that labourers who had been largely self-sufficient
had instead to buy from shops:
“So the once self-supporting cottager turned into a spender of money…; and, of course, needing to spend
money, he needed first to get it…To a greater or lesser extent, most were already wage-earners, though
not regularly”. (Sturt, 1912, Chapter IX)

Graeber argues that pure barter economies are only found where people have been accustomed
to using money but money was not available to them. That is certainly true of Tom Sawyer and
Huck Finn in nineteenth century America!
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However, rather than looking at ticks and teeth, this Chapter is based on what has become
known as ‘the Red Cross parcel problem’ and is based broadly on Radford’s (1945) description
of what happened in a prisoner-of-war camp in the Second World War. The parcels were
‘usually sent at the rate of one per man per week’ and contained tins of tea, sugar, milk, and
meat and other basics. They also included a bar of chocolate and 50 cigarettes (Red Cross,
2015). Thus everyone received ‘a roughly equal share of essentials’ and most traded so that
their ‘individual preferences are given expression and comfort increased’ (Radford, 1945).
Radford continued,
Most trading was for food against cigarettes or other foodstuffs, but cigarettes rose from the status of
a normal commodity to that of currency….Starting with simple direct barter, such as a non-smoker
giving a smoker friend his cigarette issue in exchange for a chocolate ration, more complex
exchanges soon became an accepted custom…A cigarette issue was worth several chocolate issues.
(Radford, 1945.)

The advantage of taking this scenario as the basis for a model is that the participants have no
control over the total supply of goods: it was simply what rations they were given. In other
words, it is an exchange economy.

The first section of this Chapter models trade between just two individuals in order to tease out
the essentials of the barter process. The second section introduces a model of a group, allowing
agents to choose with whom they can trade.

One-to-one barter
There is no money but as Radford explained, cigarettes were used instead. To avoid a
divisibility problem, we assume that each chocolate bar can be divided into 50 chocolates and
that neither a cigarette nor a chocolate can be divided up into smaller pieces. The price of a
chocolate is the number of cigarettes exchanged for it. So if the price is 5, five cigarettes are
swapped for one chocolate. If the price is 1, then there is simply a one-for-one swap. But if the
price is 0.2, then five chocolates will be swapped for one cigarette.

Let us call our two individuals the Captain and the Sargeant. The Captain prefers chocolate to
cigarettes and the Sargeant would rather smoke than eat chocolate. For simplicity, we use the
Cobb-Douglas utility function we introduced in Chapter 3. By asking the Captain and the
Sargeant how much they would want to buy or sell at a range of prices, we can draw the
Captain’s demand curve and the Sargeant’s supply curve and to measure utility of both. Box
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5.1 gives an example and demonstrates that when demand equals supply – the market clears –
the total utility of the Captain and the Sargeant taken together is maximised.
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Box 5.1: Example of demand and supply.
Assumptions:
Both the Captain and the Sargeant have Cobb-Douglas utility functions: 𝑈 = 𝐶ℎ𝑜𝑐 𝛼 𝐶𝑖𝑔𝑠1−𝛼
where U is utility and 𝐶ℎ𝑜𝑐 and 𝐶𝑖𝑔𝑠 are the rations.
Rations = 50 chocolates and 50 cigarettes
Captain’s alpha = 0.9 Sargeant’s alpha = 0.1
Example of the calculations: assuming the price
of chocolate = 1
As both receive the same rations, the budget is
the same for both. So from Box 3.4:
Budgets = (ration of chocolate x price of
chocolate) + ration of cigarettes
= (50 x 1) + 50 = 100
The optimal holding of chocolate
= alpha x budget / price of chocolate
So the Captain’s optimal holding
= 0.9 x 100 / 1 = 90
And the Sargeant’s optimal holding
= 0.1 x 100 / 1 = 10
They already have their rations, so
Captain’s demand
= optimal holding – ration = 90-50 = 40
Sargeant’s supply
= ration – optimal holding = 50 -10 = 40
So demand equals supply: the market clears.

When the market clears, the joint utility is
maximised. If chocolate were a lower price – less
than 1 – the Captain would want to buy more
than the Sargeant is willing to supply and so less
chocolate would be traded. That lower price
would favour the Captain and give him a higher
utility: but the Sargeant’s utility would be lower
Conversely, if the price were above 1 the
Sargeant would want to sell more than the
Captain would want to buy and so, again, less
chocolate would be traded and the joint utility
would be lower. For example, if the price of
chocolate was 2, then each would have a budget
of 150 and the Captain would want an additional
17½ but the Sargeant would want to sell 42½, so
that supply exceeds demand.
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The Edgeworth Box
The standard way to examine one-to-one barter is to use an Edgeworth Box, named after the
English economist Francis Edgeworth (1845-1926). An Edgeworth Box essentially combines
the indifference curves of two individuals, with the size of the Box being determined by the
total amount of the two goods available. For the Captain and the Sargeant, the width is the total
amount of chocolate available and the height is the total quantity of cigarettes. As each receives
the same ration of chocolate and cigarettes, the Box is twice the chocolate ration wide and
twice the cigarette ration high. The Captain’s utility is measured from the bottom left-hand
corner and the Sargeant’s, from the top-right. The Box is illustrated in Figure 5.1. The initial
endowment is at point E, in the middle of the Box: both receive RC chocolates and RS
cigarettes. But given their preferences, indicated by the indifference curves, the utility of both
can be increased by trading to a point in the white area. Recall that the further the indifference
curve from the bottom left corner, the higher is the Captain’s utility and the further the
Sargeant’s indifference curve from the top right corner, the higher is the Sargeant’s utility. If
they can trade so that they move to a point such as O, neither can be made better off without
the other being made worse off. At point O the Captain’s and the Sergeant’s indifference
curves just touch but do not cross. In other words, O is a Pareto optimal point i.e. where one
agent cannot be made better off without the other being made worse off. Furthermore, both are
better off than they were at point E: the Captain has moved from the indifference curve passing
through E, 𝐼𝐶𝐸 to that passing through O, 𝐼𝐶𝑂 and the Sargeant, from 𝐼𝑆𝐸 to 𝐼𝑆𝑜 . To reach this point
the Captain has given up (RS – OS) cigarettes in return for (OC – RC) chocolate and the Sargeant
has given up (OC – RC) chocolate for (RS – OS) cigarettes.
In mathematical terms, point O is one of many points where the slopes of the Captain’s and the
Sergeant’s indifference curves are equal, and so the MRSs of the two are also equal (see
Chapter 3). These points are called Pareto optimal or Pareto efficient and they trace out the
contract curve. Those points on the contract curve that would make one or both better off, but
neither worse off – namely those that fall within the white area – form the core. (For a fuller
explanation of the Edgeworth Box, see textbooks such as Varian (2010, pp. 583-595) or, for a
more formal exposition, Cowell (2006, pp. 149-157).)
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Figure 5.1: Traditional Edgeworth Box example.

Static analysis does not explore how the Captain and the Sargeant discover that setting the
price to 1 will maximise their utility and clear the market. The usual work-around is to call
upon an imaginary Walrasian auctioneer (which is also called the tâtonnement process). The
auctioneer asks both how much they would buy or sell at given prices and they reply truthfully.
He then calculates the market clearing price and they trade at that price. (This process
simulates perfect competition as there are no transaction costs and everyone has full
information.) It is difficult to see what relationship this bears to any real world market and
while the auctioneer’s job may be trivial when there are only two agents and two commodities,
it becomes very difficult when the number of agents and the number of commodities are
increased. (For a full discussion of the problems with the tâtonnement process, see Axtell,
2005). Agent-based modelling, however, does allow us to explore the dynamics of trading
under different trading rules.
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Dynamics of the Edgeworth Box
To reproduce the Edgeworth Box in NetLogo we draw a box to represent the total amount of
chocolate and cigarettes available. We then define the utility the Captain and the Sargeant
would have on each patch. The Box is therefore like a chess board in which each square
represents a different combination of chocolate and cigarettes, and which in turn implies
different levels of utility and MRSs for the Captain and the Sargeant.

The initial allocation of rations defines where both agents start in the Box. As the two agents
move across it, their utility changes. Because the initial rations are the same for both agents,
they start at the same point. We then block out the areas which would result in one or both
being worse off and highlight those areas which would make them both better off. Figure 5.2
illustrates the case where the Captain’s alpha is 0.9 and the Sargeant’s, 0.1 and the rations are
50 cigarettes and 50 chocolates. The dark grey areas are those which would result in one or
both being worse off. The agents will not move into these areas: they are blocked by one or
both. The light grey areas show where they would both be better off. The black line, in the light
grey area, is the core i.e. the section of the contract curve that is not blocked. As we
demonstrated in Box 5.1, if the Captain and Sargeant swapped 40 cigarettes for 40 chocolates,
the market would clear. This would be achieved by them moving to point O, which is in the
core. (Because the quantities available are fixed, they move to the same point.) This result is
therefore in line with the First Theorem of Welfare Economics i.e. that the market-clearing
equilibrium is Pareto optimal. (For further discussion, see, for example, Varian (2010, pp. 596598).) At point O both agents enjoy utility 44 per cent higher than at the initial endowment,
point E. This is also the point which clears the market and maximises total utility, as illustrated
in Box 5.1. If there were an auctioneer to tell them what price to trade at, the Captain and the
Sargeant could move immediately to point O, the market-clearing, total utility maximising
position.
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Figure 5.2: Trading with an auctioneer.
Both receive the same initial rations of 50 chocolates and 50 cigarettes, so the Box
is 100 wide and 100 high and both are initially at point E. To maximise their joint
utility and clear the market, both need to move to O, which is in the core,
represented by the black line.
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However, if there are not sufficient rations to allow one of the agents to maximise his utility,
the market-clearing price will not maximise joint utility but it will give both the same increase
in utility. For example, if there were a shortage of chocolate, as illustrated in Figure 5.3, the
market-clearing price will yield only 95 percent of the maximum possible joint utility but it
does give both parties a 44 per cent increase in utility as it did when there were sufficient
rations.

Figure 5.3: Trading with an auctioneer when there is a shortage .
The Captain’s alpha is 0.9 and the Sargeant’s, 0.1.
The rations are 25 chocolates and 75 cigarettes: so
the box is 50 wide and 150 high.
At the initial position, the Captain has a utility of 27.9
and the Sargeant, 67.3.
The market clearing price is 3. If the Captain trades 60
cigarettes for 20 chocolates, they move to point MC:
his utility will increase by 44 per cent to 40.3; and the
Sargeant’s will also increase by 44 per cent to 97.1.
This gives a joint utility of 137.4.
The joint utility could be increased by a different
trade. If the Captain gave 71 cigarettes for 10
chocolates, they would move to point U, where the
Sargeant’s utility is 116.3 but the Captain’s only 28.2.
Total utility is then 144.5, more than the marketclearing trade, but clearly such a trade offers very
little to the Captain. This is because there are enough
cigarettes to maximise the Sargeant’s utility but not
enough chocolate to maximise the Captain’s.
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But what if they have no-one to tell them at what price to trade and they have to discover by
negotiating? Let us start by assuming that the Captain, as the senior partner, makes the opening
bid. Now the Captain would maximise his utility by “buying” 47 chocolates for 19 cigarettes,
implying a price of about 0.4 cigarettes per chocolate. This is shown as point C in Figure 5.3,
at the top end of the core. But at that price, the Sargeant would choose to offer only 30
chocolates for 12 cigarettes (as shown by the supply curve in Box 5.1). So the Captain takes
these 30 chocolates in return for 12 cigarettes (as implied by the price of 0.4). This trade would
move them both nearer to point O, at which they would maximise their joint utility, but they
can benefit from trading again. If they traded again, this time at a price called by the Sargeant
to reach his maximum utility, they would move still closer to the market-clearing optimal
position, O. In fact, their joint utility would then be 97 percent of what could be attained at O.
Using this price setting rule, they will not move again. Their path is shown in the left hand
panel of Figure 5.4.

If, on the other hand, the Sargeant called the first price, then he would offer 43 chocolates at a
price of 2.5 as that would move him to point S in Figure 5.4 and maximise his utility. But at
that price the Captain would only buy 13 chocolates for 32 cigarettes (as shown by the demand
curve in Box 5.1). If the Captain were then to make an offer at his utility maximising price,
there would be another trade and they would move still closer to point O, increasing the utility:
indeed, their joint utility would then be 99 per cent of that which would have been achieved at
the market-clearing price, O. This is shown in the right hand panel of Figure 5.4.
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Figure 5.4: Trading in the Edgeworth Box without an auctioneer.
Both receive the same initial rations of 50 chocolate blocks and 50 cigarettes, so the Box is 100 wide
and 100 high:
E is their initial endowment .
O is the utility maximising, market-clearing point.
C maximises the Captain’s utility.
S maximises the Sargeant’s utility.
The Captain sets first price, so they move towards The Sargeant sets first price, so they move
C in the first trade: 12 cigarettes given for 30 towards S in the first trade: 32 cigarettes given for
chocolates. Then the Sargeant sets the price and 13 chocolates. Then the Captain sets the price
they trade 6 chocolates for 15 cigarettes. This and they trade 20 chocolates for 8 cigarettes. This
leaves the Captain with 86 chocolates and 23 leaves the Captain with 83 chocolates and 10
ciagrettes; and the Sargeant, 14 chocolates and ciagrettes; and the Sargeant, 17 chocolates and
77 cigarettes. Their total joint utility is 97 per cent 90 cigarettes. Their total joint utility is 99 per cent
of what would be obtained at point O.
of what would be obtained at point O.
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But even this simple process assumes that the Captain and the Sargeant know the price at
which their respective utilities would be maximised and are prepared to negotiate in this
manner. It may, however, be that they simply haggle to reach a price. Think about what
happens when you haggle at a market. The seller has asked a price and you offer something
lower. What price you pay, if indeed you buy at all, will depend on how much you want it,
whether you think you can buy cheaper elsewhere, your negotiating skills, how much the seller
wants to sell it, the seller’s skills etc.. Rather than trying to model all these factors, we simply
assume that the agents agree a price that falls between their respective MRSs. This means that
on average, the price will be the average of the two MRSs. For example, in the balanced case
we have discussed, the Captain’s initial MRS will be 9 and the Sargeant’s 0.11. The pair will
therefore agree a price which falls between 0.11 – or 9 chocolates for each cigarette – or 9
cigarettes for each chocolate. As each trade will change the agents’ MRSs, the range of
possible prices will change at each trade. We call this trading regime ‘random pricing’.

Table 5.1 presents the results of running the random price-setting process 1 000 times, allowing
the two agents to trade up to five times. In the first round, the agents are usually able to agree a
price at which they both benefit from trade. But in later rounds, this is less likely to happen
because the price agreed is so close to one of the agent’s MRSs that he sees no benefit in
trading. Both the balanced supply and the shortage of chocolate give total initial utility of
around two-thirds the maximum. The results show that even a single round of trading can
increase the joint utility to around 80 per cent of the maximum possible and, after five rounds
of trading, this figure approaches 100 per cent. The average price paid falls as trade progresses,
tending towards the market-clearing price. Figure 5.5 shows how such trade can increase the
utility of both agents: sometimes the Captain gains more, sometimes the Sargeant.
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Table 5.1: Examples of random trading.
Captain’s alpha = 0.9: Sargeant’s alpha = 0.1
1 000 runs
Balanced supply
Rations

Initial MRSs

Chocolate

50

Sgt

0.11

Cigarettes

50

Capt

9.00

Mean

4.56

Initial utility as % of max

69

% trading (1)

Utility as % max

Price

Mean

sd

Mean

sd

- 1 round

91

86

8

4.2

2.3

- 2 rounds

83

92

7

2.2

1.5

- 3 rounds

73

95

5

1.4

1.0

- 4 rounds

59

97

3

1.1

0.7

- 5 rounds

46

98

2

1.0

0.6

After

Mean

Market-clearing price

1

Shortage of chocolate
Rations

Initial MRSs

Chocolate

25

Sgt

0.33

Cigarettes

75

Capt

27.00

Mean

13.7

Initial utility as % of max

66

% trading (1)
After

Mean

Utility as % max

Price

Mean

sd

Mean

sd

- 1 round

82

87

8.3

11.5

6.3

- 2 rounds

70

93

6.5

5.6

3.8

- 3 rounds

63

95

5.2

3.8

2.6

- 4 rounds

57

96

4.5

2.9

1.8

- 5 rounds

42

97

4.5

2.4

Market-clearing price

1.4
3

(1) Proportion of runs in which the agents traded at this round.
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Figure 5.5: Increases in utility as a result of trade under random pricing.
Captain’s alpha = 0.9
Sargeant’s alpha = 0.1
Initial endowment:
- 50 chocolates
- 50 cigarettes
Each trade changes the MRSs of the agents
who have traded. And after each trade, the
agents are free to chose a different agent
with whom to trade. t each run, the price set
at random between the agents MRSs.
5 trading rounds.
1,000 runs

The two models, Chapter 5 - Edgeworth Box Game and Chapter 5 - Edgeworth Box Random
model, can be used to explore trading with different price-setting rules and different
preferences with different initial allocations of rations. These models are described in
Appendices A5.1 and A5.2.

To summarise, if there are two goods in an exchange economy and one can be bartered for the
other, the agents’ utilities may be increased by trade, so that ‘each feels wealthier than before’.
If they can discover a price that clears the market, their total utility will be maximised.
Comparative statics either does not address the problem of how this point is reached or invokes
some all-seeing auctioneer to co-ordinate trade. But the simple dynamic solutions we have
explored showed that the agents can haggle their way to a position close to the market-clearing,
utility-maximising optimum.
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Red Cross parcels
Having examined how the process works for two individuals, we now turn to a group. For this
we base the model on the camp described by Radford (1945). It contained between 1 200 and
2 500 people, housed in separate but intercommunicating buildings, each accommodating
about 200, called a ‘Company’. Although there was trade between Companies, Radford’s paper
seems to suggest that trading generally took place within a Company. So this model uses 200
agents to represent a Company. Radford (1945) reported that initially people started by
wandering around calling their offers: for instance, ‘cheese for seven (cigarettes)’. But due to
‘the inconveniences’ of this system, it was quickly replaced by a notice board advertising sales
and wants with contact details. ‘When a deal went through, it was crossed off the board. The
public and semi-permanent records of transactions led to cigarette prices being well known and
thus tending to equality throughout the camp’(Radford, 1945).

In the model, each agent receives the same initial ration of chocolate and cigarettes. The agents
are divided into two groups: smokers and chocolate lovers. As previously, they have CobbDouglas utility functions with alpha representing their preference for chocolate. The smokers
are randomly allocated alphas up to 0.5 and the non-smokers, alphas of between 0.5 and 1. So a
heavy smoker will have an alpha near zero and a chocolate addict, an alpha near one.
Recall that there is no money but cigarettes are used as currency so that prices in this context
are the number of cigarettes exchanged for a chocolate. Furthermore, deals are only permitted
in whole numbers: agents cannot trade half a cigarette or half a chocolate for instance.
Each chocolate-lover is allowed to trade with any smoker in the Company. The trading price is
set using one of three price-setting rules:


the Walrasian auctioneer, as a theoretical, ideal, baseline, against which we measure the
performance of the other price-setting rules. Trading pairs have to decide whether or
not to trade at the market-clearing price.



the equilibrium price formula, which allows each pair of agents to calculate their
optimal price, based on the analysis presented in Chapter 3, and shown in Box 5.2, with
an example in Box 5.3. This means that the price at which each pair trades is
determined solely by the agents’ holdings and preferences.



the random price-setting we introduced in the Edgeworth Box section above. As with
the equilibrium price-setting rule, the price will lie between the MRSs of each member
16
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of the trading pair. But the stochastic variation means that the price is not likely to be
the same for two identical pairs of traders, as it is with the equilibrium price-setting
rule.
Box 5.2: Calculation of the equilibrium price
Both agents have Cobb-Douglas utility functions:

𝑈 = 𝐶ℎ𝑜𝑐 𝛼 𝐶𝑖𝑔𝑠1−𝛼 (1)
Following the analysis in Box 3.4, their demand for chocolate will be:
𝛼𝑚

𝑃𝐶ℎ𝑜𝑐

(2)

where m equals their budget. Their budgets are given by their rations and the price of chocolate (as
the price of cigarettes is set equal to 1) and both are issued with the same ration:

𝑚 = 𝑃𝐶ℎ𝑜𝑐 𝐶ℎ𝑜𝑐𝑅𝑎𝑡𝑖𝑜𝑛 + 𝐶𝑖𝑔𝑅𝑎𝑡𝑖𝑜𝑛 (3)
This means that the chocolate lover’s ’s demand for chocolate is
𝛼𝐶 (𝑃𝐶ℎ𝑜𝑐 𝐶ℎ𝑜𝑐𝑅𝑎𝑡𝑖𝑜𝑛𝐶 + 𝐶𝑖𝑔𝑅𝑎𝑡𝑖𝑜𝑛𝐶 )
𝑃𝐶ℎ𝑜𝑐

(4)

But he already holds his ration of chocolate, so his excess demand for chocolate is
𝛼𝐶 (𝑃𝐶ℎ𝑜𝑐 𝐶ℎ𝑜𝑐𝑅𝑎𝑡𝑖𝑜𝑛𝐶 + 𝐶𝑖𝑔𝑅𝑎𝑡𝑖𝑜𝑛𝐶 )
𝑃𝐶ℎ𝑜𝑐

− 𝐶ℎ𝑜𝑐𝑅𝑎𝑡𝑖𝑜𝑛𝐶 (5)

Similarly, the smoker’s excess demand for chocolate is
𝛼𝑆 (𝑃𝐶ℎ𝑜𝑐 𝐶ℎ𝑜𝑐𝑅𝑎𝑡𝑖𝑜𝑛𝑆 + 𝐶𝑖𝑔𝑅𝑎𝑡𝑖𝑜𝑛𝑆 )
𝑃𝐶ℎ𝑜𝑐

− 𝐶ℎ𝑜𝑐𝑅𝑎𝑡𝑖𝑜𝑛𝑆 (6)

Summing (5) and (6) gives the total excess demand; setting this equal to zero and solving for 𝑃𝐶ℎ𝑜𝑐 :
𝑃𝐶ℎ𝑜𝑐 = ((1−𝛼

𝛼𝐶 𝐶𝑖𝑔𝑅𝑎𝑡𝑖𝑜𝑛𝐶 + 𝛼 𝑆 𝐶𝑖𝑔𝑅𝑎𝑡𝑖𝑜𝑛𝑆

𝐶 )𝐶ℎ𝑜𝑐𝑅𝑎𝑡𝑖𝑜𝑛𝐶 +(1− 𝛼 𝑆 )𝐶ℎ𝑜𝑐𝑅𝑎𝑡𝑖𝑜𝑛𝑆

) (7)

But each has the same ration issued, so (7) becomes:
𝑃𝐶ℎ𝑜𝑐 =

𝐶𝑖𝑔𝑅𝑎𝑡𝑖𝑜𝑛
𝐶ℎ𝑜𝑐𝑅𝑎𝑡𝑖𝑜𝑛

𝛼 +𝛼

𝑆
((1−𝛼 𝐶)+(1−𝛼
) (8)
)
𝐶

𝑆

Based on Varian (2010, pp.594-5)
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Box 5.3: Example of trading under the equilibrium pricing regime.
Assumptions
Both the chocolate lover and the smoker receive the same initial rations of 50 chocolates and 50
cigarettes.
Chocolate lover’s alpha ( 𝛼𝐶 ) = 0.9
Smoker’s alpha ( 𝛼𝑆 ) = 0.1
Equilibrium price
Equation (8) from Box 5.3 gives an equilibrium price for chocolate:
𝐶𝑖𝑔𝑅𝑎𝑡𝑖𝑜𝑛
𝐶ℎ𝑜𝑐𝑅𝑎𝑡𝑖𝑜𝑛

𝛼 +𝛼

𝑆
((1−𝛼 𝐶)+(1−𝛼
) =
)
𝐶

𝑆

50
50

0.9+ 0.1

((1−0.9)+(1−0.1) ) = 1

The demand and supply of chocolate
Demand from the chocolate lover is given by equation (5) in Box 5.3:
𝛼𝐶 (𝑃𝐶ℎ𝑜𝑐 𝐶ℎ𝑜𝑐𝑅𝑎𝑡𝑖𝑜𝑛𝐶 + 𝐶𝑖𝑔𝑅𝑎𝑡𝑖𝑜𝑛𝐶 )
𝑃𝐶ℎ𝑜𝑐

− 𝐶ℎ𝑜𝑐𝑅𝑎𝑡𝑖𝑜𝑛𝐶 =

0.9 (1 x 50 + 50)
1

− 50 = 40

0.1 (1 x 50 + 50)
1

− 50 = 40

Supply from the smoker is given by equation (6) in Box 5.1:
𝛼𝑆 (𝑃𝐶ℎ𝑜𝑐 𝐶ℎ𝑜𝑐𝑅𝑎𝑡𝑖𝑜𝑛𝑆 + 𝐶𝑖𝑔𝑅𝑎𝑡𝑖𝑜𝑛𝑆 )
𝑃𝐶ℎ𝑜𝑐

− 𝐶ℎ𝑜𝑐𝑅𝑎𝑡𝑖𝑜𝑛𝑆 =

So they swap 40 chocolates for 40 cigarettes. This is the same result as the Walrasian auctioneer
obtained in these circumstances, as described in the Edgeworth Box section above.
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To illustrate the differences between these three pricing rules, Table 5.2 shows how the initial
price of chocolate will vary if the rations are 50 cigarettes and 50 chocolates:


With the Walrasian auctioneer, the price will be 1 whatever the alphas of the trading
partners



With the equilibrium pricing method, the price will vary between 0.3 and 3 depending
on the alphas of the trading partners.



With the random pricing mechanism, the price will vary between 0.3 and 3 when both
traders have mid-range alphas for their groups but could be very high or very low if one
or both of the agents have very strong preferences (i.e. very high or low alphas).

Table 5.2: Initial prices under the three pricing regimes with rations of 50 cigarettes and
50 chocolates.
Smoker's
alpha (1)
Walrasian
auctioneer

Chocolate lover's alpha (2)
0.501
0.750
0.999

0.001
0.250
0.500

1
1
1

1
1
1

1
1
1

0.001
0.250
0.500

0.3
0.6
1.0

0.6
1.0
1.7

1.0
1.7
3.0

min
max
mean

0.001
1.0
0.5

0.001
3.0
1.5

0.001
999.0
499.5

min
max
mean

0.3
1.0
0.7

0.3
3.0
1.7

0.3
999.0
499.7

min
1.0
max
1.0
mean
1.0
(1) Varies between 0.001 and 0.500.
(2) Varies between 0.501 and 0.999.

1.0
3.0
2.0

1.0
999.0
500.0

Equilibrium

Random
0.001

0.250

0.500
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It was shown in the Edgeworth Box example that much of the potential total benefit from
trading could be obtained after just five rounds. This proves to the case even when agents can
now choose new trading partners after each round. Figure 5.6 shows that most of the trading,
and the consequential increase in utility, occurs in the first five rounds when rations are
assumed to be evenly split between chocolate and cigarettes and half the agents are smokers
and half chocolate-lovers. The top panel of Figure 5.6 shows the extent of trading under the
three different price setting rules. Under the auctioneer and the equilibrium price-setting rule,
almost all the agents trade in the first round and the volume of trading declines quickly
thereafter. However, with the random price-setting rule, only half the agents trade in the first
round although after five rounds, 90 per cent have traded. So it is not surprising that in terms of
the impact on utility, there is little to choose between the auctioneer and the agent-to-agent
equilibrium trading (as shown in the bottom panel of Figure 5.6). Indeed the equilibrium pricesetting rule produces more benefits than the auctioneer in the first round. This is because when
the price is set by the auctioneer, each pair has to trade at that price and this may not work for
some pairs of agents. In contrast under the equilibrium price-setting rule, each pair of agents is
free to trade at a price that suits them. Not surprisingly the equilibrium price-setting rule
increases utility by more than the random price-setting rule if there is only one round of
trading. Nevertheless the random price-setting rule still generates an increase in total utility i.e.
the Company is ‘better off’ than if there had been no trading. However, the difference between
the rules is reduced by subsequent trading: after five rounds of trading, the auctioneer and the
equilibrium price-setting rule have increased utility by about a fifth and the random pricesetting rule, by a seventh. If we take the increase in utility obtained by using the auctioneer as
the measure of what would happen in an ideal system, then the equilibrium price-setting rule
gives as much or more then that given by the auctioneer from the first round while the random
price-setting achieves 92 per cent in the first round rising to 95 per cent after five rounds.
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Figure 5.6: Trading under different price setting regimes .
200 agents, 100 runs.
Assumptions: Rations: 50 chocolates, 50 cigarettes: 50% smokers
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Figure 5.7 shows examples – based on just one run – of the before-and-after demand and
supply curves. This is the standard comparative static approach. In all cases, both supply and
demand curves shift to the left but under the auctioneer and the equilibrium price-setting rule,
there is clearly little scope for more trading after 10 rounds while there is still some scope
under the random price-setting rule.

However, agent-based modelling allows us to explore the dynamics of trading by drilling down
through the numbers. The first row of Figure 5.8 shows how total expenditure fell over the five
rounds. By definition, this total expenditure is the product of the average price, the average
quantity traded and the number of trades. Prices and expenditure are measured in terms of the
number of cigarettes. So, for example, under the auctioneer, total expenditure in the first round
is on average 1 619 cigarettes: on average 96.2 trades – shown in Figure 5.6 – were made for
17 chocolates at a price of 0.99 cigarettes (96.2 x 17 x 0.99). While the auctioneer and
equilibrium price-setting rule produce a similar pattern of total expenditure, prices and
quantities, under the random price-setting rule, total expenditure is lower because prices are
higher.
Figure 5.7: Examples of shifts in demand and supply curves.
200 agents, 1 run.
Assumptions: Rations: 50 chocolates, 50 cigarettes: 50% smokers
Solid lines initial curves, dashed lines after 10 rounds of trading.
Auctioneer
Equilibrium
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Figure 5.8: Prices and quantities traded under different price setting regimes.
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Introducing shortages
So far we have assumed that demand and supply are evenly balanced. But Radford noted that
that was rarely the case and usually there were insufficient cigarettes to satisfy everyone. Here
we take a more modern twist and ask: what if there were a high proportion of chocolate-lovers
and the rations of chocolate were low? As there are now more than two agents, we can model
more extreme examples of shortages than in the Edgeworth Box example because we can
change the proportion of smokers. If 75 per cent of the agents are chocolate lovers but only 25
of the 100 items in the Red Cross parcel are chocolates, then there is a shortage of chocolates.
In these circumstances, the market-clearing price is 5; five cigarettes will be paid for each
chocolate.

The top row of Figure 5.9 shows that when there is a shortage the trading pattern does not
differ significantly by price-setting rule: in fact there is less trading under the auctioneer than
when prices are set by negotiation between agents. However, the second row shows that the
auctioneer still produces the greatest increase in utility. Nevertheless, the equilibrium pricing
and the random pricing rules produce over 95 per cent of the utility of the auctioneer. Overall,
it shows that when there is a shortage, the outcome is less affected by the choice of pricesetting rule.

However, Figure 5.10 shows that the underlying dynamics of the three price-setting processes
are quite different. Under the auctioneer, the price is fixed throughout and the quantity traded
gradually declines. In contrast, under the equilibrium trading system, the price rises sharply,
with a consequent fall in quantity traded, consistent with an increasing shortage. Under random
price-setting, total expenditure falls slowly as prices rise and quantities traded fall.
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Figure 5.9: Examples of trading patterns with a chocolate shortage
200 agents, 100 runs
Assumptions: Rations: 25 chocolates, 75 cigarettes: 25% smokers
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Figure 5.10: Prices and quantities traded under different price setting regimes with a
chocolate shortage
200 agents, 100 runs
Assumptions: Rations: 25 chocolates, 75 cigarettes: 25% smokers
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Discussion
This Chapter has demonstrated the power of agent-based modelling to analyse trading and has
suggested some interesting results for economic theory. We have set up a simple exchange
economy and allowed agents to trade under three basic price-setting rules, the Walsraian
auctioneer and two rules that allow pairs of agents to negotiate the price at which to trade. We
have looked at the situation in which there are sufficient resources to meet demand as well as
when there is a shortage.

We have shown how trading increases welfare when people have different tastes, as Smith
(1776/1861) noted repeatedly. Our models have shown that allowing pairs of agents to
negotiate prices can produce much of the gain yielded by the theoretical Walrasian auctioneer.
By acting in their own self-interest, they can trade in such a way as to get very close to the
optimum. In other words, a system of trading based on real-world haggling, invoking Smith’s
invisible hand rather than Walras’s theoretical and unrealistic auctioneer, can deliver similar
benefits. No auctioneer is needed: Adam Smith’s invisible hand achieves a near optimal
solution. (See Box 5.4 for information on Smith’s invisible hand.)

This result is similar to that found by Epstein and Axtell (1996) using their Sugarscape model.
They modelled agents who traded sugar and spice in pairs, with the price set as the geometric
mean of the agents’ MRSs (Epstein & Axtell, 1996, p104). This rule produces prices that lie
between those established by the equilibrium and random price-setting rules we have used.
Epstein & Axtell (1996, p111) commented:
There is a sense in which this completely decentralized, distributed achievement of economic equilibrium
is a more powerful result than is offered by general equilibrium theory, since dynamics of price formation
are fully accounted for, and there is no recourse to a mythical auctioneer. This result harks back to Adam
Smith and the classical economists whose image of markets involved no such entity.

Because agent-based modelling accommodates both heterogeneity and interaction, it is a
powerful tool for modelling trading. Trading only occurs in the example we have used because
agents have different tastes i.e. are heterogeneous. Furthermore, unlike the usual comparative
statics analysis, agent-based modelling enables examine the dynamics of trade to be analysed,
to follow how markets can move from one equilibrium to another. It allows us to tease out the
interaction of prices and quantities and volumes of trading on total expenditure over time. It
also illustrates how different micro processes can generate similar macro patterns.
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Box 5.4: Adam Smith’s Invisible Hand
In Book IV, Chapter 2 of his Wealth of Nations, Smith invokes the invisible hand in the context of
protecting domestic industry against foreign imports: the Chapter is entitled: ‘Of the Restraints
upon the Importation from Foreign Countries of Such Goods as can be produced at home’. At the
time he wrote, there was a prohibition on the import of salt, for example, and high duties on corn
to protect domestic producers. Smith (1776/1861, p198-199) said:
Every individual is continually exerting himself to find out the most advantageous employment for
whatever capital he can command. It is his own advantage, indeed, and not that of society, which
he has in view. But the study of his own advantage naturally or rather necessarily, leads him to
prefer than employment which is most advantageous to the society….By preferring the support of
domestic to that of foreign industry, he intends only his own security; and by directing that
industry in such a manner as its produce may be of the greatest value, he intends only his own
gain, and he is in this, as in many other cases, led by an invisible hand to promote an end which
was no part of his intention. Nor is it always the worse for the society that it was not part of it. By
pursuing his own interest he frequently promotes that of the society more effectually than when
he really intends to promote it.

He then went on to attack regulation. Thus the ‘invisible hand’ has come to mean that it is best to
allow people to pursue their own interests.

This Chapter has focussed on the situation in which agents have no control over the total
supply of goods and can only change how they are allocated. In the next Chapter, we will
introduce suppliers.
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Appendix to Chapter 5: How to do it
A5.1 Edgeworth Box Game
Formal description
Purpose: The model represents an Edgeworth Box. The aim is to select prices at which the
agents can trade to move them as close as possible to their maximum utility.
Entities: There are two agents — the Captain and the Sargeant — and two goods — chocolate
and cigarettes. Each agent is each given the same allocation of chocolate and cigarettes. But
they have different tastes: the Captain prefers chocolate to cigarettes and the Sargeant prefers
cigarettes to chocolate. The further the Captain is from the bottom left-hand corner, the higher
is his utility. The further the Sargeant is from the top right-hand corner, the higher is his utility.
Their utility is represented by Cobb-Douglas utility functions, with alpha lying between 0 and
1, and representing the strength of preference for chocolate. (The higher the alpha, the stronger
the preference.) The marginal rate of substitution (MRS) is as shown in Box 3.4 and so alpha
cannot be 1 because the MRS would then be undefined. Unless the initial allocations happen to
coincide with their preferences, the agents can increase their utility by trading.

Stochastic processes: None, unless the random price-setting mechanism is chosen.

Initialisation:
Set the alphas for the two agents:


for the Captain this is between 0.6 and 0.9



for the Sargeant this is between 0.1 and 0.5.

Set the initial endowment of chocolate: this can be between 25 and 75. (The number of
cigarettes is 100 less this number)

Choose the price-setting mechanism:


Market clearing price i.e. the price at which the demand and supply curves intersect



"Captain's favour": the price that would maximise the Captain's utility but at which the
Sargeant would be reluctant to trade
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"Sargeant's favour": the price that would maximise the Sargeant's utility but at which
the Captain would be reluctant to trade



“Random”: the price is set between the MRSs of the two agents



You choose the price.

Output: The model draws an Edgeworth Box to reflect the quantities of chocolate and
cigarettes available. It then colours the Box to distinguish areas:


that are not feasible as they involve zero quantities



where the Captain would be worse off



where the Sargeant would be worse off



where both would be worse off



where both would be better off.

The initial allocation is indicated, the core is drawn and the patch on which the total utility is
maximised is indicated.
The model produces a range of data on the agents’ actual and potential maximum utility, MRSs
and the trading and sends the plot data to a file. It also calculates the demand and supply curves
for chocolate.

The pseudo-code is in Box A5.1 and a screen shot in Figure A5.1. For the full code see the
website: Chapter 5 – Edgeworth Box Game.
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Box A5.1: Pseudo-code for the Edgeworth Box game
Draw a box that is twice the chocolate ration wide and twice the cigarette ration high.
Create two agents, called the Captain and the Sargeant.
Give both attributes to record utility, quantities of chocolate and cigarettes held, MRS, budget,
optimal holding of cigarettes and offer.
Calculate the agents’ initial utility.
Colour the box
Calculate the utility that the two agents would have on each patch.
Calculate the total utility for both agents.
Calculate how much chocolate and cigarettes would have to be traded to reach that box and
the implicit price.
Compare the patch utility to the agents’ initial utility and colour according to whether either
worse off, both worse off and both better off.
Colour the patch representing the initial allocation.
Calculate the MRSs for each agent on each patch.
Draw the contract curve
The line should be surrounded by at least one patch where the MRS for the Captain exceeds
the MRS for the Sargeant, and at least one patch where the reverse is true i.e. the difference
between the MRSs passes through zero within the patch.
Plot the three graphs showing the increase in utility, and the total utility against price.
Draw demand and supply curves
Starting with price = 0.1, ask both agents to calculate their optimal holding.
Deduct their actual holding to give excess demand for the Captain, or supply for the Sergeant.
Calculated excess demand by subtracting supply from demand.
Repeat 200 times, increasing the price by 0.1 each time.
Draw demand and supply curves and calculate the market-clearing price.
Report the metrics based on rations and preferences.
Set the price according to the choice made at initialisation:
 the market-clearing price i.e. the price at which the demand and supply curves intersect
 “Captain’s favour”: the price that would maximise the Captain’s utility
 “Sargeant’s favour”: the price that would maximise the Sargeant’s utility
 “Random”: but between the MRSs of the two agents
 Price chosen by modeller.
Agents trade
Each agent calculates his optimal holding at the price set and comparers the actual holding
with the optimal holding and calculates the offer, if any, rounded appropriately so that only
whole numbers are exchanged.
Agents compare offers and agree a deal on the minimum offer.
The deal is checked to ensure that neither is made worse off.
If the deal is cleared, it is done, and the agents move to a new location in the Box and their
utilities recalculated.
Metrics of the deal reported and the plot data is sent to a .csv file.
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Figure A5.1: Screenshot of the Edgeworth Box game

Things to try using the Edgeworth Box Game


What happens when the Captain and the Sargeant do not have strong preferences? For
example if the Captain’s alpha is 0.6 and the Sargeant’s, 0.4?



What happens when there are only a few chocolates? Or only a few cigarettes?



What happens when you impose a price very close the equilibrium?



What happens when you impose a price very far from the equilibrium?
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A5.2 Edgeworth Box Random Model
Purpose: The model is essentially the same as the Game model but it is designed to produce
the results of many runs with just the random price-setting mechanism.

Entities: As for the Game model.

Stochastic processes: The price is set between the MRSs of the two agents.

Initialisation:
Set the alphas for the two agents:


for the Captain this is between 0.6 and 0.9



for the Sargeant this is between 0.1 and 0.5.

Set the initial endowment of chocolate: this can be between 25 and 75.

Output: The model draws an Edgeworth Box as in the Game model. The results of the runs are
aggregated and produced in the output box and the increase in utilities plotted.

Things to try using the Edgeworth Box Random Model
As for the Game, try changing the alphas and the rations.
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Figure A5.2: Screenshot of the Edgeworth Box random model
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A5.3 Red Cross Parcels Model
Formal description
Purpose: This is a very simple trading model based on the Red Cross parcels situation as
described by Radford (1945).

Entities: Two hundred agents represent the members of a Company. They are divided between
smokers and chocolate lovers. The agents have Cobb-Douglas utility functions in which alpha
represents the strength of preference for chocolate. Each agent receives the same initial ration
of the two goods, cigarettes and chocolates.

Stochastic processes:


Allocation of preferences: smokers are allocated alphas between 0.001 and 0.5 and
chocolate lovers between 0.501 and 0.999.



Choice of partners: chocolate lovers select smokers within a given distance (reach) to
trade



Price:
o With the auctioneer, this will depend on the allocation of preferences
o With the other price-setting mechanisms, it will also depend on the selection of
partners.

Initialisation:
There are five parameters:


the initial number of chocolates given to each agent. (The number of cigarettes is 100
less this number).



the percentage of smokers.



the reach: the distance which agents can search for trading partners: it must be at least
10 and a reach of 200 will give access to everyone.



the price setting method:
o auctioneer (based on the market-clearing price)
o equilibrium (see Box 5.2)
o random the price is set between the MRSs of the two agents (as in the
Edgeworth Box models).

Set the number of rounds of trading and the number of runs.
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Output:
 For the first run: graphics, as shown in Figure A5.3, with data to a csv file.
 Mean initial and final market-clearing prices, and, for the first five plus the tenth
trading rounds: average price, average quantity traded, average total expenditure, mean
percentage of agents trading in this round and cumulatively, mean percentage increase in
total utility after trade round. This data is sent to a csv file.

The pseudo-code is in Box A5.2 and a screenshot in Figure A5.3. For the full code see the
website: Chapter5 – Red Cross Parcels.
Box A5.2: Pseudo-code for the Red Cross parcels model
Distribute 200 agents randomly within an area 141 x 141, with no wrapping.
Give agents attributes:
General: alpha and beta (= 1 – alpha), holdings of chocolates and cigarettes, whether smoker
or chocolate lover, initial and current utility and MRS.
To calculate demand and supply curves: budget , optimal holding, demand, supply.
For trading: identity of partner, buyer or seller, price related, optimal holding, excess demand
or supply, offer, deal, expenditure, trading history.
Allocate alphas to smokers of between 0.001 than 0.5; chocolate lovers, alpha greater than 0.5 and
less than 1.
Draw demand and supply curves (Similar to the Edgeworth Box Game but over 200 agents.)
Starting with price = 0.1, ask all agents to calculate their optimal holding.
Deduct their actual holding to give excess demand or supply.
Sum excess demand/supply over all agents to give a total demand and a total supply Calculate
excess demand by subtracting supply from demand.
Repeat 100 times, increasing the price by 0.1 each time.
Draw demand and supply curves and calculate the market-clearing price.
Trading
Chocolate lovers locate smokers within a distance defined by the reach as potential trading
partners.
Price set:
 the market-clearing price i.e. the price at which the demand and supply curves intersect


Equilibrium: price =

Cigarette ration
Chocolate ration

Captain’s alpha + Sargeant’s alpha

(( 1 − Captain’s alpha) + ( 1 − Sargeant’s alpha) )

 “Random”: but between the MRSs of the two agents
Offers are rounded to ensure only whole numbers are traded and the ratio of quantities gives
the effective price.
Partners compare their optimal with their actual holding and decide whether or not to trade.
Deal is done by adjusting holding, based on the minimum offer.
Record metrics.
Repeat drawing demand and supply.
Accumulate data at the end of each round.
At the end of the first run, draw graphics (as shown in Figure A5.3) and sent data to a csv file.
At the end of the final run, report results to a csv file.
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Figure A5.3: Screenshot of the Red Cross parcels model

Things to try using Red Cross Parcels model
Using sliders and options:


What happens if there is an extreme shortage of chocolates? Set the initialChocs
to 5 and the percentage of smokers to 5.



What happens with a very restricted reach? Set the reach to 10.

Advanced – requiring amending the program:


What happens if agents consume some of the goods between trading rounds?



What happens if there is a new delivery of rations?



What happens if trading costs are introduced?

38

