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Welcome to lecture 4 of ABM based microeconomics.
0:04
4 seconds
In the first three lectures, we asked what the supply and demand diagram hides. We saw that the diagram shows us an equilibrium outcome, but not the
0:13
13 seconds
market process that could produce it. We also saw that agent-based models give us a way to study that process directly. In
0:20
20 seconds
this lecture, we begin the actual construction. We will build a very simple rental market model from individual students and homeowners. Then
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29 seconds
we will ask whether this simple agent-based model can reproduce the familiar supply and demand equilibrium.
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The goal is to understand what assumptions are needed for that result to emerge. This lecture has three goals.
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42 seconds
First, we will build a simple agent-based model of a rental market. We will not begin with curves. We will begin with students looking for rooms
0:50
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and homeowners offering rooms. Second, we will use this model to reproduce the textbook supply and demand outcome. In
0:58
58 seconds
other words, we will ask whether a simple process involving individual buyers and sellers can generate something like the familiar equilibrium
1:05
1 minute, 5 seconds
result. Third, we will identify the assumptions needed for this outcome to emerge. This is very important. The
1:13
1 minute, 13 seconds
supply and demand diagram looks simple, but it depends on many hidden assumptions about information, matching, contracts, and recontracting. We begin
1:22
1 minute, 22 seconds
with a familiar textbook example, the rental market for student housing. At the beginning of the school year, new students arrive in town and begin
1:30
1 minute, 30 seconds
looking for rooms. At the same time, graduating students have left. So, some rooms are vacant and available for rent.
1:38
1 minute, 38 seconds
Textbooks analyze this market by drawing demand and supply curves. They ask how many students want rooms at different
1:45
1 minute, 45 seconds
rents, how many homeowners are willing to rent rooms at different rents, and where the two curves cross. We will analyze the same market, but in a
1:54
1 minute, 54 seconds
different way. Instead of beginning with curves, we will put in the agents themselves, the student renters and the homeowners who have rooms to rent. When
2:03
2 minutes, 3 seconds
we say that we will put in the agents, we mean something more than just naming buyers and sellers. Agents are decision
2:10
2 minutes, 10 seconds
makers. A student looking for housing has goals, information, constraints, expectations, and possible strategies. A
2:18
2 minutes, 18 seconds
homeowner offering a room also has goals, information, constraints, and strategies. This is very different from the standard supply and demand diagram.
2:28
2 minutes, 28 seconds
In that diagram, the agency of buyers and sellers is largely removed. Buyers and sellers are treated as if they
2:35
2 minutes, 35 seconds
automatically follow fixed rules such as utility maximization or profit maximization. But real decision makers do not usually behave like automatons.
2:45
2 minutes, 45 seconds
They search, compare, bargain, learn, make mistakes, revise plans, and adapt to circumstances. They also act with
2:55
2 minutes, 55 seconds
limited information. A student cannot maximize over all possible rooms if he does not even know what all the possible
3:01
3 minutes, 1 second
rooms are. This is why agency is central to agent-based modeling. We study markets by asking who the decision
3:09
3 minutes, 9 seconds
makers are, what they know, what they want, what strategies they use, and how their interaction produces market
3:16
3 minutes, 16 seconds
outcomes. To build an agent-based model, we must describe how the agents make decisions. This is a major difference
3:23
3 minutes, 23 seconds
between ABM and the standard textbook approach. Textbooks often assume utility maximization. That means the agent is
3:32
3 minutes, 32 seconds
treated as if he knows the relevant alternatives, compares them, and chooses the best one. But real agents usually act with limited information and
3:40
3 minutes, 40 seconds
uncertainty. A student looking for housing may not know all available rooms. A homeowner may not know what all
3:48
3 minutes, 48 seconds
other homeowners are charging. Both sides may be uncertain about how long search will take, whether better opportunities will appear, and how
3:56
3 minutes, 56 seconds
urgently they need to make a deal. ABM can handle these richer and more realistic forms of behavior. But in this first model, we use a very simple
4:04
4 minutes, 4 seconds
decision rule, reservation prices. Each student has a maximum rent he or she is willing to pay. Each homeowner has a
4:12
4 minutes, 12 seconds
minimum acceptable rent. This assumption is not required by ABM. We use it here because our goal is to reproduce the
4:19
4 minutes, 19 seconds
textbook supply and demand result. Now we begin building the agent-based model.
4:24
4 minutes, 24 seconds
An ABM begins with agents. In this market, the agents are students looking for rooms and homeowners who have rooms
4:32
4 minutes, 32 seconds
to rent. We will use six students and six homeowners. The students are called
4:37
4 minutes, 37 seconds
SA, SB, SC, SD, S, and SF. The letter S
4:44
4 minutes, 44 seconds
stands for student. The number in parenthesis shows the students maximum rental budget. So SA 100 means student A
4:52
4 minutes, 52 seconds
who can pay at most 100. SB 200 can pay at most 200 and so on up to SF600.
5:00
5 minutes
The homeowners are called HP, HQ, HR, HS, HT and HU. The letter H stands for
5:09
5 minutes, 9 seconds
homeowner. The number in parenthesis shows the homeowner's minimum acceptable rent. So HP50 means homeowner P who will
5:17
5 minutes, 17 seconds
accept a rent of at least 50. HQ 150 will accept at least 150 and so on up to HU 550.
5:27
5 minutes, 27 seconds
This gives us the first part of the ABM, the agents and their basic characteristics. But agents and reservation prices are not enough to simulate a market. We also need rules.
5:38
5 minutes, 38 seconds
We must specify what the agents know. Do students know all available rooms or only the homeowner they meet? Do
5:46
5 minutes, 46 seconds
homeowners know the budgets of students or only their own minimum acceptable rent? We must specify how agents meet.
5:54
5 minutes, 54 seconds
Do students choose homeowners deliberately or are they randomly matched. We must specify when a deal
6:01
6 minutes, 1 second
happens. We must also specify how the rent is chosen when a deal is possible.
6:06
6 minutes, 6 seconds
Finally, we must specify the nature of contracts. Are contracts final immediately or can they be broken and renegotiated?
6:15
6 minutes, 15 seconds
These rules are the market micro structure. In an ABM, the outcome comes from applying these rules to the agents.
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This is an important point. These rules are not just background details. They are part of the model itself. In a
6:30
6 minutes, 30 seconds
supply and demand diagram, many of these rules are hidden. In an ABM, we must state them openly. The agents plus the
6:38
6 minutes, 38 seconds
rules define the model. Once we specify them, we can simulate the market step by step and see what outcome emerges. Now,
6:46
6 minutes, 46 seconds
we choose one set of rules for our first simulation. This is important. These are not the only possible ABM rules.
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6 minutes, 54 seconds
Agent-based models can use many different kinds of decision rules, information rules, matching rules, bargaining rules, and contract rules.
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Later, we can make the model more realistic by changing these assumptions.
7:06
7 minutes, 6 seconds
But in this first simulation, our goal is limited. We want to see whether a simple agent-based model can reproduce something like the textbook supply and
7:15
7 minutes, 15 seconds
demand outcome. So we begin with very simple rules. First, each agent knows only their own reservation price. The
7:24
7 minutes, 24 seconds
student knows the maximum rent he or she can pay. The homeowner knows the minimum rent he or she will accept. Second,
7:32
7 minutes, 32 seconds
students and homeowners are randomly matched. Third, if the students maximum budget is less than the homeowner's
7:39
7 minutes, 39 seconds
minimum acceptable rent, no deal is possible. Fourth, if the students maximum budget is greater than or equal
7:46
7 minutes, 46 seconds
to the homeowner's minimum acceptable rent, then a deal is possible. Finally, when a deal is possible, the rent is
7:54
7 minutes, 54 seconds
chosen somewhere inside the bargaining range between the homeowner's minimum and the students maximum. Now, we apply the day one matching rule. Think of
8:03
8 minutes, 3 seconds
students walking around the city searching for housing. When a student sees a house with a room for rent sign, the student goes in, examines the room,
8:12
8 minutes, 12 seconds
and negotiates with the homeowner. Since students do not have full information about all available rooms, the matching
8:19
8 minutes, 19 seconds
is partly random. A student may happen to visit a very expensive room or a very cheap room or something in between. The
8:27
8 minutes, 27 seconds
table shows one possible random matchup for day one. We will now examine these pairs one by one and apply the trading
8:34
8 minutes, 34 seconds
rule to each pair. If students maximum rental budget is below homeowner minimum acceptable rent, no deal is possible.
8:41
8 minutes, 41 seconds
Homeowner P wants at least 50 while student B has a budget of 200. Any rent between 50 and 200 is possible. Student budget is 300 and homeowner wants 250.
8:54
8 minutes, 54 seconds
Rent will be between these two numbers.
8:58
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Student budget is less than homeowner's demand. No deal. Students budget of 500 is far above homeowner's demand of 150.
9:07
9 minutes, 7 seconds
Any rent between 150 and 500 may emerge from negotiations. Student budget is more than homeowner demand. Deal can be
9:16
9 minutes, 16 seconds
at any point between 450 and 600. At end of day one, we have four contracts with
9:23
9 minutes, 23 seconds
wide range of rents and two unmatched pairs of students and homeowners. To move from this initial outcome towards
9:30
9 minutes, 30 seconds
SND equilibrium, we need to add some essential elements. First, participants must learn something about the student
9:37
9 minutes, 37 seconds
budgets and homeowner demands. They must use this information to learn about the equilibrium and move towards it. This
9:45
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movement requires competition. To enable competition, we need contracts which can be broken and remade costlessly.
9:53
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There are many ways to add these elements to our basic ABM model. In creating an ABM model, we start with a big picture idea of what we need in the
10:01
10 minutes, 1 second
model. Then we sharpen these elements into fixed rules which can be programmed. We need renegotiable
10:08
10 minutes, 8 seconds
contracts. The information contained in the tentative contracts is what will guide agents towards equilibrium. And we
10:15
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need to allow competitions. Students in expensive housing seek lower rents.
10:20
10 minutes, 20 seconds
Homeowner with low rents seek higher paying tenants. The strategies discussed in previous slide has to be transformed into rules which will be followed in the
10:29
10 minutes, 29 seconds
agent-based model. We allow agents to cancel contracts within a day. Ensure that every agent knows all the tentative
10:37
10 minutes, 37 seconds
contracts and allow students and homeowners to bid on attractive options.
10:42
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To keep the simulation simple, we will not show every small bid and counter bid. Instead, we use a shortcut. When
10:50
10 minutes, 50 seconds
competition begins, rents move until the first agent can no longer match the competing offer. That point is the
10:57
10 minutes, 57 seconds
critical rent. For example, if a student with a budget of 200 is competing for a room, then the rent can rise to 200. But
11:06
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if the next offer is 210, that student drops out. So instead of showing offers of 190, 200, and 210 one by one, we move
11:16
11 minutes, 16 seconds
directly to 210 and record that the student with budget 200 is now out of the market. This keeps the hand
11:23
11 minutes, 23 seconds
simulation simple while preserving the economic logic of competition. In the first round, student D with budget of
11:30
11 minutes, 30 seconds
400 was matched with an expensive room which he could not rent. After the tentative contracts are announced, three
11:38
11 minutes, 38 seconds
of them, 290, 180, and 100 are within his budget. He bids on the room
11:44
11 minutes, 44 seconds
currently rented for 100 to SB 200 by HP50. Increasing bids in increments of
11:51
11 minutes, 51 seconds
10 are matched by SB 200 until the rent reaches 180. At this point, both HQ and
11:58
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HP are renting for 180. SD400 offers 190 to both and then 200 to both. All four
12:07
12 minutes, 7 seconds
bids are matched. However, when he offers 210 to HQ, SE500 can match, but
12:15
12 minutes, 15 seconds
SB200 cannot match a bid of 210 and drops out of the market. At this point,
12:21
12 minutes, 21 seconds
SD400 enters into a contract with HP50 at rent of 210. HS 350 could not make a
12:28
12 minutes, 28 seconds
deal on the first round. But in the tenative contracts, he can offer a lower rent to student SF600.
12:36
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As he keeps offering lower rents, HT450 can match until 450. But when HS 350
12:43
12 minutes, 43 seconds
offers 440, HT has to drop out of the market. Finally, SF600 is renting the most expensive room at 440, while
12:52
12 minutes, 52 seconds
cheaper rentals are available from 290, 210, 210. He offers higher rents to HQ
12:59
12 minutes, 59 seconds
and HP until they come up to 290. Then he offers 300 to HR, HQ, and HP. This
13:07
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offer is matched by current student contract holders. But at the next step when he offers 310, student SC 300
13:15
13 minutes, 15 seconds
cannot afford this and drops out of the market. HS 350 also drops out of the market since his required rent is
13:22
13 minutes, 22 seconds
greater than 310. We have now reached the final outcome of the simulation. At rent 310, three students rent rooms, SD,
13:31
13 minutes, 31 seconds
SE, and SF. These are the three students with the highest rental budgets, 400,
13:38
13 minutes, 38 seconds
500, and 600. The rooms are supplied by HP, HQ, and HR. These are the three
13:45
13 minutes, 45 seconds
homeowners with the lowest minimum acceptable rents, 50, 150, and 250. The
13:52
13 minutes, 52 seconds
students with budgets below 310, SA, SB, and SC cannot compete at this rent. So,
14:00
14 minutes
they drop out of the market. The homeowners who require more than 310 HS, HT and HU also drop out of the market.
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This is exactly the textbook supply and demand outcome. The students with the highest willingness to pay get the rooms. The homeowners with the lowest
14:18
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acceptable rents supply the rooms and the market rent lies in the equilibrium range between 300 and 350. So, our
14:27
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simple ABM has reproduced the SND result. But now we have seen the process behind the result. Now we should pause
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and ask what did it take to get this result. The textbook diagram makes equilibrium look simple. Demand and
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supply cross and the market clears. But in our ABM we had to add many specific assumptions before the equilibrium
14:49
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emerged. We needed fixed reservation prices. Every student had a maximum rent and every homeowner had a minimum
14:56
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acceptable rent. We needed public information. All tentative contracts had to be posted where everyone could see them. We needed tentative contracts, not
15:05
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final contracts. If contracts were locked in after day one, the market would never move toward equilibrium. We
15:12
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needed costless renegotiation. Agents had to be able to break old contracts and form new ones without legal costs,
15:20
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delay costs, reputation costs, or other penalties. We needed competitive bidding and price matching. Students had to be
15:27
15 minutes, 27 seconds
able to bid for cheaper rooms and homeowners had to be able to offer lower rents to students paying too much. We also assumed no search costs and no
15:36
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social or legal penalties for breaking agreements. This is the main lesson of the lecture. We can reproduce the supply
15:43
15 minutes, 43 seconds
and demand equilibrium, but only after explicitly adding a powerful market micro structure that the textbook
15:49
15 minutes, 49 seconds
diagram hides. In the next lecture, we will do a deeper comparison of ABM and SND and bring out the implications of the differences which have emerged here.

