Lecture 5
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Imit Order Markets

[
N

A limit order market (LOM) is a real world
Institution for characterizing many of the

— [ trading platforms i the financial sector. It

IS also a paradigm for describing almost
all trading mechanisms. This lecture
defines how a LOM works, and gives you
some experience trading on one.

I




Financial Markets

N

# Electronic limit order markets are amongst
the fastest growing markets within the
financial and retail sectors.

® Whether market makers set the spread
(NASDAQ), specialists oversee transactions
between investors (as the NYSE used to), or
the market admits anyone in good standing
to submit buy and sell orders (EBAY), these
exchanges have a common structure.




Electronic LOMs are the biggest markets

NYSE, United States

NASDAQ, United States

Shanghai Stock Exchange, China

Euronext, Europe

Japan Exchange Group

Shenzhen Stock Exchange, China

Hong Keng Exchanges

Mational Stock Exchange of India

Saudi Stock Exchange (Tadawul)

LSE Group, UK

TMX Croup, Canada

SIX Swiss Exchange

Nasdag Nordic and Baltics

ASX Australian Securities
Exchange

Korea Exchange

Deutsche Boerse AG

Taiwan Stock Exchange

Tehran Stock Exchange

Johannesburg Stock Exchange

24.19

The NYSE and NASDAQ are the
two largest stock exchanges.

NYSE ($24 trillion cap)

O founded 1792.

O was previously run by specialists.

a 2,600 listings.

0 went fully electronic on 23 March 2020.

NASDAQ ($19 trillion cap)

O founded 1971.

O world’s first electronic stock exchange.
O 3,700 listings.

O highest trading volume in the world.

Establishing NASDAQ:

O probably reduced the bid-ask spread.
O was unpopular with brokers.




Trading in a generic limit order market

# Traders submit a market order or a limit order.

# Each order is for a given quantity, positive (negative)
guantities standing for units demanded to buy (for sale).

® Limit orders specify a transaction price, market orders a
reservation price.

4 Market transactions match market orders with limit
orders, and take place at the limit order price(s).

#® Thus market orders are executed instantaneously, but a
limit order might never be executed.




Price-time precedence
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Market buy orders fill (are matched against) the
lowest price limit order(s) to sell, the ask.

Market sell orders fill the highest price limit
order(s) to buy, called the bid.

If two limit orders to buy are submitted at the
same price, the order submitted first is filled by a
market sell order before the more recently
submitted buy order.

Similarly lower priced limit sell orders have a
higher priority than higher priced Ilimit sell
orders, and if two bidders seeking to sell a unit
at the same price the person who bid first will be
filled before his rival seller.
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# The difference between the highest priced limit buy order
price (the bid), and the lowest priced limit sell order (the
ask) is called the spread, here 2,000.

# The trader just placed a sell order for 9 units at price
5,800, with an expiry time of 60,000 seconds, reducing
the spread from 2,200 by placing an order inside the
previous bid ask quotes.




Many auctions are examples of

simple limit order markets

®

In a first price sealed bid auction, bidders place limit buy
orders without seeing the book, and the auctioneer fills
one of the limit orders with a market sell.

In an English auction bidders place limit orders and the
auctioneer fills one order with a market sell.

In a Dutch auction, the auctioneer places limit sell orders
until a bidder fills one of his orders with a market buy.

Since an auction is the simplest form of a limit order
market, studying behavior in auctions is also a useful way
to learn how investors trade in limit order markets.




Not all auctions are limit order markets

& Tn a second priced sealed bid auction, players
simultaneously submit their bids, the highest bidder
wins the auction, and pays the second highest bid.

® Ebay is not technically a second price sealed bid
auction, but in practice most Ebay bids are sold to
sniping bidders, who bid at the close out time so
that no one can respond.

# Note also that the “Buy it now” part of Ebay is just
a limit sell order, in this case the ask price until the
bidding closes.




Auctions versus Limit Order Markets

# There are some obvious similarities and differences:
-—o—Auctions-are one sided markets.

o Limit order have important demand and supply side considerations.
o Both are used in trading financial securities.

# Auctions are also used for:
o procurement.
o timber, real estate and used car fleets.

o perishable items. (For example, Feeding America, a large national
charity for distributing food to local banks and soup kitchens).

# Limit Order Markets are/could also be used for:

o distributing (new or used) car inventory amongst dealers, or rental
trucks across pickup outlets.

o allocating gates at airports (easier than in a mall).
o mining and drilling rights.




Introducing LOMs to Commodity Markets
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LOMs and electronic trading have revolutionized financial
markets and retail finance by connecting investors in a
more tangible way to facilitate transactions.

There is scope for replacing cumbersome and costly
administrative procedures and other bureaucratic
mechanisms for allocating resources with LOMs.

The key here is to define the object being traded in
precise transparent way . . . as a commodity.

By definition units of such goods and services are more
or less interchangeable, and therefore amenable to being
listed on the same market.




Trading Landing Gates
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For example, imagine different airlines trading landing
gates within an airport as they compete for routes.

Landing gates are a candidate for an internal LOM

because there is little to differentiate a gate aside from:

Q the size of the aircraft it takes.
O its location relative to the airport exits and baggage claim areas.
O its location relative to the gates owned by the same airline.

Presumably the LOM would be supplemented by a user
fee paid to the airport authority, reflecting the cost of
processing travelers, to account for the frequency with
which any given landing gate is used.

Introducing LOMs for landing gates would also streamline
the competition for routes, that could adjust more quickly
to air travel demand and supply considerations.




Landing Gates

#® There are 6 airline companies. They can all buy

N
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and sell their landing gate rights.

# Each airline values owning up to two gates at some
positive amount, but place no value at all on
owning any more than two gates.

# An airline’s valuation of its first two landing gates is
drawn from a uniform distribution with minimum 10
and maximum 20.

® Every airline knows its own valuation, but not the
valuations of its rivals.




Initial Endowment

& An airline is Initially endowed with 0, 1 or 2 landing
gates, with probability 1/3 attached to each outcome.

# Every airline has an initial cash endowment of $100
(also measured in hundreds of thousands of dollars).

# Your initial wealth is the sum of initial cash and
valuation times number of landing gates assigned at
the beginning of the game.

#® The rate of return is calculated as a current wealth
minus initial wealth divided by initial wealth, and
reported as a percentage.




The trading mechanism
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4 You can:
O place limit orders or market orders to sell or buy.
O cancel a limit order any time unless another trader
fills it beforehand (by placing a market order).
O see the book of limit orders (all buy and sell limit
orders) on your screen.

4  You cannot:
short sell. The number of limit orders to sell is
bounded by the number of units you own.
O borrow. The number of limit orders to buy is
bounded by your cash endowment.
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ogin Instructions
.. Click on Client Play

_ Click on Available games: “01 landing_gates.mgd”

& comLabGames - Server = [ X

View Help

[ Design r\fiew ] Assignment | Execution T Data l Client Play |

Username ‘

Server b

01 _landing_gates.mgd - 172.24.168.226:9876

AN

Available games

Login

C:\45-871 Trade and Investment Strategy'd5-871 Games\W5_LimitOrderMarkets\01_landi... [




Continuing Login Instructions

1. Server address: 172.24.168.226 will appear
_automatically after selecting “01_landing gates”. If not

T type 172.24.168.226 in s -

| Write a username.

| Click on “Login”.

W N

- ComlLabGames - Server = 1 =<

WView Help

[ Design [ Wieww ] Assignment ] Execution I Data [ Client Play I

eeeeeeee Ari ]
Server [172.24.168.226:9876 Iv]

o1 _1anding _gates.mgd - 172.24.168.226:9876

AN




Trading window before all subjects login

1.| In each session six subjects must login before any of
chem see the instructions and a trading window.

2.| Information about the number of subjects waiting to
start the game is shown at the bottom left corner.

/
® ComLabCames - [ >
Username Ari Id: 18 Identity:
r History I, r Limit order book
Name / | Price| Quantity| Cumulative Player id | Player type

cash | Duration 600[-| Price o/-] Quantity 1%| sen || suy |
[ Summary data

Asset ame| Valuation| Endowment| Sell orders| Buy orders| Bid (Quantity)| Ask (Quantity)| Trading price (Quantity) |

I

Pri |Quantity| Revenue\Cost Duration| | Price Quantity| Buyer ID| Buyer T__.I SellerID| Seller T... Time

r Subjgct’s own limit orders |Transacton history

Waiting 5 of 6 subjects to start a session! Round:




Trading window and Instruction window

® CamlLabGame:
@ pescripiion |

sername: Jamis ;20 Identity: 3

1. | Instruction and trading w

click on “Description”.

Indow appears on your screen.
' | ”. To retrieve it

—

Trading Landing Gates

B ComlLabGames - Clie

Ussrname. Jamis It 20

Cate

Gate valuation
umber of gates
Price
Cash
Initial wealth
Furrent wealth
te of return

|l There are 6 airline companies. They can all buy and sell their landing gate rights. An airline’s
valuation of a landing gate is drawn from a uniform distribution with minimum 10 and maximum
20. Every airline knows j wn Yaluation, but not the valuations of its rivals. Your valuation for
owning a landing gate |1 3.91 | measured in hundreds of thousands of dollars. You value the

two gates at {1 3.91 each, ace no value on owning any more than two.

An airline is initially endowed with O, 1 or 2 1 tes, with probability 1/3 attached to each

outcame Yo ment of landing gates\§ very airline has an initial cash

Duration sool |  Price Quantity 1= | euy |
Enaum\ i orders | Buy orders | Bid (Quantty) | Ask (Quantity) | Trading price (Quantity)
1 I | | . 1 S|

i endowment §f $ i‘lﬂo (allo measured in hundred®ef thousands of dollars).

You will be able to place mit orders or market orders (sell or buy). Your initial wealth is the

sum of initial cash and valuation times number of landing gates assigned at the beginning of the

game. Your current wealth is the sum of current cash and valuation times number of landing
gates up the two gates. (There is no additional intrinsic value from owning more than two
landing gates.) The rate of return is calculated as a current wealth minus initial wealth divided
by initial wealth, and reported as a percentage.

F Sublec|'s own limit or <) history
Frice ity Price | Cuantity | Buyerio |Buyer Ty..| Seierio | s
1 Player typa:Airiing (3)

To trade lype a price and gquantity you wanl to sell/buy, and click on sell/buy bullon. The order

Round: 1

History shows all the updates of
variables.

The last update is shown in the first

left column.

Price represents a last trading price
In the market.

shows in the order book:

Curnulative | Plaar g
| Eurmiie, D
A1 + 10
o B4
1 [F]

The outstanding sell orders are in red and outstanding buy orders are in green. To buy/sell you
can directly select the best order by clicking on the price of the order in the order book and
click on buy/sell,

———1 anding Gate
———————— FLinmt arder

Price Guantity | Sumulative Playerid | Plaver pe |
165 | T B Airhne (7 |
s 7 1 H1 ;
AT 1 | o Ha I |
[EX] 2. 1 1 na 1
9 Price [ = [ 1 l Seon “ B l

Alternatively you can enter a price and quantity and select buy/sell.

The history shows the valuation of the landing gate, the transaction prices, current cash, intitial

Ith, current Ith and rate of return.
[a——
arne [11E6ar (am)| 11 1612 (Fray| 111611 778y
Landing Gate | 142 4.3 11 L

-] o
Zash kT I ica




Submit a price/quantity in trading window
1. Type a price and quantity, and then click

Buy

and

Sell

to sell

to buy.

2 —rhe-limit-order-book-shows-outstanding-limit
orders, and the Player id of their submitters.

"W omLabGames

@ Description Usemanme: Jamie Identity: 3

& ComlLabGames

@ Description Username: Jamie  Id: 20 ldentity: 3

Gate valuation S,
r History * Limit order book e
: = = = F History 7] Limit order baok >
Name 20:46:32 (2480) 20:46:31 (2481) Price  Quantity Cumulative Playerid Playertype| e 20:46:32 (2760)| 20:46:31 (2761) \mﬁf Cumulative  Playerid Player type
Gate valuation 13.91 13.91 — — ol
Number of gates 1 0 Gate valuation 13.91 13.91 165 | 1 | Airiine (3) | |
29 | Number of gates 1 0
] “ - Price 0 0
Cash 100 100
= Cash 100
Initial wealth 113.91 0 Initial wealth 113.01 /1'36/
Current wealth 113.91 0 Current wealth /m 0
Rate of return (%) 0 0 Rate of ret 0
| View more history _/ View more history
. Sell
Cash 100 | Duration Pice | 165~ Quanty I—b—‘ Cash 100 | Duration 600~ Price 165 Quantity 17 L5
r Summary data S L=l L ]
Assetname | Valuation | Endowment | Sellorders Buy orders  Bid (Quantity) | Ask (Quantity) Tradlnnprice[ nfity) " R Endowment  Sell orders Buy orders _Bid (Quantity) Ask (Quantity) Trading price (Quantity)
Gatevaluat.| 1391 | 1 | \\I Gate vluat.|_ 1391 |1 (169 1.65(1)
N
[ Subject's own limit orders Transaction history Subject’s own limit orders “ r Transaction history
Price Quantity RevenueiCost Duration _' Price Quantity | BuyerID BuyerTy.. SelleriD | Seller Ty.. Time Price | Quantity Revertie\Cost Duration ! Price Quantity BuyerID BuyerTy.. SellerID | Seller Ty.. Time
el 9 16.5 586 | x

Player type:Airline (3)

Player type:Airline {3)

Round: 1

Round: 1




Trading window description

1. Limit order book shows all outstanding sell orders in

I
Trgd and all outstanding buy orders in green.
C

2. Summary data shows the bid (ask) in green (red).

® ComLabGames o X ® ComlabGames o X
@ Description Usemame: Jamie Identily: 3 | @ Description Username: Jamle  Id: 20 Identity: 3
Gate yaluset i
: TN Gate valuation
r History Limit order book =Y r Histary [ Limit order book
AT 20032 [ 31 200 0 S (31 Riics 0“3""'3* c“"‘“‘a‘"‘e Bparic [Playenype Name | 20:46:32 (513... 20:46:31 (513... Price| Quantitv Cumulative Plaver id | Player type
|| Gate valuation 13.91 13,91 1651 1 C 0 pirling (3) ! —|| Gate valuation 13.01 13.01 13 1 0 22 Airline (3 | J
Number of gates 1 0 13 | 1 1 22 Airline (v) | | Number of gates 1 0 "12.00/ 1 0 19 Airline |
Price 0 0 29[ 1 0 19 Airline_|__| Price 0 0 1209 1 i 19 arine ||
Cash 100 100 12001 1 ! 10| Airine Cash 100 100 120 1 2 19 Airiine
ol wealln | 8 . 2 2 (‘;h M Initial weaith 113.91 0 1| 1 3 20 Airiine
Rall;r:;ﬂmm i . . L . Y oo ] n::l::: Current wealth 113.91 0 1 1 4 20 Alrline
10 1 5 2 Alrline Rate of return (%) 0 0 10 1 5 23 Airline
VAT View more history

. - ]| Sell Buy .
Cash 78 Duratl 600 Pri 1= ti 1= = . 5 | ‘
o reton _] e | M) Quently | 1] Cash 78 | Duration | 600~ Price | 1] Quantiy 1] L Sell || B

[ Summary data =
’ [ S data
Assetname Valuation Enw Sell orders _Buy orders ald (Quantity) = Ask (Quantity) | Trading price (Quantity) it |
Assetname | Valuation | Endowment | Sell orders | Buy order. | Bid (Quantity) Ask (Quantity) ) -ading price (Quantity)
U = ! 22 e sl | Gate valua... 13.91 1| 00 | 22 | 12802 @ 1301 |
. . . R . € Valua... 3 .
Sell orders show total an submitted by a subject and in the brackets, ) (22) (2 ()

total value of g Ject’s (Jamie) sell orders. There is only one sell order for $16.5.
Buy ordersShow total outstanding buy orders, which is two for Jamie. Total value of all
mi ders is $22 and is written in brackets.

bject's own limit orders 1 Transaction history ‘C _ i : s
/ Price| Quantity Revenue\Cost Duration |-\ Price | Quantity | BuyerID BuyerTy.. SellerD SellerTy [ Subject's own limit orders 1 Transaction history )
16.5 1 16.5 41 x Price Quantity| Revenue\Cost| Duration B Price Quantity | BuyerID Buyer Ty.. SellerlD Seller Ty... Time
1 1 1" 565 |x To delete an order click on “x= our 1" 1 1 482 x| :
1 1 11 572 (x|l example sell limit order for 16.5 and g=1 1 " 1 " 489 |x]f
J T was deleted

Player type:Airline (3) I

| Player type:Airiine (3]

Round: 1

- s E—— Ronnd




Trading

1. To buy/sell directly select the best order by clicking on
~the-price of the order-and-click | _suw |/ s

2.| Transaction history shows the executed order.

mannmro1 -

¥ ComlLabGames - U X | ®ComlabGames o X
& Description Usermname: Jamie  I1d: 20  Identity: 3 ® Description Username: Jamie  Id: 20 Identity: 3
Gate valuation Gate valuation
[ History [ Limit order book r History r Limit order book
Name 20:46:32 (518... 20:46:31 (518... Price| Quantity Cumulative Playerid Player type Name 11:12:14 (18) 20:46:32 (519... 20:4...|| Price’ Quantity| Cumulative = Playerid Player type
Gate valuation 13.91 13.01 13 1 0 2 Airline () Gate valuation | 13.91 13.91 13.01)) 13 1 0 2 Airline (5)
Number of gates 1 0 129 | 1 0 19 Airline Number of gates 0 1 0 11 1 0 20 Airline
Price 0 0 " 1 1 20 Airline Price 12.9 0 0 11 1 1 20 Alrline
Cash 100 | 100 et 2 i o — Cash 112.9 100 100 10 1 2 23 Airline
Initial wealth 13.91 0 10 1 3 |23 | Airine Ipitiat wealth 113.91 113,01 0
Current wealth | 113,91 0 i — |1E"Current weaith 1129 113.91 0
Rate of return (%) 0 0 o { Rate of return (%) -0.88 0 0
_ Price $10wasselgcted and by clicking on S"//me/
View ot histony price at which sefl orderlis executed is $12.9 (i .the View more history
AT hmhecf outstanding hll\l'lmlf order nrmn \ —

ot-Uut

—
. - Sell —
Cash 78 Duration 600~ Quantity EI ] & Cash 90.9 Duration M 10 j Quantity 1= Sell I Buy
Y dta mary data \

Assetname Valuation | Endowment | Sell orders Buy orders  Bld (Quantity) Ask (Quantity) Trading price (Quantity) oo Valuation | Endowment | Sell orders | Buy orders| Bid (Quantty) | Ask lQuanﬂly)/ Trading price (Quantty) )
Gatevalua.. 1391 | 1 0(0) | 2(22 | 12901 1371 | Gatevalia. a1 | 0 B R TR
[ Subject’s own fimit orders ———————— *  Transaction history ; R s m =
P:‘:e Qu:ntity R"";T\co“ Duﬁr;:onix price Suntlly | Buyert |DuyorTy.; SeseriD | ool VY., Twe Price  Quantity| Revenue\Cost| Duration Price Quantity BuyerID |BuyerTy.. SelleriD SellerTy... Time

TR m 535 Txll - "] 1 1 456 |x|| N29 19 |Airine (2)| 20 |Airline (3)  11:12:12 4

= 1m] 1 11 461 [x] I

Player type:Airline (3)

n—

Player type:Alriine (3)

Round: 1 | Reund: 4



More trading

1.

&N

Price $13 was selected and by clicking on

Buy

, buyer

-ie=-23)-beught-the-gateHis-cash-decreased to $87
and hIS current wealth is $117.87 = (2*15.44 + 87).

1 ® ComLabGames - O x
: ‘ {# Description | Username: Joe Id: 23 Identity: 6
i Gate valuation
'=  History I Limit order book
4 Name 20:46:32... 11:12:14... 20:46:32... | || Price Quant... Cumulati... Player id Player ty...
! Gate valuation| 157~ 15.44 15.44 1 1 0 20 Airline
/||| Number of g... / 2 1 1 1 1 1 20 Airline
1 Price / 13 12.9 0 10 1 2 23 Airline
A Cash 87 100 100
Initial wealth | 115.44 115.44 115.44
Current weal...|\ 117.87 115.44 115.44
Rate of retur...| \ 2.11 0 0

/

AN
3 View more history |

Cash 77 |Duration EDDE PriQISE Quantity N E} Sell H Buy |

r Summary data

Assetna...|Valuation

Endowme..

Sell orders

Buy orde._

Bid (Quantit..| Ask (Quantii. Trading price (Qum

Player type:Airline (6)

Round:

J|| cate val...| 15.44 2 1(10) 11(2) L 13 (1) /

_ - = — | - - =\ / ,
Subject's own limit orders Transaction history \ \\/
Price|Quanti... Revenue\C._| Duratior{ Price |Quantity| Buyer ..|Buyer ..|SellerID Seller..| Time N

10 1 10 298 13 1 23 |Airline.., 22 |Airline..[11:15... >
TZ9 T +—TRirtireT—20 mme..11:12...




Summary page for trading game

N
N

® ComLabGames - Client

{® Description Username: Ari  Id: 18

Identity: 1

Ir— | |

Valuation Gates Initial wealth Current wealth

Rate of return

TaTTE & 10

19.44 0 100 100 0
12.88 2 112.88 112.86 -0.02
L L . 13.91 0 113.91 112.9 -0.88
Competitive equlibrium price
10.4 0 100 100 0
| 15.44
10.85 0 110.85 113 1.94
15.44 2 115.44 117.87 2.11
Market Stage time limit: unlimited Round: 1 Continue
| Player type:Airline (1) ”
Game is over!




Your (personal) quote
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Define your highest limit order buy price as

your personal bid:
O If you have no limit buy orders, then your
personal bid is zero.

Define your lowest limit order sell price as

your personal ask:
Q If you have no limit sell orders, then personal ask
IS infinity.

Your quote is the pair:
(personal bid, personal ask)

Rule: If your quote straddles your valuation

then your portfolio cannot lose value.




Exhausting the gains from trade
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4 There are two ways of making profitable trades in a limit order
market . . .

4 Create liquidity by placing limit orders (adding to the book):

O with a quote that straddles your valuation.

4  Dissolve liquidity by filling limit orders (enlarging the spread):
O  when the bid is less than your valuation (placing market buy orders)
O or the ask is greater than your valuation (placing market sell orders).

4 Suppose all bidders place a profitable:
1. market order if that is feasible.
2. limit order if not.

——> if the limit orders are placed sufficiently close to the
valuation (so the personal bid and ask are nearly equal) then a
competitive equilibrium allocation is iteratively attained.




Competitive equilibrium defined

® Denote by:

¢ d, demand for landing gate by airline k

s, supply of landing gates by airline k

s=s;+5S, ...+ s, total supply of gates

vy = min{v, : d, > 0} the lowest valuation airline

getting a gate

v, = max{v, : d, = 0} the highest valuation

airline not getting a gate

€ A competitive equilibrium is a price p, satisfying:
1. V4 =2 pP. = Vs
2. If v, > p. then airline k is allocated 2 gates
3. If v, < p, then airline k is allocated O gates
4. The total number of allocated gates is s.




Competitive equilibrium illustrated
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A question about trading

® The essential features of limit order markets are described by:
limit orders

market orders

bid and ask prices

limit order book

the spread

personal quotes

transaction prices

NSO wNRE

4 We defined an algorithm, whose every two-step iterate is
profitable to the trader in question, that exhausts the gains from
trade and attains a competitive equilibrium allocation.

4 But each steps taken by a traders in this algorithm do not
maximize his or her individual profits!

# To be continued . . .
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