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What 1s Market Microstructure?
2 78 T 00 25 74 2

« Originally coined by Mark Garman in a1976 Journal of Financial Economics paper titled “Market
microstructure”

- &AIHMark Garman19764FEAE (BRI GF ARG ik, XELY (TS )

+ Wikipedia: Market microstructure is a branch of finance concerned with the details of how exchange
occurs in markets.

o YER P RHERE IO EE H e SR 0 5, HAC S T AR s A A ARG

* These days market microstructure refers to many aspects of price formation, market making, inventory
costs and risk management just to name a few. It's a broadly defined term that is at the heart of modern
day trading practices.
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In this presentation market microstructure is about:

L GE D, TR SRR A BL R LA

* Price formation
« Yrig
— How do supply and demand lead to traded prices?
— PN 5 R R BRI G kg 1?2
— How does information impact prices?
— {5 BRERIY K2
— How does strategy enter the picture?
— RIS R ERERIEEAR?
» Transaction costs
— Bid/Ask spread
— RIS E
— Incentives, maker/taker models and other fee structures
— RS, S T R/ 5 T e AR TR RN HA B FH 5 A
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What’s market making
L]

 Liquidity provision
 RRMRBE

 Ability and WiIIingness to be on both sides of the market at all times

o MBS EAXFRE e A
* Inventory management

W
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Prlmary challenges of market making

T T I ) 3 Rk AR

Quoting prices; i.e. at what price to buy and at what price to sell?
Wt P A R KA T ?

How to modify and adjust the quotes?

r ] 15 BRI B AR AR 2

Managing inventory

B AT

Managing risk

(gAY
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ECOIIOIIllC mythology
‘ﬂé AR
2ot R
O Efficient markets
Q FRY
O Perfect and timely information
Q 5Ese. KNHER
L Rational behavior
Q BTN |
Q Similar utility :
Q AHALLRY it |
Q etc,, etc. .... Q. Quantity
W
O This is not how prices are formed in the markets

Q XIFEA RN I R 7 50

Price
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Imperfect information and game theory A~ 52 35 S A1 #2514
(Koller f1Pfeffer, 1995; Swanson 2005; Gordon: http://www.cs.cmu.edu/~ggordon/poker/ )

A useful illustration: i B :

O “High Card” is a simple game where two players draw from a deck and the high card wins the ante. In contrast, in “One
Card Poker” each player is dealt a card, however, the cards are not immediately turned over. “K " /& —Fhfai B RK, 244

i N —EI R, R KRR AR T . SUEAREE A SR AN s IR AR, RN DR B K, (HASRESZ R TR
O One Card Poker game rules (diagram on the next slide):— 7k b 7e i ] (EIEAE T —R):

=  The game is played with two people, we'll refer to the player that acts first as the “player” and the other as the “dealer”i%
TR R 2B R HAT, TAHESATI I KT N player”, 53— WHK N “dealer”

= each puts in a $1 ante®F /N A8 13 TG ETE
=  Player has the option of raising $1 or passingHt & 7] & £38 Il— 35 o B T3

= |f player raises, dealer can call or fold; if called, high card winsi $playeri& il—3€7¢, dealern] % £ ER a3 7 M a0 5 R 1)
W, K

= |f player passes, then the dealer can raise or pass, if he passes high card wins and if he raises then the player will either
call or foldén K playerit £ 5+, Ndealer ] G #E MM EBLE BT . WRMIERBGE, WK . a0 S Ak £E g,
I player RJif % ER B 7 L

Q High Card is a “fair” game and no strategy is required K i & — AN AP B3 % HAS 75 2 51 0%

O One Card Poker does have an optimal strategy and is not a “fair” game — 5K 4 50 Ji 2145 25 B S HAS /& — N AT ik
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One Card Poker rules:—7

Antellgy= $2

Player: PassJfi3F /\

Dealer: CallfR

v

SN WIE

Player: Raise il

Dealer: Fold#-#

High Card
wins $1 K &

el

Dealer: Raise/l Dealer: Calli
¥
Player: CalliR Player: Fold
\ 4
High Card Dealer Wins High Card
wins $2 K fi# $1 Dealer wins $2 K%
P2 e m$l RS2

\ 4

Player Wins
$1 Player

o 00
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The optimal strategy for One Card Poker— K b fi i) B A1 SR S

(CkH Gordon: http://www.cs.cmu.edu/~ggordon/poker/ )

1F 1k
(RS - / LS Second bet i-”
Second bet# —  / RTINS
Ll / /
0.6k 06pF ff
.IIJI.I‘I
04f 04f 4
first bets
0.2 — I - 0.2+ /
!
4
R ol / first betz 1
1 | 1 1 1 1 | [ 1 1 1 L | 1 | 1 1 1 1 1 I—%%Tll}-]\% 1
2 5 4 5 [ 7 ] ] T J Q [ A 2 H 4 5 [ T -] 9 T J Q K A

Player Dealer

O Note the complex nature of the strategy which uses “bluffing” and
other non-obvious variations in betting sequencesi it = 7£ % 1 I

A A P S B R At A B S AR A SR B R s

0000000000000 0000000000000000000000000000000C000000000000000O0OCO0OO0OO0OO0O0O0O0OO0O0OOO0OO0OOOOCOOOOOO0OO0
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Market making involves making decisions with imperfect

informationfi i ¥ f& 2148 FH A 5¢ 245 BRI 2

U Information is transmitted through the trading process itself

Q FR M5 FEA & RALIL

U Market participants are different because of:
Q W2z 5&FE&EAMER, B

= Means of accessing and processing informationsk EURT AL B (E B 1) 77 20

Risk appetite X% E 44

Availability and cost of capital & 2 ] F 4 Fl a4

Experience and skills£: 56 Al 4% 15

Utility 15 Jits

Many other differentiatorsF % Hfih %= 5
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Microstructure Modelsfilt W 4t o) A 7

O KCG

Mark Garman (1976): coined the term and described Market Microstructure i 1 X — AR iE I ik
TS S5t

Richard Roll (1984): simple implicit measure of the bid-ask spreadf e Z fij 8. iR Ml &

Glosten & Milgrom (1985): bid, ask and transaction prices in a specialist market with
heterogeneously informed tradersf5 & A FIZE B EN1E2E 5 B 113 TR SE 0 . SEUT IR
1%

Kyle (1989): informed speculation with imperfect competition 5 % /N 78 4= 35 4+ (1K) 1175 L

A good survey of literature: Biais, Glosten and Spatt, 2005. Market microstructure: A survey of
microfoundations, empirical results, and policy implications. Journal of Financial Markets, volume
8, issue 2, 217-264.CHRY\ : Biais, GlostenflSpatt, 2005. Tl &5 #): WO LA,  SZiIF 45+ Al
BRI . Rl aRis, 8%, 521, 217-264
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Roll Model#% 7] #& #4

Q Arelatively simple view of the market and price changes:tf 77 it 222 (1 Hixt fij
FRLHRE

" Ask Price ——==—c ===

Spread § =0 @ cmm e e e S e o Value

t—1 t E+1

Cov(Ap:, Apii) = W(—s* = §%) = —s*/4.

O Spread is related to the covariance of successive pricestit % 55 S0 1 Bl 77 25 #H%
2 2
@ Variance is % and autocorrelation coefficient is - %779’:;'?:% , HAHRREE- %

O The mean reversion is implied by the model: %4 73 H 1 #4148 [A] U4

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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Limitations of Roll model#% [A] £ 7Y 1] J& R 14

U Roll model assumes the markets are efficient therefore ignores information and
possible asymmetries#% [al 15 BUARE T 37 42 = 201, PR AN S REAE BN AT gt A Xt
R

O Roll model does capture certain aspects of the impact of transaction costs#% [1] &

PRSI T 58 9 A S [ 25 275 T

U Roll model does not lead to any strategies other than an approximation to the bid-
ask spread and the suggestion that price movements are inherently mean
reverting# [EI B RIS Hi | SKsepr ZIME, R s AR 2 A WER S, E
& WA TR AR 2Z 5 S

)
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Glosten-Milgrom Model Glosten-Milgrom /i 74

(source>k H: Joel Hasbrouck, 2010 http: jhasbrou/Teaching/2010%20PhD%20Microstructure/Handouts/Sequential Trade.pdf )

ages.stern.nyu.edu

O Belongs to a class of models known as Sequential Trade Models (STM)i% 4k
LR (STM) Hrz —

|

= Bid-ask spread is driven by information asymmetries3Z 324 7 & H{5 AN

X FRIX B

» Can observed bid-ask spreads be used to measure information
asymmetries ? M (1) S 324 2 2 15 0 LA T = A5 BAXFR?

O Orders can “cause” price changesZsE 5. 1] 5 H # 22 5)

O Extreme information asymmetries can cause market disruptionst i 15 5.

AXFRR ] F B L
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Assumptions: participants and processfixix: 5
AT

O Participants% 5#

Risk-neutral dealers (market makers without information) =4 XU i i 77 (KA 15 2 AT 7)

Traders (agents who want to trade with or without information) sz 5 # (5 8% A (5 BB EAL B N)
Q ProcessidfE

market makers post bid and ask quotes. fi 7 i & £ii S SR

A randomly-selected trader arrives and buys or sells one unit—NEHLAE 5 & Bk I L NESEH — &4

If he buys, he pays the market maker’s ask. 1 532, DAtk =2 AH i 7 A0 SE47y

If he sells, he receives the market maker’s bid. i S ARSE, At B2 52 487 7 10 ARy

market makers revise the bid and ask as a result of the trade. 3¢ % 45 J5, 8T A& 2l S NSz

The next randomly selected trader arrives and the process is repeated. N — M BENLAE % & Fk, WLfEEE
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Two types of traders?Z 7y # B A Fp 2L 4Y

Q Informed and uninformed #1157z 5 & MAEEC 5 &

Q Informed traders know in advance whether the outcome is V=Low or High, where V € {Low, High}*1&7Z
5y ] LR AT H1E 45 R 2 & AV=LowakHigh, HV € {Low, High}

Q They will trade to profit on their expectations411& 7z 5 2 1 L 4% B8 Fil #i& i 28 5 3K F

O Uninformed traders are motivated by idiosyncratic liquidity needs unrelated to the firms valueJE41157%2 5
HZEN S AT YMET R B N FishtE T KK

O The proportion of informed traders in the population is p. %117 5 & 76 872 5 AN E+ & Hik A

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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A game theory point of

view

The trader decides to ...

The arriving trader is ... Buy
e Informed
P \ Sell
¥ %
V=Low \
: \ Buy
The value is ... ~1 Uninformed
| Sell
i
|
| |
! Buy
|
rr Informed
! Sell
V=High |
f
Bu
MM posts quotes b . . ; ¥
. i
(not knowing the N K Unintorme
realization of V) R Sell
@ KCG © 2013 KCG Proprietary and Confidential
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\ FER S E
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V=Low
' = ]
\ FERITE A 5 <:::Z #
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Transition probabilities

The trader decides to ...

The arriving trader is ... 0 Buy
Informed
Sell

u 1
V=Low
| 1 e Buy
The value is ... Uninformed <:
4 Sell

1 Buy
Informed <
L 0 Sell
1—p 14 Buy
Uninformed <:
bz Sell

2

V=High

0000000000000 0000000000000000000000000000000C000000000000000O0OCO0OO0OO0OO0O0O0O0OO0O0OOO0OO0OOOOCOOOOOO0OO0
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Expectation value calculations{f]Z2{H it 5

1 1
Pr(S)=—+(—+0)u
(5)=5+(3

1
Pr(B) :E(1+;f—2c'iu)

Pr(Lﬂw,B)zéﬁ(l—y}

Pr(low,B)  5-35u
Pr(B) 1+ u-268u
E[V|B]=Pr(Low|B)xLow +(1—Pr(Low |B))x High

Pr(Low |B)=

_ Llowo(—1+ u)+High(-1+0)(1+ )
—1+(-1+20)u
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Simulation example

(source: Dale W.R. Rosenthal: http://www.rinfinance.com/RinFinance2009/presentations/microstructure-tutorial.pdf)

@ One simulation for 4 = 0.3, 4 = 0.5; example bids and asks.
@ Simple case: V =V =2 (versus V = 1).

@ (Can see price impact — especially for sequence of orders.

-
ot
"~

PN
//\\ AAWA

1.8

i
£ @ ; daj&sasaﬂﬁiaaas 8559BEBEBESBS5BEBESB56B5866568
II'||II II| 'l' |'II 1 II
= |II

{

]
-;____%

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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(NEVINI

(CkJE: Dale W.R. Rosenthal: http://www.rinfinance.com/RinFinance2009/presentations/microstructure-tutorial.pdf)

i SR —: p=0.3, 5=0.5; 7REILHFILH
Bi%V=v=2 Ctftk: V=1)
A LA B SN —— I H ] 246 55 91 1) 5 i)

=
o~
A 2 -
;fl%. - ,
f_’- BOBSBSBSSHBSBSSBBSSBBEBBBBSBSSBBBBSBSBBSBBBSEB
v —
T\/ ] | | | |
0 10 20 30 40 50

\Y
BT[]
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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Market maker profits{i i i £

O Suppose that we set the ask price to A. 1% £ NA

— If someone buys (lifts our offer), our profit (at the end of the day, when we know V) is A-VINEH A\EAN
(R RAMTB MR8 , RIOTBOFIEAAV (5 HEHRE, FRATHEERNEVIED

— Immediately following the trade, our expected profit is A — E [V|Buy).%z 5 5e 5l E,  FAI 10957 22 F)iE ~A-
E[V[Buy]

— Competition among potential dealers reduces profits toward zero.j&7E i 17 78 2 8] ) 5% 54§ & B0 F
—HBIT%E

— A-E[V|Buy] =0 - A=E[V|Buy] A-E[V|Buy] =0 — A= E[V|Buy]

@ A similaranalysis on the bid side shows that B = E[V|Sell]xf £ N 1& I #THEM S 1E: B = E[V|Sell]

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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Market maker’s competition and costsfi{ i i 5% 5+

YA

O Competition 7 5+

O Regulation¥s &

Q If the dealer has to cover costs ¢ which include a reasonable profit, thenff{ 17 7 i

R ZEZ5 FE A (C) FF S BRI -
« A= E[V|Buy] +c

- B=E[V|Sell] - ¢

Q KCG © 2013 KCG Proprietary and Confidential
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Redistribution from uninformed to informed

tradersHJEH M IEFNTE & E 2 RIEAL 2 &

A—E|V|B|=0
A—(Pr(/|B)High+Pr(U|B)Low)=0
Pr(1|B)(High—A) =Pr(U|B) (A—Low)

kil L'
Loss to an Profit from an
informed trader uninformed trader
L. o e o
W W
Expected loss ... Expected profit ...

0000000000000 0000000000000000000000000000000C000000000000000O0OCO0OO0OO0OO0O0O0O0OO0O0OOO0OO0OOOOCOOOOOO0OO0
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How does a market maker quote prices?{i i 5 41
(CEIE{ &I

O Positive expectation trades (avoids obvious losers) IF HIBEAZ 5 (il % B & 158 5 280
QO As profitable (wide) as possible/S &4 i 7T AELF (M Z8 O8R4 )

O However, competition drives the profitability ever lower{H &, %4 &% 7 i &

Al fE

O Market maker will sell at the ask price with the expected P/L from the next trade
conditioned on it being a BUY (similar logic for a bid) \ N —2E38 2 LN, i
PR AR & S 8 o (A SE A FE AR B CRAT R A Bt [F) B

O The subtle point is that market makers set their quotes at the expected terminal value
conditioned on getting the fill (trade)Ef37F & M2, BT RG22 T/ — s
R A EBEAT AT
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What does Glosten-Milgrom model do?
Glosten-Milgrom /& 44 1) /E

O G-M allows us to model the information asymmetries that may exist in the markets G-M#& 4!

ERATT AT LA A7AE T T8 P A5 BAS AR PEEAT

~

O Its leads to the conclusion that market makers redistribute profits from the uninformed
traders to the informed tradersG-M#% B {5 {5 i 7 F AIE AAERIE & BB iC 2 F1E 28 &

O Competition among market makers drives P/L lower for the market makers i i3 i 8] 1] 5% 5+

fil HL A o R R

O Market makers’ imperative to trade contributes to a narrowing of the bid-ask spread i 17 75
A G U5 B T4 /N SE S 72

3 In this framework we do not consider strategic trading7Eith, FATAHEFIZHERT 5
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Main challenge of market making: adverse

selection i 17 THI I 1Y) 3= BBk ik . ASF) e B

O Adverse selection is the primary challenge of successful market making/A~F) 1% £ 2 1%

DT ) ki

0 Market makers post limit (resting) orders in the market. Adverse selection means
that limit orders are more likely to be filled when the prices move against the market
maker than when they move in market maker’s favor. {17 & LABR ) B 7E 17 3% 4R Ay
AREFEEWRE, A0 LRI T B 07 A2 sy, BRA 5 25 5 BiAS

O Some causes of adverse selection A F|3%&E £ 1758 47 J5 K]

— Informed market ordersZi{# i /i 21

— Competitive limit orders posted by other market makers HAth i i 7 4 H1 1) 35 4 1
SR A HR.

— Data quality, system performance and other operational issues# i/ &. R4
RE LA S HAIE S ) it
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° ) /‘v/r E - . L3k I
Simple market making model & Zj i 7 45 24
(SourcekJi: Joel Hasbrouck, Empirical Market Microstructure: The Institutions, Economics, and Econometrics of Securities Trading ,
2007)

O Begin at fair value A2 fo i i F 46

QO Transact one period later at fair value PA 2y Price Upﬁl\
RAHEIITAS 55— B 1 P K& bk
. . R e _
Q ;J;(;bablllty of price increase is p//i % 1] & Eair value
N RUHE )
Q Spreadis 2sfiy Z ~2s Price down

NS

O Place a buy limit order £ 1 SE A R4 82

O Probability of fill is q if price risestn F 4%
Bk, B NG

Q Probability of fill is 1 if price fallstn B4~
R, AMEFE N

)
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Market maker’s P/L
0T R B A S R

P/L = s(pg—p+1)+pg+p—1

O P/L increases with fill rate, g

Q 5 5e s qign, W& hn

O P/L increases with spread, s

Q przEsghn, W& 7 e

O P/L generally increases with alpha, p
Q Alphafiiptgin, W& 5 EiE <8
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P/L in the absence of alpha
Alpha NF, &5 ETHE

Q alpha = 0 corresponds to p=1/2; Halpha = 0ff, % p=1/2

1 1
P/. = —g(s+1}+ =(s—1
. ;_,f:'.‘-f+] gi‘f )
1 1 1 1 .
= gls+ 1)+ (l—g)s+1)—(1—g)s+1)+ (s —1
Ec,'.ﬂ‘+] gi g)(s+1) 2[ glls+1) ;s 1
1 1 . . 1.
= “(s+D)—=(1—gls+1)+=(s—1
E[-;.EI EE g){s+1) e )

1 ,
= ':'——I'J.—E,I:Il'ﬁ:—l;l

0 Market maker’s profitability condition becomes:fiit i & i) & K1) 24425 i -

2s

g+ 1

g = 1-—
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Market maker’s profitability i i w5 2 #5871 587

O P/L of a market maker is determined by three quantitiesfi 117 /& 143 5 1 B LA N =M
T E :

= Spreadffr %
= Alpha Alphafi
= Fill ratesz 5 5E R
O Note that there are interactions, sometimes obvious and at times in a more subtle way,

among these parameters.j£ &, XLESHATLHEEEN, GRMHEL/ERIRBLE, A8
ANK B .
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Market maker’s break even spread{i{ i &5 i) R A1/t
7=

0 sipg—p+1)+pg+p—1
l —p—pg

l—p+pg

0000000000000 0000000000000000000000000000000C000000000000000O0OCO0OO0OO0OO0O0O0O0OO0O0OOO0OO0OOOOCOOOOOO0OO0
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Final remarks# /5 /5 F

0 Market making in practicefi i S

O Automated market making systems H it i &2 4t
A Competitionft 17 7 o 4+

O Regulationff i 7 I &

QO Technology#% A

O Researchtff 3¢
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