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1. What Is agency algorithmic trading?

2. Equities markets

3. Eurodollar and Treasury futures
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Two kinds of algorithmic tradin

¥ Alpha generation
Market making, stat arb, etc
Directly connected to investment process

¥ Agency execution
Service provided by sell-side Prms to buy side
Amortize development over many clients
Provide research on optimal algos and costs
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1.Agency Algorithmic Trading

Execute trades for large institutional clients

Why "best execution" Is hard:
large executions move the market
price moves while trading Is executed

Widespread in equities
Being developed Iin other asset classes
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Clients of agency algo trading

Large low-frequency traders
make money on investment decisions
donOt want to understand market details
understand that trading costs money:.
commissions to brokers
slippage to liquidity providers
High-frequency traders are not natural clients
rely on own microstructure expertise and technolog
earn money by providing liquidity
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Three legs of agency algo trad

1.Trade execution system
optimal execution to desired benchmark

2.Post-trade cost reporting
detailed reporting of results

3.Pre-trade cost estimation
guantitative forecast, use to help trade decision
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Post-trade cost reporting
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Pre-trade cost modeling

How much slippage will it < individual alg

executions
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2.Why algorithmic execution
has become essential In equiti

Agency model is well entrenched
risk capital i1s carefully apportioned

Increasing technological capabillities

Algo systems and electronic connectivity
Sophistication and comfort of clients
Cost pressure on commissions
Regulatory climate and changes
Market complexity (fragmentation)
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What guantitative aspects of equities market
are relevant to algorithmic trading?

decreasing trade size

market fragmentation
ever-increasing message volumes
time varying liquidity and volatility
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Decimalization In equities

10,000 FLIR: $3B Nasdaq stock—

Decimalization:
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Decimalization #2

100,00

CSX: $20B NYS

Executing a given number of
shares requires more and more . % :
separate transactions: er d+y
harder for a person to do )
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Regulatory changes in equities
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Equity market message volum:
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Large-cap stock: small 3uctuations
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Medium cap: moderate [3uctuatiol
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Small-cap: large Buctuations
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Adaptive algorithm

ad hoc, Bank of America 2006
Instinct: "Third-generation™ algorithm
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3.Algo trading outside equities

Same factors drive other markets:
clients are becoming sophisticated
clients want transaction and execution researc
markets are becoming more electronic

Similar trends are visible In quantitative aspe
(QB: futures and Pxed income products)
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Development in other assets

Electronic Milestone

Evolutionary Cycle:
Equities 32 years Instinet 1976

EQUITY
31 Generation Algorithms

(Adaptive) Futures 16 years SFE 1992
FX 15 years EBS 1993
Fixed Income 9 years TradeWeb 1998

FUTURES
2"d Generation Algorithms

(Arrival Price, Departure Price)
FX

Smart Order Routings

1st Generation Algorithms
(TVOL, TWAP, TVOL)

Advanced Order Types
FIXED INCOME

Limit Orders
RFQ
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Quantitative study of CME future

Data sample provided by CME Datamine
Eurodollar and Treasury futures

April 2007 through March 2009

A. decreasing mean trade size *

B. decreasing posted volume *

C. distribution of contract type *

D. globally optimal implied liquidity

(* in QB report Olnterest rate trends 2007-20090)
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A. Decreasing mean trade size

Exponential bt:
decrease by factor of !
(half-lite = 0.84 yr)

logarithmig
scale
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Trade size: Treasury futures
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Total traded volume roughly consta
thus number of trades/day increasing
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Treasurie trade size by contrac
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Distribution of trade sizes

Steady shift to smaller sized trade:
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Size distribution: Treasury future:
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B. Decrease In posted volume
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Posted volume: Treasury future
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Term structure of posted size

100k —
50k —

20k
10k
5K

2k
1k

()
N
7))
©
()
)
7))
@)
al

ES

More posted size at shorter maturiti¢
M7 /
\ z7=——H8=——Mms8

u7=—"

U8~ 5 2007 Apr 23127

\H9
\M9

M8
H8=" \zg
2008 Jan 21125 \

MO

~~uo

2008 Oct 20124

guantitativérokers

I I
1.0 1.5 2.0

Years to maturity




Microstructure ,
what Is Omean posted sizeO?
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Variation of posted volume
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Intraday variation

GEZ8

OMean posted sizeO = _ .
April 2,2008

Average posted volume
at times of trades

Concentrates on times_ * - gl
of high market activity .= - -Z37% - Al e

72
©
C
M
92
-
®)
L
Nt
O
N
(7))
©
O
e
7))
O
al

¥ 213,310 quotes, 16,004 trades—
| | | |

4 8 12 16
quantitativérokers Hours after midnight (Chicago) o




Fed
Hours after midnight (Chicago)

GEZS8
March 18, 2008

_
L0 <
QV oV
(

_
<
™

Event study

Spuesnoy)) azIs palsod

guantitativérokers




C. Source of trade

Spread trade prints as two outright contracts
Butter3y prints as 3 different outright contracts
Packs and bundles print as many contracts

Of the total number of outright contracts traded,
approximately what fractions come from direct
outright orders, spreads, butterf3ies, etc?
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Historical proPle: Eurodollars

Decreasing fraction
Outrights Wht orders
Spreads I*I

W
S
>~

Increasing fraction
of butterf3ies

Percentage

Butterflies
/

Packs and Bundles

—  Eurodollar futures
1t 11ttt 1t 11t 1T 1t 171 > 17 1717 1717 17 17 [ 1

AprO7 Jul07 Oct07 Jan08 AprO8 Jul08 Oct08 Jan09

guantitativérokers



Historical proble: Treasuries
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Intraday proble: Eurodollars 2007-0

Sharp concentration 2000 Broader distribution
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D. Globally optimal implied liquidi

NYU Master of Math Finance students Fall 20(
Noah Taylor, Joshua Nault, Adam Beagley

Problem: Pnd best implied liquidity
Linear programming problem

Currently using only spreads and butterf3ies
(no condors, packs, etc)
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Example: 2007-04-02 10:09 AM

Direct (MA) Implied (MY)

Bid Size Ask Bid Size Ask

Z8 0534 2417 95345 0534 1192 95345

Z9 0516 380 0517 40 9516.5 44 0517

U9 0522 28 9523 466 0522 0522.5 6

Z8 9534 0534.5 290 9534 9534.5 1

HO 0513 21 9514 397 [ 9512.5 9514 1039
Z8-U9 12 6 12.5 1510 11 12.5 28
Z8-Z9 |[17.5 100 18 449 17 40 18.5 340
U9-HO 9 932 9.5 200 8.5 100 10.5 368

U9-Z9-HO| 2 841 2.5 49 1.5 972 3 731

Problem: Buy HO at best offer price, in size
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Software Pnds 3 ways to buy HO

1) HO = Z8 - (Z8-U9) - (U9-HO)
price 9513.5, available volume 6 contragtsu9)
Second-generation implied liquidity
(implied offer on U9, with U9-HO)
Calculated internally by CME but not displayed
2) 2 HO = (U9-Z29-HO0) - (U9-HO0) - 2 (Z8-729) + 2 Z8
price 9513.75, available volume 98 contrgotsz9-Ho)
Not calculated by CME

3) HO at direct ask: price 9514, volume 397
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Conclusions

Agency algo trading Is good business
Well established In equities, for good reason:
Same forces act in bxed income and other n

Success depends on detailed and quantitati
understanding of market microstructure
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