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University of Reading-Henley Business School
Whiteknights, Reading RG6 6UD, UK (ICMA Center)
Tel : +44 (0)118 987 5123

http://www.reading.ac.uk/

City University London-Cass Business School
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http://www.cass.city.ac.uk/
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The University of Warwick- Warwick Business School
Coventry CV4 7AL, UK
Tel : +44 (0) 2476 150171

http://www?2.warwick.ac.uk/
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University of Manchester- Manchester Business School
Oxford Road Manchester M 13 9PL
Tel : +44 (0) 161 306 6000
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Lancaster University-Management School
Bailrigg, Lancaster. UK LA1 4YW
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"t % — ¢ Warwick Business School € 3 7L

. . Visit to Warwick Business School (WBS)
by National Science Council, Taiwan

Wednesday 24 November 2010

Purpose of visit:

* Togive the representatives from Taiwan a better understanding of current research trends at
WS, in particular Accounting and Finance

* To explore opportunities of future cooperation between Warwick Business School and
universities in Taiwan

Representing National Science Council:

Professor Chuang-Chang Chang (Delegation Leader)
Former Dean of Management School, National Central University
Professor Bing-Huei Lin
Dean of College of Social Science and Management, National Chung-Hsing University
Professor Robin K. Chou
National Cheng-Chi University; Former Chair of Department of Finance, National Central
University
Professor Shao-Chi Chang
National Cheng-Kung University
Professor Ruey-Dang Chang
Chair of Department of Accounting, National Chung-Hsing University
Associate Professor Yenn-Ru Chen
National Cheng-Kung University
Associate Professor Keng-Yu Ho
National Taiwan University
Yi-Ju Hsieh
Assistant Researcher, Program Manager in Finance and Accounting
April Chen
Assistant Researcher, Program Manager in Management
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Representing Warwick Business School:

Professor Andrew Oswald, Pro-Dean for Research
Andrew Oswald is Pro-Dean for Research and Professor of Behavioural Science at Warwick
Business School. His research lies at the borders between economics, psychology, industrial
relations, quantitative social science, and medicine. He is an ISl Highly Cited Researcher, serves
on the board of editors of Science, and was a member of the recent Stiglitz Commission into the
measurement of human progress (set up by Nicholas Sarkozy). He writes also for newspapers
such as The Independent and Financial Times.

Professor Anthony Neuberger, Professor of Finance
Anthony Neuberger is Professor of Finance and Head of the Finance Group at Warwick Business
School. His own research is in the area of capital markets, financial derivatives and pensions. He
came to Warwick 6 years ago from the London Business School. Prior to becoming an academic
he worked for 10 years in the UK Government, first in the Cabinet Office and subsequently in
the Department of Energy. He has consulted for the Pension Protection Fund, and written a
report on pension regulation for the Department of Work and Pensions.

Dr Nick Webber, Reader in Finance
Nick Webber is a Reader in Finance at Warwick Business School, appointed in October 2004. He
joined WBS from Cass Business School, London, where he was Professor of Computational
Finance. He took a PhD in Theoretical Physics at Imperial College as a mature student, receiving
his doctorate in 1986. He was appointed to a lectureship at WBS in 1989.

Nick’'s research is in derivatives, mathematical and computational finance and applied
probability. He is widely known internationally in his field, particularly in interest rate modelling
and computational finance.

Nick has been writing two books on computational methods and the implementation of
derivative valuation systems. The first of these, Implementing Models of Financial Derivatives in
OOP VBA is available imminently. His previous book, Interest Rate Modelling, published in 2000,
has been very well received. Of the ten PhD students who have completed their doctoral work
under his supervision, six have gone on to academic careers. He is currently supervising four
active PhD students.

Professor Keith Hoskin, Professor of Strategy and Accounting
Keith Hoskin is Professor of Strategy and Accounting at Warwick Business School. He writes and
researches across the fields of accounting, strategy, management and professionalisation, but from
a perspective informed by an initial background in historical, literary, philosophical and translation
studies. He seeks to draw on this mix of interests to promote a greater reciprocal understanding of
the continual interweaving of philosophical and historical understandings with understandings
circulating within conventional human science and managerial knowledge arenas.

Dr Elisabeth Dedman, Associate Professor of Accounting and Assistant Dean (Specialist Masters
Programmes)
Elisabeth has recently joined WBS from Bath School of Management. She previously held
lectureships at Manchester Business School, University of Bristol and University of Liverpool.
She was awarded a PhD from Lancaster University in the area of Corporate Governance.
Elisabeth's key research interests include risks perceived by investors, managerial use of
voluntary disclosure to influence investor behaviour and market prices.

Alison Bond, Head of External Relations
Alison Bond is Head of WBS External Relations. Her role has a broad remit covering
International, Corporate, and Alumni Relations. Alison joined WBS 5 years ago as Manager of
the MSc in Financial Mathematics. In September 2007 she was appointed to work for the
School’s Development and Alumni Relations Office.
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Programme

10.00-10:15  Arrival and welcome, WBS Boardroom (B3.19)

10:15-10:30  Alison Bond {
Overview of University of Warwick and Warwick Business School

10.30-10:45 Break

10:45-10:55  Professor Anthony Neuberger
Finance — Research Overview

10:55-11:05  Dr Nick Webber _ ,
Computational Methods in Finance

11:05-11:25 Q&A

11:25-11:35 Dr Elisabeth Dedman
Market-based Accounting

11:35-12:05  Presentation by National Science Council
12:05-12:15 Q&A
12:15-13:00 Buffet Lunch, Scarman Road Lounge

13:00 Depart
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Issues in Computational Finance

Nick Webber

University of Warwick

24 November 2010

Nick Webber: Computational finance

Issues in Computational Finance
Context: Risk management with financial markets.

End users want to manage their specific financial exposure,
do not have specialist skills or market knowledge to do so.
Banks are supposed to be able to better manage financial risk.

Banks sell derivative securities to end users,
hedge by constructing a hedge portfolio. eg,

Sell:  asingle complex tailored OTC financial products,
Buy: many simple, liquid, (exchange-traded?) vanilla products.

Bank’s profit. Difference between:
Net income from product sold,
Net cost of buying and maintaining the hedge.

Mick Webber: Computational finance 2/18

Hedging

Most markets have a set of vanilla hedging instruments.
Standard vanilla options, forwards, futures, et cetera.

But

1. Risk characteristics very different to those of OTC products.
(Usually much simpler.)

2. Do not span space of possible all possible risk.

A model might correctly price all vanilla European puts and calls,
but still fail to price correctly path-dependent options, eg

Nick Webber: Computational finance

barrier options, average rate options, Americans/Bermudans.

16

Illustration: Three models

Black-Scholes framework
Asset value (5),.,, Wiener process (w),.,. Asset process:

dS; = rSdt + o Spdwy. (1)

Poor. Expect to price correctly a single vanilla option at a time.

Heston. Also has a stochastic volatility process (V),.4:
dS; = rSpdt + V}/25,dw?, (2)
dV; = a(p — Vi) di + gV 2dw), (3)
with dwfdw) = pdt. Fits much better to volatility smiles.

Sabr (general asset price formulation).
Asset process is CEV. Has GBM volatility process:

ds, = rSdt + VisPdwf,  ge[01], )
dVy = a(p — Vi)dt + nVidw/, (5)

with dwfdw} = pdt. Fits to vanillas much worse than Heston.

MNick Webber: Compulational Fnance



Issue: Realism against tractability, 1

Heston is the “best” model,
yet Sabr (and even Black-Scholes) is widely used.

Models enable:

1. Different instruments to be priced consistently,

2. Instruments’ risk characteristics to be determined.
Necessary for effective hedging.

Must be able to compute prices and hedge ratios from a model.

Explicit solutions:
PDE methods:
Simulation methods:
Numerical integration:

Rarely available.

Usually fine only for simple 1-factor models.
Slow without effective variance reduction.
Can be effective, but only in special cases.

Nick Webber: Computational finance 5/16

Issue: Realism against tractability, 2
Simple models:
Easy to compute, but fail to fit to market prices.

Complex models:

Better fit to prices (so better risk management),
but hard to compute.

“Hard”: Time consuming, or impossible, to get accurate prices.

Heston:
Sabr:

Hard,
Has explicit (approximate) formulae, simplifing calibration.

Desperate need:

Develop fast numerical methods for complex derivatives models.
New mathematics/statistics,
New computational methods.

MNick Webber: Compultational finance 6/ 16

Zhang and Webber: contribution

1. Present a general SV model,
nesting Heston, a Sabr-like model, et cetera.

2. Construct a correlation-control variate for the model.

3. Apply the model to pricing:
Average rate options, barrier options, et cetera

4. Explore variations in barrier option pricing,
consistent with the implied volatility surface.

Nick Webber: Computational finance
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A general stochastic volatility model

Let
(8);>p be an asset price process, ®)
(V)4>0 be a volatility process,
with SDEs
dS; = rS.dt + of (Vi) SPAW?, @)
AV = a(p — Vi)dt + nVyawy, (8)
dwidw) = pdt, 9)

where f (v) = v¢ and

c.B=0, determine the structure of volatility for S,
=1 determines the process for V,
¥>0, when ¢ € Z, (10)
o >0, included for generality,
a,pER, are not required to be positive.
When § € Z, V;is required to remain positive.
When & € Z, V;is permitted to become negative.
Nick Webber: Computational uance
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Nesting other models

=0 B < (0,1) =1
Model ¢ 7| Model & o | Model £ g
1 1 Sabr i i 1 H&W 1 il
Absolute 1 1 [Sabr- 1 [ | J&S 1 1
diffusion 1 0 | like 1 0 | S&Z,S&5 1 0
models 3 1 | LKD L 1 | Garch } 1
I 3 I 1 | Heston ] 3
n/a E- 0 n/a b 0 n/a 5 0
(B, 1,7): Johrison and Shanno {1987).
(B, 1,1): Sabr: Hagan et al. (2002).
(8.3 'y): Lord, Koekkoek & Dijk (2008).
(1,1,1): Wiggins (1987); Hull &White (1987) (4 = 0, p = 0).
(1,1,0): Stein & Stein (1991) (p = 0); Schobel & Zhu (1999) (p # 0).
1, %, 1): Nelson (1990); Barone-Adesi et al. (2003) (p =0); (and H& W, as p = 0).
1,34,1): Heston (1993); Ball & Roma (1994).
1, é,’y :  Andersen & Piterbarg (2007); Lewis (2000); Ait-Sahalia & Kimmel (2007).
(1,2,0): Jourdain & Sbai (2010) (special case).
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Numerical results

Develop and apply two new CVs to average rate options.
Correlation CV (p % 0); zero correlation CV (p = 0).

Compare with 3 “old” CVs.
GBM auxiliary CV; GBM delta CV;
European call (where explicit solution exists).

Ilustration: apply to average rate options, K = 64 resets.

Maturity T = 1;

Three cases: ITM, X = 80; ATM, X = 100; OTM, X = 120;
Use M = 10° sample paths for plain MC, M = 10* for CV MC,

N = 320 times steps. (Emphasis on speed-ups, not convergence.)
Evolving Vi: v = 1: Log-normal approximation; 7 = 1: Milstein.
Evolving 5;: Can use modified Euler (on a transformed process).

Nick Webber: Computational finance 10/16

Choice of parameters

4 models: Heston, Garch, Sabr, Johnson & Shanno (J&S).
Two cases each.

Farameters [0 3 Vo I3 « M 7 7
Heston  Casel: 1.3 100 00175 0.025 15768  0.0398  0.5751 ~0.5711
Case 2: EI, 3. %3 100 0.04 0.05 02 0.05 01 0.5
Garch Case 1: 1.3 100 00175 0025 4 0.0225 12 —05
Case 2: E‘l, % 1} 100 0.04 0.05 2 0.09 0.8 —0.5
[ Gabr Case 1: (04,1,1) 00 2 0.05 0] [1] 3 —05
Case2 | (0.6,1,1) 00 2 0.05 [\ 0 0.4 -05
J&s Case1: 04,1, 4 w00 2 0.05 2 9 0.1 ~05
Case 2: EO.G. 1, é} 100 2 0.05 2 2 0.1 0.5

Zero is accessible in: Heston, case 1; Sabr, case 1; J&S, case 1.

Heston, case 1, is Albrecher et al. (2007); case 2 is Webber (2010).

Garch cases: V; parameters are Lewis (2000).

Sabr and J&S: V; parameters chosen to give I'Vs of ~ 15% and ~ 30%.
J&S: vol of vol is small.

Nick Webber: Computational finance 1716
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Efficiency gains, K = 64 average rate option, ITM

CV combinations Heston Garch Sabr J&S
IT™, K = 64 Cr [ €2 €1 [TC2 €l €2 | €1 c2
p=0 5.6 340 | 140 | 340 | 84 110 | 9000 | 3300
p#0 3.1 jo i 29 3.1 3.0 3.5 2.6 27
p=0+p7#0 7.1 330 | 110 | 280 | 70 73 6600 | 2600
GBM 3.0 74 34 37 23 24 450 310
delta 120 | 360 | 520 | 140 | 450 82 800 180
GBM + delta 120 | 370 | 530 | 150 | 530 81 1500 | 350
g=0 59 390 | 150 | 400 | 85 110 | 9500 | 3100
o

GBM + #0 B2 1 7h 30 34 20 24 290 220
both 7.7 | 370 | 120 | 350 | 67 100 | 6400 | 2300
p=0 120 | 690 | 880 | 350 | 810 140 | 6000 | 1400

delta+ p#0 160 | 350 | 490 | 140 | 430 95 660 160
both 160 | 700 | 850 | 340 | 770 190 | 5100 | 1300

all 200 | 900 | 870 | 350 | 1000 | 220 | 5300 | 1200

(Best gains in bold.)
Usually best to use all 4 CVs.
J&S cases: Best to use only GBM + p = 0 CVs.
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Efficiency gains, K = 64 average rate option, ATM

CV combinations Heston Garch Sabr J&S
ATM, K = 64 C1 2 el €2 C1 C2 | €1 c2
p=0 3.3 130 | 71 120 | 55 47 4100 | 1500
p#0 11 53 4.7 4.4 46 | 52 | 3.0 3.4
0=0+p#0 4 | 170 | 84 | 120 | 75 | 63 | 3700 | 1100
GBM 2.1 55 26 27 19 15 390 160
delta 3.6 | 65 43 48 31 24 170 100
GBM + delta 40 | 75 43 49 31 | 18 | 310 140
p=0 32| 130 | 74 120 | 54 43 4400 | 1600
GBM+ p#0 14 | 63 35 32 27 | 21 | 260 100
both 14 180 | 92 140 | 76 66 4300 | 1300
p=0 3.4 | 85 48 61 33 23 1600 | 530
delta+ p#0 25 | 120 | 83 67 74 | 36 | 150 88
both 23 160 | 100 | 89 86 52 1700 | 530
all 25 | 190 | 98 89 97 | 67 | 2200 | 690

Often best to use all 4 CVs.
Main contribution is usually GBM +p = 0+ p # 0CVs.
Garch, C2, and J&S cases: Best are GBM + p = 0 CVs.
Heston, C1: Main contribution is from delta + p # 0 CVs.

Efficiency gains, K = 64 average rate option, OTM

CV combinations | . Heston Garch Sabr J&S
OTM, K = 64 Ccl | C2 ) | €2 | &1 2 | el C2
p=0 1.2 | 82 19 62 ] 35 640 370
p£0 |48 |22 |45 |11 | 200 14 |21 5.6
o—0+p#0 38 | 140 | 66 | 68 | 250 | 64 | 510 | 240
GBM 1296 [ 27 |66 |13 |68 |53 110
delta 13 | 14 43 |11 |25 |76 | 10 31
GBM +  delta 1.4 | 13 59 (.12 2.6 76 | 36 49
p=0 1.7 | 86 20 62 6.7 30 1400 | 400
GBM+ p#0 38 | 38 39 | 1r | 150 | 23 | 79 83
both 28 150 | 82 69 240 | 63 1200 | 320
p=0 09 | 35 99 [ 20 3.8 12 350 170
delta+ p#0 18 ohd7 17 (17 | 56 21 | 14 17
both 9.7 | 67 31 24 90 28 260 140
all 17 87 40 28 120 | 37 510 170

Usually best to use GBM +p = 0+ p # 0CVs,
Exception: J&S, best to use only GBM + p = 0 CVs.
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Comparisons of efficiency gains Summary
Relative improvement over existing methods:
Best gain including new CVs / Best gain with old CVs alone.
Pelative Heston Garch Sabr J&S Computational methods matter.
performance [C1 [C2Z | CI [C2Z [CI [C2[Cl]C2 Vital before more complex models can be used,
™ 17 24 |17 27|19 27163 94 leading to better, more effective, risk management.
ATM 69 25 |23 29|31 28|11 10
pol?gh 1’42 }02'7 }'t] ?g (‘1’23 ?‘; %E; g? Particular contribution:
plow 31 14 |13 12|16 17|38 es6 Have constructed a better simulation method
o high 24 16 |21 23|35 80 [30 11 in a general SV model.
Ordinary parameter values: Results are excellent.
New CVs enhance performance by sizable factors.
Generally improve as options go OTM.
Extreme correlations: Perform less well but still give speed-ups.
Extreme volatility: Still give very reasonable speed-ups.
Nick Webber: Computational finance 157 16 WNick Webber: Computational finance 16 /i6
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— National Chung Hsin University 2000
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. \ . Finance Research in Taiwan
Finance Research in Taiwan Global ranking of finance research (1990-2004)

— Chan, Chen and Lung (2007)

1 NSC rewards grants based on individual

research performance and quality of the
research proposal

1 Most research universities now have a
tenure-track system

a Finance research output has been
improved significantly in terms of both
quality and quantity in recent years

— Finance is one of the more internationalized
research fields in Taiwan

Finance Research in Taiwan

m Finance research performance among Asia—Pacific academic
institutions (1990-2008) (Chan, Chen and Lee (2010))
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Chen, K. Y., and J. Zhou, 2007, Audit
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auditor switch decisions by Andersen’s
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Research, 24(4): 1085-1117.
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Conclusion

Relatively small field in terms of number of
institutions and scholars

Research funding mainly comes from NSC
Moving toward research-oriented direction

Publishing in A journals is many scholars’
goal!
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