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Problem Statement

Some clients prefer their margin requirement to be stable with respect to
modest changes in their portfolio and have a transparent calculation
methodology. To this end, the business would like to offer clients a simple
constraint set with the offer of a fixed margin charge (i.e., a fixed percent
of the portfolio gross market value) so long as the client’s portfolio satisfies
the constraints. A core issue is the measurement of risk for a set of
portfolios instead of a single portfolio, which we have addressed by
attempting a worst case analysis. We hope to use this to

I determine simple constraints which may be used to control the risk of
a long - short equity portfolio, and

I determine the sensitivity of that risk with respect to varying levels of
the constraints.
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Constraint Types and Risk Measurement

I Volatility

I Portfolio level (correlation)
I Security level

I Concentration

I Security level
I Sector level
I Long - short skew

Risk is measured by looking at the worst 5-day return of a portfolio

satisfying all the constraints. Five days is the holding period for a portfolio

after a client has defaulted on their margin requirement and before we may

seize and liquidate it. During this period we are exposed to market risk.
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Notation

wi = weight of the i th security in the portfolio on day 0,

ti = gross market value of the i th security on day 0 (= |wi |,
heuristically)

LMVi = long market value of the i th security on day 0 (i.e.,
= 0.5(ti + wi ),)

SMVi = short market value of the i th security on day 0 (i.e.,
= 0.5(ti − wi ),)

ri,k = return of i th security from day k to k + 1,

αi,−k = ri,−k

∏k
j=1(1 + ri,−j)

−1

βi,−k =
∏k

j=1(1 + ri,−j)
−1

Ri = return over a 5 day period =
∏4

j=0(1 + ri,j)
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Boundedness and Consistency Constraints

All the constraints under consideration are invariant with respect to scaling
of the portfolio weights. For numerical stability, we impose a boundedness
constraint,

n∑

i=1

ti = 1.

We cannot impose ti = |wi | directly, as this is not a convex constraint. We
relax this constraint as

wi ≤ ti ,

−wi ≤ ti .

Maximizing the risk tends to force one of these to become satisfied as
equality, as we will see in the results below.
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Portfolio volatility

Let GMVk be the portfolio gross market value on day k and NMVk be its
corresponding net market value. The portfolio volatility is defined by

Rk =
NMVk+1 − NMVk

GMVk
,

R =
1

N

N∑

k=1

Rk ,

σPortfolio =

√√√√ 1

N

N∑

k=1

(Rk − R)2

In the original variables, we have

Rk =

∑n
i=1 αi,−kwi∑n
i=1 βi,−kti

and

σPortfolio =

√√√√√ 1

N

N∑

k=1




∑n
i=1 αi,−kwi∑n
i=1 βi,−kti

− 1

N

N∑

ḱ=1

∑n
i=1 αi,−ḱwi∑n
i=1 βi,−ḱti




2

This function is not convex in {(wi , ti )}n
i=1.
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Implemented portfolio volatility constraint

Let Ω be the covariance matrix constructed using the weight adjusted
returns αi,−k instead of the actual returns ri,−k . We fix the GMV of the
portfolio to its current level and define the portfolio volatility as

σ̂Portfolio =

√
w tΩw

ett

where e = (1 . . . 1)t . Choosing L such that LtL = Ω, the constraint
becomes

‖Ltw‖ ≤ βVole
tt = βVol
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Security level volatility constraints

To reduce exposure to correlation stability, we impose a constraint on the
weighted average volatility of the portfolio. In addition, we also bound
exposure to highly volatile stocks through our tail limits.

I Average volatility
n∑

i=1

σi ti ≤ βAvgVol

I Tail limits
n∑

i=1

χ{
ξ≥βVolj

}(σi )ti ≤ Wj , j = 1 . . . m.
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Concentration constraints

I Security level

LMVi ≤ βLMV

n∑

j=1

LMVj ⇔ ti + wi − βLMV

n∑

j=1

(tj + wj) ≤ 0

⇔ ti + wi − βLMV

n∑
j=1

wj ≤ βLMV ,

SMVi ≤ βSMV

n∑
j=1

SMVj ⇔ ti − wi − βSMV

n∑
j=1

(tj − wj) ≤ 0

⇔ ti − wi + βSMV

n∑
j=1

wj ≤ βSMV .
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More concentration constraints

I Sector level
Let Ψ = {s|s is an industry sector} and let
Is =

{
i ∈ {1 . . . n}|the issuer of the i th security is in sector s

}
. Then

∀s ∈ Ψ,
∑

i∈Is

ti ≤ βSector .

I Long - short skew

n∑

j=1

LMVj ≤ βSkew

n∑

j=1

SMVj ⇔
n∑

j=1

tj + wj ≤ βSkew

n∑

j=1

tj − wj

⇔
n∑

j=1

wj ≤ βSkew − 1

βSkew + 1
,

n∑
j=1

SMVj ≤ βSkew

n∑
j=1

LMVj ⇔
n∑

j=1

tj − wj ≤ βSkew

n∑
j=1

tj + wj

⇔
n∑

j=1

wj ≥ 1− βSkew

βSkew + 1
.
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Objective

We search among all portfolios satisfying the constraints those which have
the worst loss over the ensuing 5 days; i.e.,

minimize R tw

The linear objective and linear and quadratic constraints result in this
being a second order cone program and efficiently solvable through interior
point methods. We have implemented our own primal-dual solver capable
of handling large sparse constraint matrices. It is based on an algorithm
presented in (Boyd, et. al.) and modified appropriately to handle conic
constraints.
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Test description

We solved for worst case portfolios over the period November 5th, 2007 to
June 25th, 2010, totaling 690 data sets per choice of parameters. In our 8
test cases, we held the following values for parameters below:

βAvgVol = 60%,

W1 = 10%,

W2 = 20%,

βSector = 10%.

Sector classification was based on GICs Level 2 (24 industrial classes). We

took βLMV ≡ βSMV =: βIC and varied βVol , βVol1 , βVol2 , βIC , and βSkew as

indicated in the following chart. Optimizations were considered successful

if
∑n

i=1 |wi | ≥ 0.95
∑n

i=1 ti .
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Computational results

# succesful Average 99%
optimizations βVol βVol1

βVol2
βIC βSkew Return Std Dev quantile

678 30% 100% 80% 5% 300% -11.89% 3.91% -24.74%
654 20% 100% 80% 5% 300% -11.45% 3.51% -23.48%
687 30% 90% 70% 5% 300% -11.81% 3.84% -24.40%
668 20% 90% 70% 5% 300% -11.41% 3.45% -22.96%
660 30% 100% 80% 2.5% 300% -9.92% 3.47% -21.57%
639 20% 100% 80% 2.5% 300% -9.60% 3.15% -20.04%
666 30% 90% 70% 2.5% 300% -9.86% 3.41% -21.76%
656 20% 90% 70% 2.5% 300% -9.56% 3.07% -19.73%
677 30% 100% 80% 5% 200% -11.51% 3.81% -23.94%
659 20% 100% 80% 5% 200% -11.20% 3.47% -23.23%
686 30% 90% 70% 5% 200% -11.42% 3.70% -23.60%
674 20% 90% 70% 5% 200% -11.16% 3.41% -22.36%

Table: Optimization results for the period November 5th, 2007 to June
25th, 2010.
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Conclusion

Our current analysis implies leverage bounds of 4 - 1 or 5 - 1. The
current client offering is 10 - 1. We need to decide whether the
analysis is too conservative in its use of the worst case portfolio or
whether the risk is real and the business chooses to accept this risk
to be competitive in this market.
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Boyd, Stephen and Vendenberghe, Convex Optimization
(Cambridge: Cambridge University Press, 2006)

Wright, Stephen J., Primal-Dual Interior-Point Methods
(Philadelphia: SIAM, 1997)
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Quantitative Prime Services

Quantitative support for Prime Services has traditionally focused on
issues concerning risk, margin strategies, and business development.
Most analysis relies heavily on historical data and focuses on ”real
world” as opposed to risk neutral returns. Our current focus is to
attract more clients by offering margin methodologies suitable for
their trading strategies.
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Disclaimer

This document has been prepared by Barclays Capital, the investment banking division of Barclays Bank PLC (”Barclays”), for

information purposes only. This document is an indicative summary of the terms and conditions of the securities/transaction

described herein and may be amended, superseded or replaced by subsequent summaries. The final terms and conditions of the

securities/transaction will be set out in full in the applicable offering document(s) or binding transaction document(s).

This document shall not constitute an underwriting commitment, an offer of financing, an offer to sell, or the solicitation of an

offer to buy any securities described herein, which shall be subject to Barclays internal approvals. No transaction or services related

thereto is contemplated without Barclays subsequent formal agreement. Barclays is not acting as a fiduciary. Accordingly you must

independently determine, with your own advisors, the appropriateness for you of the securities/transaction before investing or

transacting. Barclays accepts no liability whatsoever for any consequential losses arising from the use of this document or reliance

on the information contained herein.

Barclays does not guarantee the accuracy or completeness of information which is contained in this document and which is stated

to have been obtained from or is based upon trade and statistical services or other third party sources. Any data on past

performance, modelling or back-testing contained herein is no indication as to future performance. No representation is made as to

the reasonableness of the assumptions made within or the accuracy or completeness of any modelling or back-testing or any other

information contained herein. All opinions and estimates are given as of the date hereof and are subject to change and Barclays

assumes no obligation to update this document to reflect any such changes. The value of any investment may fluctuate as a result

of market changes. The information herein is not intended to predict actual results and no assurances are given with respect

thereto. Nothing herein shall be deemed to constitute investment, legal, tax, financial, accounting or other advice.
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Disclaimer (continued)

Barclays, its affiliates and the individuals associated therewith may (in various capacities) have positions or deal in transactions or

securities (or related derivatives) identical or similar to those described herein.

IRS Circular 230 Disclosure: Barclays Capital and its affiliates do not provide tax advice. Please note that (i) any discussion of

U.S. tax matters contained in this communication (including any attachments) cannot be used by you for the purpose of avoiding

tax penalties; (ii) this communication was written to support the promotion or marketing of the matters addressed herein; and (iii)

you should seek advice based on your particular circumstances from an independent tax advisor. Notwithstanding anything herein

to the contrary, each recipient hereof (and their employees, representatives, and other agents) may disclose to any and all persons,

without limitation of any kind from the commencement of discussions, the U.S. federal and state income tax treatment and tax

structure of the proposed transaction described herein and all materials of any kind (including opinions or other tax analyses) that

are provided relating to such tax treatment and tax structure. For this purpose, ”tax structure” is limited to facts relevant to the

U.S. federal and state income tax treatment of the proposed transaction described herein and does not include information relating

to the identity of the parties, their affiliates, agents or advisors.
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Disclaimer (continued)

BARCLAYS CAPITAL INC., THE UNITED STATES AFFILIATE OF BARCLAYS CAPITAL, THE INVESTMENT BANKING
DIVISION OF BARCLAYS BANK PLC, ACCEPTS RESPONSIBILITY FOR THE DISTRIBUTION OF THIS DOCUMENT IN
THE UNITED STATES. ANY TRANSACTIONS BY U.S. PERSONS IN ANY SECURITY DISCUSSED HEREIN MUST ONLY BE
CARRIED OUT THROUGH BARCLAYS CAPITAL INC., 200 PARK AVENUE, NEW YORK, NY 10166.

NO ACTION HAS BEEN MADE OR WILL BE TAKEN THAT WOULD PERMIT A PUBLIC OFFERING OF THE SECURITIES
DESCRIBED HEREIN IN ANY JURISDICTION IN WHICH ACTION FOR THAT PURPOSE IS REQUIRED. NO OFFERS,
SALES, RESALES OR DELIVERY OF THE SECURITIES DESCRIBED HEREIN OR DISTRIBUTION OF ANY OFFERING
MATERIAL RELATING TO SUCH SECURITIES MAY BE MADE IN OR FROM ANY JURISDICTION EXCEPT IN
CIRCUMSTANCES WHICH WILL RESULT IN COMPLIANCE WITH ANY APPLICABLE LAWS AND REGULATIONS AND
WHICH WILL NOT IMPOSE ANY OBLIGATION ON BARCLAYS OR ANY OF ITS AFFILIATES.

THIS DOCUMENT DOES NOT DISCLOSE ALL THE RISKS AND OTHER SIGNIFICANT ISSUES RELATED TO AN
INVESTMENT IN THE SECURITIES/TRANSACTION. PRIOR TO TRANSACTING, POTENTIAL INVESTORS SHOULD
ENSURE THAT THEY FULLY UNDERSTAND THE TERMS OF THE SECURITIES/TRANSACTION AND ANY APPLICABLE
RISKS.

Barclays Bank PLC is registered in England No. 1026167. Registered Office: 1 Churchill Place, London E14 5HP. Copyright
Barclays Bank PLC, 2010 (all rights reserved). This document is confidential, and no part of it may be reproduced, distributed or
transmitted without the prior written permission of Barclays.


