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1 You are aUK equity market speculator. The equity market outlook is for falling prices.

() Discussthe potentid for profit and loss and the risk of each of the following option
trading strategies.

@ long put on the FTSE 100 index and
(b) bear spread on the FTSE 100 index. 5]

(i) What voldtility outlook are you expecting in order to profit from strategy (a) above?

(1]
[Totd 6]

2 On the 16 March 1998, the closing prices of the first sx 90-day Eurodollar futures traded
on the Chicago Mercantile Exchange were as follows.

June 1998 94.40
Sept 1998 94.60
Dec 1998 94.50
Mar 1999 94.40
June 1999 94.30
Sept 1999 94.20

On the same day the Eurodollar cash deposit mid rates were:

3 month 5.375%
6-month 5.500%
9-month 5.625%
12-month 5.750%

All contracts expire on the 16th of the relevant month.

(0] Cdculate the 12-month Eurodollar money rate implied by the futures contracts.
(3]

@i Describe how alarge US bank could theoreticaly arbitrage the anomaly between
the Eurodollar futures and cash markets? [2]

@iy  Why in practice might this bank be unable or unwilling to undertake such an

arbitrage? [2]
[Tota 7]
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3 Discuss the issues that need to be considered by a futures exchange when deciding whether
and how to develop a new futures contract. [11]

4 Company A has just entered an n-year plain vanilla gerling interest rate swap under which it
will recaive an annud fixed coupon of X% and pay an annua floating coupon based on
gerling 12-month LIBOR.

@) Write down aformulafor the current value of the swap to Company A and
demondtrate that the value of this swap may aso be considered as the differencein
vaue between afixed rate bond and a floating rate bond.

Assume 365 days in each year and explain any extrasymbols you use. [6]

()] Six months ago, a 5-year Serling swap was set up for zero cost when theyied
curve was levd & 7%.

Describe the effect of (a) and (b) below on the value of the swap to the party
receiving the fixed rate and indicate which has the greater effect:

@ the yield curve pivots such that 1-year rates rise to 8% and 5-year rates
remain a 7%; and

(b) the yield curve pivots such that 1-year rates remain a 7% and 5-year rates
fdl to 6.5%.

A descriptive treetment will be adequete - calculations are not required. [4]
[Tota 10]

5 Discuss the three main reasons why hedging exposure to an asset using futures contracts
works less than perfectly in practice. [6]
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6 Y ou are the risk manager of afund which invests exclusvely in UK equities and which uses
a“vdue-a-rik” (VaR) measure of market risk for the portfolio.
VaR is the maximum loss which the portfolio might sustain on any one day with 98%
confidence based on anormd digtribution of price movements and the variance and
covariance of the portfolio condtituents.

()] Discuss the relative advantages and disadvantages of

@ compiling a complete variance-covariance matrix based on historica
movements of each sector of the equity market and
(b) recalculating the profit and loss on the equity portfolio using hitoricd prices
of theindividua equities in the congtruction of the VaR modd.
[4]

(i) The portfolio contains a number of long-dated plain vanillaand exotic options on
severd individud UK equities.

Explain briefly the features of this part of the portfolio which make it ingppropriate to

use asmple model of caculating VaR and outline a better procedure usng scenario

analysis and method (b) above. [6]
[Tota 10]

7 (0] Describe briefly the main assumptions and the computationa method underlying the
binomid tree numerica procedure for pricing a plain vanilla American option.

[3]

(if) Discuss whether the basic binomia tree numerica procedure can be used to vaue
an option where the payoff is the amount by which the find stock price exceeds the
minimum stock price achieved during the life of the option.

[1]

(i) Ligt the hedge parameters which can be estimated from a angle binomid tree for the
cdculation of aplain vanilla American option and discuss the method by which the
remaining hedge parameters can be estimated.

[4]
[Total 10]
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8 With reference to the Black Scholes formula and using the notation of the examination

handbook and the formula shest:
() Derive an expresson for N(x) . [1]
(i)  Showthat SN(d) = Xe"TYUNgqd,). [3]
Giy  Showtha 192 = 192 i € - Ny, 2]
1S 1S 1S
: fc _ -r(T-t) S
IV Show that — = -rXe N(d,)- SNqd
( ) it ( 2) (I( 1) Zﬁ
where c isthe price of a European cdl option. [2]

[Totd §]

9 ()] Describe interest rate cgps and interest rate floors and write down aformulafor the
payoff on one of the caplets making up a cap. [4]

(i) A bond pays a semi-annud floating coupon based on 6-month LIBOR plusa
margin of 0.40%. On each reset date, the coupon can never fal below the last
coupon leve (evenif LIBOR fdls), but dso can only rise by a maximum of 0.65%.

@ Describe the option features embedded in the structure of the bond.

(b) Describe the yield curve environment which would make this product a
better or worse investment than aregular floating rate bond paying LIBOR
and comment in particular on the yield curve environment which alowsit to
pay the extramargin of 0.40%.

(7]
[Total 11]
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10  Anoptionstrader hasjust entered into the following portfolio of options on the June 1998
LIFFE Bund future (contract size DM 250,000):

Option position Current option price Option delta
Sold 500 Cdlls strike 106 0.42 +38%
Sold 500 Puts strike 104 0.15 -17%

The options al expire on 21st May 1998, and the current price of the future is 105.50.

() Sketch adiagram of the profit and loss on the portfolio at expiry of the options
againg a suitable range of futures prices (assuming no futures hedge), and add to this
graph aline indicating approximately the current profit and |oss over the same range.

(3]

()] What futures position would the trader require to delta hedge his portfolio at the
current market level? [3]

(i)  Discussthe effect on the trader’ s profit and loss of the market faling sharply in the
next few days suggesting the likely action he would take (assume the trader has
hedged his position as suggested in part (ii)). Would your answer be any different if
the fall took place aweek before expiry?

(5]
[Tota 11]

11 Discussthe two main methods of accounting for derivativesin the financid statements of a
pension fund. [8]

12  Describe the main reason why portfolio insurance using synthetic put optionsis relatively
ineffective in protecting portfolios againg the type of fals seen by marketsin the October
1987 crash. (2]
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Q1
Long put

Profit is unlimited as the FTSE 100 index falls beyond the strike price minus the premium
paid.

Risk islimited to the premium paid.

Bear spread

AL

A bear spread can be created from a short call (strike A) and along call (strike B) or a
short put (strike A) and along put (strike B). In both cases the two options have the same
expiry date and B > A. Using cdls one receives the net premium using puts one paysthe
net premium &t the outst.

Profit islimited to the net premium received if the FTSE 100 index is & or below A at
expiration.

The downsderisk is limited to the difference between the strike prices minus the net
premium received.

(i) The greeter the actud voldtility the greeter the profit potential on the put option; one
would expect rigng volatility when executing this srategy.

Q2

0)

Only require the first three contracts and the 3-month money rate.

Cdculate following teble (question impliesf = 0.25 for all contracts):

Contract Future Impliedrater YearFracf Roll-up (=1 +rf)
3-month depo 5.375% 0.25 1.013438
Jun-98 94.40 5.6 % 0.25 1.014

Sep-98 94.60 5.4 % 0.25 1.0135

Dec-98 94.50 55% 0.25 1.01375

! The profit is limited to that associated with the index falling from its current level to zero.
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Take product of right hand column and subtract 1 to give implied 12 month rate =
5.5819%.

(i)

Bank could borrow &t the rate implied by the futures contracts (sdll the group of futures
contracts) above and lend at the deposit rate of 5.750% for 12-months.

Therefore sdll the group of futures contracts in same nomind as deposit (e.g. $100 million =
100 futures).

Borrow nomind vaue (say $100 million) for 3 months at 5.375% and lend for 12 months at
5.75%.

As each future settles, borrow nomina amount at the settlement rate - settleson LIBOR s0
no bid-offer spread problems.

(il

The rates quoted in the question are mid rates; the futures contract settles on offer rates.
The bank would need to look at the bid & offer rates before making a decison.

To do the arbitrage the bank would have to borrow four lots of 3-month money and lend
12-month money; the transaction costs involved may be too high. The transaction costs
may be about 0.125%.

Borrowing and lending in the cash market ties up capitd.

The number of open positions that a bank can have at the futures exchange may be limited
by the clearing house.

Futures are effectively closed out & settled each day; there will be a cash mismatch if the
market moves wdl from its current levd.

Futures are effectively closed out & settled each day rather than at the end of the contract;
thus there may be a convexity difference.

The rates quoted for the cash deposits are not offer rates; they are bid rates.
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Q3
The exchange must

consder the likely trading volumesin the contract and competition from other exchanges,
condder its ability to operate trading in an additiona contract;
specify the exact nature of the agreement between the parties.

If, by introducing a new contract, an exchange disturbs the status quo in the OTM market
where the mgjor investment banks operate, the banks may not support the new contract.
To gain support for trading in the contract, it is essentid that the contract is attractive to
speculators.

Issuesinclude: (1) likely trading volumes which will be influenced by the need for hedgersto
use the contract to hedge positions in the underlying asset; (2) competition from other
exchanges and global 24 hour screen based trading systems, (3) the attractiveness of the
contract to hedgers (in particular how closely does the futures contract match the typica
hedger’ s underlying asset) and (4) such issues as the amount of the asset to be ddlivered
under one contract (contract Size).

This latter issue isimportant asif the contract Szeistoo large, many investors who wish to
hedge rdatively small exposures or who wish to take relatively smal speculeive positions
will be unable to use the exchange.

On the other hand if the contract sizeistoo smdl, the cost of trading may become too
expensive as trading costs are per contract charges.

The ability of the exchange to precisely define the asset and in the case of commoditiesto
define the qudlity of the asst.

It is aso important that there is sufficient quantity of the quality of the asset avallable for
divery; for example, not al slver would meet the strict qudity definition required for
physica delivery under adlver futures contract.

The type of settlement will have to be decided; physicd and cash ddivery are the two main
types.

Cash delivery is preferable when physica ddivery would impose obvious costs on traders
(warehouse expenses, insurance costs, possibly transportation costs and brokerage fees).

Cash ddivery is suitable when the nature of the underlying does not make physicd ddivery
feasble (stock indices and live cattle are two examples) and has the advantage of preventing
traders from manipulating futures prices by causng artificid shortagesin deliverable stock.

Cash delivery does have the disadvantage that parties with long positions cannot use the
futures contract to acquire the asset.
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The place(s) where ddivery can take place will have to be specified by the exchange.
Ddivery months will need to be chosen for the contract.

Price quotations will need to be specified.

The need for daily price movement limits and postion limits will need to be considered.

Initid and variation margin levels will need to be specified and these are rdated to the
volatility of the price of the underlying; initid margin levels are usudly chosen so thet thereis
only avery smal probability that daily changesin the vaue of the futures contract will
exceed the initid margin.

Regulation: to organise a futures contract on, say, UK government bonds, it would be
necessary to get the agreement of the Bank of England and consult with the exchnage's
regulator.

Q4
@)

Assumption of 365 days in year means we don’t have to worry about day count
conventions.

Use fy = 12-month LIBOR floating rate from year k-1 to year k and dx = discount function
for year k; M isthe notiond principal. Discount function is value of zero coupon bond
meaturing a time k. Swap isn yearslong. The symbol P represents the present vaue of the
cash flows under the notiona fixed rate or floating rate bond asindicated. The symbol x is
the coupon rate on the notiona fixed rate bond.

Annud fixed: Annud floating:

P..,=Ma xd, P

floating
k=1

= Ma f.d,

k=1
The vadue of the swap is the vaue of the notiond fixed rate bond minus the vaue of the
notiond floating rate bond.

Add M.d, to both fixed and floating vaues without changing their difference. Then both
become bonds as required.

(i)
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Sinceit is 9x months after setting up, the swap is effectively 4%% yearslong and can be
valued as the difference between two 4.5 year bonds.

(& The floating Sdeis not so important, but will show atiny profit; (a) has very little effect
but thereisasmadl loss of value dueto thedight risein rates a dl points aong the yied
curve relevant to the swap.

(b) Thefloating side is not so important; (b) has a big effect since the 4- to 5-year area has
improved considerably (45bp), so the swap to the fixed receiver ismore vaduable. (b) has
the greater effect.

Q5

The asset whose price isto be hedged may not be exactly the same as the asset underlying
the futures contract.

For example, there are no futures contracts on jet oil. Jet il prices are usudly hedged using
heating oil futures contracts. The prices of jet oil and hegting oil are not perfectly corrdated
and thisis amgjor reason why the hedge works less than perfectly in practice.

Fregquently hedgers are uncertain asto the exact date when an asset will be bought or sold.
For example, a UK exporter who will be paid in Y en may be unsure as to the exact date he
will be paid.

As futures contracts have fixed maturity dates and convergence of spot and futures only
occurs & the expiry of afutures contract uncertainty to the exact date of sde or purchaseis
akey reason why hedging using futures contracts works less perfectly in practice.

The hedge may require the futures contract to be closed out well before its expiry date.

Again this means that the spot and futures prices will not have converged and the hedgeis
less than perfect.

There may aso be uncertainty as to the exact quantity of an asset that will be bought or sold.
For example, a UK fund manager hedging his exposure to currency movements on a
portfolio of German equities will not know the exact vaue of his portfolio at the end of say a
three month holding period.

Sometimes the expiry of the hedge is later than the availability of the longest maturity futures

contract. Hedging requires the futures contracts to be rolled over thus introducing further
basisrisk.

Q6
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0)
VaR is cdculated by taking into account:

future price movements (volatility)
the interdependencies of the portfolio congtituents (correlations).

@

Advantages

Standard method - statitically sound;

Norma mode is the only practical one because of itstheoretica advantages,

Easy to cdculate based on benchmarks like the FTSE 100 index athough not so easy for
individud equities.

Disadvantages

If too few factors are used, VaR is not precise;

If too many are used, the matrix becomes too big and it takes along time to caculate VaR,;
Correations are not stable over time nor are they entirely accurate;

Correlations are based on past performance and may not be a guide to the future;

The classc problem with the parametersis choosing the correct amount of history to
compute volatilities and correlations - if the data set goes back too far it may not be
relevan;

Norma modd is not redidtic for outliers (Kurtoss effect)

Hence VaR does not redly give the extremes which isabit of aproblem if it is supposed to
be a guide to the amount of afirm’srisk capitd.

(b)

Advantages

Fast to compute;

Easy to obtain distribution of losses from the data without relying on normal modd (this may
be a weakness as the didribution isimplicit);

No problem with correlation assessment - al implicit which again may be aweskness,
Allows for specific risk as well as sectord risk

Disadvantages

Not forward looking

Serioudy affected by particular mgor events e.g. the 1987 stock market crash;
Problem in knowing how far back to go asin (a)

Difficult to cope with new issues since price history not available
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For new issuses, mergers & takeovers one has to use sectors and hence thrown back on
correlaion problem/specific versusindex.

(i)

Essentidly VaR isalinear measure of risk, i.e. it assumes|oss is dways proportiond to
exposure, which is true except for option-type instruments.

At the linear level, one could use option delta to give exposure at current level and enter this
into the VaR modd.

Non-linear characterigtic of options (gamma) make VaR' s linear approximations only work
for smdl range about current market level —hence no use for capita on extreme move,

The pricing of exatic optionsis often very difficult and hence it is more complicated to fit
them into amode.

Exatic options dso have very variable gamma and vega (volatility) profiles so risk profile at
current level ismideading.

Some exatics are virtudly riskless at current levels, but “blow up” somewhere far avay (e.g.
barrier options or cancellation options).

Scenario testing takes arange of prices (say from —50% to +50% of current price in steps
of 10%) and arange of implied voltilities (say from —20% to +20% of current volatility in
steps of 10%) to give agrid of option vaues. ...

This can then be used as apricing tool in the backtesting model, so whatever price level was
resched in the historical Smulation can be trandated into a portfolio P& L distribution.

The advantage of such amethod isit dlows for non-linearity and also usesredl vauesin the
scenario — the problem otherwise is to assign appropriate probabilities to the grid elements.

Some candidates mentioned Monte Carlo smulation but this was not appropritate asitisa
way of cregting observations from adidribution. In this case the distibution is available from
the history of past prices.

Q7

0)

Binomid trees are a discrete time representation of the continuous time mode for stock
prices.
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Bimomid trees divide the life of an option up into anumber of short intervals of time, Dt, and
assume that in each such timeinterval a stock price either moves up by a proportiona
amount, u, or down by a proportiona amount, d.

Thusthere are n+1 aternative stock prices a the end of ntime intervas.

The mean and the standard deviation of the change in the stock price in the risk neutral
world drive the vaues of u, d and their associated probabilities.

The parameters u and d allow arecombining tree of stock prices to be devel oped from
which option prices can be calculated.

Option prices are calculated by starting at the end of the tree and working backwards. For
an American option, the value of the option at each nodeis

MAX{ discounted expected valueif held for afurther period Dt, the value if exercised immediately} .
(i)

A gandard binomid tree cannot be used to vaue this option as the payoff depends on the
path followed by the stock price aswell asitsfind vaue.

As the payoff at the final nodes of the tree cannot be determined with certainty, the option
cannot be valued by gtarting at the end of the tree and working backwards

A very sophisticated binomial tree approach can be used to solve this problem but it

isbeyond the scope of the syllabus. Any candidate who outlined the approach got
full marks.

(iif)
Ddlta, theta and gamma can be determined from the smple binomid tree,

Vega can be determined by making a smal change to volatility and recomputing the option
price using anew tree but with the same value of Dt.

Vegaisthen given by theformula
(f, - f)/ Ds

wheref; isthe estimate of the option price from the new tree and f the estimate from the old
tree; Ds, isthe change in voldility.

Rho can be calculated smilarly.
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Q8
(0
N(x) isthe cumulative probability thet a standard normal variable will be less than x.

N¢x) isthe corresponding p.d.f. for x.

1 2
N¢x) = _e 2
©) 20
s s?
:In(;)+(r +—](T- t)
i d =
) ' s4fT-t
2
dsT-t = 1n(§)+[r+s—)(T-t)
X 2
SZ
edls«lﬁ _ §e[r +TJ(T-I)
X
a2
x both sides by e 2
1192 2as 771 S '£+[S+iJ(T't)
e'z{l' s T-t} — Se 2 2
X

Complete the square on the LHS and it becomes

e - 20 TTrs2(T-0)-52(7- 1)

e
SZ
= Nqdy)e? "
RHS
_ﬁ [r+iJ(T-t)
Se2q 2

X

2

s
— § N(tdl)er(T-t)GT(T_t)
X
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equating the revised LHS and RHS we get

N¢d,) = xe""UNEd,)
0y
d;- d, = s T-t
fd, Td, -0
1S 1S
p Td, _Td,
1S 1S
V)
c = SN(d)- Xe'" N(d,)
e = SIN(dy) x{re’r(T"))N(d2)+e' r(T't)M}
it 1t Tt
= Sl\lc(dl)ﬂﬂ—dtl— xre "TIN(d,)- xe'r(T")Ntl(dz)'ﬂﬂ—ci2
fid, fd,__ -s
fit Mt oo
% = - Ndd,) 2J'S|'j_ xre "TUN(d,)
c = SN(d)- Xe""IN(d,)
o= N SNo;dl)"%- xe'r(T't)NO{dz)%
= N(dy)
Q9
0

A cap is an option which guarantees that the rate of borrowing on a particular |oan amount
does not exceed a certain leved (the “cap rate’) during the option period, which usudly
extendsfor severd years.

10
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The borrowing rate is based on a particular index such as £ 6-month LIBOR.

Asthe cap usudly lagts for severd interest rate resetting periods, the cap isin effect a series
of options (or “caplets’) on aparticular interest rate.

The payoff at expiry of each caplet isthe positive difference between the interest which
would have been payable on the loan for the next period at the current market rate lessthe
sameinterest at the cap rate.

If the payoff is a expiry of the caplet period then discounting is not gpplied; if it is at the Start
of the caplet period then discounting is applied.

A auitable formulafor the caplet payoff would be: f. M . max(R—K, 0), where M =
nomind, R= current rate, K = cap rate and f is the year fraction applicable to the caplet
frequency (e.g. f = 0.5 if the caplets are haf-yearly, which they would be if the cap were
based on 6-month LIBOR).

A floor islikewise but guarantees thet the rate of lending does not fal below a certain level.
(ii)

@

It is not necessary to know exactly how exotics work to answer this part - only to
apply some basic options sense. Marks were given for a good sense of what is
happening and an attempt to link up with part (i), which gave a valuable clue.

The bond's coupon can never fall, but if rates rise sharply it will pay acoupon less than the
market rate, at least for awhile (it may catch up).

Thus the floater has good downside protection on couponsin exchange for being less
“greedy” on the upside.

The option effect here isthat the holder of the bond has bought a series of floorlets and sold
aseries of caplets based on rising strikes.

Each floorlet strike is a the same leve as the previous coupon, and the corresponding caplet
strikeis 0.65% above it.

The extramargin clearly meansthat overall the caplets are worth more than the floorlets.
The ingrument needs arising yield curve to achieve this.

Inarising yield curve, the expected forward rates are risng and each caplet strike is nearer
the forward rate than the corresponding floorlet strike (or at least they are overdl).

11
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This means that the cap on the increase is worth more than the ratchet effect - not an
obvious result & first glance.

(b)
Theyidd curve environment in which the bond is better than anormd floater are:

an upward doping yidd curve to give the extramargin

high cap volatilities which might decline in favour of the holder

rates rigng less than that implied in the yield curve

aflattening of the yield curve would dter the balance of the cap/floor in favour of the
holder.

The last two would help the ratchet even in the abosence of an extramargin.
The opposite conditions would benefit the normd floater.
The bond is better than the floater if interest rates are fdling.

Q10
0

An gpproximate “strangle’ diagram such as the one below is required.

Vertica axisis profit on srategy; horizontd is price of Bund future.

The expiry lines must have 45° angles on the sides, through points shown (which should be
marked).

The dotted line is the current time curve: this should pass through P& L zero at the points
105.50 and 104.5.

The maximum profit a expiry is 0.57 if the underlying liesin the range 104-106. Unlimited
loss.

0.50 T

142 103 . aT4 105 "106. 107 108

-0.50 o5
-1.00 T <

-1.50 +

-2.00

12
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(i)

Delta position = -500 (38% + -17%) = -105 contracts (i.e. 105 contracts short).
Therefore delta hedge isto buy 105 contracts of June 1998 Bund future.

(ii)

If the market fals sharply, the cal will be worthless and the put will become dmost identica
to afuture (Al intringc vaue).

Hence the option position will be equivaent to being long 500 futures contracts.

What actually happensto the trader’s P& L depends on his next action, but he will dmost
certainly make aloss, snce the volatility outcome is consderably higher than that assumed in
the prices.

The trader will aso lose because the options will increase in voldility.

The correct action for a delta hedger isto sal contracts until the position is neutrdl.

This could mean sdlling up to 500 futures, plus any ones he had bought as an earlier delta
hedge.

A week before expiry will exacerbate the gamma effect.

Hence:
the find losswill be greater because the options will have little time vaue and hence little
protection against sudden moves
there will be no loss due to voldtility, Snce the time remaining istoo smdl to dlow any
meaningful vega exposure.

Q11

There are two types of accounting ‘accruals accounting and * mark-to-market’ accounting:

Accruds

Method: record only realised gains and losses on derivatives (options, swap etc) and does

not record values at market value. The ‘baance sheet’ is not affected by market
movements.

13
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Advantages.

good for long term holding: stable, not subject to unexpected swings due to short term
movements

good for close hedges and arbitraged positions

smple to understand, doesn’t need complicated accounting system

appropriate if penson fund values assats by discounting cash flows rather than at market
prices

loans and deposits (even where traded) are accounted for under accruas

Disadvantages.

can give mideading picture if market prices move
does not reflect market sengtivities, so can easily disguise trading losses

Mark-to-market (MTM)

Method: takes prices and other rates from market sources and apply to value positions a
regular intervals. The balance sheet is affected by market movements.

Advantages.

objective assessment of “true’ position

indicating close-out vaue for solvency

less room for manipulation of accounts

consgtent with G30 recommended practice for banks
generaly accepted as correct method for trading operations

Disadvantages.

If holding derivative to maturity, required to have intermediate vaues which may lead to
ingppropriate action (e.g. if an interim lossis reveded)

many parts of vauations are subjective, such asliquidity assessment where prices are
often the result of margind decisons rather than true vauations

can't dways find a price for some types of derivative, and may have to purchase a
vaudion if it's complex

need amore advanced accounting system to cope with va uation requirements (e.g. to
caculate swap vaues).
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Q12

Insuring a portfolio againg falsin market vaue by creating synthetic put options assumes
that as soon as the portfolio’ s vaue declines by asmal amount the portfolio manager
rebaances his pogition by either salling part of the portfolio or sdling some index futures.

In October 1987, the market declined so quickly that the sort of rebalancing expected in
these kinds of portfolio insurance schemes could not be achieved.
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