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m4[)QlelS were /".l'Il1 MlTl'I1·"'11 to 

vectors. 

Mar1<et Model 
Pricing Application 

Results 

G~~u.l"alllOJll. was Ul1"'ln",,,, to AUJllJl' ... .uJl ... .LJlL 
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Initialze 
seed and 
generate 
normal 

deviates 

Constl'l.lct 
Curve 

Make fOlWard 
rate tenors 

Constl'l.lct 
cormllations 

Ye 

Simulate 
fOlWard rates 

? 

No 

FOrMIl'd P Measure 

T-F n:I UborM ... "", 

Price Instl'l.lment 
with a model 

under a measure 

UbofM. 
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two measures, to an 
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pu .• n ......... to screen, so 

C,."C!TP1!'1"1 are 

one can see 
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1-........... "' .. 11 measures. we use 
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"UU""l"''''Vlj,,, were 

was 

was COltlStJruCted so as to 

at core 
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two 

rate 

fn.· .. " ... .rl rate 
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mmr.Ket at were is 

1 

Trade 

9m fwd 6.833 zar 1226 ATM 

12m fwd 6.86 zar 2116 ATM 

15m fwd 6.935 zar 3460 ATM 

2 :"o.Ul:RInT1ll1'l 

Trade 

3m fwd 7.308 ZAR4526 ATM 

6m fwd 7.469 ZAR 6784 ATM 

3m fwd 7.868 ZAR 11504 ATM 

6m fwd 7.956 ZAR 16209 ATM 

3 curve 

Date 

2005107/08 

2005108108 

2005111/07 2035107/09 7.5996 
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rates measure measure, re~;pe:ctlveJ 
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was 

rate was set at V."'UI.J''''''' UU",UU".l' was 

rates two measures is 

5 UllJl.lu.l,C&U\.IU rates measure 

measure 

measure is 

as to ....... ,1'1"' ... "' was 2 a tenor 
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rate was 

rates 

Fo(Tt) 

Fl(Tt) 

F2(Tt) 

F3(TJ 

F34(Tt) 

Fs(Tt) 

F6(TJ 

F7(TJ 

F8(TJ 

Fo(TJ 

Fl(Tt) 

F2(Tt) 

F3(Tt) 

F34(Tt) 

Fs(TJ 

F6(Tt) 

F7(TJ 
F8(Tt) 

8 

was """", .... oU" ........ UU"u.u".'! to 

two measures is 

rates 

T( TJ T: T: 
0.07308 

0.07308 0.07234 

0.07308 0.07235 0.07242 

0.07308 0.07269 0.07261 0.07280 

0.07308 0.07292 0.07231 0.07270 

0.07308 0.07283 0.07338 0.07263 

0.07308 0.07304 0.07317 0.07312 

0.07308 0.07268 0.07304 0.07342 

0.07308 0.07375 0.07301 0.07325 

rates 

T( TJ T: T: 
0.07308 

0.07308 0.07330 

0.07308 0.07293 0.07359 

0.07308 0.07371 0.07351 0.07417 

0.07308 0.07284 0.07322 0.07342 

0.07308 0.07324 0.07279 0.07311 

0.07308 0.07274 0.07266 0.07312 

0.07308 0.07236 0.07271 0.07342 

0.07308 0.07280 0.07257 0.07325 

to ... ll" ...... 

measure 

T. T~ T: T~ TI 

0.07318 

0.07261 0.07341 

0.07213 0.07275 0.07366 

0.0735 0.07171 0.07253 0.07390 

0.0738 0.07359 0.07123 0.07254 0.07330 

measure 

T~ T~ T( T· Tl 

0.07402 

0.07358 0.07370 

0.07343 0.07335 0.07439 

0.07316 0.07319 0.07314 0.07449 

0.07334 0.07294 0.07361 0.07283 0.07397 

to 
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nniJ~T'n rates are 

rates 

.u..u .• u" ...... , ... uU ........... VAA'" were execute 

are 

twomOllelS ... ",.,. • .,,,,,-1'1 measures are "' .. ,,"'" H 

worked out to 

error. 

9 

Trade Notional Risk Spot Vol Mat Tenor Sims Time Forward 

free fwd (%) rates 

rate rate 

(%) (%) 
9m fwd LOOO,OOO 6.945 6.833 12.04 0.75 0.25 LOOO.ooo 3 3 

6.833 zar 

1226ATM 

12m fwd 6.86 LOOO,OOO 6.945 6.860 12.83 1.0 0.25 LOOO.Ooo 4 4 

zar 2116 

ATM 

15m fwd 1 000,000 6.945 6.935 14.80 1.25 0.25 1000000 5 5 

6.935 zar 

3460ATM 
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Trade 

9m fwd 6.833 zar 1226 ATM 

12m fwd 6.86 zar 2116 ATM 

15m fwd 6.935 zar 3460 ATM 

11 

9m 

zar 

12m fwd 6.86 

zar2116ATM 

15m fwd 6.935 

zar3460ATM 

8 

Number of 

simulations 

",J..lUL".U'&U\J'.u. runs 

Simulated Prices 

Traded LFM LFM 
Price FOlWard FOlWard 

Libor 

Measw-e Measw-e 

(R) (R) 

1226 1227.05 1224.45 

1225.88 1223.81 

1230.02 1231.89 

2116 2117.46 2121.00 

2113.51 2115.95 

2122.10 2131.14 

3460 3466.01 3459.39 

3460.44 3472.75 

3460.43 3484.01 

LFM 

FOlWard Libor 

Measw-e 

LFM 

FOlWard 

Measw-e 

LSM 

FOlWard 

Measure 

(R) 

1223.30 

1223.21 

1224.26 

2109.32 

2105.83 

2107.91 

3448.67 

3435.79 

3463.96 

LSM 

FOlWard 

Measw-e 

LSM 

FOlWard 

Libor 

Measw-e 

(R) 

1229.00 

1228.00 

1226.77 

2125.68 

2115.80 

2119.45 

3468.24 

3461.35 

3463.09 

LSM 

FOlWard Libor 

Measw-e 
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to execute 1 U.u.1U,"'U '''.J.J.HUQ'''-VAA'' 

Trade Notional Risk Tenor Sims Time Fwd 

me m~ 

mte mte 

9.93 2 3 0.25 8 8 

7.469 17.10 2 6 0.5 4 4 

7.868 5.50 5 3 0.25 20 20 

7.956 8.77 5 6 0.5 10 10 

measures, to a more accurate assessment 

seen 
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measures were .;>LUlLU<U we as our vu .............. 

was 

Simulated Prices 

Trade Traded Price LFM LFM LSM LSM 

Forward Forward Forward Forward 

Libor Libor 

Measure Measure Measure Measure 

(R) (R) (R) (R) 

3m 2y fwd 7.308 ZAR 4526 ATM 4526 4519.12 4533.90 5094.62 5151.01 

4526.01 4518.18 5126.73 5198.45 

4527.83 4575.43 5110.54 5175.34 

6m 2: fwd 7.469 ZAR 6784 ATM 6784 6732.01 6849.33 8530.79 8680.37 

6790.80 6810.15 8507.09 8537.86 

6799.34 6859.00 8535.92 8771.25 

3m 5y fwd 7.868 ZAR 11504 ATM 11504 11538.37 11658.42 13004.24 12773.34 

11499.64 11416.24 12905.01 12394.77 

11525.09 11509.34 12803.33 12988.12 

6m 5y fwd 7.956 ZAR 16209 ATM 16209 16102.06 16238.12 20146.97 21878.55 

16209.33 12617.32 20393.01 21555.35 

16270.07 16592.56 20072.42 20225.74 
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ZAR 11504 ATM 

6m fwd 7.956 16209 6.75 

ZAR 16209 ATM 

3m fwd 7.308 ZAR4526 ATM 

6m fwd 7.469 ZAR6784 ATM 

3m fwd 7.868 ZAR 11504 ATM 

6m fwd 7.956 ZAR 16209 ATM 

11459.57 

11559.92 

15985.65 

16219.31 

16176.06 

Number of 

simulations 

11511.92 

11494.48 

15942.66 

16109.71 

16156.02 

LFM 
Forward 

Libor 

Measure 

LFM 
Forward 

Measure 

9132.81 

9148.22 

11527.99 

11501.81 

11588.75 

LSM 

Forward 

Measure 

9161.37 

9125.63 

11645.80 

11573.65 

11655.61 

accurate 

LSM 

Forward 

Libor 

Measure 

.. .u.u, ...... "' .... new 
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current Gn1t10I1S are are 

at a tnrnT""~1'I rate. 

measure 

measure to 

one must chc:>m;e to 

measures 

Simulated Prices 

Cap Trade Strike Volatility LFM LFM LSM LSM 

Price Forward Forward Forward Forward 

Libor Measure tiber 

Measure Measure Measure 

(R) (R) (R) 

9m fwd 6.833 ITM 6.50 12.04 2169.48 2169.52 2166.50 2175.54 

2175.12 2167.98 2169.94 2173.l4 

2166.35 2176.50 2167.50 2170.01 

9m fwd 6.833 7.10 12.04 725.56 720.20 722.51 726.41 

OTM 721.54 724.22 722.75 726.63 

725.20 722.41 721.53 722.16 

measures 

Simulated Prices 

Trade Strike LFM LFM LSM LSM 

Price Forward Forward Forward Forward 

(%) tibor Libor 

Measure Measure Measure Measure 

3m fwd 7.308 7.10 9.93 

ITM 6095.09 6085.98 6900.99 6835.64 

9094.56 6098.42 6924.12 6901.76 
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we two rate 

pA'" .... U.J.S, we can COlnpare 

a AU,",'UVUCU COlmtlaIlLSOn to 

same measure. 

measures was 

rates are pYlnrp!:t!:t~·rt 

rate ... yJ.UUJw. ... ". 

to 

our cOlnoutaition 

is no reason 

swao1tioltl. it means 

is no reason rate 



Univ
ers

ity
 of

  C
ap

e T
ow

n

it rate "'V1UllJI~ 

is u~larnucsisnmlognolDla~. 

measures, 

It is 

not 

are 

a Llll)O]~-D:asc::a al'DI"Ioac:n is retlected 



Univ
ers

ity
 of

  C
ap

e T
ow

n

as a 

are ... v('.rLn,1'I 

terms 



Univ
ers

ity
 of

  C
ap

e T
ow

n

1 

1 

was ext>ecte<1 two 

was COI1S1(lerc~ a(~CeDtaD!e was not 

nature. 

m\"esl.lg~LUllln was COrn1)tlter onented., a 
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as 

once 
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1 

' ...... ' ...... ,1""" is aet:mc:a as a 

is t. 

it is seen ........ nan· ... IS a r""f~r~,,"(':"" asset chcJsen so as to llV'LUA,;UU,,", 

1= 

n 

= + 1 
i=l 

can extenC100 to 1Tn,_Alr"" so 

a change ...... , ............ .u, an ... ~ .... A.u ... V'l ... 

is seen 

n 

k=O 
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n 

d = k d 
k=O 

are no mternne<nalce payrneJlts. 

= 

is an 
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measure llV'~IP1nT to 
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one measure 

measure, 
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measure 
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it is to 
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new measure is 



Univ
ers

ity
 of

  C
ap

e T
ow

n

accorClmg to 

= 

t) = 

+ 

+ 

t) -
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measure to a dltterent nUlmerallre 

measme 

are 1 x vectors is an n-

t) p 

we are int1ere:sted us assUJme a 

are de1:errruIlLlstlC 1 x n-vector 

.......... '6v.u ...... elements are we 

d 
t) = t) -

"V • .1.u"iU to are meant to act on 

as it is 

we 
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is a det:errlllIlllstlc n x 1 vector. It turns out 
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:::::: 
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:::::: 
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new measure, 
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nUlmeralJre to use is a zer'O-(~O\llpon uTnro,,, .. m:aturity T 
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= = 1. 

as 

itean seeIl 
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- 1 
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a nSJI(-IleUtra term must earn so 
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is """'111""" to 
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5 

MathUtIl 

RandomNumber 
CumulativeNormal NormalRandomVarlable 

-pRandomNumber : RandomNumber * 

+SeedO 

6 

Solver 

Monteearlo 

-simulations: int 
-timeSteps : int 

. t 
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7 are "' ........... u .. · ....... 

Swaptlon 

·pSwaptionlegList : vector<Swaptionleg> • 
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8 

MarketModel 

BlackModel 

-pCN : CumulativeNormal * 

LlborMarketModel 
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9 as a ............... "'A 

msltnmnents to 

Simulate 

+GetTermStructureO 
+GetTradeO 

~ 

I I 
SlmulateCap SlmulateSwaption 

+GetTradeO +GetTradeO 

are 

Data 

+UnmarshallTextO 

rermStructureDlilta 
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int 
-instrument: string 
-deal: 
-principal: 
,-m,.tun"" : double 
-tenor: 
-riskFreeRate : double 
-strikeRate : double 
-spotFwdRate: double 

are 

-name: 
-term : 
-maturity: double 
-date : string 
-days: int 
-years: double 
-rate: double 
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tenn structure 

tenn structure 

rermStructu ... 

-p TellTlStruct : vector<T 8IlTIStructureRow> * 

+ T 8IlTIStructureO 
+-T eIlTIStructureO 

on~e-{()-nlarlV to rows 
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1 

void NormalRandomVariable::GenerateNormalDeviate(long N, 

int i; 

double sum; 

sum = 0.0; 

"'mean = 0.0; 

Z.resize(N); 

for(i = 0; i <N; itt) 

{ 

Z[i] = NormalOeviare(&seed); 

sum+=Z[i]; 

"'mean = sum!N; 

sum = 0.0; 

"'vsriance = 0.0; 

for (i=O; i<N; itt) 

sum += pow(Z[i] - *mean); 

"'variance = sum/(N-I); 

long seed, 

vector<dOllble>& Z, 

double* mean, 

double* vsriance) 

double NormalRandomVariable::NormalDeviate(long* idum) 

{ 

/I Adapted from Press et al. (1992) p289 (gasdev) 

static int iset = 0; 
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static double gset; 

double file, rsq, vl, v2; 

long *p '" idum; 

if(*p< 0) 

met'" 0; 

llreinitialize 

if(iset= 0) 

{ 

else 

do 

vi = 2.0*pRandomNumber->ParkMiller(p) • 1.0; 

v2 = 2.0*pRandomNumber->ParlcMiller(p) - 1.0; 

rsq=vl*vl +v2*v2; 

} while (rsq >= l.0 II rsq = 0.0); 

file '" sqrt (-2.0*log(rsq)/rsq); 

1/ Box-Muller tmllsformation to get two normal deviates, return one and save other 

pet '" v l*fiIe; 

iset '" 1; 

return v2*fiIe; 

iset= 0; 

double RandomNumber::ParlcMiller(long* idum) 

{ 

1/ Adapted from Press et. a1. (1992) page 280 (ranl) after Park and Miller 

canstlongia= 16807.0; 

canst long im= 2147483647.0; 

canst double am = 1.0/im; 

canst long iq = 127773.0; 

const long if = 2836.0; 

canst long ntab = 32; 

canst double ndiv = 1.0 + «im· 1.0)/ntab); 

canst double cps = 12e-7; 

canst double mmx '" l.0 - cps; 

long k; 

static long iy '" 0; 

sllltic long iv[ntab]; 
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double temp; 

if(*idum <= 0 II !iy) /I initialize 

{ 

if (-C*idum) < 1) II prevent idum = 0 

"'idum= 1; 

else 

*idum = -(*idum); 

for{j = nt1.lb+7;j >= O;j--) 

{ 

k == (*idum)/iq; 

"'idum = ja"'(*idum - k"'iq) - ir"'k; 

if (*idum < 0) 

*idum+=im; 

if{j <nt1.lb) 

iv[j] = *idum; 

iy= iv[O]; 

k = (*idum)/iq; /I start here when not initializing 

IIcompute id\!ll'F(ja*idum)%im without overflows from Schrage's method 

*idum = ja*(*idum - k"'iq) - ir"'k; 

if (*idum < 0) 

*idum+=im; 

j = iylndiv; II will be in range O .. nt1.lb-1 

iy= iv[j]; /I output previously stored value and refill the shuffie t1.Ible 

iv[j] = *idum; 

temp = am*iy; 

if( temp > mmx) !!users don't expect endpoint values 

rerummmx; 

else 

rerum temp; 

void RandomNumber: :InitializeSeed(long* seed) 

{ 

NormalRandomVariable nrv; 

nrv.GetRandomNumber()->InitializeSrand(); 

* seed = (Jong)rand(); 
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void RandomNwnber::InitiaIizeSrand() 

{ 

s1ruct _ timeb timebuffer; 

struct tin "'h; 
char localTime[2S6]; 

II Oet CUI'l'ent date/time 

&timebuffer ); 

It"" I.ocaltime(&timebuffer.time); 

spriintf1:loc:iUTime, "'Yo02d'Yo02d'Yo03hu", 

long t == atol(localTime); 

srand(t); II initialize the seeding 

It->tm_sec, timebuffer.millitln); 
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double LiborMarketModel::PriceCapBlackFommla( Cap& cap, 

vector<vector<double> > P, 

vector<vector<double> > B, 

vector<double>& C, 

/I cap 

/I simulated forward Libor rate 

/I zero coupon bonds 

1/ vector of caplets 

BlackModel blackModel; 

int i,k; 

/I caplet prices 

C.resize(N+ 1); 

for (i '" 0; i <= N; itt) 

{ 

C[i] 0.0; 

/I calculate caplets through Blacks Formula 

price = 0; 

for(i= l;i<=N;i++) 

C[i] = blackModel.BlackFormula( F[i][i], 

B[O][i], 

1/ cap price 

price += C[i]; 

return price; 

P, 

K, 
V[i], 

M[i], 

T[i]); 

const vector<double> V, 

const vector<double> T, 

const vector<double> M, 

const long P, 

const long N, 

const double K, 

const double spot, 

double&; price) 

/I forward rate 

1/ volatility 

I/tenor 

1/ maturity 

/I principal amount 

/I number of forward rates 

/I strike rate 

/I spot (current )rate 

/I cap price 

/I price of pure discount bond 

/I principal amount of bond 

1/ cap rate (strike 

/I cap volatility 

/I payment dates 

II tenor 

double SwapMarketModel::PriceSwaptionBlackFormuIa(Swaption& 
vector<:ve<:tor<dou b~:> > F, 
vector<vector<double> > B, 
vector<double>& S, 
const vector<double> V, /1 volatility 
const vector<double> T, 1/ tenor 
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BlackModel blackModel; 

int i; 

/I 

S.resize(N+ 1); 

fur (i == 0; i <= N; i++) 

{ 

S[i] == 0.0; 

O· , 
for (i == 1; i <= N; i++) 

{ 

Formula 

S[i] = blackModel.BlackFomruIa(F[i][i], /I forward rate 

B[O][i], 

P, 

K, /I cap rate ( strike) 

V[ i], /I cap volatility 

M[i], /I payment dates 

T[i]); /I tenor 

return price; 

II Computes lhe price of a interest rate derivative using Black's 1976 model 

double BlackModel::BlackFormula(coust double F, /I forward rate 

coust double D, /I price of pure discount bond 

coust double P, /I principal amount of bond 

coust double K, 1/ strike rate 

coust double V, /I market volatility 

const double M, /I time to maturity 

const double T) II fixed tenor between reset times 

double dl == (log(FIK) + (V"W2)"M)/(V"sqrt(M»; 

double d2 == dl - V*sqrt(M); 

return B*P"(T/(l+F"'T»*(F*pCN->normalCak:(dl)· K*pCN->nonnalCak:(d2»; 

II Cak:ulates lhe implied volatility for price input by Newton-Raphson 

/I strike rate 
/I spot (=t )rate 
/I cap price 
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double BlackModel::ImpliedNewtooRaphsonMin( const double F, 
const double B, 
const double P, 
const double K, 
const double 
const double 
const double M, 
const double T, 
const double 
const double 

double BPI = 0.0; /I Black price low 

double BPh = 0.0; 1/ Black price high 

double BPi = 0.0; /1 Black price i+1 

double voll '" VI; II vol low 

double volh = Vh; II vol low 

double voli '" 0.0; II vol i+ I 

double error = 0.0; 

do 

BPI = BlackFormu1a(F, B, P, K, voll, M, T); 

BPh = BlackFormula(F, B, P, K, volh, M, T); 

voli = voll + (MP - BPI)*«volh-voll)/(BPh-BPl); 

BPi = BlackFormula(F, B, P, K, voli, M, T); 

if (BPi < MP) 

voll= voli; 

else if (BPi> MP) 

volh = voli; 

else 

return voli; 

while (fubs(MP - BPi) >= ep); 

return voli; 
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II Simulate fuIWard Libor rates undec the fOIWard (termi.naI.) measure for Libor rates 

void MuketModel::SimFOIWardLiborRate_FOIWardMeasure( 

vector<vector<dooble> >& F, /I simulated fOIWard Libor rate 

vectoi:<dooble> L, /I L!.bor rate 

vector<vector<dooble> > R, II corraIation matrix OffOIWard rates 

int i,k,t; 

double dt = (double)temJIM; 

intz=O; 

intn:: 0; II start 

/I initialize fOIWard rates 

F,resiz,e(M+2); 

for (t= 0; t <= M; H+) 

{ 

F[t].resize(N+2); 

fur (It = 0; k <= N; k++) 

{ 

F[t][k] = 0.0; 

/I set to initial spot 

F[0][k] '" spot; 

vector<dooble> V, 

vectoi:<dooble> T, 

seed, 
const long M, 

const long N, 

const double term, 

const double spot., 
const vectoi:<dooble>& Z, 

canst long s) 

II loop through M number of timesteps 
for(t=n;t<M;H+) 

{ 

/I for each timestep generate N foIWard rates 

fur (It=n+l; k<=N;k++) 

{ 

double drift = 0,0; 

for (i = k+l; i <N; i++) 

drift - «R[k][i]"'T[i]*V[k]"'F[tJ[i-I])/(l.O 

/I volatility 

II tenor 

/I seed for random number generator 

/I numbec of time steps 

II numbec offOIWard rates 

/I time to maturity 

/I initial hbor spot rate 

/I normal deviates 

II simulation run 
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double logF = log(F[t][k-l]) + V[kJ"'drift"'dt - O.5"'(V[k]"'V[k])"'dt V[k]"'Z[s+(z++)]'"sqrt(dt); 

F[ t+ l][k 1 = exp(logF); 

} llfurward rates k 

} litimesteps t 
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void MllIketModel::SimForwardSwapRate]orwardSwapMeasure( 

inti,k,t,lJ; 

double dt'" (double )termIM; 

intz=O; 

int n '" 0; II start 

I I initialize forward rates 

F.resize(M+2); 

for (t = 0; t <= M; t++) 

{ 

F[t].resize(N+2); 

for(k= 0; k <= N; k++) 

{ 

F[t][k] = 0.0; 

II set to initial spot 

F[O][k] = spot; 

/I loop through M number of timesteps 

for (t= 11; t < M; t++) 

{ 

vector<vector<double> >& F, II simulated forward Liborrate 

vector<double> L, II Libor rate 

vector<vector<double> > R, II corralatioo matrix of forward rates 

vector<double> V, II volatility 

vector<double> T, II tenor 

oonst Ioog seed, II seed for random number generator 

oonst Ioog M, /I number of time steps 

oonst Ioog N, II number of forward rates 

oonst double term, II time to maturity 

const double spot, I I initial hoor spot rate 

oonst vector<double>& Z, II normal deviates 

oonst Ioog s) II simulation ron 

/I for each time step generate N forward rates 

for (k=n+l; k <:N; k++) 

{ 

double y '" F[t][k-l]; 

double drift = 0.0; 

II calculate the drift 
lluppersum 
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double upperSum = 0.0; 

for (i = n; i <= N; i++) 

double sum = 0.0; 

//lower sum over product 

for (1 = n+l; 1 <= i; 1++) 

{ 

double prod = 1.0; 

for (j =n+lj != l;j <= i;j++) 

{ 

prod "= (I + T[tj*F[tj[k-I]); 

sum += T[tj"F[tj[k-lj"V[tj*prod; 

upperSum += sum; 

/IIowersum 

double lowerSum = 0.0; 

for (i = n; i <= N; i++) 

double prod = 1.0; 

for (j =n+l;j <= i;j++) 

{ 

prod *= (I + T[tj"P[tj[k-I]); 

lowerSum += prod; 

drift "" -upperSumIlowerSum; 

double IogF= log(F[t][k-l]) + V[kj*drift*dt - O.s*(V[kj*V[kj)"dt + V[kj"Z[s+(Z++)j"sqrt(dt); 

P[t+l][k] = exp(logF); 

} llforward rates k 

} /I timesteps t 
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void MarketModel::SimForwardIiborRate_ForwardSwapMeasun:( 

int i,k,tj; 

double dt = (double)termIM; 

intz=O; 

vector<double> Cn; 

vector<double> Bn; 

intn = 0; II start 

Cn.resize(M+2); 

Bn.resize(M+2); 

fur(t'" 0; t <= M+l; t++) 

{ 

Cn[t] = 1.0; 

Bn[t] = 1.0; 

II initialize forward rates 

F.resize(M+l); 

for (t '" 0; t <= M; t++) 

{ 

F[t].resize(N+ I); 
for(k= 0; k<=N; k++) 

{ 

F[t][k] = 0.0; 

/I set to initial spot 

F[0][k] = spot; 

vector<vectol"<double> >& F, 1/ simulated forward Libor rate 

vector<double> L, 1/ Llbor rate 

vector<vector<double> > R. 1/ comI1ation matrix of forward rates 

vector<double> V, 1/ volatility 

vector<double> T, 

canst long seed, 

canst long M, 

canst long N, 

canst double term, 

canst double spot, 

canst vector<double>& Z, 

const long s) 

II tenor 

II seed for random number generator 

/I number oftime steps 

/I number of forward rates 

II time to maturity 

II initial 

1/ normal deviates 

II simulation run 
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II loop through M number of timesteps 

for(t=n; t<M; tt+) 

{ 

II Pn(t) P(t, Tn) numaire 

for(k=O; k<= M; k#) 

{ 

double bn 1.0; 

for (i = k; i <= M; i++) 

bn "'= 1.0/(1.0 + T[i]"'F[t][i]); 

Bn[k]=bn; 

II forward swap numeraire Cn,N(t) 

double en" 0.0; 

for(k= 0; k<= M; k#) 

{ 

II forward swap numeraire Cn,N(t) 

double bn = 1.0; 

for (i = k; i <= M; i++) 

bn "'= 1.0/(1.0 + T[i]"'F[t][i]); 

Cn[k] += T[k]"'bn; 

II for each timestep generate M forward rates 

for (k = n+l; k <= N; k++) 

{ 

II calculate the drift 

double drift = 0.0; 

for (j = n+l;j <= N;j++) 

{ 

int ind = (j <= k) ? 1 : 0; 

Illeftsum 

double leftTerm = «double)(2*ind - l»*T[j]*(BnUJ/Cn[j]); 

II right sum term 

double sumRight = 0.0; 

for(i= _min(k+lJ+I);i<= _max(kj);i++) 

{ 

sumRight += (T[iJ"'RIk][i]"'V[i]"F[t][k-l])/(I.O + T[i]"'F[t][k-l]); 

II drift 

drift += leftTerm"sumRight; 

double logF" log(F[t][k-I]) + V[k]*drift*dt - 0.5"'(V[k]"'V[k])*dt + V[k]"'Z[s+(z+t)]"'sqrt(dt); 

F[t+l][k] = exp(logF); 
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} Ilforward rates k 

} Iltimesteps t 

1 
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void MarketModel::SimForwardSwapRate]orwardLiborMeasure( 

vector<vector<double> >& F, 1/ simulated furward Bbor rate 

vector<double> L, " Llbor rate 
vector<vector<double> > R, 1/ corralati.oo matrix offorward rates 

vector<double> V, 1/ volatility 

int ij,k,t,g,h, u; 

loog seedlt = seed; 

vector<double> T, 

const loog seed, 

const loog M, 

const loog N, 

const double term, 

canst double spot, 

const vector<double>& Z, 
const loog s) 

double dt = (double)term/M; 

vector<vector<double> > MU; IIMUh,g(t) 

vector<vector<double> > D; 1/ drift 

doublez=O; 

int1= 0; 

int n = 0; /I start 

/I initialize vectors 

F.resize(M+2); 

MU.resize(M+2); 

D.resize(M+2); 

for (t= 0; t<= M; t++) 

{ 

F[t].resize(N+2); 

MU[t].resize(N+2); 

D[t].resize(N+2); 

for (k = 0; k <= N; k++) 

{ 

F[t][k] = 0.0; 

MU[t][k] = 0.0; 

D[t][k] = 0.0; 

/I set to initial spot 

F[O][k] = spot; 

II loop through M number oftimesteps 

II tenor 
II seed for random number generator 

II number of time steps 

/I number of forward rates 

/I time to maturity 

/I initial hoor spot rate 

/I normal deviates 

/I simulatioo run 

111 
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for (t= n; t < M; t++) 

{ 

/I for each timestep generate N forward rates 

for(k=n+l; k<=N; k++) 

{ 

/I calculate the drift 

double drift = 0.0; 

1111111111111//1 Mn(t) /11/11111/1/1/1111111111111 
double num = 0.0; 

double FPn '" 1.0; 

for(h =n+l;h <= M; h++) 

{ 

for (g=n+l; h<= M; h++) 

{ 

II MU(t) 

111111111111111111/1111/111/111111111111111111/111111111111111111 
IlupperSuml for MU 

double upperSlllml1~Ul = 0.0; 

for (u = g; u <= M; u++) 

/lupperSum3 for MU 

double upperSumMUJ = 0.0; 

for (i = h; i <= M; iff) 

/1FP(t;Tn;Ti} 

double FPi '" 1.0; 

for (j '" n+l;j <= M;j++) 

{ 

FPi "= l.0/( 1.0 

upperSumMU3 += 

IlupperSuml for MU 

double = 0.0; 

for (i = n+l; i <= h-I; i++) 

{ 

11FP(t;Tn;Ti) 

double FPi = 1.0; 

= n+l;j <= M;j++) 

FPi *= 1.0/(1.0 + T[jJ*F[t][j-l]); 

upperSumMU2 += T[i]"'FPi; 

/IFP(t;Tn;TN} 

FPn= 1.0; 

for (j = n+l;j <= M;j++) 

{ 

FPn *= 1.0/( 1.0 + T[j]"F[t][j-l]); 

1 
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} fIg 

}//h 

11FP(t;Tn;Ti) 

double FPi = 1.0; 

for(j '" n+l;j <= M;j++) 

{ 

FPi "'''' 1.0/(1.0 + T[j]"'F[t][j-l]); 

upperSumMUl += T[uJ"'FPi"'(FPn"'upperSumMU2 + upperSumMU3); 

Illower sum for MU 

double denMU '" 0.0; 

double lowerSumMU'" 0.0; 

for (i = n+1; i <= M; i++) 

{ 

IIFP(t;Tn;Ti) 

double FPi '" 1.0; 

for(j '" n+1;j <= M;j++) 

{ 

FPi "'''' 1.0/(1.0 + T[j]"'F[t][j-l]); 

lowerSumMU += T[iJ"FPi; 

/I denominator for MU 

denMU'" pow(lowerSumMU,2); 

MU[h][g] '" upperSumMUlIdenMU; 

1111/11/1111111111111111111111111111111111111111111111111111/11111 

double FPh 1.0; 

for (i '" h+ 1; i <= M; i++) 

{ 

FPh "'= 1.0/(1.0 + T[i]"'F[t][i-l]); 

double FPg '" 1.0; 

for (i '" g+l; i <= M; i++) 

{ 

FPg "'= 1.0/(1.0 + T[iJ"'F[tJ[i-l]); 

num += MU[h][g]"'T[h]"'T[g]"'FPh"'FPg"'R[g][h]"'V[h]"'V[g]"F[tJ[g-l]"'F[t][h-l]; 

double den 1.0 - FPn; 

1 
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drift '" numlden; 

D[t][k] '" drift; 

1111111111111111111/111/11 IIIIIIIIIIIIIIII! II I! II 1111111111 

double IogF '" log(F[t][k·lD + V[k]*drift*dt - O.S*(V[k]*V[k])"'dt + V[k]*Z[s+(z-t+)]*sqr1(dt); 

F[t+l][k] = exp(logF); 

} IIforwanhates k 

} /I time steps t 

1 



Univ
ers

ity
 of

  C
ap

e T
ow

n

8 

double IiborMarketModel::PriceCapManteCarlo( 

Cap&cap, 

canst vector<double> D, 
canst vector<double> L, 

vector<vector<double> >& F, 

vector<double>& C, 

/I cap 

/I Libor rates 
/I Libor rates 

/I simulated forward Iibor rate 

/I vector of caplets 

canst vector<vector<double> > R, 1/ corralatian matrix of forward rates 

canst vector<double> V, 1/ volatility 

canst vector<double> T, 

canst lang seed, 

canst long sim, 

canst long M, 

canst long N, 

canst double term, 

canst long P, 

canst double K, 

canst double spot, 

canst char'" measure, 
vector<double>& Z, 

double &price, 

double &std, 

double &stdErr) 

1/ See Glassennan [Gla04], pl79 

int k, t, s; II looping 

int n = 0; II start 

double suml = 0.0; 

double sum2 = 0.0; 

vector<double> BO; 

vector<double> Bu; 

C.resize(M+2); 

BO.resize(M+2); 

Bn.resize(M+2); 

fur(t= 0; t <= M+I; t++) 

{ 

C[t] = 0.0; 

BO[t] =0.0; 

Bn[t] = 0.0; 

/I zero coupon bond 

double bo = LO; 
for(k=n; k<=N; k++) 

1 

I/tenor 

1/ seed for random number generator 

1/ number of simulations 

/I number of time steps 

/I number of forward rates 

/I time to maturity 

/I principal amount 
/I strike rate 

II spot forward rate 

II measure 
II deviates 

/I calculated price 

1/ standard deviatian 
/I standard error 
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bo *= 1.0/(1.0 +T[k]*L{k+l]); 

BO[k]=bo; 

for (s = 1; s <= sim; s++) 

II simulate under the T -forward libor measure 

if(strcmp(measure, "FLM") = 0) 

{ 

SimForwardIiborRate_ForwardMeasu.re( F, II simulated forward Liborrate 

/I simulate under the forward swap measure 

else 

L, /I initial hOOr rates 

R, /I corralation matrix offorward rates 

V, II volatility 

T, II tenor 

seed, II seed for random number generator 

M, II number of time steps 

N, /I number offorward rates 

term, /I time to maturity 

spot, /I initiallibor spot rate 

Z, /I deviates 

s); II simulation 

SimForwardLiborRate]orwardSwapMeasure( F, II simulated forward Libor rate 

II Bn+l numcraire 

for (t= n+l; t<= N; t++) 

{ 

double be = 1.0; 

for (k = t; k <= N; k++) 

{ 

be *= 1.0/(1.0 + T[k]*F[t][k]); 

Bn[t] = be; 

I I fur each time step 

L, 

R, 

V, 

T, 

seed, 

M, 

N, 

term, 

spot, 
Z, 

s); 

1/ initiallibor rates 

• /I corralation matrix of forward rates 

I I volatility 

II tenor 

/I seed for random number generator 

/I number of time steps 
II number of forward rates 

/I time to maturity 

/I initiallibor spot rate 

/I deviates 
II simulation 

1 
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double po = 0; 

for(t= n+l; t <= M; t++) 

{ 

po = BO[M]lBn[t]*T[t)*P*Lmax(F[t][t] - K. 0»; /I payoff is the caplet price 

C[t]+=po; 

suml +=po; 

sum2 += po.po; 

} IltimeSteps t 

} I I simulations s 

price = 0.0; 

for(inti = 0; i <= M; i++) 

{ 

/I cap 

C[i) = C[i)/(double)sim; 

1/ first caplet is ignored 

if(i> I) 

+=C[i]; 

cap.SetSimulatedPrice(price); 

std= sqrt( (sum2 - suml*suml/sim)/(sim-I»; 

stdErr = stdlsqrt(sim); 

return price; 

1 
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double SW~ipMarkl:tMlildel.::PriceC::ap~lfonteail1"lo( 

II See Glasserman & Zhoa [GZOI], pS2 

int i,k,t,s; II 

intn '" 0; II start 

double suml '" 0.0; 

double sum2 = 0.0; 

vector<double> FLR; II forward Ilborrate 

vector<double> 80; 1180 zero coupon bond 

vector<double> Bn; II Bn+ I numerail'e 

I I Initialize 

C.resize(M+2); 

8O.resize(M+2); 

&.resize(M+2); 

FLR.resize(M+2); 

for(t= 0; t<= M+I; t++) 

{ 

C[t] =0.0; 

8O[t] =0.0; 

&[t] =0.0; 
FLR[t] = 0.0; 

/I zero coupon bond 

Cap&cap, 

canst vector<double> D, 

const vector<double> L, 

vector<vector<double> >& F, 

vector<double>& C, 

II cap 

Illlbor rates 

I Illbor rates 

II simulated forward Libor rate 

II vector of caplets 

canst vector<vector<double> > R, II corralation matrix of forward rates 

canst vector<double> V, II 
canst vector<double> T, 

canst long seed, 

const long sim, 
const long M, 

const long N, 

const double term, 

canst long P, 

canst double K, 

const double spot, 

const char'" measure, 

vector<double>& Z, 

double 

double &std, 

double &stdErr) 

118 

lirenor 
II seed forran,ttonl n~ll1lber .. ,,,,nAtnr 

II number of simulations 

II number of time steps 

II number of forward rates 

II time to maturity 
II principal amount 

II strike rate 

II spot (current)rate 

II measure 

II deviates 

I I calculated price 

I I standard deviation 

II standard error 
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double bo = 1.0; 

for (k = 0; k <= N; k++) 

{ 

bo *= 1.0/(1.0 + T[k]*L{k+l]); 

BO[k]=bo; 

for (s = 1; s <= sim; s++) 

1/ simulate under the forward swap measure 

if(stromp(measure, "FSM") = 0) 

{ 

SimForwardSwapRate]orwardSwapMeasure( F, 1/ simulated forward swap rate 

1/ simulate under the forward Libor measure 

else 

L, 1/ hbor rates 

R, II corralation matrix offorward rates 

V, II volatility 

T, II tenor 

seed, /I seed for random number generator 

M, II number of time steps 
N, /I number of forward rates 

term, II term 

spot, 1/ spot 

Z, 1/ normal deviates 

s); II number of simulations 

SimForwardSwapRate]orwardLiborMeasure( F, II simulated forward swap rate 

1/ Bn+ I numeraire 

for (t= n+l; t <:=N; t++) 

{ 

donble 00 = 1.0; 

for (k = t; k <= N; k++) 

{ 

00 *= 1.0/(1.0 + T[k]*F[t][k)); 

Bn[t] =00; 

L, lllibor rates 

R, II corralation matrix of forward rates 

V, II volatility 

T, II tenor 

seed, II seed for random number generator 
M, II number of time steps 

N, 1/ number of forward rates 

term, 1/ term 

spot, 1/ spot 

Z, II normal deviates 

s); II number of simulations 

1 
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/I recover forward h'bor rates from the forward swap rates 

doublen=O; 

for (t= n+l; t <= M; t++) 

{ 

l/Uppersum 

double upperSum '" 0.0; 

for (k = n; k <= M; k++) 

{ 

double prod = 1.0; 

for (i=n+l; i <=k; i++) 

{ 

prod "= (1.0 + T[t]"F[t][t]); 

upperSum += prod; 

lIIowersum 

double lowerSum = 0; 

for(k=n+l;k<=M; k++) 

{ 

double prod = 1.0; 

for (i = n+2; i <= k; i++) 

{ 

prod "= (1.0 + T[t]"F[t][t]); 

lowerSum += prod; 

double upper = 1.0 + T[t]*F[t][t]*upPerSum; 

double lower = 1.0 + T[t]"F[t][t]*lowerSum; 

FLR{t] = «upperllower) - 1.0)/T[t]; 

II for each time step 

double po '" 0.0; /lpayoff 
for (t == n+l; t <= N; t++) 

{ 

double po = BO[N]lBn[t]"T[t]"P*Lmax(FLR{t]- K, 0»; 

C[t]+=po; 

suml +=po; 

sum2 += PO"po; 

} litimesteps t 

} /I simulations s 
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pnce= 0.0; 

for (i = 0; i <= M; i++) 

/I caplets 

C[i] = C[i]/(double)sim; 

/I first caplet is ignored 

if(i> 1) 

price += C[ i]; 

FLR[t] = FLR[t]/(double)sim; 

cap.SetSimulatedPrice(price); 

std= sqrt( (sum1- suml*sumllsim)/(sim-l»; 

stdErr = stdlsqrt(sim); 

return price; 
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dooble Sw.IlpIll!aril:etlII![odI:I::F'ric€!Sw.aptionJ;(ool:eOu-lo( 

II See Glasserman & Zhoa [GZOl], pS4 

int i,k, t, s; II looping 

int n = 0; 1/ start 

double suml = 0.0; 
double suml = 0.0; 

vector<double> BO; 
vector<double> Bn; 

BO.resize(M+2); 

Bn.resize(M+2); 

fur (t= 0; t <= M+I; t-++) 

{ 

BO[t] "" 1.0; 
&[t] = 1.0; 

/I zero coupon bond 

double bo '" 1.0; 
for (k = 0; k<=N; k++) 

{ 

bo *= 1.0/(1.0 + T[k]*L{k+l]); 

Swaption& swaption, 

vector<vector<double> >& F, 

vector<double>& S, 

/I 

/I simulated forward Libor rate 

1/ swappayoffs 

const vector<vector<double> > R, 1/ corralation matrix offorward rates 

coust vector<double> V, 1/ volatility 

const vector<double> T, 1/ tenor 

canst vector<double> L, 1/ Libor rate 

const long seed, /I seed f0l' random number generator 

const long sim, 1/ number of simulations 

coust long M, 

coust long N, 

const long term, 

coust long P, 

const double K, 

const double riskFree, 
coust double spot, 

const char'" measure, 
vector<double>& Z, 

double &price, 

double &std, 

double &stdErr) 

/I number of time steps 

1/ number offorward rates 

/I time to maturity 

/I principal amount 

II strike rate 

/I risk free rate 

/I spot (current )rate 

II measure 
/I deviates 

1/ simulated price 

1/ standard deviation 

1/ standard error 
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BO[k] 00; 

for (s = I; s <= sim; s++) 

II simulate under the forward swap measure 

if(strcmp(measure, "FSM") = 0) 

{ 

SimForwardSwapRate_ForwardSwapMeasure( F, II simulated forward swap rate 

1/ simulate under the forward hOOr measure 

else 

L, II hOOr rates 

R, II corralation matrix offorward rates 

V, II volatility 

T, II tenor 

seed, 1/ seed for rnndom number generator 

M, II number of time steps 

N, II number of forward rates 

term, II term 

spot, II spot 

Z, II normal deviates 

s); II number of simulations 

SimForwardSwapRate _ForwardLiOOrMeasure( F, 

L, 

II simulated forward swap rate 

II hOOr rates 

1/ Bn+l numeraire 

for (t= n+l; t <= N; t++) 

{ 

double 00 = 1.0; 

for (k = t; k <= N; k++) 

{ 

00 *= 1.0/(1.0 + T[k]*F[t][k]); 

Bn[t] 00-, 

II fur each time step 

double po = 0; lipayoff 

for (t = n+l; t <= M; t++) 

{ 

R, 

V, 
T, 

seed, 
M, 

N, 

term, 

spot, 

Z, 

s); 

II corraIation matrix of forward rates 

II volatility 

II tenor 

II seed for rnndom number generator 

II number of time steps 

II number of forward rates 

II term 

II spot 

I I normal deviates 

II number of simulations 
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double po = BO[M]IBn[t]*P*T[t]*Lmax(F[t][t]- K, 0»; 

S[t]+=po; 

suml +=po; 

sum2 += po*po; 

} IltimeSteps t 

} /I simulations s 

price = 0.0; 

for (FO; i<=M; i++) 

{ 

legs 

Sri] = S[i]/(double)sim; 

II first swaption leg is ignored 

if(i> I) 

price += Sri]; 

std = sqrt( (sum2 - suml *suml/sim)/(sim-l) ); 

stdFrr = stdlsqrt(sim); 

return price; 
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double LiborMadcetModel::PriceSwaptionMonteCarlo( Swaption& swaption, 

vector<vector<double> >& F, 

vector<double>& S, 

II swaption 

II simulated furward Libor rate 

II swappayoffs 

const vector<vector<double> > R, /I corralation matrix of forward rates 

/I See London [Lon04], p 652 

int s,i,k,t; II looping 

int n = 0; II start 

double suml = 0.0; 

double sum2 = 0.0; 

vector<double> FSR; /I forward swap rate 

vector<double> BO; 

vector<double> Bn; 

FSR.resize(M+2); 

BO.resize(M+2); 

Bn.resize(M+2); 

for (t= 0; t <= M+I; t++) 

{ 

FSR[t] = 0.0; 

BO[t] = 1.0; 

Bn[t] = 1.0; 

/I zero coupon bond 

const vector<double> V, /I volatility 

const vector<double> T, 

const vector<double> L, 

const long seed, 

const long sim, 

const long M, 

const long N, 

const long term, 

const long P, 

const double K, 

const double riskFree, 

const double spot, 

const char'" measure, 

vector<double>& Z, 

double &price, 

double &std, 

double &stdErr) 

I/tenor 

/I Libor rate 

/I seed for random number generator 

II number ofsimulatioos 

II number of time steps 

II number of forward rates 

II time to maturity 

II principal amount 

II strike rate 

I I risk free rate 

I I spot (cum:nt )rate 

II measure 

/I deviate 
/I calculated price 

I I standard deviation 

II standard error 
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double bo = 1.0; 

for (k '" 0; k <= N; k++) 

{ 

bo *= 1.0/(1.0 + T[k]*L{k+l]); 

BO[k]=bo; 

for (8 = 1; s <= sUn; s++) 

{ 

II simulate under the forward hoor measure 

if(strcmp(measure, "FlM" ) = 0) 

{ 

SimForwardLiborRate]orwardMeasure( F, 

II simulate under the forward swap measure 
else 

L, 

R, 

V, 

T, 

seed, 
M, 
N, 

term, 

spot, 

Z, 

s); 

SimForwardLiborRate ]orwardSwapMeasure( F, 
L, 

II Bn+ 1 numeraire 
for (t = n+ 1; t <= N; t++) 

{ 

double bn = 1.0; 

fur (k '" t; k <= N; k++) 

{ 

bn "= 1.0/(1.0 + T[k]*F[t][k]); 

R, 

V, 
T, 
seed, 

M, 

N, 

term, 

spot, 
Z, 
s); 

I I simulated forward Libor rate 

/1 libor rates 

II corralation matrix of forward rates 

II volatility 

lltenor 

II seed for random number generator 
II number of time steps 
II number of forward rates 

II time to maturity 
II initiallibor spot rate 

II deviates 
II simulations 

II simulated forward Libor rate 
lilibor rates 

II corraIation matrix of furward rates 

II 

litenor 

II seed for random number generator 
II number of time steps 
II number of forward rates 
II time to maturity 

II initiallibor spot rate 
II deviates 
/I simulations 
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Bn[t] =00; 

II calc forward swap rate 

for (t = n+ 1; t <= M; t++) 

{ 

II upper product 

double UP 1.0; 

for (k = t; k <= N; k++) 

{ 

UP *= (1.0/(1.0 + T[k]*F[k][k])); 

II lower product 

double sumLP = 0.0; 

for (i = t; i <= N; itt) 

II lowerProduct 

double LP 1.0; 

for(k= i+l;k <=N; k++) 

{ 

LP *= (1.0/(1.0 + T[k]*F[k][k])); 

sumLP += T[i]*LP; 

/I forward swap rate 
FSR[t] = (1.0 - UP)/sumLP; 

} /ltimeSteps k 

/I calc swaption payoff 

for (t = n+l; t <= M; t++) 

{ 

double po = BO[M]/Bn[t]"'P"'T[t]*Lmax(FSR[t]- K, 0»; 

S[t] +=po; 

suml +=po; 

sum2 += po"'po; 

} IltimeSteps k 

} /I simulations s 

II calc swaption price 

price = 0.0; 

for (i=O; i<=M; itt) 

{ 

II swaption legs 

Sri] = S[i]/(double)sim; 
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1/ first swaption leg is 

if(i> 1) 

price += S[i]; 

std = sqrt{ (sum2 • sum 1 "sumllsim)/(sim-l) ); 

stdEIT = stdlsqrt(sim); 

return price; 
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.1 

using namespace std; 

#include "Iustrument.h" 

#include "Model.h" 

#include "Data.h" 

#include "SimuJate.h" 

#include "TermStructure.h" 

int mai.n( int argc, char" argv[]) 

{ 

intiJ; 

1/ models 

MarketModel mm; 

LiborMarketModel LFM; 

SwapMarketModel LSM; 

RandomNumber m; 

I/maths 

NormalRandomVariable nrv; 

/I simulate 

Simulate" pSimulate = NULL; 

/I term structure 

TermStructure aTermStructure; 

1/ instruments 

CapaCap; 

Swaption aSwaption; 

/I initial pricing choices 

int instrument; 

int seq; 

intmodel; 

int measure; 

int numsims; 

charyn[2]; 

/I pricing variables 

intsim; 

intM; 

intN; 

double term; 

double riskFree; 

double spot; 

doubleK; 

1/ traded instrument to simulated price 

/I sequence of instrument in traded data 

/I selected model to use 

/I measure to price with 

/I number of simulations 

/I yes no to show simulation of rates 

/I number of simulations 

/I number of time steps 

II number of forward rates 

/I time to maturity years 

/I initiallibor spot rate 

/I initial forward spot rate 

/I strike rate 
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doubleP; II principal amount 

II tenor double tenor; 

double vol; II volatility 

float volatility; 

double price; 

long seed: II seed for random number generator 

II standard deviation double std = 0; 

double stdEn' = 0: 
double mean = 0.0; 

double VIC = 0.0; 

II standard error 

II mean 

II variance 

vector<double> L; Illibor rates 

vector4louble> D; /I days in libor rates 

vector<vecto£<double> > F; 1/ forward libor rates 

vector<vector<double> > S: /I forward swap rates 

vector<vector<double> > R.; II corralation matrix of forward rates 

vector<double> V; II volatility 

vector<double> T; 

vector<double> A; 

vector<double> C; 

vector<double> Z; 

1/ vector of tenors 

1/ swaplets 

II caplets 

tty 

{ 

printf\''\n "); 

printf\"\nMonte Carlo Simulation of Caps and Swaptions"); 

printf\''\n "); 

printf\''\n-----~II); 

printf\"\nWbich instrument to price:"); 

printf\''\n I. Cap"); 

printf\"\n2. Swaption"); 

printf\"\nEnter: "); 

sCll!.l1{"%d" ,&instrument); 

printf\"\n------"); 

printf\"\nWbich model to use:"); 

printf\"\nl. Libor Market Model"); 

printf\"\n2. Swap Market Model"); 

printf\"\nEnter: "); 

scanf("%d" ,&model); 

printf\"\n:------'''); 

printf\''\nUndec which measure:"); 

printf\"\nl. Forward Libor measure "); 

printf\"\n2. Forward Swap measure"); 

printf\"\nEnter: "); 

scanf("'Yad",&measure); 

printf\"\n "~ • "" " "--" "); 

printf\''\nHow many simulations:"); 

printf\''\nEnter: "); 

scanf("'Yad" ,&a!.umsims); 
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printf("In-----"); 

printf(''lnVoJatility (%%):"); 

printf(''lnEnter: "); 

scanf{"%f" ,&voJatility); 

volatility = volatility/lOO; 

printf("InInstrument: o/odln", instrument); 

/I get pricing variables 
1************************************************************************1 

switch (instrument) 

case I: 

case 2: 

printf(''lnWhich trade to price:"); 

printf(''In 0 - 2 for a cap"); 

printf(''lnEnter: "); 

scanft"o/od" ,&seq); 

SimulateCap simCap; 

TradeData tradeData; 

pSimulate = &simCap; 
pSimulate->GetTrade(seq, &aCap, &tradeData); 

aCap.SetVolatility(voJatility); 

pSiJmulate-,>GetTlermStnlcture(~LCaIP.GetT(:nOl:() &aTermStructure, &termStructureData); 

II set the solver, in this case Monte Carlo 

MonteCarlo me; 

me.SetSimuJatiOllS(numsims); 

me.SetTimeSteps«int)(aCap.GetMaturity()/aCap.GetTenor(»); 

me.SetForwardRates«int)(aCap.GetMaturity()/aCap.GetTenor(»); 

sim = mc.GetSimulatiOllS(); 

M = me.GetTimeStepsO; 

N'"' mc.GetForwardRatesO; 
term = aCap.GetMaturity(); 

riskFree = aCap.GetRiskFreeRate(); 

spot = aCap. GetSpotForwardRateO; 
K = aCap.GetSbikeRate(); 

P = aCap.GetPrlncipalO; 

tenor = aCap.GetTenor(); 

vol = aCap.GetVoJatility(); 

printf(''lnWhich trade to price:"); 

printf(''In 0 - 3 for a swaption "); 

1 
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}; 

default: 

printf("\nEnter: "); 

scanf("o/od" ,&seq); 

TradeData tradeData; 

&:simSwaption; 

pSi:mu1ate->G~,rrrade(seq &aSwaptioo, &tradeData); 

pSimu:late-><:iet1rmnStmC1turc(aSiwaptl(]lll.Cietl:enc)t() &aTmnStructure, &termStructureData); 

II set the solver, in thi:s case Moote Carlo 

MooteCarlo me; 

me.SetSimulations(numsims); 

me.SetTimeSteps(int)(aSwaptioo.GetMaturity() laSlwpltion.Ge1:Te!1I01:(),»; 

me.SetFOIWardRates«int)(aSwaptioo.GetMaturity() /as\Wptioo.GetTenor()); 

sim = mc.GetSimulations(); 

M '" me.GetTi:meSteps(); 
N = me.GetForwardRates(); 

term=aS~'~ioo.C~~~m~O; 

riskFree = aSwaptioo.GetRlskFreeRate(); 

spot=aS~'~ioo.IG~S~I~~war~~); 

K = aSwaptiIJn.GietStrikeIRate,O; 

P'" aSWaptXlIIl.GetPrincipal( 

ten~=aS~v~luoo,.Gefienoo(); 

vol = aSwaptioo.GetVolatility(); 

printf("\nInstrument 1 ~ 2 is required"); 

II pricing variables 
j ••• *********************************************************************1 

printf("\nPricing :"); 

printf("\nSimuiations = o/od",sim); 

printf("\nTi:meSteps = o/od" ,M); 

printf("\nF~ = o/od",N); 
printf("\nPrincipal = %.5f",P); 

printf("\nMaturity = %.5f" ,term); 

printf("\nTen~ = %.5f",tenor); 

printf("\nRiskFreeRate '" %.Sf",riskFree); 

printf("\nStrikeRate = %.Sf" ,K); 

printf("\nSpotFw~ = %.5f" ,spot); 
printf("\nVolatility = %.Sf",vol); 

/I coovert data to vectors 
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/I initialize vectors 

mm.InitializeVectors(N, M, F, S, R, C, A); 

/I initialize seed 

m.InitiaIizeSeed( &seed); 

seed '" -I *seed; 

/I generste nonna! deviates 

long num = sim*M*N; 

m:v.GenersteNormaIDeviate(num, seed, Z, &mean, &var); 

printf1:''\n "); 
printf1:''\nNormal Deviate"); 

printf1:"Inmean= %.5f' ,mean); 

printf1:''\nVlJ.F %.5f',var); 

/I set zero coupon curve 

mm.ZeroCouponCurve(aTennStructure, L); 

/I make forward rate tenors 

mm.MakeForwardRateTenors(tenor, M, T); 

/I constant volatility 

mm.ConstVolatility(V, vol, M); 

II correlation; 

LFM.ConstCOITelation(R,M,N); 

/I Show simulation offorward rates 
/***.********************************************************************/ 

printf1:"\n-----"); 

printf1:"lnOnly show simulation offorward rates? (YIN):"); 

scanfl:"%s",&yn); 

if (strcmp(yn,''Y'') = 0 II strcmp(yn,"y") = 0) 
{ 

intfin; 

printf1:"In,-------"); 

printf1:"\nWhich forward rate simulation:"); 

printf1:''\nl. Simulate forward Libor rate under the forward measore"); 

printf1:''In2. Simulate forward Swap rate under the forward Swap measore"); 

printf1:"\n3. Simulate forward Libor rate under the forward Swap measure"); 

printf1:"\n4. Simulate forward Swap rate under the forward Libor measure"); 

printf1:"InEnter: "); 

scanf("o/od" ,&fin); 

switch (fin) 

{ 

case 1 : 

cout « endl « "SimFOIWIII"dliborRate _ForwardMeasure"« endl; 

for (i=O; i< sim; i++) 

mm.SimForwardLiborRate]orwardMeasure(F,L,R, V,T,seed,N,M,teml., spot, Z, i); 
break; 
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else 

ease 2: 

rout« endl« "SimForwardSwapRate_ForwardSwapMeasure"« endl; 

for (i=O; i< sim; i++) 

mm.SimForwardSwapRate]orwardSwapMeasure (F,L,R, V,T ,seed,N,M,term, spot, Z, i); 

break; 

case 3: 
rout« endl« "SimForwardLiborRate_ForwardSwapMeasure"« endl; 

fur (i=(); i< sim; itt) 

mm.SimForwardUborRate]orwardSwapMeasure (F,L,R, V,T ,seed,N,M,term, spot, Z, i); 

break; 

ease 4: 

rout« endl « "SimForwardSwapRate_ForwardLiborMeasure"« endl; 

fur (i=O; i< sim; itt) 

mm.SimForwardSwapRate]orwardLiborMeasure (F,L,R, V,T ,seed,N,M,term, spot, Z, i); 

break; 

defiwlt: 

cout « endl « "Wrong choice"« endl; 

fur (i=O; i<=M; i++) 

{ 

fur 

printf(''In "); 

/I Pricing of instruments 

%.Sf" ,ij,F[i][j]); 

'************************************************************************/ 

switch (instrument) 

{ 

/leap 

ease 1: 

switch(model) 

{ 
IILFM 

case 1 : 

switch (measure) 

{ 

/I furward Ubor measure 

ease I : 

rout« endl « "Ubor Market Model simulation of a Cap under the forward Libor measure"« 

end1; 

price'" LFM.PriceCapMonteCarlo(aCap,D, L, F, C, R, V, T ,seed, sUn, M,N,term, P, K, 

spot,"FLM", Z, price,std, stdErr); 
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break; 
1/ forward swap measure 

case 2: 

cout« end!« "Libor Market Model simulation of a Cap under the forward Swap measure"« 

end!; 

price = LFM.PriceCapMonteCarlo(aCap,D, L, F, C, R, V, T ,seed, sim, M,N,term, P, K., spot,"FSM", 

Z, price,std, stdErr); 

break; 

default: 

cout« end! « "Wrong choice"« end!; 

break; 

IILSM 

case2: 

switch (measure) 

{ 

/I forward Libor measure 

case 1 : 

cout« endl « "Swap Market Model simulation of a Cap under the forward Libor measure"« 

end!; 

price = LSM.PriceCapMonteCarlo(aCap,D, L, F, C, R, V, T ,seed, sim, M,N,term, P, K., 

spot,"FLM", Z, price, std, stdErr); 

break; 

II forward swap measure 

case2: 

cout« end!« "Swap Market Model simulation of a Cap under the forward Swap measure"« 

end!; 

price = LSM.PriceCapMonteCarlo(aCap,D, L, F, C, R, V, T ,seed, sim, M,N,term, P, K., spot,"FSM", 

Z, price, std, std&r); 

break; 

default: 

cout« end! « "Wrong choice"« end!; 

break; 

default: 

cout « end! « "Wrong choice"« end!; 

} 

break; 

II swaption 

case 2: 
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switch(model) 

{ 

IILFM 

case I : 

switch (measure) 

{ 

II forward Libor measre 

case I : 

cout« endl « "Libor Market Model simulation ofa Swaption under the forward Libor 

measure"« end!; 

price = .PriceSWlII)tiallMlootc:Cltrlo('IIS1II/llplion, F, A, R, V, T ,L, seed, siro, M,N,term, P, K, 

break; 

II farward swap measure 

case2: 

cout « end! « "Libor Market Model simulation of a Swaption under the farward Swap 

measure"« endl; 

price = LFM.PriceSwaptionMonteCarlo(aSwaption, F, A, R, V, T ,L, seed, siro, M,N,term, P, K, 

riskFree, spot, "FSM",z, Pll'''',:sw,., ... .o::n 

} 

break; 

default: 

cont « endl « "Wrong choice"« end!; 

break; 
I/LSM 

case2: 
switch (measure) 

{ 

II farward Libor measre 

case I : 

caut« end!« "Swap Market Model simulation of II Swaption under the forward Libor 
measure"« endl; 

price = LSM.PriceSwaptionMonteCarlo(aSwaption, F, A, R, V, T ,L, seed, sim, M,N,term, P, K, 

riskFree, spot,"FLM",z, price,std,stdErr); 
} 

break; 

II farward swap measure 

case 2: 

cont« end!« "Swap Market Model simulation ofa Swaption under the forward Swap 
measure"« endl; 

price '" LSlllf.PriceSWllpti<:mNlonteC211'Io(:aSvvap1tioD F, A, R, V, T ,L, seed, sim, M,N,term, P, K, 

riskFree, spot,"FSM",z, price,std,stdErr); 

break; 

default: 
cont« endl « "Wrong choice"« endl; 
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} 

break; 

defuult: 
cout« endl« "Wrong choice"« endl; 

break; 

default: 
cout« endl« ''Wrong choice"« endl; 

break; 

II Show the price 
1************************************************************************1 

II cap 

if(instrument= 1) 

{ 

printft"\n"); 
fur (j=O;j<= M;j++) 

printft"\n[o/od] Caplet Price = %.Sf" J,CUl); 

printft''\n "); 

printft"\nCap Price = %.Sf', price); 

printft"\nstd = %.Sf", std); 

printft"\nstdErr = %.Sf", stdErr); 

printft''\n''); 

1/ swaption 

else if (instrument = 2) 

{ 

fur (i=O; i<= M; i++) 

printft"\n[o/od] Swap Payoff= %.Sf",i,Afi]); 

printft"\n"); 

printft''\nprice = %.Sf", price); 

printft''\nstd = %.5f", std); 
printft''\nstdErr= %.Sf', stdErr); 

printft ''\n "); 

catch ( ... ) 

{ 

printft"\nError in MarketModelApp"); 

printft''\n\n''); 

retumO; 
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FileData::FileData() 

{ 

/I Initialize XML Parser environment 

try 

{ 

XMLPlatformUtils::InitiaIize(); 

pParser '" new XercesDOMParser(); 

pParsec..:>setDoSchema(fiIlse); 

catch (constXMLException& e) 

{ 

catch( ... ) 

{ 

spriintf(tempStlmg, "\nEmlr while initializing XML (DOMParsec) system!: o/eS", (char*)e.getMessageO); 
printf(tempStl'ing); 

cotlstnret1Jtla FileData"); 

FileData::-FileDataO 

{ 

try 

{ 

/I Delete dle parser 
delete pParsec; 

II Calldle tennination method 

XMLPlatformUtils::Terminate(); 

catch (canst XMLException& e) 

{ 

catch( ... ) 
{ 

sprintf(tempStl'ing, "\nEmlr while destroying XML (DOMParser) system: %s", (char*)e.getMessage(»; 
printf(tempString); 
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prin1f{''\nError while destroying FileData"); 

void FileData: :ReadFileDataFromFile(string xmlFilePathName) 

{ 

FILE* xmlFile = NULL; 

charbufI4096]; 

xmlString = ""; 

II Open XML file 

xmlFile = fopen«coost char*)xmlFilePathName.c_str(), "r"); 

if (xmlFile = NULL) 

{ 

prin1f{"File o/oS not found.\n", (canst char*)xmlFilePathName.c_str(»; 

exit(-l); 

II Read from xmlFile 

while ( !foof(xmlFile) ) 

{ 

fgets(buf, 4096, xmlFile); 

xmlString.append(but); 

fclose(xmlFile); 

void FileData::PrintFileDataO coost 

{ 

void FileData::ParseXml(string xmlFilePathName) 
{ 

DOMDocument* pDoc = NULL; 

DOMNode* pRootNode = NULL; 

try 

{ 

pParser->parse( (char*)xmlFilePathName.c _ str(»; 

catch (coost XMLException& e) 

{ 

prin1f{''\n''); 

prin1f{(char*)e.getMessage(»; 
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catch (const DOMException& c) 

{ 

printf{"\n "); 

catch ( ... ) 

{ 

try 

{ 

printf{"'n H); 

printf{"Unknown XML Parsing error!"); 

pDoc = pParser->getDocument(); 

if (!pDoc) 

{ 

printf{"\n "); 

printf{"Unablc to get DOMDocument"); 

pRootNodc = pDoc->getDocumentElement(); 

catch( ... ) 

{ 

printf{"Error in DOMDocument"); 

/IlJnmarshaII the TEXT NODE 
string FileData::UnmarshallTcxt( DOMNode'" pRootNode) 
{ 

char tempString[2SS]; 

string value; 
char'" rawValuc; 

DOMNodc* pNode; 

DOMNodeList'" pNodcList '" pRootNode->getChildNodesO; 

for( int i=O; i<pNodeList->getLengthO; i++ ) 
{ 

pNode = pNodeList->item( i ); 

if{ pNode->getNodeType() = DOl\dN(Kie::TE'{T 

{ 

rawValuc = XMlString::transcode( nN,JQe.->aEltNrl<1el{anJ •• " 

value.assign(rawValue); 

XMlString::release(&rawVaJuc); 
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IIprintf{''\n''); 

IIsprintf{tempString, "value = : o/eS", (cbar*)value.c_str(»; 

IIprintf{ tempString); 

return value; 

boo1 FileData::Fi11Data(const int seq, InterestRateOption'" pIRO) 

{ 

return true; 

1111111111////111111/11 II / II / II ffradeDatai /11 II II II II II 11111111/11 II II II II II II II/ II II II II II //I II/ 

1111111111////111 /11/ II II II II II ffradeDatai /11 II II II II II 11111111111 II II II II II II II/ II II II II II //I II/ 

111/1//11/11/11//11//111/11/ I II/ ffradeDatai II II /I II II II 11111111/11 II II II II II II II /11 II II II 11111111 

TradeData: :TradeDataO 

{ 

pFileTradeList = new FileTradeList(); 

pFileTrade = new FileTrade(); 

TradeData::-TradeData() 

{ 

try 

{ 

//Delete the data set list 

pFile TradeList->clearO; 

delete pFileTradeList; 

/!Delete the data set 

delete pFileTrade; 

catch (const XMLException& e) 

{ 

char tempString[255]; 

sprintf{tempString, "\nError while destroying XML (DOMParser) system: o/eS", (cbar*)e.getMessage(»; 

printf{tempString); 

catch( ... ) 

{ 

printf{''\nError while destroying FileData"); 

void TradeData::SetFileTrade(FileTrade" pFileTrade) 

{ 

TradeData::pFileTrade = pFileTrade; 

141 
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FileTrade* TradeData::GetFileDataList() const 

{ 

return pFileTrade; 

void TradeData::AddFi1eTrade(FileTrade* tradeSet) 

{ 

void TradeData::PrintFileData() const 

{ 

NULL) 

printf("\nFileData SetList '" NULL"); 

retum; 

printf("\n") ; 

FileTradelist::iterator dataIterator; 

o/od", pFileTradeList->size(»; 

FileTrade'" pFileTrade = (FileTrade"')"dataIterator; 

int tradeSetSeq '" pFileTrade->GetSeqO; 
printf("[O/odl GetJ'nstrument : o/oS \n", tradeSetSeq, 

printf("[o/od] GetDeal : o/oS \n", tradeSetSeq, 

printf("[%d] GetPrincipal : %.4f\n", tradeSetSeq, pFileTrade->GetPrincipal(»; 
printf("[o/od] GetMaturity : %.4f\n", tradeSetSeq, pFllIeTrade-.:>G.etMaturityCi); 

printf("[%d] GetTenor : %.4f\n", tradeSetSeq, pFileTrade->GetTenor(»; 

printf("[o/od] GetRiskFreeRate : %.4f\n", tradeSetSeq, pFileTrade->GetRiskFreeRate()); 
printf("[o/od] GetStrikeRate : %.4f\n", tradeSetSeq, pFileTrade->GetStrikeRate(); 
printf("[%d] GetSpotFwdRate: %.4f\n", tradeSetSeq, pFileTrade->GetSpotFwdRate()); 

printf("[%d] GetMa:ketPrice : %.4f\n", tradeSetSeq, pFileTrade->GetMarbtPrice(»; 

FileTrade'" TradeData::FindFileTnde(int dateSetSeq) 

{ 
if (pFileTradelist = NULL) 
{ 

printf("\nFileData SetList = NULL"); 
return NULL; 

FileTradelist::iterator dataIterator; 

dataIterator '" pFlleTndeList->beginO; 
while (dataIterator != pFileTradelist->end(» 
{ 
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FileTrade" pFileTrade = (FileTrade*)*dataIterator; 

int seq = pFileTrade->GetSeqO; 

if (seq = dateSetSeq ) 

{ 

return pFileTrade; 

dataIterator++; 

retumNUll; 

bool TradeData::FillData(const int seq, InterestRateOption* plRO) 

{ 

if (pFileTradeList = NULL) 

{ 

printf("mFileData SetI.ist = NUll"); 

return false; 

FileTrade'" pFileTrade = NUll; 

FileTradeList::iterator dataIterator; 

dataIterator = pFileTradeUst->beginO; 

while (dataIterator != pFileTradeList->end()) 

{ 

pFileTrade = (FileTrade*)"dataIterator; 

int dateSetSeq = pFileTrade->GetSeqO; 

if (seq = dateSetSeq) 

{ 

dataIterator++; 

if(pFileTrade 1= NULL) 

{ 

else 

plRO->SetSeq(pFileTrade->GetSeq(»; 

plRO->SetPrincipal(pFileTrade->GetPrincipalO); 

plRO->SetMaturity(pFileTrade->GetMaturity() ); 

plRO->SetTenor(pFileTrade->GetTenor(»; 

plRO->SetRiskFreeRate(pFileTrade->GetRiskFreeRate()II00); 

plRO->SetStrikeRate(pFileTrade->GetStcikeRate()/lOO); 

plRO->SetSpotForwardRate(pFileTrade->GetSpotFwdRate()II00); 

plRO->SetMarketPrice(pFileTrade->GetMarketPrice()I100); 

return true; 
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return false; 

void TradeData::UllllII!l'SbalIFileData( OOMNode* pRootNode ) 

{ 

char* rawName; 

OOMNode* pNode; 
OOMNodeUst" pNodeList = pRootNode->getChildNodesO; 

try 

{ 

for( int i=O ; 

{ 

pNode = pNodeList->item(i); 

short rawType= pNode->getNodeType{); 

i1\ rawType = OOMN"ode::EI..ENIEN 

{ 

rawNam.e = XMLString::transcode( pNode->getNodeName(}); 

_slrupr(rawName); 

if ( strcmp(rawName, "TRADE") 0 ) 

{ 

else 

AddFileTrade(UlJ.l11aI.'ShaIlFileTrade(pNode»; 

sprintftten'lipStting, "Unexpected element in FileData : %11", rawName); 

printf("\n "); 

printf(tempString); 

XMLStting::re1ease(&rawName ); 

catch( ... ) 

{ 

sprintf(tempString, "Error in UllllII!l'SbalIFileData"); 
printf("\n"); 

printf(tempString); 

/I UIl.I.IllU'Sball FileTrade 
FileTrade* TradeData::Un:marsI!allFileTrade( OOMNode" pRootNode) 

{ 

char" rawName; 
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try 

{ 

pFileTrade = new FileTrade(); 

catch( ... ) 

{ 

printft''\n''); 
sprintfttempString, "Memory allocation error (FileTrade)"); 

printfttempString); 

if (pFileTrade = NULL) 

{ 

printft"\n"); 
sprintfttempString, "Memory allocation error (FileTrade): NULL pointers"); 

printfttempString); 

DOMNode* pNode; 
DOMNodeList* pNodeList = pRootNode->getChiidNodes(); 

try 

{ 

for( int i=O ; i< pNodeList->getLengthO; i++ ) 

{ 

pNode = pNodeList->item(i); 

m: pNode->getNodeTypeO = DOMNode::ELEMENT_NODE ) 

{ 

rawName = XMLString::lranscode( pNode->getNodeName(»; 

_strupr(rawName); 

if( strcmp(rawName, "SEQ") = 0 ) 

{ 

string str = UlllIll!!'ShalIText( pNode ); 

pFileTrade->SetSeq( atoi«char*)str.c_str(»); 

else if ( strcmp(rawName, "INSTRUMENT") = 0 ) 

{ 

pFileTrade->SetInstrument( UIllIll!!'ShaIlText( pNode ) ); 

else if( strcmp(rawName, "DEAL") = 0) 

{ 

pFileTrade->SetDeal( UnmarshallText( pNode ) ); 

else if ( strcmp(rawName, "PRINClP AL") = 0 ) 

{ 

string str = UnmarshallText( pNode ); 
pFileTrade->SetPrincipal( atof(char*)str.c_str(» ); 

else if( strcmp(rawName, "MATURITY") 0 ) 

string sir = UnmarshaUText( pNode ); 
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catJcb( ... ) 

{ 

pFileTI:ade,.>SetMlatuJnty( atof(char"')StT.C_slr(» ); 

else if( strcmp(rawName, "TENOR") = 0) 

{ 

string stT = UlUIWShallText( pNode ); 

tlFlileTrade-'>SI,UenOI( atof(char"')stT.c_stT()) ); 

else if( strcmp(mwName, "RISK_FREE_RATE") = 0) 

{ 

string stT = UnmarshaliText( pNode ); 

tlFilleTrade·.>S;:tRiJskFl:ee~Iate( atof(char*)stl'.c_sIr(» ); 

else if( strcmp(rawName, "STRIKE_RATE") 0) 

{ 

string stl' = UnmarshallText( pNode ); 

pFil,eTI'lI,de-::o'Set!;trike~l:e( atof(char*)stT.c_sIr(» ); 

else if( strcmp(rawName, "SPOT_FWD_RATE") = 0) 

{ 

string stl' = UnmarshallText( pNode ); 

pFileTrade->Se1SpotFwdRa1e( atof(char*)stT.c _sir(» ); 

else if( strcmp(rawName, ''MARKET_PRICE'') = 0) 

{ 

else 

string stT = UnmarshallText( pNode ); 

pFileTrade">SetMarlce1Price( atof(char*)Stl'.c_sIr(» ); 

sprintf(lem]pS1r'ing, "Unexpected element in FileTrade : 0/08", rawName); 

printf(tempString); 

XMLString::release( &rawName); 

printf("\n"); 

sprintf(tempString, "Error in UlUIWShallFileTrade"); 

printf(tempString); 

retum pFileTrade; 

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIT ermStrootureDatall1ll 111111111111111111111111111111111111111111111111111 
1IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIITermStrut:.tureDataI/IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 1111/111/111111 
IIIIIIIII/IIII//II//IIIIIIII/IIIIT ermStructuJreDatal /11/1/1/1111111//11/ /11//1/1/1111/1/1//11////11/1/1/// 

TermStrootureData::TermStructuJreData() 
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pFileTermStructureList = new FileTermStructureList(); 

pFileTermStructure == new FileTermStructure(); 

TermStructureData::-TermStructureDataO 

{ 

try 

{ 

!!Delete the data set list 
pFileTermStructureList->clear(); 

delete pFileTermStructureList; 

!!Delete the data set 

delete pFileTermStructure; 

catch (const XMLException& e) 

{ 

char tempString[255]; 

sprintfl:tempStrlng, "\nError while destroying XML (DOMParser) system: %s", (char"')e.getMessage(»; 

printfl:tempString); 

catch( ... ) 

{ 

printfl:''\nError while destroying FileData"); 

void TermStructureData::AddFiIeTermStructure(FileTermStructure'" pPoint) 

{ 

pFileTermStructureList->push _ back(pPoint); 

void TermStructureData::UnmarshallFileData( DOMNode'" pRootNode) 

{ 

char tempString[ 1026]; 

char'" rawName; 

string type; 

string name; 

double term; 

double maturity; 

DOMNode'" pNode; 

DOMNodeList'" pNodeList == pRootNode->getChildNodes(); 

try 

{ 

for( int i=0 ; i< pNodeList->getLengthO; i++ ) 

{ 

pNode = pNodeList->item(i); 
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short rawType= pNode->getNodeType(); 

itt rawType = DOMNode::ELEMENT_NODE) 
{ 

rawName = "" •• LA>UlJWK.:tral1liCCKie( 

if ( sircmp{rawName, "1YPE") 0 ) 
{ 

type = UnmarshallText( pNode ); 

else if( strcmp(rawName, "NAME") = 0 ) 

{ 

name = UnmarshaIlText( pNode ); 

else if ( strcmp(rawName, "TERM") = 0 ) 

{ 

string strTerm = UnmarshaIlTex1( pNode ); 

term '" atof{(cbar*)strTerm.c_str(); 

else if ( strcmp(rawName, "MATIJRITY") = 0 ) 

{ 

string strMat = UnmarshaIlText( pNode ); 
maturity = atof{(cbar*)strMatc_str(); 

else if ( strcmp(rawName, "POINT") == 0 ) 

{ 

else 

term, maturity, pNode»; 

sprintf{ltemjpString, "Unexpected element in FileData : o/GS", rawName); 

catch( ... ) 
{ 

XMLString::release(&.rawName); 

sprintf{tempString, "Fnor in UnmarshaIlFileData"); 
printf{''\n "); 

printf{tempString); 

/I Unmarsball File Term Structure 
FileTermStructure* TermStructureData::UnmarshaIlFileTermStructure( const string type, 

maturity, DOMNode* pRootNode) 
{ 

char tempString[ I 026]; 

cbar* rawName; 

term, const double 
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try 

{ 

pFileTermStructure = new FileTermStructure(); 

catch( ... ) 

{ 

printft''\n''); 
sprintfttempString, "Memory allocation error (FileTermStructure)"); 

printfttempString); 

if (pFileTermStructure = NUll) 

{ 

printft"\n "); 

sprintfttempString, "Memory allocation error (FileTermStructure): NULL pointers"); 

printfttempString); 

pFileTermStructure->SetType(type); 

pFileTermStructure->SetName(name); 

pFileTermStructure->SetTerm(term); 

pFileTermStructure->SetMaturity(maturity); 

DOMNode* pNode; 

DOMNodeList* pNodeList = pRl)otl'ioclle->'getChlldl'lodc:sO; 

try 

{ 

for( int i=O ; i< pNodeList->getLengthO; i++ ) 

{ 

pNode = pNodeList->item(i); 

if{ pNode->getNodeType() = DOMNode::ELEMENT_NODE) 

{ 

rawName = XMLString::transcode( pNode->getNodeName(»; 
_strupr(rawName); 

if( strcmp(rawName, "SEQ") = 0) 

{ 

string str = UnmarsballText( pNode ); 

pFileT ermStructure->SetSeq( atoi« char*)str.c _ str(» ); 

else if( strcmp(rawName, "DATE") = 0) 

{ 

pFileTermStructure->SetDate( UnmarshallText( pNode) ); 

else if( strcmp(rawName, "DAYS") = 0) 
{ 

string str = UnmarsballText( pNode ); 

pFileTermStructure->SetDays( atoi«char*)str.c_str() ); 

else if( strcmp(rawName, ''YEARS'') = 0) 
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string str '" UnmarshallText( pNode ); 
pFileTermStructure->SetY ears( atoj~ (cllllf"')str 

else if( strcmp(rawName, "RATE") = 0 ) 

{ 

); 

string str '" UnmarshallText( pNode ); 

pFileTermStructure->SetRate( atoft(char*)str.c_str(» ); 

catcb( ... ) 

{ 

else 

printf("\n "); 

sprintf(tem]pString, "Unexpected element in FileTrade: o/aS", rawName); 

printf(tempString); 

XMLString::release(&rawName); 

printf("In"); 

sprintf(tempString, "Error in UnmarsballFileTrade"); 

printf( tempString); 

return pFileTermStructure; 

void TermStructureData::PrintFileData() const 

{ 

if (pFileTermStructureList = NULL) 

{ 

printf("\nFileTermStructure SetList = NULL"); 
return; 

printf("\nPrintFileDTermStructure::pFileTermStructureList size %d", pFileTermStructureList->size(»; 

printf("\n H); 

FileT ermStructureList: :iterator dataIterator; 

datalterator .. pFileTermStructureList->beginO; 

while (dataIterator != pFileTermStructureList->end()) 
{ 

FileTermStructure* pFileTermStructure '" (FileTermStructure*)*dataIterator; 

int seq = pFileTermStructure->GetSeq(); 

printf("[%d] GetType: o/aS In", seq, 

GetName: 0/$1 In", seq, (canst char*)pFileTermStructure->GetName().c_str(»; 

printf("[%d] GetTerm : %.4fln", seq, pFileTermStructure->GetTerm(»; 

GetI\IIaIllrity: %.4fln", seq, pFilleTc:rmlStructm·e->GefMst:urity()); 
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printf{"[o/od] GetDate : %s \nil, seq, (canst char*)pFileTermStructure->GetDate().c_str(»; 

printf{"[o/od] GetDays : o/od \nit, seq, pFileTermStructure->GetDays(»; 

printf{"[o/od] Get Years : %.4f\n", seq, pFileTermStructure->GetYears(»; 

printf{"[o/od] GetRate : %.4f\n", seq, pFileTermStructure->GetRate(»; 

dataIterator++; 

bool TermStructureData::FiIITSData(TermStructure* pTS) 

{ 

if (pFileTermStructureList = NUlL) 

{ 

printf{"\nFileDTermStructure SetList = NULL"); 

return false; 

TermStructureRow tsr; 

pTS->ClearTermStruct(); 

FileTermStructure* pFileTermStructure = NUlL; 

FileTermStructureList::iterator dataIterator; 

dataIterator = pFileTermStructureList->beginO; 

while (dataIterator != pFileTermStructureList->end(» 

{ 

pFileTermStructure = (FileTermStructure*)*dataIterator; 

tsr.SetSeq(pFileTermStructure->GetSeqO); 

tsr.SetType(pFileTermStructure->GetTypeO); 

tsr.SetName(pFileTermStructure->GetName(»; 

tsr.SetTerm(pFileTermStructure->GetTerm() ); 

tsr.SetMaturity(pFileTermStructure->GetMaturity(»; 

tsr.SetDate(pFileTermStructure->GetDate(»; 

tsr.SetDays(pFileT ermStructure->GetDays(»; 

tsr.setY ears(pFileTermStructure->GetY earsO); 

tsr. SetRate(pFileTermStructure->GetRate()/1 00); 

pTS->AddTermStruct(tsr); 

dataIterator-++; 

return true; 

1 
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1 
<?xmI version=" 1.0· 1> 

<DATA> 
<TRADE> 

<SEQ><)<ISEQ> 
<INSTRUMENT>Cap<IINSTRUMENT> 

<DEAL>9m fwd 6.833 zar 1226<!DEAL> 

<PRINCIP AI> l000000<IPRINCIP AI> 
<MATUR.ITY>O.7S<lMATURl1Y> 

<rENOR>O.2S<!fENOR> 

<ffRADE> 

<TRADE> 
<SEQ> 1 <JSEQ> 

<INSTRUMENT>Cap<IINSTRUMENT> 
<DEAL> 12m fwd 6.86 zar 2116<!DEAL> 

<PRINCIP AI> l000000<IPRINCIP AI> 
<MATURITY> I<IMATURITY> 

<rENOR>O.2S<!fENOR> 

<MARKET_PRICE>2116<JMARKET]RICE> 

<ffRADE> 
<TRADE> 

<SEQ>2<JSEQ> 
<INSTRUMENT>Cap<IINSTRUMENT> 

<DEAL> ISm fwd 6.935 zar 346O<1DEAL> 

<PRINCIPAI>lOOOOOO<lPRINCIPAI> 
<MATURITY> 1.2S<lMATURITY> 

<TENOR>O.25<!fENOR> 
<RISK_FREE_RATE>6.9S4<JRISK]REE_RATE> 
<STRlKE_RATE>6.935<JSTRlKE_RATE> 

<MARKET_PRICE>2116<IMARKET]RICE> 
<ffRADE> 

<!DATA> 
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15 
<?xmJ. version=" 1.0" ?> 

<DATA> 

<rRADE> 

<SEQ>O<JSEQ> 

<INSTRUMENT>Swaption<IINSTRUMENT> 

<DEAl>3m 2y fwd 7.308 ZAR 4526 ATM<JDEAl> 

<PRINClP AI> I OOOOOO<IPRINClP AI> 

<MATURITY>2<JMATURITY> 

<TENOR>O.25<JTENOR> 

<RISK]REE_RATE>6.954<JRISK]REE_RATE> 

<STRIKE_RATE>7.308<JSTRIKE_RATE> 

<SPOT]WD _RATE>7.308<JSPOT]WD _RATE> 

<~T_PRICE>4526~T_PRICE> 

<JTRADE> 

<rRADE> 

<SEQ> 1 <JSEQ> 

<INSTRUMENT>Swaption<IINSTRUMENT> 

<DEAl>6m 2y fwd 7.469 ZAR 6784 ATM<JDEAl> 

<PRINClP AI> lOOOOOO<IPRINClP AI> 

<MATURITY>2<JMATURITY> 

<TENOR>O.5<JTENOR> 

<RISK]REE_RATE>6.954<JRISK]REE_RATE> 

<STRIKE_RATE>7.469<JSTRIKE_RATE> 

<SPOT_FWD _RATE>7.469<JSPOT_FWD _RATE> 

<MARKET _PRICE>6784<JMARKET]RICE> 

</TRADE> 

<rRADE> 

<SEQ>2<JSEQ> 

<INSTRUMENT>Swaption<IINSTRUMENT> 

<DEAl>3m 5y fwd 7.868 ZAR 11504 ATM<JDEAl> 

<PRINClP AI> 1 OOOOOO<IPRINClP AI> 

<MATURITY>5<JMATURITY> 

<TENOR>O.2S<JTENOR> 
<RISK]REE_RATE>6.9S4<JRISK]REE_RATE> 

<STRIKE_RATE>7.868<JSTRIKE_RATE> 

<SPOT_FWD_RATE>7.868<JSPOT_FWD_RATE> 

<MARKET_PRICE>IIS04<JMARKET]RICE> 

</TRADE> 

<rRADE> 

<SEQ>3<JSEQ> 

<INSTRUMENT>Swaption<JINSTRUMENT> 

<DEAI>6m Sy fwd 7.956 ZAR 16209 ATM<JDEAl> 

<PRINClP AI> I OOOOOO<IPRINClP AI> 

<MATURITY>S<JMATURITY> 

<TENOR>0.5<JTENOR> 
<RISK]REE_RATE>6.954<JRISK]REE_RATE> 
<STRIKE_RATE>7.956<JSTRIKE_RATE> 

<SPOT_FWD_RATE>7.956<JSPOT_FWD_RATE> 

<MARKET_PRICE> 1 6209<JMARKET_PRICE> 
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<!TRADE> 
<!DATA> 

1 
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1 
<?xml version=" 1.0" 1> 
<DATA> 

<rYPE>TERM STRUCTURE<lIYPE> 

<NAME>ZERO COUPON<lNAME> 
<TERM>O.25<trERM> 

<MATURlTY>S<lMATURITY> 

<POINT> <SEQ>O<ISEQ> <DATE>200S/07/0S<lDATE> <DAYS>O<lDAYS> <YEARS>O.OO<IYEARS> <RATE>6.7000<!RATE> 

<!POINT> 

<POINT> <SEQ> 1 <!SEQ> <DATE>200S/IOI07<IDATE> <DAYS>91 <lDAYS> <YEARS>0.2S<IYEARS> <RATE>6.9S4O</RATE> 

<!POINT> 
<POINT> <SEQ>2<!SEQ> <DATE>2006/01109<lDATE> <DAYS> 18S<lDAYS> <YEARS>0.50<lYEARS> <RATE>6.9006<IRATE> 

<!POINT> 

<POINT> <SEQ>3<1SEQ> <DATE>2006/04/07<IDATE> <DAYS>273<IDAYS> <YEARS>O.7S<IYEARS> <RATE>6.S745<IRATE> 

<!POINT> 
<POINT> <SEQ>4<1SEQ> <DATE>2006/07/07<IDATE> <DAYS>364<IDAYS> <YEARS>l.OO<IYEARS> <RATE>6.S904<IRATE> 

<!POINT> 
<POINT> <SEQ>S<!SEQ> <DATE>2006/1 0109<lDATE> <DAYS>4SS<lDAYS> <YEARS> 1 25<IYEARS> <RATE>6.9392<IRA TE> 

<!POINT> 

<POINT> <SEQ>6<1SEQ> <DATE>2007/01108<IDATE> <DAYS>549<IDAYS> <YEARS>1.50<lYEARS> <RATE>7.0073<IRATE> 

<!POINT> 

<POINT> <SEQ>7<1SEQ> <DATE>2007/04/10<lDATE> <DA YS>641 <lDAYS> <YEARS> 1.75<IYEARS> <RATE>7.0900<IRATE> 

<!POINT> 
<POINT> <SEQ>S<lSEQ> <DATE>2007/07109<lDATE> <DAYS>731<IDAYS> <YEARS>2.00<lYEARS> <RATE>7.179S<lRATE> 

<!POINT> 
<POINT> <SEQ>9</SEQ> <DATE>2007/10107<IDATE> <DAYS>821<IDAYS> <YEARS>225<1YEARS> <RATE>7.2520<IRATE> 

<!POINT> 

<POINT> <SEQ>lO<!SEQ> <DATE>200S/01l06<IDATE> <DAYS>913<IDAYS> <YEARS>2.50<lYEARS> <RATE>7.331O<lRATE> 

<!POINT> 
<POINT> <SEQ> II <lSEQ> <DATE>200S/04/06<IDA TE> <DAYS> 1 OO4<IDA YS> <YEARS>2.7S</YEARS> <RATE>7.4100<IRATE> 

<!POINT> 
<POINT> <SEQ>I2<1SEQ> <DATE>200S/07/07<IDATE> <DAYS>l09S<lDAYS> <YEARS>3.00<lYEARS> <RATE>7.4790<lRATE> 

<!POINT> 

<POINT> <SEQ>I3<1SEQ> <DATE>2008/10/06<IDATE> <DAYS>11S6<lDAYS> <YEARS>3.25<IYEARS> <RATE>7.5370<1RATE> 

<!POINT> 
<POINT> <SEQ> 14<1SEQ> <DATE>2009/01/05<IDATE> <DAYS> 1278<IDAYS> <YEARS>3.50<1YEARS> <RATE>7.6000<lRATE> 

<!POINT> 
<POINT> <SEQ>15<1SEQ> <DATE>2009/04/06<1DATE> <DAYS>1369<IDAYS> <YEARS>3.7S<lYEARS> <RATE>7.6360<lRATE> 

<!POINT> 

<POINT> <SEQ> 16<1SEQ> <DATE>2009/07/07<IDATE> <DAYS> 146O<1DA YS> <YEARS>4.00<IYEARS> <RATE>7.6593<IRATE> 

<!POINT> 
<POINT> <SEQ> I 7<1SEQ> <DATE>20091l0/06<IDATE> <DAYS>1551<IDAYS> <YEARS>4.25<1YEARS> <RATE> 7.6840<lRATE> 

<!POINT> 
<POINT> <SEQ>18<1SEQ> <DATE>2010/01l05<IDATE> <DAYS>1643<IDAYS> <YEARS>4.50<lYEARS> <RATE>7.7250<IRATE> 

<!POINT> 
<POINT> <SEQ>l9</SEQ> <DATE>2010/04/06<IDATE> <DAYS>1734<IDAYS> <YEARS>4.7S<IYEARS> <RATE>7 .7670<1RATE> 

<!POINT> 
<POINT> <SEQ>20<!SEQ> <DATE>2010/07/07<IDATE> <DAYS> lS25<IDAYS> <YEARS>S.OO<IYEARS> <RATE>7.7894<IRATE> 

<!POINT> 
<lDATA> 
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