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Basic Operators

= Shift operator

T[index_, power , op_]:=
((op /. index -» X00[t00]) /. DSol ve[{X00' [t00] == (power /. i ndex » X00[t00]),
X00[0] =i ndex}, X00[t00], tOOI[[1]]1[[1]]) /. t00~>1
Tix, a, f[x1]

f [a+X]

TIX, r*x, f[x]]

fle x]

m Blur operator

B[i ndex_, op_]: =
Integrate[l/Sqrt [2+Pi ] *Exp[-tt0172 /2] % (op /. i ndex »index +tt01),
{tt0l1l, -Infinity, Infinity}]

B[i ndex_, vola_, op_]:=

Sinplify[T[index, -X2=xvola, B[X2, T[index, X2=xvola, op]]],
{Ti meConstraint -» 1}]

B[c, sigma, V[c]]

_tto12

—Z— V[c+signattOl]

="

B[x, sigma, B[x, sigma, a+bxx+c*x"2]]

dttol

a+bx+c (2sigm? +x2)

B[x, sigmaxx, V[x]]

tt012 .
- V[e& gmatt0ol X]

| =%

dtto1
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= Binomial blur

B2[i ndex_, vola_, op_]:=
Expand[ (T[i ndex, vol a, op] + T[index, -vola, op]) /2]

B2[x, 1, a+bxXx+Cc*xx"2]

a+c+bx+cx?

Financial operators

= |nterest rate curves

YO0 :={{0, 0.02}, {1, 0.034}, {5, 0.04}, {10, 0.06}}

Li st2Curve[list_]:=Function[M |f [Mx< X2,
((X2-M %YL+ (M=X1) *Y2) / (X2 - X1)
, UL1] /.
{(XL-1list[[1]]1[[1]],
X2 - list[[211[[111, Yi-1list[[111[[2]1], Y2-1ist[[2]1[[2]1],
Ul -> I f [Length[list] >2, List2Curve[Rest [list]]1[M, list[[2]11[[21]1]1}

Z0: =List2Curve[YO0];
Pl ot [Z0[x], {x, O, 10}71;

0. 06
0. 05
0. 04

0. 03

= |nitial values

Z1[M]:=Mx (Z[M +r1l%1/100+r2%1/100% (M-2));
X0:=({if-»If, Z-20, t >0, ¢c->0, r1-0, r2-0, eur » 1}

Da[V_]:=V /. XO;

m Theta operator

Theta[dt_, op_]:=

T[reur, -eur %= (Z1[t +dt]-2Z1[t]),
T[t, dt,
op

1]
Theta[op_] : =Theta[l, op]
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Thetalb, t]
Da[%

5+t

5

Theta[10, eur]
Da[%
N[-Log[%] /10]

e Tr- A - EL 4 Z11]-10 Z[10+t |-t Z[10+t] gyp

0. 548812

0.06

m [nterest rate extraction
forw[Tl_, T2_]:=Theta[T1l, -Log[Theta[T2-T1, eur] /eur]/ (T2-T1)]
Da[forw[3, 5]]
0. 0445
- (Z0[3] %3 -5%20[5]) / (5-3)
0. 0445
Y[M]:=forw[0, M

Da[Y[10]]
Da[Theta[3, Y[2]]]

0. 06
0. 0445

Da[Y[1/5]]

0.0228

m Binomial tree Process
Thet a2vola:=2/10

Theta2[V_]: =
B2[r1, Theta2vol a, Theta[V]]
Theta2[Dt_, V_1:=

B2[r1, ThetaZvol a=Sqrt [DX], Theta[Dt, V]]

= Monte Carlo Process
Needs["Statistics' ContinuousDi stributions'"]

randn : = Random[Nor mal Di stribution[0, 1]]
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Tabl e[randn, {i, 0, 9}]

{-0.707901, -0.867752, -2.46158, -0.961339,
-0. 25833, -1.22253, 1.56793, -1.10081, -0.22069, -0.187554}

Da[V_, n_]:=Sum[Da[V /. N->randn], {i, 1, n}]/n

Da[T[c, N, c], 1000]
Da[T[c, 1, T[c, c*N, c]], 1000]

0.00311872

1.62735

Products

m Zero Bond

P:=Theta[l10, eur]
Da [P]

Da[T[r1, 1, P]]
Da[D[P, r1]1]
Da[D[P, r2]]
Da[D[P, r1, rl1]]

0. 548812

0. 496585
-0. 0548812
-0. 439049

0. 00548812

= Annuity
[V_]:=Theta[T[c, axeur, V]I;

Qo [c];
Da[%

0.966572 a

G [Oplc]]
Da [%

C+ae T Tor- o+t ZI1-Z[1+t 1t Z[1+t] gup 4

a ef%%éf%‘hggrz (L+t) +t Z[t]-Z[1+t ]t Z[1et ]+ (14t) Z[14t ]-Z[2+t |- (1+t) Z[2+t ] @yp

1.89803a

Nest [Op, c, 8];
Dal%

6.61125a
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Lpl ., V_1:=1f[l <30, Append[L[l +1, Op[V1], {l, Da[V]}], {}]
L2:=L[0, c] /. {eur -1, a-1}

Li st Pl ot [L2, Pl otJoi ned -» True];

14
12

10

N A O

m Zero Bond Option

u:=Evaluate[Theta[l0, eur]];
u
Dafu]

ef%éfﬁggfL%L+tZu]flOZ[lon]ftZ[lOﬁ] eur

0.548812

K:=Da[u] -1/100;
0: = Functi on[{rl, r2}, eur | f [e;o. (-r1-8r2-2r2t+10t Z[t]-100 Z[10+t]-10t Z[10+t]) 4 K

ei% (-r1-8r2-2r2t+10t Z[t]-100 Z[10+t1-10t Z[10+t]) _ i O]]

p: = Nest [Theta2, o2[r1, r2], 20]
p/. 020,
N[Da[% ]

0. 0263722
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p: = Nest [Theta2, o2[r1, r2], 20]
pg: = Evaluate[Da[T[r1, b, p] /. 02 »0]1;
Pl ot [{pg,
Da[T[r1, b, Theta[3.55%eur]]] -Da[Theta[3.55%eur]] +0.026}, {b, -0.5, 1.5}]

0. 04¢
0.
0. 02¢
0.01;

-0.5
-0.01}
-0.02!

- Graphics -

Da[D[p /. 02 >0, r1]]
Da[D[Theta[axeur], rl]]
Sol ve [%== %84 a]

-0. 0343247
-0. 00966572 a

{{a—3.55118})

Da[D[p /. 02 >0, r2]]

-0. 274597

Da[D[Theta[axeur + Theta[bxeur]], r1]]
Da[D[Theta[axeur + Theta[bxeur]], r2]]
Sol ve [ {%hb== -0. 034, %= -0. 275}, {a, b}]

-0. 00966572 a - 0.0186292 b
0. 00966572 a

{{a > -28.4511, b - 16.5868}}

Pl ot [{Da[T[r1, b, Theta[-28.4511 xeur + Theta[16.5868 xeur]]1]]
-Da[Theta[-28. 4511 xeur + Theta[16.5868 xeur]]] +0. 0263
, Pg}, {b, -0.5, 1.5}]

0. 04}
0.

0. 02}
0. 01t

-0.5
-0.01}

-0.02¢
- Graphics -
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pg2 : = Evaluate[Da[T[r2, b, p] /. 02 -»0]1;

Pl ot [{Da[T[r2, b, Theta[-28. 4511 xeur + Theta[16.5868 xeur]]1]]
-Da[Theta[-28. 4511 xeur + Theta[16. 5868 xeur]]] +0. 0263,
Da[T[r2, b, Theta[3.55x%eur]]]
-Da[Theta[3.55%eur]] +0. 0263,

pg2
}, {b, -0.5, 0.5}]
0.1;
. 075}
\O5 |
-0.4 -0.2 0.2 0.4
-0. 025/
-0. 05}
- Graphics -
= Bond deal

Cl ear [q]; O ear [p]

q[V_]1:=T[c, -0.5«xeur, Nest [Theta2, T[c, 1xeur, V], 10]1;

p:=qlf [eur]]
pvar : = Eval uate[Da[q[lf [c /eur >var, 0, 1]1]11]

Pl ot [pvar
, {var, 0.0, 0.2}71;

1
0.8
0.6
0.4

0.2

0. 05 0.1 0.15 0.2

m index linked cash flow

Cl ear [ptheta]; dear [p]
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ptheta[V_]: =
B2[i ndex, Sqgrt[1/pdt]=*2/1000,
T[index, index*1/5%=Y[1/pdt] /pdt,
Theta2[1l/pdt, V111
p[V_]:=Nest [ptheta, V, pdt] /. index->1

payoff : = eur i ndex;

m Expected values

p[i ndex];
Da[%

1. 00682

p[payof f1;
Da[%

0.973167

Da[p[eur]]

0. 966572

= Distribtion

Cl ear [0]; O ear [02]
o[V_]:=I1f[V>var, 0, 1]

pvar : = Eval uate[Da[p[02[payoff]] /. 02 »0] /. eur » 1]

Pl ot [pvar
, {var, 0.964, 0.98}7;
1,

0. 8}

0.6+

0.4}

0.2

4_/_/-/-, N N N N
0. 9650. 9675 0. 97250. 9750. 9775 0. 98

n?2 : = Eval uate[Da[p[payoff~2]11]1]
nP

0. 947059

ml : = Eval uat e[Da[p[payoff]1]]
ni

0.973167

vola:=Sqrt [Abs[nl"2 - nR]]
vol a

0. 00223369
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= QQPlot
pdist[x_]:=.5+.5%Erf[(x-ml) /vol a]
Paranmetri cPl ot [{{pvar, pdist [var]}, {pdist[var], pdist[var]}}, {var, 0.8, 1.0}]

1t
0. 8¢
0. 6¢
0. 4;

0.2;

0.2 0.4 0.6 0.8 1
- Graphics -

= Sensitivity
Da[D[p[payoff], ri]]

-0. 00778534

Da[p[payoff]]
Da[Thetafeur 1]

0. 973167

0. 966572

Da[Theta[aeur]]
ps : = Eval uat e[Sol ve [%== pl, a]]
ps

0.966572 a
({a—1.00682})

Da[D[Theta[(a /. ps[[1]]) eur], rl1]]

-0. 00973167

Sol ve[Da[D[Theta[b*eur], r1]] = -0.00778 eur, b]

{{b > 0.804907 eur }}

nmodi f : = Da[-100 « D[p[payoff], rl1] /p[payoff]]
nodi f
0.8

po: =Evaluate[Da[T[r1, b, p[payoff]]] /. eur »1]
bo:=Evaluate[Da[T[r1, b, Theta[0.8eur] +0.2eur]] /. eur »1]
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10

Pl ot [{po, bo}, {b, -10, 10}]

1. 05¢
1. 025;

-10 -5 \ 5 10
0. 9754

0. 95¢

0. 925}
0.9}

- Graphics -

m Hazard rate model

Cl ear [ptheta]; C ear [p]

lanbda: = (0.1xt)" (1)

ptheta[V_, pay_]:= |l anbda=xpay + (1 -1anbda) = Thet a[V]
p[V_]: = Nest [Function[u, ptheta[u, V1], V, 12]
Dafp[t]]

3.66022

Da[p[eur]]
Da[D[p[eur], rl]]

0. 865918

-0. 0304832

ptheta2[V_] :=B2[index, 271000, T[index, index*=0.2=xY[1], ptheta[V, index=xeur]]]
p2 : = Eval uat e[Nest [pt het a2, i ndex xeur, 10] /. index -» 1]

Da[p2]
Da[T[rl, 1, p21]1-%

0. 899635

-0. 0233727
stop:=I1f[And[t <tO, t >t0-1], 1, O]
pstop : = Nest [Function[u, ptheta[u, stop]], stop, 12]

Ceneral ::spelll:
Possi bl e spelling error: new synbol nane "pstop" is similar to existing synmbol "stop". More...
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11

Eval uat e[Da[pstop]];
Plot [% {tO0, -1, 12}]

0.15

0. 05

2 4 6 8 10 12
- G aphics -



