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function[] = SAN (option,stdev,start,NN)

% This function is a simulation of a Stochastic Activity Network (SAN) which
% is presented by Fu, ’Sensitivity Analysis for Stochastic Activity

% Networks’, (2005) . This program calculates the the IPA, SF, WD derivatives
% of the SAN as well as the square of the Stochastic Activity Network (SAN2)
% Inputs:

b

% seed = initial value of pseudo random number generator (PRNG)

% N = number of trials

h —mmm—————m Simulation —------------

seed = start;
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N = NN;

rand('twister',seed);

% Mean operation times at each of the arcs
t1 = [6,8,5,8,4,7];

sigma = stdev;

% Initialization of the vectors for the SAN, SAN2, and the derivative
% estimators for SAN and SAN2

IPAcomplete = [];

IPAcomplete2 = [];

SFcomplete = [];

SFcomplete2 = [];

WDcomplete = [];

(1;

WDcomplete?2

SANcomplete = [];

nodeltest = [];

% Simulating one run of the Stochastic Activity Network

b

% dml = vector of Double Maxwell (DM) RV parm. (ti,sigma™2)
%» nl = vector of Normal RV par, (t_i,sigma”2)

% dmlstd = standard DM(0,1) RV

% nlstd = standard N(O0,1) RV

% wl = Weibull RV (W(alpha,beta)) with parm alpha = 2, beta = 1/4
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b

%» node = Random Variable at each of the activity nodes

% node2 = Sqauare of the RV at each of the activity nodes

% ESTIMATORnode = Derivative estimator at each of the nodes

% ESTIMATORnode2 = Derviative estimator for the square of each node

% SFfactor = D_sigma 1nf (x;sigma) for each of the activity arcs

% WD2(3,4)factor = calculation of the performance function at each node
% where of the RV is a double maxwell distrubuted for the WD estimator
% kdummy = dummy RV to ascertain WD estimator)

% WD2(3,4)factor2 = As for WD2(3,4)factor but for SAN2

b

% ESTIMATORmoment = Calculation of the first four moments of each of the
% derivative estimators (IPA,SF,WD). Row entries = given moments for each
% node. Column entries = all moments for a given node.

% ESTIMATORmoment2 = As for ESTIMATOR2 moment by for square of the

% Stochastic Activity Network

h

% SANmoment = Calculation of the first four moments of the Stochastic
% Activity Network.

b

% ESTIMATORcomplete = vector of the derivative estimator at node 4

% (completion) of the SAN
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h

% SANcomplete = vector of completion times of the Stochastic activity

% network;

dml = zeros([6,1]);

nl = zeros([6,1]);
dmistd = zeros([6,1]);
nistd = zeros([6,1]);
node = zeros([4,1]);

IPAnode = zeros([4,1]);

IPAnode2 = zeros([4,1]);

zeros([6,1]1);

SFfactor
SFnode = zeros([4,1]);

SFnode2 = zeros([4,1]);

WD2factor = zeros([3,1]);
WD2factor2 = zeros([3,1]);
WD3factor = zeros([5,1]);
WD3factor2 = zeros([5,1]);
WD4factor = zeros([6,1]);

WD4factor2 = zeros([6,1]);

kdummy = zeros([6,1]);

WDnode = zeros([4,1]);

WDnode2 = zeros([4,1]);
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IPAmoment = zeros([4,4]);
IPAmoment2 = zeros([4,4]);
SFmoment = zeros([4,4]);

SFmoment2 = zeros([4,4]);

WDmoment = zeros([4,4]);

zeros([4,4]);

WDmoment?2

SANmoment = zeros([4,4]);

for i=1:N
for j=1:6
% Generation of Double Maxwell RV (dm1(j)) and Normal RV (norml(j)) by

% acceptance-rejection method.

ul = rand(1);
wl = sqrt(-4.xlog(ul));
u2 = rand(1);

while u2 > 1.16582199.*ul.*wl
ul = rand(1);

wl = sqrt(-4.*log(ul));

u2 = rand(1);
end

u3 = rand(1);
if u3 <= 0.5

dmistd(j) = -wi;
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else

dmistd(j) = wi;

end

u4 = rand(1);

nlstd(j) = dmistd(j).*u4;

dm1(j) = t1(j) + dmistd(j).*sigma;
n1(j) = t1(j) + nlstd(j).*signma;
end

% Calculation of the derivative estimators (IPA, SF, WD) of the completion

% times at each of the nodes (ESTIMATORnodel, ..., ESTIMATORnode4):
node(1) = ni(1);

node(2) = max(n1(2), n1(1) + ni1(3));

node(3) = max(n1(1) + n1(3) + n1(5), max(n1(1) + n1(4), n1(2) + n1(5)));
node(4) = node(3) + n1(6);

nodeltest = [nodeltest;node(1)];
% IPA

IPAnode(1) = nlstd(1);

% Node 2

if n1(1) + n1(3) >= n1(2)

IPAnode (2) nlstd(1) + nlstd(3);

else

IPAnode(2) nlstd(2);
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end
% Node 3

if n1(1) + n1(3) + n1(5) >= max(n1(1) + n1(4),n1(2) + n1(5))
IPAnode(3) = nistd(1) + nlstd(3) + nilstd(5);

elseif ni1(1) + n1(4) >= n1(2) + ni(b)

IPAnode(3) = nlstd(1) + nlstd(4);
else

IPAnode(3) = nlstd(2) + nlstd(5);
end

IPAnode(4) = IPAnode(3) + nistd(6);

% IPA2 - IPA estimator for the square of SAN
for k = 1:4

IPAnode2(k) = 2.*IPAnode (k) .*node(k);

end

% SF

% Determination of D_sigma 1ln f(x;sigma)

for k=1:6

SFfactor(k) = ((nlstd(k)."2)-1)./sigma;

end
SFnode(1) = node(1).*SFfactor(1);
SFnode(2) = node(2).*sum(SFfactor(1:3));

SFnode (3) node(3) .*sum(SFfactor(1:5));
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SFnode(4) = node(4).*sum(SFfactor(1:6));
% SF2

for k=1:4

SFnode2(k) = SFnode (k) .*node(k);

end

% WD & WD2

% node 1

WDnode(1) = (1./sigma).*(dm1(1)-n1(1));
WDnode2(1) = (1./sigma).*(dm1(1).72-n1(1).72);
%Node 2

for 1=1:3

for m=1:3

if m ==

kdummy (m) = dml(m);

else

kdummy (m) = ni(m);

end

end

WD2factor(l) = max(kdummy(2) ,kdummy (1)+kdummy(3)) ;
WD2factor2(l) = WD2factor(l).72;

end

WDnode(2) = (1./sigma).*(sum(WD2factor)-3.*node(2));
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WDnode2(2) = (1./sigma).*(sum(WD2factor2)-3.*(node(2).72));
%Node 3 & 4

for 1=1:5

for m=1:5

if m ==

dm1 (m) ;

kdummy (m)

else

kdummy (m) = ni(m);

end

end

WD3factor(1l) = max(kdummy (1)+kdummy (3)+kdummy (5) , max (kdummy (1) +kdummy (4)
, kdummy (2) +kdummy (5)) ) ;

WD3factor2(1l) = WD3factor(l)."2;

WD4factor(l) = WD3factor(l) + ni(6);

WD4factor2(l) = WD4factor(l)."2;

end

WD4factor(6) = node(3) + dmi(6);

WD4factor2(6) = WD4factor(6).72;

WDnode(3) = (1./sigma).*(sum(WD3factor)-5.%*node(3));
WDnode2(3) = (1./sigma).*(sum(WD3factor2)-5.*(node(3).72));
WDnode(4) = (1./sigma).*(sum(WD4factor)-6.*node(4));

WDnode2(4) = (1./sigma).*(sum(WD4factor2)-6.*(node(4).72));
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% Calculation of moments

for p=1:4

for r=1:4

IPAmoment (r,p) = IPAmoment(r,p) + IPAnode(p)."r;
IPAmoment2(r,p) = IPAmoment2(r,p) + IPAnode2(p). r;
SFmoment (r,p) = SFmoment(r,p) + SFnode(p). r;
SFmoment2(r,p) = SFmoment2(r,p) + SFnode2(p)."r;

WDmoment (r,p) = WDmoment(r,p) + WDnode(p). r;

WDmoment2(r,p) = WDmoment2(r,p) + WDnode2(p)."r;

SANmoment (r,p) = SANmoment(r,p) + node(p)."r;

end

end

% Updating vectors for the completion and derivative estimators of node 4
% of the Stochastic Activity Network.

IPAcomplete = [IPAcomplete; IPAnode(4)];

IPAcomplete2 = [IPAcomplete2;IPAnode2(4)];

SFcomplete = [SFcomplete; SFnode(4)];

SFcomplete2 = [SFcomplete2;SFnode2(4)];

WDcomplete = [WDcomplete; WDnode(4)];

WDcomplete?2 [WDcomplete2;WDnode2(4)];

SANcomplete [SANcomplete; node(4)];

end
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haverage = toc/N

% Statistics

% ESTIMATORmean = Gives the mean for the derivative estimator for all nodes
%in the stochastic activity network.

%» Row entries = provides the statistics for a given node for the SAN.

b

% ESTIMATORmean2 = As for ESTIMATORstats but for the square of the

% Stochastic Activity Network.

b

% ESTIMATORconf (2) = Approximate 95% confidence interval for each node
% for each of the derivative estimators for the Stochastic Activity

% Network and SAN2 (mean - 2se, mean + 2se).

b

% SANstats = Gives the statistics for the for each node on the Stochastic
/ Activity Network. Row amd column entries are analogus to the above entry.
h

% SANconf = Approximate 95% confidence interval for each node of the SAN.

% (mean - 2se, mean + 2se)

IPAmean = zeros([2,4]);

IPAmean2 = zeros([2,4]);

SFmean = zeros([2,4]);
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SFmean? = zeros([2,4]);
WDmean = zeros([2,4]);

WDmean?2 = zeros([2,4]);

IPAconf = zeros([2,4]);

IPAconf2 = zeros([2,4]);
SFconf = zeros([2,4]);
SFconf2 = zeros([2,4]);
WDconf = zeros([2,4]);
WDconf2 = zeros([2,4]);
SANstats = zeros([4,4]);

SANconf = zeros([2,4]);

fprintf (1, 'Estimator node SAN-mean variance SAN2-mean variance\n\n')

fprintf (1, 'Power = 0.95 Confidence Interval \n\n')
for s=1:4
% IPA mean and variance

IPAmean(1,s) = IPAmoment(1,s)./N;

IPAmean(2,s) (IPAmoment(2,s) - (IPAmoment(1,s).72)./N)./(N-1);

IPAmean2(1,s) IPAmoment2(1,s)./N;

IPAmean2(2,s) (IPAmoment2(2,s) - (IPAmoment2(1,s).”2)./N)./(N-1);

IPAconf(1l,s) = IPAmean(1l,s) - 1.96.*sqrt(IPAmean(2,s)./N);

IPAconf(2,s) IPAmean(1,s) + 1.96.*sqrt(IPAmean(2,s)./N);

IPAconf2(1,s) = IPAmean2(1,s) - 1.96.*sqrt(IPAmean2(2,s)./N);
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IPAconf2(2,s) = IPAmean2(1l,s) + 1.96.*sqrt(IPAmean2(2,s)./N);
fprintf(1,'IPA %d %8.7e %8.7e %8.7e %8.7e \n',s, IPAmean(1,s),
IPAmean(2,s),IPAmean2(1,s),IPAmean2(2,s))

fprintf(1,'IPA (%8.7e , %8.7e) (4%8.7e , %8.7e) \n\n', IPAconf(1l,s),
IPAconf (2,s) ,IPAconf2(1,s), IPAconf2(2,s))

end

for s=1:4

% SF mean and variance

SFmean(1,s) SFmoment (1,s)./N;

SFmean(2,s) (SFmoment (2,s) - (SFmoment(1,s).72)./N)./(N-1);

SFmean2(1,s) SFmoment2(1,s) ./N;
SFmean2(2,s) = (SFmoment2(2,s) - (SFmoment2(1,s).72)./N)./(N-1);

SFconf (1,s)

SFmean(1,s) - 1.96.*sqrt(SFmean(2,s)./N);

SFconf (2,s)

SFmean(1,s) + 1.96.*sqrt(SFmean(2,s)./N);

SFconf2(1,s) = SFmean2(1,s) - 1.96.*sqrt(SFmean2(2,s)./N);
SFconf2(2,s) = SFmean2(1,s) + 1.96.*sqrt(SFmean2(2,s)./N);
fprintf(1,'SF %d %8.7e %8.7e %8.7e %,8.7e\n',s, SFmean(1,s),SFmean(2,s)
,SFmean2(1,s),SFmean2(2,s))

fprintf(1,'SF (%8.7e , %8.7e) (%8.7e , %8.7e) \n\n', SFconf(l,s),
SFconf (2,s),SFconf2(1,s), SFconf2(2,s))

end

for s=1:4
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% WD mean and variance

WDmean(1,s) = WDmoment(1,s)./N;

WDmean(2,s) = (WDmoment(2,s) - (WDmoment(1l,s).72)./N)./(N-1);
WDmean2(1,s) = WDmoment2(1,s)./N;

WDmean2(2,s) = (WDmoment2(2,s) - (WDmoment2(1,s).72)./N)./(N-1);

WDconf (1,s) WDmean(1,s) - 1.96.*sqrt(WDmean(2,s)./N);

WDconf (2,s) WDmean(1,s) + 1.96.*sqrt(WDmean(2,s)./N);

WDconf2(1,s) = WDmean2(1l,s) - 1.96.*sqrt(WDmean2(2,s)./N);

WDconf2(2,s) WDmean2(1,s) + 1.96.*sqrt(WDmean2(2,s)./N);
fprintf(1,'WD %d %8.7e %8.7e %8.7e %8.7e\n',s, WDmean(1,s),WDmean(2,s)
,WDmean2(1,s) ,WDmean2(2,s))

fprintf(1,'WD (%8.7e , %8.7e) (%8.7e , %8.7e) \n\n', WDconf(l,s),
WDconf (2,s) ,WDconf2(1,s), WDconf2(2,s))

end

for s=1:4

% SAN statistics

SANstats(1,s)

SANmoment (1,s) ./N;

SANstats(2,s)

(SANmoment(2,s) - (SANmoment(1,s).72)./N)./(N-1);

SANconf (1,s)

SANstats(1l,s) - 1.96.xsqrt(SANstats(2,s)./N);

SANconf (2,s)

SANstats(1l,s) + 1.96.xsqrt(SANstats(2,s)./N);
fprintf (1, 'SAN %d %6.4f %6.4f (%6.4f , %6.4f)\n\n', s, SANstats(l,s),

SANstats(2,s),SANconf(1,s), SANconf(2,s))
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end

if option ==

% Empricial Distribution Functions (EDF)

figure (1)

ecdf (IPAcomplete)

title('EDF for the IPA derivative estimator of SAN')
xlabel('x'), ylabel('F_D 1(x)')

axis tight

figure (2)

ecdf (IPAcomplete?2)

title('EDF for the IPA derivative estimator of SAN2')
xlabel('x'), ylabel('F_D_1(x)')

axis tight

figure (3)

ecdf (SFcomplete)

title('EDF for the SF derivative estimator of SAN')
xlabel('x'), ylabel('F_D 2(x)')

axis tight

figure (4)

ecdf (SFcomplete?2)

title('EDF for the SF derivative estimator of SAN2')

xlabel('x'), ylabel('F_D_2(x)"')
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axis tight

figure (5)

ecdf (WDcomplete)

title('EDF for the WD derivative estimator of SAN')
xlabel('x'), ylabel('F_D _3(x)')

axis tight

figure (6)

ecdf (WDcomplete2)

title('EDF for the WD derivative estimator of SAN2')
xlabel('x'), ylabel('F_D_3(x)')

axis tight

figure (7)

ecdf (SANcomplete)

title('EDF for the Stochastic Activity Network')
xlabel('x'), ylabel('F_X~(4)"')

axis tight

else

end
SANdet.m Y.

function[] = SANdet (option,stdev,tcomp,scalar,start,NN)

% This function is a simulation of a Stochastic Activity Network (SAN) which
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% is presented by Fu, ’Sensitivity Analysis for Stochastic Activity

% Networks’, (2005) . This program calculates the the IPA, SF, WD derivatives
% of the SAN as well as the square of the Stochastic Activity Network (SAN2)
% Inputs:

h

% seed = initial value of pseudo random number generator (PRNG)

% N

number of trials

% M

#(SAN <= T)
% prob = P(SAN <= T)

h —mmmmm—— Simulation ------------

N = NN;
M= 0;
T = tcomp;

sc = scalar;

rand('twister',seed);

% Mean operation times at each of the arcs

t1 = [6,8,5,8,4,7];

sigma = stdev,

% Initialization of the vectors for the SAN, SAN2, and the derivative
% estimators for SAN and SAN2

IPAcomplete = [];
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IPAcomplete2 = [];
SFcomplete = [];
SFcomplete2 = [];

WDcomplete = [];

WDcomplete2 = [];

SANcomplete = [];

nodeltest = [];

% Simulating one run of the Stochastic Activity Network

b

% dml = vector of Double Maxwell (DM) RV parm. (ti,sigma”2)
% nl = vector of Normal RV par, (t_i,sigma”2)

% dmlstd = standard DM(0,1) RV

% nilstd = standard N(O,1) RV

% wl = Weibull RV (W(alpha,beta)) with parm alpha = 2, beta = 1/4
h

% node = Random Variable at each of the activity nodes

% node2 = Sqauare of the RV at each of the activity nodes

% ESTIMATORnode = Derivative estimator at each of the nodes

% ESTIMATORnode2 = Derviative estimator for the square of each node

% SFfactor = D_sigma 1nf_ (x;sigma) for each of the activity arcs

% WD2(3,4)factor = calculation of the performance function at each node

% where of the RV is a double maxwell distrubuted for the WD estimator
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h

h

T

T

T

T

T

T

h

h

h

T

T

T

T

T

T

kdummy = dummy RV to ascertain WD estimator)

WD2(3,4)factor2 = As for WD2(3,4)factor but for SAN2

ESTIMATORmoment = Calculation of the first four moments of each of the
derivative estimators (IPA,SF,WD). Row entries = given moments for each
node. Column entries = all moments for a given node.
ESTIMATORmoment2 = As for ESTIMATOR2 moment by for square of the

Stochastic Activity Network

SANmoment = Calculation of the first four moments of the Stochastic

Activity Network.

ESTIMATORcomplete = vector of the derivative estimator at node 4

(completion) of the SAN

SANcomplete = vector of completion times of the Stochastic activity

network;

dml = zeros([6,1]);

nl = zeros([6,1]1);

dmlstd = zeros([6,1]);

nistd = zeros([6,1]);

node = zeros([4,1]);
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IPAnode = zeros([4,1]);

IPAnode?2 zeros([4,1]);

SFfactor = zeros([6,1]);

SFnode = zeros([4,11);

SFnode2 = zeros([4,1]);

WD2factor = zeros([3,1]);
WD2factor2 = zeros([3,1]);
WD3factor = zeros([5,1]);
WD3factor2 = zeros([5,1]);
WD4factor = zeros([6,1]1);
WD4factor2 = zeros([6,1]);

zeros([6,1]);

kdummy

WDnode = zeros([4,1]);

WDnode2 = zeros([4,1]);
IPAmoment = zeros([4,4]);
IPAmoment?2 = zeros([4,4]);

SFmoment = zeros([4,4]);

SFmoment2 = zeros([4,4]);

WDmoment = zeros([4,4]);

WDmoment2 = zeros([4,4]);

SANmoment = zeros([4,4]);

for i=1:N
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for j=1:6

% Generation of Double Maxwell RV (dm1(j)) and Normal RV (normi1(j)) by

% acceptance-rejection method.

ul = rand(1);
wl = sqrt(-4.*log(ul));
u2 = rand(1);

while u2 > 1.16582199.*ul.*wl

ul rand(1);

wl = sqrt(-4.*log(ul));

u?2

rand(1);
end
u3 = rand(1);

if u3 <= 0.5

dmistd(j) = -wi;
else

dmistd(j)

wl;
end
u4d = rand(1);

nilstd(j) = dmistd(j).*u4;

dm1(j) = t1(j) + dmlstd(j).*sigma;

n1(j) = t1(j) + nlstd(j).*sigma;

end
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% Calculation of the derivative estimators (IPA, SF, WD) of the completion
% times at each of the nodes (ESTIMATORnodel, ..., ESTIMATORnode4):

node(1) = n1(1);

node(2) = max(n1(2), n1(1) + ni1(3));

node(3) = max(n1(1) + n1(3) + n1(5), max(n1(1) + n1(4), n1(2) + n1(5)));

node(4) = max(node(3) + n1(6),T);
if node(4) <= T

M=M*+1;

end

nodeltest = [nodeltest;node(1)];
% IPA

IPAnode(1) = nlstd(1);

% Node 2

if n1(1) + n1(3) >= ni1(2)

IPAnode(2) = nlstd(1) + nlstd(3);
else

IPAnode(2) = nlstd(2);

end

% Node 3

if n1(1) + n1(3) + n1(5) >= max(n1(1) + ni1(4),n1(2) + ni1(5))
IPAnode(3) = nlstd(1) + nl1std(3) + nlstd(5);

elseif n1(1) + n1(4) >= n1(2) + ni(5)
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IPAnode (3)

else

IPAnode(3)

end

%Node 4

if node(3)

+

IPAnode (4)

else

IPAnode(4)

end

% IPA2 - IPA

for k = 1:4

IPAnode2 (k)

end

% SF

% Determinat

for k=1:6

SFfactor(k)

end

SFnode (1)

SFnode (2)

SFnode (3)

nlstd(1) + nistd(4);

nlstd(2) + nlstd(5);

ni(6) >= T

IPAnode(3) + nistd(6);

estimator for the square of SAN

= 2.%xIPAnode (k) .*node (k) ;

ion of D_sigma 1ln f(x;sigma)

= ((nistd(k)."2)-1)./signma;

node (1) .*SFfactor(1);

node(2) .*sum(SFfactor(1:3));

node(3) .*sum(SFfactor(1:5));
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SFnode(4) = node(4).*sum(SFfactor(1:6));
% SF2

for k=1:4

SFnode2(k) = SFnode (k) .*node(k);

end

% WD & WD2

% node 1

WDnode(1) = (1./sigma).*(dm1(1)-n1(1));
WDnode2(1) = (1./sigma).*(dm1(1).72-n1(1).72);
%Node 2

for 1=1:3

for m=1:3

if m ==

kdummy (m) = dml(m);

else

kdummy (m) = ni(m);

end

end

WD2factor(l) = max(kdummy(2) ,kdummy (1)+kdummy(3)) ;
WD2factor2(l) = WD2factor(l).72;

end

WDnode(2) = (1./sigma).*(sum(WD2factor)-3.*node(2));
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WDnode2(2) = (1./sigma).*(sum(WD2factor2)-3.*(node(2).72));
%Node 3 & 4

for 1=1:5

for m=1:5

if m ==

dm1 (m) ;

kdummy (m)

else

kdummy (m) = ni(m);

end

end

WD3factor(1l) = max(kdummy (1)+kdummy (3)+kdummy (5) , max (kdummy (1) +kdummy (4)
, kdummy (2) +kdummy (5)) ) ;

WD3factor2(1l) = WD3factor(l)."2;

WD4factor(l) = max(WD3factor(l) + ni(6),T);

WD4factor2(l) = WD4factor(l)."2;

end

WD4factor(6) = max(node(3) + dm1(6),T);

WD4factor2(6) = WD4factor(6).72;

WDnode(3) = (1./sigma).*(sum(WD3factor)-5.%*node(3));
WDnode2(3) = (1./sigma).*(sum(WD3factor2)-5.*(node(3).72));
WDnode(4) = (1./sigma).*(sum(WD4factor)-6.*node(4));

WDnode2(4) = (1./sigma).*(sum(WD4factor2)-6.*(node(4).72));
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% Calculation of moments

for p=1:4

for r=1:4

IPAmoment (r,p) = IPAmoment(r,p) + IPAnode(p)."r;
IPAmoment2(r,p) = IPAmoment2(r,p) + IPAnode2(p). r;
SFmoment (r,p) = SFmoment(r,p) + SFnode(p). r;
SFmoment2(r,p) = SFmoment2(r,p) + SFnode2(p)."r;

WDmoment (r,p) = WDmoment(r,p) + WDnode(p). r;

WDmoment2(r,p) = WDmoment2(r,p) + WDnode2(p)."r;

SANmoment (r,p) = SANmoment(r,p) + node(p)."r;

end

end

% Updating vectors for the completion and derivative estimators of node 4
% of the Stochastic Activity Network.

IPAcomplete = [IPAcomplete; IPAnode(4)];

IPAcomplete2 = [IPAcomplete2;IPAnode2(4)];

SFcomplete = [SFcomplete; SFnode(4)];

SFcomplete2 = [SFcomplete2;SFnode2(4)];

WDcomplete = [WDcomplete; WDnode(4)];

WDcomplete?2 [WDcomplete2;WDnode2(4)];

SANcomplete [SANcomplete; node(4)];

end
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% Statistics

% ESTIMATORmean = Gives the mean for the derivative estimator for all nodes
%in the stochastic activity network.

%» Row entries = provides the statistics for a given node for the SAN.

b

% ESTIMATORmean2 = As for ESTIMATORstats but for the square of the

% Stochastic Activity Network.

b

% ESTIMATORconf (2) = Approximate 95% confidence interval for each node
% for each of the derivative estimators for the Stochastic Activity

% Network and SAN2 (mean - 2se, mean + 2se).

b

% SANstats = Gives the statistics for the for each node on the Stochastic
/ Activity Network. Row amd column entries are analogus to the above entry.
h

% SANconf = Approximate 95% confidence interval for each node of the SAN.

% (mean - 2se, mean + 2se)

IPAmean = zeros([2,4]);

IPAmean2 = zeros([2,4]);

SFmean = zeros([2,4]);
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X

SFmean? = zeros([2,4]);
WDmean = zeros([2,4]);

WDmean?2 = zeros([2,4]);

IPAconf

zeros([2,4]);
IPAconf2 = zeros([2,4]);
SFconf = zeros([2,4]);

SFconf2 = zeros([2,4]);
WDconf = zeros([2,4]);

WDconf2 = zeros([2,4]);
SANstats = zeros([4,4]);

SANconf = zeros([2,4]);

fprintf (1, 'Estimator node SAN-mean variance SAN2-mean variance\n\n')

fprintf (1, 'Power = 0.95 Confidence Interval \n\n')
for s=1:4
% IPA mean and variance

IPAmean(1,s) = IPAmoment(1,s)./N;

IPAmean(2,s) (IPAmoment(2,s) - (IPAmoment(1,s).72)./N)./(N-1);

IPAmean2(1,s) IPAmoment2(1,s)./N;

IPAmean2(2,s) (IPAmoment2(2,s) - (IPAmoment2(1,s).”2)./N)./(N-1);

IPAconf(1l,s) = IPAmean(1l,s) - 1.96.*sqrt(IPAmean(2,s)./N);

IPAconf(2,s) IPAmean(1,s) + 1.96.*sqrt(IPAmean(2,s)./N);

IPAconf2(1,s) = IPAmean2(1,s) - 1.96.*sqrt(IPAmean2(2,s)./N);
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IPAconf2(2,s) = IPAmean2(1l,s) + 1.96.*sqrt(IPAmean2(2,s)./N);
fprintf(1,'IPA %d %8.7e %8.7e %8.7¢e %8.7e \n',s, IPAmean(1,s),IPAmean(2,s)
,IPAmean2(1,s),IPAmean2(2,s))

fprintf(1,'IPA (%8.7e , %8.7e) (4%8.7e , %8.7e) \n\n', IPAconf(1l,s),
IPAconf (2,s) ,IPAconf2(1,s), IPAconf2(2,s))

end

for s=1:4

% SF mean and variance

SFmean(1,s) SFmoment (1,s)./N;

SFmean(2,s) (SFmoment (2,s) - (SFmoment(1,s).72)./N)./(N-1);

SFmean2(1,s) SFmoment2(1,s) ./N;
SFmean2(2,s) = (SFmoment2(2,s) - (SFmoment2(1,s).72)./N)./(N-1);

SFconf (1,s)

SFmean(1,s) - 1.96.*sqrt(SFmean(2,s)./N);

SFconf (2,s)

SFmean(1,s) + 1.96.*sqrt(SFmean(2,s)./N);

SFconf2(1,s) = SFmean2(1,s) - 1.96.*sqrt(SFmean2(2,s)./N);
SFconf2(2,s) = SFmean2(1,s) + 1.96.*sqrt(SFmean2(2,s)./N);
fprintf(1,'SF %d %8.7e %8.7e %8.7e %,8.7e\n',s, SFmean(1,s),SFmean(2,s)
,SFmean2(1,s),SFmean2(2,s))

fprintf(1,'SF (%8.7e , %8.7e) (%8.7e , %8.7e) \n\n', SFconf(l,s),
SFconf (2,s),SFconf2(1,s), SFconf2(2,s))

end

for s=1:4
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% WD mean and variance

WDmean(1,s) WDmoment (1,s) ./N;

WDmean(2,s) = (WDmoment(2,s) - (WDmoment(1l,s).72)./N)./(N-1);
WDmean2(1,s) = WDmoment2(1,s)./N;

WDmean2(2,s) = (WDmoment2(2,s) - (WDmoment2(1,s).72)./N)./(N-1);

WDconf (1,s) WDmean(1,s) - 1.96.*sqrt(WDmean(2,s)./N);

WDconf (2,s) WDmean(1,s) + 1.96.*sqrt(WDmean(2,s)./N);

WDconf2(1,s) = WDmean2(1l,s) - 1.96.*sqrt(WDmean2(2,s)./N);

WDconf2(2,s) WDmean2(1,s) + 1.96.*sqrt(WDmean2(2,s)./N);
fprintf(1,'WD %d %8.7e %8.7e %8.7e %8.7e\n',s, WDmean(1,s),WDmean(2,s)
,WDmean2(1,s) ,WDmean2(2,s))

fprintf(1,'WD (%8.7e , %8.7e) (%8.7e , %8.7e) \n\n', WDconf(l,s),
WDconf (2,s) ,WDconf2(1,s), WDconf2(2,s))

end

for s=1:4

% SAN statistics

SANstats(1,s)

SANmoment (1,s) ./N;

SANstats(2,s)

(SANmoment(2,s) - (SANmoment(1,s).72)./N)./(N-1);

SANconf (1,s)

SANstats(1l,s) - 1.96.xsqrt(SANstats(2,s)./N);

SANconf (2,s)

SANstats(1l,s) + 1.96.xsqrt(SANstats(2,s)./N);
fprintf (1, 'SAN %d %6.4f %6.4f (%6.4f , %6.4f)\n\n', s, SANstats(1l,s)

,SANstats(2,s), SANconf(1l,s), SANconf(2,s))
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end

if option ==

% Empricial Distribution Functions (EDF)

figure (1.%*sc)

ecdf (IPAcomplete)

title('EDF for the IPA derivative estimator of SAN')
xlabel('x'), ylabel('F_D 1(x)')

axis tight

figure (2.%*sc)

ecdf (IPAcomplete?2)

title('EDF for the IPA derivative estimator of SAN2')
xlabel('x'), ylabel('F_D_1(x)')

axis tight

figure (3.%*sc)

ecdf (SFcomplete)

title('EDF for the SF derivative estimator of SAN')
xlabel('x'), ylabel('F_D 2(x)')

axis tight

figure (4.*sc)

ecdf (SFcomplete?2)

title('EDF for the SF derivative estimator of SAN2')

xlabel('x'), ylabel('F_D_2(x)"')
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axis tight

figure (5.%*sc)

ecdf (WDcomplete)

title('EDF for the WD derivative estimator of SAN')
xlabel('x'), ylabel('F_D _3(x)')

axis tight

figure (6.%*sc)

ecdf (WDcomplete2)

title('EDF for the WD derivative estimator of SAN2')
xlabel('x'), ylabel('F_D_3(x)')

axis tight

figure (7.%*sc)

ecdf (SANcomplete)

title('EDF for the Stochastic Activity Network')
xlabel('x'), ylabel('F_X~(4)"')

axis tight

else

end
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BSEurooption.m \.c

.

function[] = BSEurooption(start,NN,data)
% Inputs: start = seed no. for random number generator
% NN = Number of iterations

% data = vector of parameters (S(0),r,sigma,h,K,L,ts)

% h = Time increment (years),
% K = the exercise price at the maturity of the option,
%» L = a scale factor for the floating exercise price (LS(T) is the

% floating exercise price at maturity).

% ts = Number of time steps

% This program is a test program to determine vega, the sensitivity of the spot

% volatility derivative (sigma) w.r.t price of different European exotic options
% using the Black-Scholes (Merton) model using the Weak Derivative estimator

% under example situations.
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b

% Under the risk neutral measure the Black-Scholes (Merton) SDE is given by
b

% d(1nS(t)) = (r-(1/2)sigma”2)dt + sigma dW(t)

h

% where S(t) = The price of a non-dividend paying stock,

% r = The risk-free (from default) rate of interest (per annum),

% sigma = Spot volatility of the paying stock,

% W(t) = The Wiener process (o/w known as Brownian Motion)

b

% given a time interval [t,t+h), 1n(S(t+h)) is given by

b

% 1In(S(t+h)) = 1nS(t) + (r-(1/2)sigma”2)h + sigma W(h)

h

% Hence S(t+h) is given by

h

% S(t+h) = S(t)exp((r-(1/2)sigma~2)h + sigma W(h))

b

% by stationarity of the Wiener process as W(t) is normally distributed.
% Given S(t) is known, I can denote S(t+h) = S(t)exp(X), where X is normally
% distributed with mean (mu) and variance (s72) i.e X ~ N(mu, s72) where:

T
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% mu = (r-(1/2)sigma~2)h

% 872 = (sigma”~2)h

b

% Note: X can be observed as the return process

h

% Dentoing L = as the price of the option of ther underlying stock, the purpose
% of this program is determine vega := dL/dsigma for a European option under
% the Black-Scholes (Merton) model by (simple) Monte Carlo simulation.

b

% Using derivative estimation techniques, the WD Estimator for logS(t) under
% the Black-Scholes (Merton) model, given a pay-off functional V(X;sigma) is
h

% WD estimator = (1/sigma) [L(X+)-(X-mu+1)L(X)]

b

% where X+ is the Double Maxwell distribution with parameters (mu, s~2)

b

% e.g For the price process S(t+h)=S(t)exp(X), for fixed S(t), the WD

% estimator is given by

b

% WD estimator = (1/sigma) [S(t)exp(X+)-(X-mu+1)S(t)exp(X)]

h

% where X+ is as before.
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Note: the WD estimator is able to determine the spot volatility

derivative of any functional of the share price process.

The options that are calculated in this program (Payoff function)

(1) Lookback call (S(T)- min_t \in [0,T]S(t))

(2,3) Asian call option with fixed or floating srtike price

((mean_t \in [0,T] S(t) - K)~+,

(mean_t \in [0,T] S(t) - LS(T))"+)

where: T = Time to the maturity date (years),

K = the exercise price at the maturity of the option,
L = a scale factor for the floating exercise price (LS(T) is the
floating exercise price at maturity).

(f)"+ = max(f,0)

The price process in this program is discretized into fixed time steps
(parameter given by h), and functional of the process are determined by
these data points. given X_j as an increment in (t_j-1, t_j] of the

return process, S(t_j) can be given by
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h

% S(t_j) = 8(0)exp(\sum_1=1"jX 1), 1 = 1,...,ts

T

% where ts := Number of time steps

h —mmmmm Initialization ——-—-————————————-

rand('twister',seed);

% parms = (S(0),r,sigma,h,K,L,ts) —-——-

% Note: sigma = parms(3)

% ts = parms(7)

parms = data;

ts = parms(7);

if length(parms) ~= 7

error ('Number of data inputs == 7')

end

JWDoutput = zeros([3,N]);

WDmoment = zeros([3,2]);

%Note (column): WDmoment(1l) = Lookback call,

% (2,3) = Asian call option with (fixed,floating) exercise price
%Note (row): Row 1 \Sigma WDouput, Row 2 \Sigma WDoutput~2

% Calculating mean and variance of X
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mean = (parms(2) - (1/2).xparms(3).72).*parms(4);

var = (parms(3).72).*parms(4);

for i=1:N

% The price process

% nlstore = a vector of generated normal RV with mean = m, variance = s72
% dml = a vector of generated double maxwell RV with mean = m, variance = s72
% Sinter = Vector of the price process (excluding S(0))

% Sinterph = Vector of the price process with

nistore = zeros([ts,1]);

dmlstore = zeros([ts,1]);

Sinter = zeros([ts+1,1]);

Sinter (1) = parms(1);

Sinterph = cell([ts,1]);

for h = 1:ts

Sinterphh = zeros([1,h]);

end

for j=1:ts

% Generation of Double Maxwell RV (dm1(j)) and Normal RV (norml(j)) by

% acceptance-rejection method.

ul rand(1);

wl = sqrt(-4.xlog(ul));



u2 = rand(1);
while u2 > 1.16582199.*ul.*wl
ul = rand(1);

wl = sqrt(-4.xlog(ul));

u2 = rand(1);
end

u3 = rand(1);
if u3 <= 0.5
dmlstd = -wi;
else

dmistd = wi;

end

u4 = rand(1);

nlstd = dmlstd.*u4;
dmistore(j) = mean + dmlstd.*sqrt(var);
nistore(j) = mean + nlstd.*sqrt(var);

end

WDevalfunc = zeros([3,1]);
for k=1:ts
Sinter(k+1) = Sinter(k).*exp(nlstore(k));

end
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for m=1:ts

for p=1:m

Sinterphm(p) = parms(1) .*exp(sum(nlstore(l:m)) - nilstore(p) + dmlstore(p));

end

end

% Note: S(0) = parms(1), sigma = parms(3), K = parms(5), L = parms(6), ts = parms(7)
Smature = Sinter(ts+1);

% Lookback call (1)

Smin = min(Sinter);

% phantom min

Sminph = zeros([ts,1]);% There are ts increments. I am phantomizing on the increments
Sinterpriceph = zeros([ts,ts+1]); % ts + 1, number of elements in the price process
Sinterpriceph(:,1) = parms(1l);

for qq = 1:ts

for uu =1:ts

if qq >= uu

Sinterpriceph(uu,qq+1) = Sinter(uu);
else

Sinterpriceph(uu,qg+1) = Sinter(qqg+1);
end

end

end



for ss = 1:ts

Sminph(ss) = min(Sinterpriceph(ss,:));

end

WDevalfunc(l) = (1./parms(3)).*exp(-parms(2).*parms(4).*parms(7)) .x*

((sum(Sinterphts)-sum(Sminph))- (sum(nlstore)-ts.*(mean-1)).*(Smature - Smin));

WDmoment (1,1) WDmoment (1,1) + WDevalfunc(1);

WDmoment (1,2) WDmoment (1,2) + WDevalfunc(l)."2;

% Asian call option with fixed strike price (2), floating strike price (3)
Smean = sum(Sinter)./(ts+1);

Smeanph = zeros([ts,1]);

% phantom mean

for yy = 1:ts

Smeanph(yy) = sum(Sinterpriceph(yy,:))./(ts+1);

end

if Smean >= parms(5)

WDevalfunc(2) = (1./parms(3)).*exp(-parms(2).*parms(4).*parms(7)).x*

((sum(Smeanph) -ts.*parms(5)) - (sum(nlstore)-ts.*(mean-1)).*(Smean - parms(5)));

WDmoment (2,1)

WDmoment (2,1) + WDevalfunc(2);

WDmoment (2,2)

WDmoment (2,2) + WDevalfunc(2).72;
elseif Smean >= parms(6) .*Smature
WDevalfunc(3) = (1./parms(3)).*exp(-parms(2).*parms(4) .*parms(7)) .x*

((sum(Smeanph) -parms(6) .*sum(Sinterphts)) - (sum(nlstore)-ts.*(mean-1))
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.*(Smean - parms(6).*Smature));

WDmoment (3, 1) WDmoment (3,1) + WDevalfunc(3);

WDmoment (3,2) WDmoment (3,2) + WDevalfunc(3).72;

else
end

end

WDstats = zeros([3,2]);

% Column 1

mean

% Column 2 = variance

WDerror = zeros(3);

% Two-sided 95CI = 1.96*sqrt(var)

WDbound = zeros([3,2]);
%Column 1 = lower bound
%Column 2 = upper bound
data'

fprintf (1, 'WD estimator for the spot volatility derivative of,

C(t;sigma) for three \n')

fprintf (1, 'European style exotic options for a stock with no dividend using the\n')
fprintf (1, 'Black-Scholes (Merton) model.\n\n')

fprintf (1, '(1)Lookback call, (2,3) Asian call option with

fixed/floating exercise price\n\n')



fprintf(1, 'mean +- error ------ (lower bound , upper bound)\n\n')
form = 1:3

WDstats(m,1) WDmoment (m, 1) ./N;

WDstats(m,2) = (WDmoment (m,2)-(WDmoment(m,1).72)./N)./(N-1);
WDerror(m) = 1.96.xsqrt(WDstats(m,2)./N);

WDbound (m, 1)

WDstats(m,1) - WDerror(m);

WDbound (m,2) = WDstats(m,1) + WDerror(m);

fprintf(1,'WD %d %8.7f +- %8.7f -————- (%8.7f , %8.7f)\n\n',m,
WDstats(m,1), WDerror(m),WDbound(m,1),WDbound(m,2));
fprintf (1, 'WD variance %8.7f\n\n',WDstats(m,2));

end

BSUrotest.m Y.

function[] = BSEurotest(start,NN,data)

% This program is a test program to determine the vega, the sensitivity of the
% spot volatility (sigma) to the price an European Black-Scholes (Merton)

% option under example situations.

% Under the risk neutral measure the Black-Scholes (Merton) SDE is given by

h

% d(1nS(t)) = (r-(1/2)sigma”2)dt + sigma dW(t)

b

% where S(t) = The price of a non-dividend paying stock,
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% r = The risk-free (from default) rate of interest (per annum),

% sigma = Spot volatility of the paying stock,

% W(t) = The Wiener process (o/w known as Brownian Motion)

h

% given a time interval [t,t+h), 1n(S(t+h)) is given by

h

% In(S(t+h)) = 1nS(t) + (r-(1/2)sigma”2)h + sigma W(h)

h

% by stationarity of the Wiener process. as W(t) is normally distributed, and
% denoting X as the RV for 1nS(t), X is normally distributed with mean (mu) and
% variance (s72) i.e X ~ N(mu, s”2) where:

h

%» mu = 1nS(t) + (r-(1/2)sigma”2)h

% 872 = (sigma~2)h

h

% Dentoing L = as the price of the option of ther underlying stock, the purpose
% of this program is determine vega := dL/dsigma for a European option under
% the Black-Scholes (Merton) model by (simple) Monte Carlo simulation.

b

% Using derivative estimation techniques, the WD Estimator for S(t) under

% the Black-Scholes (Merton) model, given a pay-off functional L(X;sigma) is

T



% WD estimator = (1/sigma) [L(X+)-(X-mu+1)L(X)

b

% where X+ is the Double Maxwell distribution with parameters (mu, s~2)
YA

% The SF Estimator for logS(t) under the Black-Scholes (Merton) model, given a
% pay-off functional L(X;sigma) is:

b

% SF estimator = (1/sigma)Ll(X) [((X-mu)~2)/(h*sigma~2) - (X-mu+1l)]

b

%h = (1/sigma)L(X) [Z272 - (X-mu+1)]

b

% where Z is the standard normal distribution

%h ———————————— Simulation —————————————-———-

rand('twister',seed);
% The pay-off functionals

Lfunc = (@(x) x),(@(x) x.72),(0(x) exp(x)),(@(x) exp(2.*x));

JWDoutput = zeros([length(Lfunc),N]);

hSFoutput = zeros([length(Lfunc),N]);

WDmoment = zeros([length(Lfunc),2]);

SFmoment = zeros([length(Lfunc),2]);
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% parms = (1nS(0),r,sigma,h) ---- Note: sigma = parms(3)

parms = data;

if length(parms) ~= 4

error ('Number of data inputs == 4')

end

% Calculating mean and variance of 1nS(t+h)

mean = parms(l) + (parms(2) - (1/2).*parms(3).72).*parms(4);

var = (parms(3).72).xparms(4);

for i=1:N

% Generation of Double Maxwell RV (dm1(j)) and Normal RV (normi1(j)) by

% acceptance-rejection method.

ul = rand(1);
wl = sqrt(-4.xlog(ul));
u2 = rand(1);

while u2 > 1.16582199.*ul.*xwl

ul = rand(1);

wl = sqrt(-4.xlog(ul));
u2 = rand(1);

end

u3 = rand(1);

if u3 <= 0.5

dmlstd = -wil;



else

dmistd = wi;
end

u4 = rand(1);

nlstd = dmlstd.*u4;

dml = mean + dmlstd.*var;

nl = mean + nlstd.*var;

% Calculation of the SF and WD estimators of the functionals
Levalfunc = zeros([length(Lfunc),2]);

% Column 1

pay-off functional from DM distribution

% Column 2

pay-off functional from N distribution

WDevalfunc = zeros(length(Lfunc));

SFevalfunc = zeros(length(Lfunc));

for j=1:length(Lfunc)

Levalfunc(j,1) feval(Lfuncj,dml);

Levalfunc(j,2) feval(Lfuncj,nl);

end

% Calculation of the derivative estimators
% Note: sigma = parms(3)

for k=1:length(Lfunc)

WDevalfunc(k) = (1./parms(3)).*exp(-parms(2).*parms(4))

.*x(Levalfunc(k,1)-(nl-mean+1) .*Levalfunc(k,2));
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SFevalfunc(k) = (1./parms(3)).*exp(-parms(2).x*parms(4))
.xLevalfunc(k,2).*x((nlstd.”2)-(nl-mean+1));

WDmoment (k, 1) WDmoment (k,1) + WDevalfunc(k);

WDmoment (k,2)

WDmoment (k,2) + WDevalfunc(k). 2;

SFmoment (k,1)

SFmoment(k,1) + SFevalfunc(k);

SFmoment (k,2)

SFmoment (k,2) + SFevalfunc(k)."2;

WDoutput (k,i) = WDevalfunc(k);

SFoutput(k,i) = SFevalfunc(k);

end

end

h —mmmm—————————— Analysis —————————————————-
WDstats = zeros([length(Lfunc),2]);

SFstats = zeros([length(Lfunc),2]);

% Column 1

mean

% Column 2 = variance

WDerror = zeros(length(Lfunc));

SFerror = zeros(length(Lfunc));
% Two-sided 95CI = 1.96*sqrt(var)

WDbound

zeros ([length(Lfunc),2]);

SFbound

zeros ([length(Lfunc),2]);

—
Il

%Column lower bound

N
I

%Column upper bound
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fprintf(1, 'WD and SF estimators for the spot volatility
derivative of log(S(t))of an\n')

fprintf (1, 'European Black-Scholes (Merton) option of an

underlying stock with no dividend\n\n')

fprintf (1, '1: x, 2: x72, 3: exp(x), 4: exp(2x)\n\n')

fprintf (1, 'mean +- error ------ (lower bound , upper bound)\n\n')
for m = 1:length(Lfunc)

WDstats(m,1) = WDmoment(m,1)./N;

SFstats(m,1) = SFmoment(m,1)./N;

WDstats(m,2) = (WDmoment (m,2)-(WDmoment(m,1).72)./N)./(N-1);

SFstats(m,2) = (SFmoment(m,2)-(SFmoment(m,1).72)./N)./(N-1);

Il
[

WDerror (m) .96.*sqrt (WDstats(m,2)./N);

Il
[

SFerror (m) .96.*sqrt (SFstats(m,2)./N);

WDbound(m,1) = WDstats(m,1) - WDerror(m);

WDbound (m,2) = WDstats(m,1) + WDerror(m);

SFbound(m,1) = SFstats(m,1) - SFerror(m);

SFbound(m,2) = SFstats(m,1) + SFerror(m);

fprintf(1,'WD %d %8.7f +- %8.7f —————- %8.7f , %8.7f)\n\n',m,
WDstats(m,1), WDerror(m),WDbound(m,1),WDbound(m,2));

fprintf (1, 'WD variance %8.7f\n\n',WDstats(m,2));

fprintf(1,'SF %d %8.7f +- ¥8.7f —————- (%8.7f , %8.7f)\n\n',m,
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SFstats(m,1), SFerror(m),SFbound(m,1),SFbound(m,2));
fprintf (1, 'SF variance %8.7f\n\n',SFstats(m,2));

end

BSEurovanillam Y.o

-

function[] = BSEurovanilla(start,NN,data)
% Inputs: start = seed no. for random number generator
% NN = Number of iterations

% data = vector of parameters (S(0),r,sigma,T,K)

% T = Time to the maturity date (years),

/» K = the exercise price at the maturity of the option,

% This program is a test program to determine vega, the sensitivity of the spot
% volatility derivative (sigma) w.r.t price of European vanilla call and put
% option under European Black-Scholes (Merton) model

% using the Weak Derivative estimator under example situations.

T

% Under the risk neutral measure the Black-Scholes (Merton) SDE is given by
T

% d(1nS(t)) = (r-(1/2)sigma~2)dt + sigma dW(t)

b

% where S(t) = The price of a non-dividend paying stock,

% r = The risk-free (from default) rate of interest (per annum),
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% sigma = Spot volatility of the paying stock,

% W(t) = The Wiener process (o/w known as Brownian Motion)

b

% given a time interval [0,T), 1n(S(T)) is given by

h

% 1In(S(T)) = 1nS(0) + (r-(1/2)sigma~2)T + sigma W(T)

h

% or

b

% S(T) = S(0)exp((r-(1/2)sigma~2)T + sigma W(T))

b

% by stationarity of the Wiener process as W(t) is normally distributed.
% Given an initial price S(0), I can denote S(T) = S(0)exp(X), where X is normally
% distributed with mean (mu) and variance (s72) i.e X ~ N(mu, s72) where:
h

% mu = (r-(1/2)sigma~2)T

%h 872 = (sigma”2)T

b

% Note: X can be observed as the return process

b

% Dentoing L = as the price of the option of ther underlying stock, the purpose

% of this program is determine vega := dL/dsigma for a European option under
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% the Black-Scholes (Merton) model by (simple) Monte Carlo simulation.
b

% Using derivative estimation techniques, the WD Estimator for logS(t) under
% the Black-Scholes (Merton) model, given a pay-off functional V(X;sigma) is
h

% WD estimator = (1/sigma) [L(X+)-(X-mu+1)L(X)]

h

% where X+ is the Double Maxwell distribution with parameters (mu, s~2)
b

% e.g For the price process S(T)=S(0)exp(X), for an initial S(0), the WD
% estimator is given by

b

% WD estimator = (1/sigma) [S(0)exp(X+)-(X-mu+1)S(0)exp(X)]

h

% where X+ is as before.

h

% The payoff functions for the vanilla call/put is given by

b

% (1,2) Vanilla call/put ((S(T)-K)~+, (K-S(T))"+)

b

% where: T = Time to the maturity date (years),

% K = the exercise price at the maturity of the option,
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% L = a scale factor for the floating exercise price (LS(T) is the
% floating exercise price at maturity).

b

% (£)°+ = max(f,0)

% ————————— Initialization - -——————————-

rand('twister',seed);

% parms = (S(0),r,sigma,T,K) --—-

% Note: sigma = parms(3)

parms = data;

if length(parms) ~= 5

error ('Number of data inputs == 5')

end

JWDoutput = zeros([2,N]);

WDmoment = zeros([2,2]);

JNote (column): WDmoment(1l) = Vanilla call option,
% (2) = Vanilla put option

WNote (row): Row 1 \Sigma WDouput, Row 2 \Sigma WDoutput~2
% Calculating mean and variance of X

mean = (parms(2) - (1/2).*parms(3).72).*parms(4);

var = (parms(3).72).*parms(4);
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for i=1:N
% Generation of Double Maxwell RV and Normal RV by acceptance-rejection method.
% nl = generated normal RV with mean = m, variance = s72

% dml = generated double maxwell RV with mean = m, variance = s72

ul = rand(1);
wl = sqrt(-4.*log(ul));
u2 = rand(1);

while u2 > 1.16582199.*ul.*wl
ul = rand(1);

wl = sqrt(-4.*log(ul));

u2 = rand(1);
end

u3 = rand(1);
if u3 <= 0.5
dmlstd = -wi;
else

dmlstd = wi;

end

u4d = rand(1);

nlstd = dmlstd.*u4;

dml = mean + dmlstd.*sqrt(var);
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nl = mean + nlstd.*sqrt(var);

WDevalfunc = zeros([2,1]);

Smature = parms(1).*exp(nl);

Smatphant = parms(1).*exp(dml);

% Vanilla call (1), Vanilla put (2)

if Smature > parms(5)

WDevalfunc(1l) = (1./parms(3)).x*exp(-parms(2).*parms(4)).x*
((Smatphant-parms(5))-(nl-mean+1) .*(Smature-parms(5)));

WDmoment (1,1)

WDmoment (1,1) + WDevalfunc(1l);

WDmoment (1,2) WDmoment (1,2) + WDevalfunc(l).72;

WDevalfunc(2)

0;
elseif Smature < parms(5)

WDevalfunc(1l)

0;

WDevalfunc(2)

(1./parms(3)) . *exp(-parms(2) . *parms(4)) .*

((parms(5)-Smatphant)-(nl-mean+1) .*(parms (5)-Smature)) ;

WDmoment (2,1) WDmoment (2,1) + WDevalfunc(2);

WDmoment (2,2) WDmoment (2,2) + WDevalfunc(2).72;

else
WDevalfunc(1l) = 0;
WDevalfunc(2) = 0;

end
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end

WDstats = zeros([2,2]);

% Column 1

mean

% Column 2 = variance

WDerror = zeros([2,1]);

% Two-sided 95CI = 1.96%sqrt(var)

WDbound = zeros([2,2]);
%Column 1 = lower bound
%Column 2 = upper bound

fprintf(1, 'WD estimator for the spot volatility derivative of,

C(t;sigma) for the\n')

fprintf (1, 'European vanilla options for an underlying stock with no dividend\n')
fprintf (1, 'using the Black-Scholes (Merton) model\n\n')

fprintf(1, '(1)Vanilla call, (2) Vanilla put\n\n')

fprintf (1, 'mean +- error ------ (lower bound , upper bound)\n\n')
form=1:2

WDstats(m,1) = WDmoment(m,1)./N;

WDstats(m,2) (WDmoment (m,2) - (WDmoment (m,1) .72) ./N) ./ (N-1);
WDerror(m) = 1.96.*sqrt(WDstats(m,2)./N);

WDbound(m,1) = WDstats(m,1) - WDerror(m);

WDbound (m, 2) WDstats(m,1) + WDerror(m);



fprintf(1,'WD %d %8.7f +- %8.7f —————- #8.7f , %8.7f)\n\n',m, WDstats(m,1)
, WDerror (m) ,WDbound(m,1) ,WDbound(m,2)) ;
fprintf (1, 'WD variance %8.7f\n\n',WDstats(m,2));

end

BSEurovega Y.o

-

function[] = BSEurovega(data)

% Inputs: data = vector of parameters (S(0),r,sigma,T,K)

% S(0) = initial price of the underlying asset,

% r = The (constant) risk-free (from default) rate of interest (per annum),
% sigma = Spot volatility of the paying stock,

% T

Time to the maturity date (years),

% K

the exercise price at the maturity of the option,

% This program determines vega - the spot volatility derivative (sigma) of the
% value on option for different types of European options of an underlying stock
% with no dividend according to the Black-Scholes (Merton) model.

% Under the risk neutral measure the Black-Scholes (Merton) SDE is given by

h

% dS(t) = (r-(1/2)sigma~2)S(t)dt + sigmaS(t)dwW(t)

b

% where S(t) = The price of a non-dividend paying stock,

% r = The (constant) risk-free (from default) rate of interest (per annum),
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% sigma = Spot volatility of the paying stock,

% W(t) = The Wiener process (o/w known as Brownian Motion)

b

% given a time interval [0,T], the SDE for (S(t))_t \in [0,T] can be
% written in the form of the stochastic exponential dS(t) = S(t)dU(t) where
YA

%h du(t) = (r-(1/2)sigma”2)dt + sigma dW(t)

b

% given an initail price S(0), S(t) can be written in the form as

b

% S(t) = S(0)exp((r-(1/2)sigma~2)t + sigma W(t))

YA

% Given a payoff functional X (of (S(t))_t \in [0,T], K, sigma), the price of
% the option at time t = 0, given the option matures at time T is given by
% the Miller-Modligani Th.

b

% C(t;sigma) = exp(-rT)E(X)

b

% and vega is given by

b

% vega := dC/dsigma = exp(-rT)E[dX/dsigmal

T
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% The payoffs for which the sensitivity of the (known) option price w.r.t sigma is
% given by

h

% (1) Vanilla call/put option (S(T) - K)~+

% (3) Lookback call option (S(T) - min_t \in [0,T] S(t))

h

% Note: From the put call-parity relationship for European options, the

% volatility derivative for the price of a Vanilla call is the same as a

% Vanilla put.

WNote data = (S(0),r,sigma,T,K)

parms = data;

if length(parms) ~= 5

error ('Number of data inputs == 5')

end

% Vanilla call/put

hl = (log(parms(1)./parms(5))+parms(2) .*parms(4))./(parms(3)
.ksqrt(parms(4))) +(1/2) .*parms(3) .*sqrt(parms(4));

h2 = hl - parms(3).*sqrt(parms(4));

% Lookback call

k1l = (parms(2) .*sqrt(parms(4)))./(parms(3)) + (1/2) .*parms(3) .*sqrt(parms(4));

k2 = k1 - parms(3) .*sqrt(parms(4));
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% Pricing of volatilities

vegavanilla = -(1./parms(3)) .*(parms (1) .*normpdf (h1,0,1).*h2

-parms (5) . *exp(-parms (2) . *parms (4) ) . *normpdf (h2,0,1) .*h1);

vegalookback = parms(1).x*((parms(3)./parms(2)).*(normcdf(k1,0,1)

+exp (-parms (2) . *xparms (4) ) . *normcdf (k2,0,1)-1) - (1./parms(3))

A ((1+(parms(3) .72) ./ (2.*parms (2))) . *normpdf (k1,0,1) . *k2 - (1-(parms(3) .72)
./ (2.xparms(2))) . *exp(-parms(2) . *parms (4)) . *normpdf (k2,0,1) .*¥k1));

data'

fprintf (1, 'Calculation of Vega - the spot volatility derivative of,
C(t;sigma) for\n')

fprintf (1, 'the European style options for an stock with no dividend using the\n')
fprintf (1, 'Black-Scholes (Merton) model.\n\n')

fprintf(1, '(1) Vanilla call/put, (2) Lookback call\n\n')

fprintf(1, '1 Vega = %8.7f\n\n',vegavanilla)

fprintf (1, '2 Vega = %8.7f\n\n',vegalookback)

hpricecall = parms (1) .*normcdf (hl)-parms(5) .*exp(-parms(2) .*parms(4)) .*normcdf (h2)
hpcalllb = parms (1) .*((1+(parms(3).72)./(2.*parms(2))) .*normcdf (k1,0,1) -
(1-(parms(3) .72) ./(2.*parms(2))) . *xexp(-parms(2) . *parms(4)) .*normcdf (k2,0,1)

- (parms(3).72)./(2.xparms(2)))
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