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Let me start this comparison on a personal note by admitting that | am Matlab’ s greatest
fan. All through my university years and for some years thereafter, working as a
financial consultant, | have pushed the limits of what my Matlab could do for me. Such
great relationships can only be superseded by having your own baby. Quantlab is such a
brainchild, conceived by severa brilliant financial engineers and programmers at
Algorithmica Research together with some key customers (not including myself among
the brilliant). The new baby talks my language, has a financial engineer’s brain, and
limbs that fit seamlessly into historical and realtime information, and | get al this
without compromising too much on what | love in Matlab. Now, let me get down to
business.

The overriding design goal for the Quantlab development environment is to empower
the financial engineer with out-of-the-box building blocks on which to test new ideas.
Point being — the user should not have to invent the wheel over and over again just to
handle user interface interaction and basic financial math, and the result must be a
usable application, not only to the developer, but to his non-engineering colleagues at
the trading and sales desks. Graphs and tables should be formatted in away we have
become accustomed to in Bill Gates world, i.e. through visua click-and-change.

This document will deal with a comparison of presenting asimple interest rate curve
based on a Nelson-Siegel model as a graphic plot. Why take this example? In many
applied research projects, the task of building sufficiently smooth interest rate curves
from which to extract spot and forward yields is not the main objective. It ismerely a
necessary building block for more applied analysis. | found a piece of representative and
excellent written Matlab code on the web coming from an academic researcher having
just such a problem. The only alteration to his Matlab code that | have made has been to
reduce the spacing for readability and the financial input data in the example has been
updated to present time.

In the next part | will try to show the difference in using a general -purpose high-level
development environment and one specifically targeted to get the job done.
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Comparing the steps and the code

Let me lay down some ground rules for the task at hand. In the code example used in
Matlab the researcher has only used data and instruments from one particular market on
agiven day. The scope can of course be limited to this one-day and market but it seems
unnecessary to limit the analysis, so this“feature” will be generalized in the Quantlab
application.

It should also be noted that the Matlab code has been generalized for use in the clone
“Octave’, but this overhead does not change the job description much.

The steps to compare;

get hold of all relevant raw data

manipulate raw datato desired format for the analysis at hand
calibrate the Nelson-Siegel model to the data

extract the result of the model fit in the desired formats

plot and format the graphical output

look at a screenshot of the resulting window

o~ E

First presented is the Matlab code snippet and then the subsequent Quantlab one (if
thereisone). The Matlab code is structured to have a main program calling a number of
helper functions that are all presented in appendix B. To really compare the amount of
work in building this from scratch, you will haveto look at the all the code. The
Quantlab code (using the high level language “Qlang”) isWY SIWYN - what you seeis
what you need — and the rest has been taken care of for you.
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1. Get hold of all relevant raw data

% BondNSxEst PsTsT. m
%

% Not e: In MatLab. this function uses fmnsearch for optimzation.
% In Cctave, it uses ndsmax fromthe Matrix Conputation Tool box, avail able
% (free) fromhttp://ww. mat hs. man. ac. uk/ ~hi ghani ntt ool box/ .

% Paul . Soder| i nd@ni sg.ch, April 2002

Yswedi sh bond data for 3 Sept 2003 (UPDATED BY ROBERT THOREN)

%oupons in %yr
c =[O0 0 0 0 11.5 10.75 ..
11 13 10. 25 6 9 1;

%ime to maturity in year
tm=[ 0.00274 0.21096 0. 46027 0. 88219 1.67397 3.06849 ...
5.06301 7.46027 9. 34795 11. 11507  15.30685 ];

% nterest rates. Bills: sinple rates in %yr; bonds: yield to maturity in %yr
y =[ 7.75 6. 835 6. 655 6.41 6. 215 6.195 ..
6.41 6. 755 7.01 7.21 7.325 ];

A classical case of feeding the analysis with hand punched data. Quantlab could actually
take more or less this exact code if one wanted to do it thisway, ... but we don't.
Historical- and realtime quotes and instrument data are implicitly available to all
functions that need them.
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2. Manipulate raw data to desired format for the analysis at hand

% ransformthe data

c = ¢'/100; %-> colum vector, coupons and yields as 0.05 rather than 5
tm=tnl;

= y'/100;
vvc = find(c ==0); %f bill, change fromsinple to effective rate

y(vve) = (1+tn(vve). *y(vve)). (1. /tm(vvec)) - 1;

pdat = repmat (NaN, | engt h(y), 1); %al cul ate bond prices
for i = 1l:length(y);

ti = ( mod(tn(i),1):tm(i) )';

pdat (i) = BondPricePs(c(i),ti,y(i));
end;

Again the Quantlab developer takes a pass. All instruments “know” which conventions
they are traded on, which implies that the “rate type switch” and the “yield to price”
calculations are not necessary for the Swedish bonds in this example.
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3. Calibrate the Nelson-Siegel model to the data

MATLAB:

DR
%stimating paranmeters in extended Nel son&Si egel nodel

par X0 = [ 0. 1045,-0.03,-0.0562,1.2,0,0.5]; Y%starting guess

NSXbR = BondNSxEst Ps( par X0, pdat,tmc, [ 1e-4, NaN], | og(1+y(1)));

R I
QUANTLAB:

0/0 ___________________________________________________________________________

% Fit a curve of instrunents for a given date to a Nel son-Si egel - Svensson nodel
% usi ng an equal wei ghing schene and Levenberg- Marquardt fitting algorithm
%return value is of type "fit_result” fromwhich curve data can be extracted/plotted
O =--cccmcccccceecceecccscccsccacsc-cscscsescccssc-ssccsscecsse-ssec-cmeae=a===
fit_result fr(curve_name c, date trade) = fit(curve(c, trade), ns_svensson(),

wei ghts('equal "), Im));

Ok, here | have to start doing some work of my own. Asyou can see | have to declare
variable typesin Quantlab. In fact “Qlang”, is a smooth fusion between Matlab like
script and more classic programming languages such as Java, VB or C/C++.

Now what isa“fit_result” you might ask? Well it is an object describing the Nelson-
Siegel-Svensson interest rate curve for any input curve (pre-defined group of
instruments on a certain date). Remember | mentioned in the beginning that | would
generalize the analysis to take into account any market on any historical date or in
realtime. Anytime you use input parameters in a Quantlab function, the appropriate
control boxes will be created automatically when the function is dropped to atable or

graph.
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4. Extract the result of the model fit in the desired formats

MATLAB:

LR R LR R R

%al cul ate inplied rates (spot, forward, yield to maturity) to plot

tnFig = |inspace(eps, max(tn), 101)"; Y%raturities to plot

[ shx, f hx, dhx] = BondNSxPs(t nFi g, NSXbR( 1), NSXbR(2) , NSXbR(3) , NSXbR( 4), NSXbR(5) , NSXbR(6) ) ;
shx = exp(shx) - 1; %ffective interest rate

fhx = exp(fhx) - 1,

n = length(c);

ytnx = repmat (NaN, n, 1);

for i = 1:n; % oop over bonds

ti = ( mod(tn(i),1):tm(i) )';
[s,f,d] = BondNSxPs(ti, NSXbR( 1), NSXbR(2), NSXbR(3), NSXbR(4), NSXbR(5), NSXbR(6) ) ;
X = sun(d.*c(i)) + d(length(d));
ytnx(i) = BondYi el dToMat 2Ps(Qx, c(i),ti,1,0.05,1le-7);
end;

QUANTLAB:
7
%Extract the effective spot rate fromthe nodel fit

LR R e R R R EEEE LR LR
out series(nunber) zc(curve_nanme c, date trade)

% Loop fromO to 11 years maturity with step 0.1
return series(t : range(0, 11, 0.1), fr(c,trade).zero_rate(0,t, effective'));

}

LR e R R R R

% Extract the instantaneous forward rates fromthe nodel fit

L7

out series(nunber) fwd(curve_nanme c, date trade)

{
return series(t : range(0, 11, 0.1), fr(c,trade).inst_fwd(t)); %.oop over naturity

}

LR e R R R LR LR LR

% Extract the inplied yields for all instrunents on

% the curve using the nodel fit

L7

out vector(point_nunber) inpl_yield(curve_nane c, date trade)

{
vector(instrunent) i = curve(c,trade).instruments; % Place instrunents in vector i
vector(nunber) y = fr(c,trade).yield(i); % Cal cul ate inplied yields for i
vector (nunber) x = (i.maturity-trade)/365; % CGet the maturity in years
return point(x,y); % Return the yield vs. maturity

}

LR e R R R R

% Extract the nmarket yields for all instrunents on

% the curve on specific date

L7

out vector(poi nt_nunber) nkt_yield(curve_name c, date trade)

{
vector(instrument) i = curve(c,trade).instruments; % Place instrunents in vector i
vector(nunber) y = i.yield(); % Cet the market vyields
vector(nunber) x = (i.maturity-trade)/ 365; % Get the maturity in years
return point(x,y); % Return the yield vs. maturity

}

L7

% Extract the coupons of each instrunent on the curve
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out vector(point_nunber) cpn(curve_nanme c, date trade)

{
vector(instrunent) i = curve(c,trade).instrunents; % Place instrunents in vector i
vector (nunber) y = i.coupon(); % Get the coupons
vector (nunber) x = (i.maturity-trade)/365; % CGet the maturity in years
return point(x,y); % Return the yield vs. maturity
}

out vector(string) myLabel s(curve_nanme c, date trade)

vector(instrument) i = curve(c,trade).instrunents;
return i.nanme();

Now the difference is really starting to show. First you can seethat | have created five
different “out” functions, one for each of the results | want to display. | could as easily
created one function returning all of them in a 5xN matrix, much like the Matlab code. |
chose to have different functions because of the nice way | later can attach multiple
instances of any of them in graphs or tables using simple drag-and-drop.

Further you can see that in the Quantlab code there are no real financial or mathematical
calculations going on. The most advanced being the calculation of maturity as a year
fractions using the instruments maturity date as the starting point. It isjust about
fetching and displaying the data.

| have also gone the extra mile here to produce a readable output. In Quantlab you will
see dynamic labels attached to the points representing the instruments (and hence the
last bit of code that is not included in the Matlab equivalent).
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5. Plot and format the graphical output

MATLAB:
%l otting

i f exist(' OCTAVE_VERSI ON );

title(' Swedish Interest Rates 29 Dec 1993');

x| abel (' Settl ement date (years fromtrade date)');

yl abel (' per yr, continuously conpunded');

plot(tmc,' @; Coupon;',tmy,' @;YTM',tnFi g, shx,'0; Est spot rate;’

tnFig,fhx,'-1;Est forward rate;',tmytnx,' @e6; Est YTM"');

el se;

set (0, ' Defaul t AxesCol orOrder',[0 0 0]);

set (0, ' Def aul t Text Font Narme' , ' Ti mes- Roman' ) ;

set (0, ' Def aul t AxesFont Nanme' , ' Ti mes- Roman' ) ;

ha = plot(tmoc, tmy trrFlg shx trrFlg fhx tmytm()

set (ha,{'LineStyle'},{ ' none none ', none' },

{"Marker'},{"+;'s none none });

pos = get(gca, ' Position' );

set(gca, ' Position',pos./[1 1 1 1.37]);

axis([0,16,0,0.12]);

title(' Swedish Interest Rates 29 Dec 1993')

x|l abel (' Years to Maturity');

| egend(' Coupon rate','Yield to maturity',' Esti mated spot rate', ...
"Estinmated forward rate','Estinmated yield to maturity', 4);

QUANTLAB:

'H Yafan.qlw - Quan

[+] Flle Edit View
il
Ff;ﬂ Warkspace

#-{Z] MelsonSisgel
=-{#2] MelsonSiegel

el impl_yield
el MkE_vield
e mylabels

Hmm, ... | haveto get visual to compare now. Matlab, as you certainly know, uses code
to produce graphics. Quantlab will display all my “out” declared functionsin a
workspace browser. The picture above show that | have already created a graph window
called “NelsonSiegel” and drag-and-dropped all the relevant functionsinto it.
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6. Screenshots of the resulting windows

MATLAB:
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— Cormmon parameters

Curre ISEGOUT-REUTEF =
Diate |2003-09-03 v|

g

—Recalc all

Fecale all I

8.00 %

A0

700%

£.50 2

.00 %

5.50%

5.00 %

450%

4.00%

3.50%

300%

250 %

2.00%

M E stimated spot rate for 2003-03-03 using curve SEGOVT-REUTERS
B Estimated fonward curve for 2003-03-03
W Estimated yield ko maturity [dots] 4.833

O Yield to maturity [plus) 4.840
) : B Coupon rate [square) E.750
0.0 2.00 B. 8.00 10,00
Years to maturity
(& [ |

The comparison is complete. The result is quite similar isn’t it?
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Concluding thoughts

Perhaps the comparison is not entirely fair, but then again, | never said it was unbiased.
The main points to be made are,

1. Itisniceto have all supporting data for financial calculationsimplicitly available
when programming. Even better, asin my case, data automatically updated by a
server, each and every day, enabling an up to date analysis every time | open this
particular workspace.

2. Itisniceto have a supported, market proven, and prepackaged library of
important financial and mathematical functionsto use. Personally, | wouldn’t
even try to implement the Nelson-Siegel model from scratch unless someone
held agun to my head.

3. | have learned to depend on graphical formatting the way you do it in Excel. |
don’t have to go back to school to learn how to get a descent looking plot. Just
point and click ...

Thereisaso asmall issue of performance. However techno and boring, the Matlab
analysistook 3.6 secondsto perform on my desktop and less than 0.05 secondsin
Quantlab (which certainly helpsif you want the Euro curve in realtime, as the example
shows in appendix @). If you want the 4-year forward rate picked out and plotted for the
last 200 days using the same method you get the picture. (Couldn’t help showing this
examplein the appendix as well.) Now performance will matter, also to the user on the
trading or sales desk, and imagine getting this done in Excel...
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APPENDIX A

To show the same analysis applied to another market (curve) but now displayed in
realtime | have attached the same window but using the Reuter definition of the
EUGOVT curve. The date “today” will automatically trigger Quantlab to go the
realtime source for all market quotes. Dynamic legends and labels will change
automatically as well.

— Carmnmnon

Curye IEUGOVT-RELITEF E I

™

parameters

Date Itoda\,r - I B.50% ]

—Recale all

Recalc all | £.00%

550%

5.00%

450%

400%

350%

300%

250%

200%

o B Estimated zpot rate for 2003-03-04 using curve EUGOWT-REUTERS
150% B Estimated fonward curse for 2003-03-04

MW Estimated vield ta maturity [dats)

O *Yield to maturity [plus)

100% B Coupon rate (zquare)

0.00 2.00 4.00 E.00 2.00 10.00

“ears to maturity
(@ e '
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| added the following lines of code to create a historical (200 days) N-year instantaneous
forward rate plot. I'm still using the Nelson Siegel Svensson model to estimate the
complete curve for every date and then extracting the N-year tenor from the “fit_result”.
The knowledge of which instruments that were on the curve for agiven dateis all
implicit in the data model. Pretty neat, no!?

out series(nunber) histo_fwd(curve_nanme c, date trade, nunber tenor)

{

return series(t : range(trade - 200,trade), fr(c,t).inst_fwd(tenor)); % Loop over

dat es

TH Walanghe - Quantlab - [Historical Fesd Rate] =l =]
=] Fle Edt Ulews Irsert Graph Took Mandow  Help == =]
k.3
e I Y P e |
bz _fod - 1 =
b |sEEn T REUTERS - |- Fsdron Segel S vensron for SEGOYT-REUTERS platang ihe A.00 peer fosead rels
frada [3p03./403 3|
L 0%

e f

- ¢ m .

A\

40% 4

e 2003-02-25 2003-03-25 200424 ACOE2 2OOEHE-ZE 2030723 20030320 200313

Readu Iy LI
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APPENDIX B

function dQ.dy = BonddPricePs(c,t,y);
%iBondPri cePs Cal cul ates derivative of bond price wt. yield: the gradient of
BondPricePs(.).

% Usage: dQ dy = BonddPricePs(c,t,y);

%

% | nput: see BondPricePs(.)

%

% CQut put : dQ_dy - Nx1 vector, derivative of bond price wt. yield

% Paul Soderlind (Paul.Soderlind@nisg.ch), 4 June 1997, March 2001

c =c(:); % -> col um vector
t =t(:);
y =y(:);
nc = length(c);
m = length(t);
n = length(y);
y = repmat(y',m1); %x1 -> nxn
t = repmat(t ,1,n); %kl -> mxn matrix
if nc==1, Y%cal ar ¢
c = repmat(c,mn);
el sei f nc==n; %ne c given for every bond (as row vector)
c = repmat(c',m1l);
end;
cfac = c./((1+y)."t); %/ (1+y)"t1 + c/ (1+y)~t2 + ...+ c/(1+y)"m
cfac = cfac .* (-t./(1+y));
dQdy = sum(cfac,1) + (-t(m:)./(1+y(m:)))./((1+y(m:)).~t(m:)); %heoretical price
dQdy = dQ.dy’;

function NSb = BondNSxEst Ps(par0, Q tmc, opt, s0);
9BondNSxEst Ps Estimates paraneters in (extended) Nel son-Siegel yield curve nodel by

% non-1|inear |east squares (mnimzing squared differences between
% actual and fitted bond prices).

%

%

%

% Usage: NSb = BondNSxEst Ps(par0, Q tmc, opt, s0);

%

%

% | nput: par0 4x1 or 6x1 vector, initial guess of parenmeters

% if 4x1: standard NS with par0 = [b0, b1, b2, t au]

% if 6x1: extended NS with par0 = [bO0, bl, b2, tau, b3, tau2]
% Q nx1l vector, data on bond prices, eg. 1.01

% tm nx1l vector, data on time to maturity (in years), eg. 2.54
% c nx1l vector, data on bond coupons, eg. 0.06

% opt 2x1 vector, [convergence criterion, nax iterations],

% eg. [1e-4,500]. A NaN in either places inplies that

% a default value is used.

% s0 scal ar, restricted value of short rate:

% if [] norestriction, else bO+bl=s0 is inposed

%
% CQut put : NSb 1x4 or 1x6 vector, estimted paraneters
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%
%
%

% Not e: For nore details, see

% (a) Svensson (1995), "Estimating Forward Interest Rates with
% the Extended Neol son & Siegel Method," Quarterly Review,
% Sveri ges Ri ksbank, 1995:3, 13-26.

% (b) Soderlind and Svensson (1997), "New Techni ques to Extract
% Mar ket Expectations from Financial Instrunents,"”

% Journal of Monetary Econom cs 40, 383-429.

%

% Not e: In MatLab. this function uses fmnsearch for optimzation.

% In Cctave, it uses ndsmax fromthe Matrix Conputation Tool box, avail able
% (free) fromhttp://ww. mat hs. man. ac. uk/ ~hi ghani ntt ool box/ .

%

% Calls on: mdsmax (if Octave)

%

%

% Paul . Soder | i nd@ini sg.ch, April 2002

LR e R L R T
=[Qtmc];
if length(par0) == 4; %t andard Nel son- Si egel
if isenpty(s0)==0; %1 = s0 - b0 is then inmposed by BondNSxLossPs
parO = par0([1,3,4]);
end;
el seif length(par0) == 6; %ext ended Nel son- Si egel
if isenpty(s0)==0; %1 = s0 - b0 is inmposed by BondNSxLossPs
par0 = par0([1,3,4,5,6]);
end;
end;
if isnan(opt(1)); %opti m zation options, use defaults in opt(i)=NaN
tol = le-4;
el se;
tol = opt(1);
end;

if isnan(opt(2));
Maxlter = 800;
el se;
Maxlter = opt(2);
end;

if exist(' OCTAVE_VERSI ON );
[ NSb, fval ,nf] = ndsmax(' BondNSxLossPs', parO,[tol, Maxlter,inf,0,0],[],Qc,s0);
if nf == Maxlter;
di sp(' ');warning(' Maxi mum nunber of iterations reached w thout convergence');disp("

end;
el se;
options = optinmset('Display','notify',"Tol X ,tol," Maxlter', Maxlter);
[ NSb, fval ,exitflag, output] = fmnsearch(' BondNSxLossPs', par 0, opti ons, Q@ c, s0);
if output.iterations == Maxlter;
di sp(' ');warning(' Maxi mum nunber of iterations reached w thout convergence');disp(’

énd;

end;

if length(NSh) == 3; %standard NS with restriction
NSb = [NSb(1), g_sO-NSb(1), NSb(2),NSb(3)];

el seif | ength(NSh) == 5; %extended NS with restriction

= [ NSb(1),s0-NSb(1), NSb(2), NSb(3), NSb(4),NSb(5)];
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function Loss = BondNSxLossPs(b, QGc, s0);
9NS2xLoss Def i nes

%
%
%
%

Used for
Loss (sq

loss function for bond prices in extended Nel son-Si egel npdel.
estimation of the parameters in the nodel by m nim zing
uared price deviations).

% Usage: Loss = BondNSxLossPs(b);
%
% | nput: b 3x1, 4x1, 5x1, or 6x1 vector with parameters in Nel son-Si egel nodel
% if 3x1: [b0O,b2,tau], NS wth restriction that bl = g_s0 - b0
% if 4x1: [bO, bl,b2,tau], NS without restrictions
% if 5x1: [bO, b2,tau, b3,tau2], extended NS with restriction that bl
= g_s0 - bO
% if 6x1: [bO,bl, b2,tau, b3,tau2], extended NS without restrictions
%
% CQut put: Loss scal ar, sum of squared differences between inplied and actual bond
% prices
%
%
%
% Not e: For nore details, see
% (a) Svensson (1995), "Estimating Forward Interest Rates with
% the Extended Neol son & Siegel Method," Quarterly Review,
% Sveriges Ri ksbank, 1995:3, 13-26.
% (b) Soderlind and Svensson (1997), "New Techni ques to Extract
% Mar ket Expectations from Fi nancial Instrunents,"”
% Journal of Monetary Econom cs 40, 383-429.
%
%
% Calls on: BondNSxPs
%
% Paul . Soder | i nd@ini sg.ch, 8 April 2002
R e i i
Q = Qc(:,1); %lata on bond prices
tm= Qc(:,2); %lata on time to maturity, fraction of years
= Qc(:,3); %lat a on coupons
= length(c); % unber of bonds

if Iength(b) == 3;

el seif

el sei f

el sei f

abs(b(1));

sO - bO;
b(2);

abs(b(3));

1

abs(b(1));
b(2);
b(3);
abs(b(4));
1;
ength(b) ==
abs(b(1));
sO - bO;
b(2);
abs(b(3));
b(4);
abs(b(5));
ength(b) ==
abs(b(1));
b(2);
b(3);
abs(b(4));
b(5);

ength(b) == 4;

%t andard Nel son-Siegel with restriction bl = s0-b0

%t andard Nel son-Si egel

%ext ended Nel son-Siegel with restriction bl = s0-b0

%ext ended Nel son- Si egel
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tau2 = abs(b(6));
end;

NS = repnat (NaN, n, 1) ;

for i = 1.nm % oop over bonds
ti = ( mod(tn(i),):tn(i) )"; %ector for coupon stream
[s,f,d] = BondNSxPs(ti, b0, b1, b2,tau, b3,tau2); 9%\Sx: spot, forward, discount fn
QNS(i) = sun(d. *c(i)) + d(length(d)); % heoretical bond price
end;
Loss = sum( (NS - Q.72 ); %squared price deviations
if exist('OCTAVE_VERSI ON );
Loss = -Loss; %Jsi ng maxi m zation routine in Cctave
end;
R e e

function [s,f,d] = BondNSxPs(m b0, b1, b2, t au, b3, t au2);

YINS2x Ext ended Nel son and Siegel (1987) spot rate, forward rate, and di scount
function

%

%

% Usage: [s,f,d] = BondNSxPs(m b0, b1, b2, tau, b3,tau2); or

% BondNSxPs(m b0, b1, b2, tau);

%

% | nput: m NxK matrix tines to maturity in years

% b0 scal ar, betaO paraneter in NS

% bl scal ar, betal paraneter in NS

% b2 scal ar, beta2 paraneter in NS

% tau scal ar, tau paraneter in NS

% b3 scal ar, beta2 paraneter in extended NS

% tau2 scal ar, tau2 paranmeter in extended NS

%

%

%

% CQut put: S NxK matrix, spot rate (continously conpounded)

% f NxK matrix, forward rate (continously conpounded)
% d NxK matrix, discount rate

%

%

%

% Not e: For nore details, see

% (a) Svensson (1995), "Estimating Forward Interest Rates with
% the Extended Nel son & Siegel Method," Quarterly Review,
% Sveriges Ri ksbank, 1995:3, 13-26.

% (b) Soderlind and Svensson (1997), "New Techni ques to Extract
% Mar ket Expectations from Fi nancial Instrunents,"”

% Journal of Monetary Econom cs 40, 383-429.

%
%
%
% Paul . Soder | i nd@ini sg. ch, April 2002

if nargin == 5; %t andard Nel son- Si egel
b3 ;
tau2

end,

1;

% orward rate
f = b0 + bl*exp(-mtau) + b2*(mtau).*exp(-mtau) + b3*(mtau2).*exp(-mtau2);

s = b0 + bl*(1 - exp(-mtau))./(mtau) ...
+ b2*((1 - exp(-mtau)) ./(mtau) - exp(-mtau)) ...
+ b3*((1 - exp(-mtau2))./(mtau2) - exp(-mtau2)); Y%spot rate
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d =exp( -s.*m); %li scount function

function Q = BondPricePs(c,t,y);

9BondPri cePs Cal cul ates price fromthe yield to naturity and the paynent stream
(arbitrary periods).

%

% Usage: Q = BondPricePs(c,t,y);

%

% | nput: [« scal ar or nx1, coupon rate, e.g. 0.06 or 0.09/2

% t nx1l vector, dates of coupon paynents. Principal

% is paid at the sane tine as the | ast coupon. Dates

% shoul d be expressed as fractions of the period.

% y nx1l vector, effective yield to maturity, e.g. 0.07.

%

% CQut put: Q nx1l vector, bond price (eg. 1.01)

%

%

% Note: (1) the followi ng is cal cul ated:

%

% Q= c/(1+y)~t (1) + c/(1+y)~t(2) + ... + (1+c)/ (1+y)~t(m

%

% (2) Wth sem -annual coupons after 2,8, and 14 nonths, use

% t = [0.333;0.333+1;0.333+2] to cal cul ate sem annual vyield.

%

%

% Exanpl e: t
% c
% y
%

%

%

% Paul Soderlind (Paul.Soderlind@nisg.ch), 3 June 1997, Mar 2001

O T

1:2)";
0.09; 0. 10] ;
0.0626;0.07]; gives Q= [1.05;1.05]

[
[

% -> col um vect or

—
nmn

c
t
y

—~—~—
———

ength(c);

|
length(t);
I'ength(y);

3
oo

repmat (y', m1); %x1 -> nxn
repmat (t ,1,n); %Xl -> nxn matrix

t

if nc==1; %cal ar c
c = repmat(c,mn);

el sei f nc==n; %one ¢ given for every bond (as row vector)
c = repmat(c',m1l);

el se;
error('dinmensions of ¢, t, and y are not correct');

end;

cfac = c./((1+y)."t); %/ (1+y)"t1 + ¢/ (1+y)”rt2 + ...+ c/(1+y)"m
Q = sun(cfac,1) + 1./((1+y(m:)).~t(m:)); %heoretical price

function y = BondYi el dToMat 2Ps(Q, c,t, Met hod, yLH, tol );
9BondYi el dToMat 3Ps Cal cul ates yield to maturity frombond price (several methods

avail abl e) .

%

%

% Usage: y = BondYi el dToMat 2Ps(Q c, t, Met hod, yLH, tol ) ;
%
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% | nput: Q nx1l vector, bond prices (for instance, 1.01)

% c scal ar or nx1 vector, c rate, e.g. 0.06, or 0.09/2

% t nmxl vector, dates of coupon paynents. Principal

% is paid at the sane tine as the last c. Dates

% shoul d be expressed as fractions of the period.

% Exanpl e: coupons after 2,8, and 14 nonths ->

% t = [0.333;0.333+1; 0. 333+2]

% Met hod 1: Newt on- Raphson; 2: bisection

% yLH if Method==1: scalar, yLH(1) is initial guess of roots

% if Method==2: 2x1 vector, yLH(1) is |ower boundary and yLH(2)
upper boundary

% t ol scal ar, convergence criterion for y, eg. le-7

%

% Qut put : y nx1l vector, effective yield to maturity (per period)

%

%

%

% Not e: (1) Method 1 (Newton-Raphson) is pretty fast. Works with arbitrary coupon
% peri ods. The Newt on- Raphson iterations are based on

% Q = F(y0) + JO*Dy, where Dx = yl-y0 and JO is the Jacobian at yO.
% We choose Dy to nake this exact, that is as (Q- F(y0))./JO = Dy
%

% (2) Method 2 (bisection) is a bit slow, but very robust. Works with
arbitrary

% coupon peri ods.

%
%
%
% Calls on: BonddPricePs

LR e e R e R
Q=qQ:); % -> colum vectors
c =c(:);
t =t(:);
n = length(Q;
nc = length(c);
m = length(t);
LR R R R R R
if Method == 1; %\ewt on- Raphson
y0 = repmat (yLH(1),n, 1);
Dy = 1E+198;

whil e max( abs(Dy) ) > tol;

JO = BonddPricePs( c,t,y0 ); %derivative wt y, nx1
FO = BondPricePs( c,t,y0 ); 9%(y0), nx1
= (Q- F0)./J0; Ix 1
y y0 + Dy;
yo =vy;
end,
D e
el seif Method == 2; %i section
yL = repmat (yLH(1),n, 1); % ower boundary for yield
yH = repnat (yLH(2), n, 1); Yupper boundary

if any(yL>yH)
error (' Lower bound greater than upper bound');

end

Q@ = BondPricePs(c,t,yL); %all on function to cal culate theoretical price
H = BondPricePs(c,t,yH;

if any( (L <Q | (H>Q); %ot e: decreasing function so Q > (H

error('roots not bracketed');



end;

while any( (yHyL)>tol );
y = (yL + yH/2;
odi sp([yL,y,yH);
Qs = BondPricePs(c,t,y);

vvH =find(& > Q;
yL(vvH) = y(vvH);
vvL =find(® < Q;
yH(vvL) = y(vvL);

end;

end; %end di fferent nethods
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%lone checking for errors

% teration |oop
%mn d point for yield

%rice at guessed yield

% ndi ces where 8 > Q (decreasing function)
% => root nust be higher thany

% ndi ces where & < Q

%> root nmust be |lower than y

9mote x([])= z does nothing



