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•• (Financial) Mathematics(Financial) Mathematics and and InformationInformation SystemsSystems
ResearchResearch;;

•• EuropeanEuropean doubledouble--barrierbarrier options options (DAX calls);(DAX calls);

•• BlackBlack--Scholes modelScholes model for options;for options;

•• A doubleA double--barrier DAX option barrier DAX option exampleexample with a target;with a target;

•• OptimizationOptimization of European doubleof European double--barrier options;barrier options;

•• SoftwareSoftware lifelife cyclecycle and and softwaresoftware qualityquality;;

•• WARRANTWARRANT--PROPRO--2 Release 0.22 Release 0.2 (2002 (2002 –– 2003);2003);

•• ““PerfectPerfect”” European doubleEuropean double--barrier DAX callbarrier DAX call;;

•• Other Other examplesexamples;;

•• Software demonstration Software demonstration (by Oliver Kubertin).(by Oliver Kubertin).

Topics Topics 
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Information systems researchInformation systems research
BusinessBusiness
adminisadminis--
trationtration

Information Systems ResearchInformation Systems Research

(Financial) mathematics, (Financial) mathematics, 
natural sciences and natural sciences and 

engineeringengineering

ComputerComputer
sciencescience

Other research areas, e. g.,Other research areas, e. g.,
medical science andmedical science and

ergonomicsergonomics

Information systems researchInformation systems research
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•• Call sellerCall seller grants grants callcall buyerbuyer the the rightright to to purchasepurchase a a 
““DAXDAX--like stock portfoliolike stock portfolio”” at an at an a priori stipulated a priori stipulated 
maturitymaturity datedate (European style);(European style);

•• Besides the Besides the immediate call premiumimmediate call premium paymentpayment the the buyerbuyer
has has nono (further) (further) obligationsobligations;;

•• The The ““DAXDAX--like stock portfoliolike stock portfolio”” priceprice is is a priori stipulateda priori stipulated, , 
too (usually compensation instead of portfolio delivery); too (usually compensation instead of portfolio delivery); 

•• Call seller has to pay the Call seller has to pay the stipulatedstipulated cashcash settlementsettlement to to 
call buyer, if the call buyer, if the DAXDAX spotspot raterate hitshits the the lowerlower barrierbarrier
before maturity (premature expiration); before maturity (premature expiration); 

•• Call seller has to pay the Call seller has to pay the stipulatedstipulated cashcash settlementsettlement to to 
call buyer, if the call buyer, if the DAXDAX spotspot raterate hitshits the the upperupper barrierbarrier
before maturity (premature expiration).before maturity (premature expiration).

European DoubleEuropean Double--Barrier DAX Call Options Barrier DAX Call Options 
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BlackBlack--Scholes Model for Options Scholes Model for Options 

M. H. Breitner and O. Kubertin, Paper submitted for the ProceediM. H. Breitner and O. Kubertin, Paper submitted for the Proceedings book of the Operations Research 2003 Heidelberg, p. 2.  ngs book of the Operations Research 2003 Heidelberg, p. 2.  
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Example with a target of 3500 DAX points Example with a target of 3500 DAX points 
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No exercise!

Target: 3500 DAX points

“Knock out”

9/2/03: DAX = 3571, 
expiration date = 3/2/04, 
volatility 0.20,
premium approx. 230 €
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Option Premium Versus VolatilityOption Premium Versus Volatility
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Volatility 0.29Volatility 0.20 (20% p. a.)
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Option Premium Versus VolatilityOption Premium Versus Volatility
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Initial Premium Versus VolatilityInitial Premium Versus Volatility

Volatil
ity

9/2/03: DAX = 3571, 
expiration date = 3/2/04, 
volatility 0.20,
premium approx. 230 €

9/2/03: DAX = 3571, 
expiration date = 3/2/04, 
volatility 0.41,
premium approx. 28 €
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Implied Volatility of DAX Options (EUREX)Implied Volatility of DAX Options (EUREX)
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KnockKnock--Out Option without Upper BarrierOut Option without Upper Barrier

Source: www.onvista.deSource: www.onvista.de
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KnockKnock--Out Option without Upper BarrierOut Option without Upper Barrier

Source: www.onvista.deSource: www.onvista.de
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KnockKnock--Out Option without Upper BarrierOut Option without Upper Barrier

Source: www.onvista.deSource: www.onvista.de

Michael H. Breitner and Oliver Kubertin / Operations Research 20Michael H. Breitner and Oliver Kubertin / Operations Research 2003 Heidelberg03 Heidelberg9/3/039/3/03 1414##

•• Both call sellers and buyers favor Both call sellers and buyers favor options with constant or options with constant or 

only slightly varying Deltaonly slightly varying Delta, i. e. an easy hedging w. r. t. , i. e. an easy hedging w. r. t. 

changes of changes of pp, , σσ and and tt;;

•• Call Call buyersbuyers usually favor a usually favor a comparably low premiumcomparably low premium,     ,     

i. e. high leverage;i. e. high leverage;

•• Call Call sellerssellers often favor a often favor a comparably high premiumcomparably high premium;;

•• Both call sellers and buyers favor Both call sellers and buyers favor wide barrierswide barriers, i. e. an , i. e. an 

unlikely knockunlikely knock--out of the option (after a knockout of the option (after a knock--out the option out the option 

contract can rolled forward possibly automatically).    contract can rolled forward possibly automatically).    

Optimization Goals Optimization Goals 
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Life Cycle of Information Systems and SoftwareLife Cycle of Information Systems and Software

First or new First or new 
problem(s)problem(s)

First ideasFirst ideas

Problem analysisProblem analysis

New requirementsNew requirements

Operation, mainOperation, main--
tenance, caretenance, care
and support and support 

In use systemIn use system
and softwareand software

Launch of theLaunch of the
system andsystem and

softwaresoftware

ImplementationImplementation
and test of theand test of the

componentscomponentsPrograms and Programs and 
documentationdocumentation

System testSystem test

Usable systemUsable system

System and System and 
componentcomponent

designdesign

Data model, system architecture and Data model, system architecture and 
algorithmic structure of the modulesalgorithmic structure of the modules

User requirementsUser requirements

(Rough) System(Rough) System
specificationspecification

RequirementsRequirements
specificationspecification

Milestones forMilestones for
decision makers decision makers 

(can stop develop(can stop develop--
ment or cut budget) ment or cut budget) 
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Software Quality RequirementsSoftware Quality Requirements

SoftwareSoftware
QualityQuality

softwaresoftware

InterfacesInterfaces

FunctionalityFunctionality

SuitabilitySuitability

CorrectnessCorrectness

AdequacyAdequacy

PowerPower

ResourcesResources

System behaviorSystem behavior

PerformancePerformance

ReliabilityReliability
StabilityStability

Error toleranceError tolerance

Restart abilityRestart ability

ChangeabilityChangeability

ReadabilityReadability

TestabilityTestability

MaintainabilityMaintainability

User friendlinessUser friendliness
Learning effortLearning effort

DocumentationDocumentation

ErgonomicsErgonomics

InstallationInstallation

CompatibilityCompatibility

ConvertibilityConvertibility

PortabilityPortability
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WARRANTWARRANT--PROPRO--2 (0.2): Main Window2 (0.2): Main Window
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WARRANTWARRANT--PROPRO--2 (0.2): Main Window2 (0.2): Main Window
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Evaluation Domain and ParameterizationEvaluation Domain and Parameterization
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fine, moderate and rough
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Linear, cubic spline or
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interpolation available
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Evaluation Domain and ParameterizationEvaluation Domain and Parameterization
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WARRANTWARRANT--PROPRO--2 (0.2): Graphics Window2 (0.2): Graphics Window
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(Fine) Parameterization Window(Fine) Parameterization Window
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•• User and programmer User and programmer documentationdocumentation and various ready to and various ready to 
use use examplesexamples (R 0.1 and 0.2);(R 0.1 and 0.2);

•• PortablePortable ANSI FORTRAN 77ANSI FORTRAN 77 kernelkernel (R 0.1 and 0.2);(R 0.1 and 0.2);

•• Input and output Input and output files interfacefiles interface concept (R 0.1 and 0.2);concept (R 0.1 and 0.2);

•• An optionAn option’’s s deviationdeviation from a from a predefinable Deltapredefinable Delta (> 0 or  (> 0 or  
< 0) is the < 0) is the performance indexperformance index and is minimized (R 0.1     and is minimized (R 0.1     
and 0.2);and 0.2);

•• Boundary conditionsBoundary conditions’’ parameters are optimized by parameters are optimized by nonlinear nonlinear 
programmingprogramming, i. e. the , i. e. the advanced sequential quadratic advanced sequential quadratic 
programming (SQP) methodprogramming (SQP) method NPSOL developed by P. E. NPSOL developed by P. E. 
Gill et al. (R 0.1 and 0.2);Gill et al. (R 0.1 and 0.2);

Overview WARRANTOverview WARRANT--PROPRO--2 Highlights 2 Highlights 
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•• Terminal controlTerminal control without GUI (graphical user interface),   without GUI (graphical user interface),   

e. g. on LINUX, UNIX or WINDOWS compute servers (R 0.1 e. g. on LINUX, UNIX or WINDOWS compute servers (R 0.1 

and 0.2);and 0.2);

•• User friendly, stand alone GUIUser friendly, stand alone GUI for LINUX (R 0.2, for LINUX (R 0.2, 

WINDOWS in preparation);WINDOWS in preparation);

•• High qualityHigh quality MATLAB MATLAB graphicsgraphics (R 0.2);(R 0.2);

•• GraphicsGraphics for the most important for the most important optionoption greeksgreeks (R 0.1 and (R 0.1 and 

0.2); 0.2); 

Overview WARRANTOverview WARRANT--PROPRO--2 Highlights 2 Highlights 
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•• BlackBlack--Scholes equation is solved with a Scholes equation is solved with a very fastvery fast and and veryvery
accurateaccurate numerical numerical CrankCrank--NicholsonNicholson schemescheme (finite (finite 
difference implicit/explicit method) with difference implicit/explicit method) with quadraticquadratic globalglobal
errorerror convergenceconvergence with space and time discretization with space and time discretization 
refinement (R 0.2);refinement (R 0.2);

•• The The gradientgradient of the performance index is computed highly of the performance index is computed highly 
accurate and fast with accurate and fast with automatic/algorithmicautomatic/algorithmic
differentiationdifferentiation using ADIFOR 2.0 developed by M. W. using ADIFOR 2.0 developed by M. W. 
Fagan et al. (R 0.2);Fagan et al. (R 0.2);

•• RAM allocation adoptionRAM allocation adoption (R 0.2);(R 0.2);

•• ““Small problemsSmall problems”” need large levelneed large level--2 or level2 or level--3 caches (4 MB 3 caches (4 MB ––
8 MB) only (R 0.2); 8 MB) only (R 0.2); 

Overview WARRANTOverview WARRANT--PROPRO--2 Highlights 2 Highlights 
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•• All cash settlementsAll cash settlements, i. e. boundary conditions of the , i. e. boundary conditions of the 
BlackBlack--Scholes equation, are Scholes equation, are optimizableoptimizable (R 0.2);(R 0.2);

•• VeryVery robustrobust and and veryvery fastfast convergenceconvergence, i. e. P4 2 GHz , i. e. P4 2 GHz 
computing times < 15 seconds and < 5 minutes for computing times < 15 seconds and < 5 minutes for 
simulation and optimization, resp., for all examples (R 0.2); simulation and optimization, resp., for all examples (R 0.2); 

•• RapidRapid evaluation/simulationevaluation/simulation and and design/optimizationdesign/optimization
of (almost) all of (almost) all barrierbarrier and and plain vanillaplain vanilla optionsoptions (R 0.2);(R 0.2);

•• CallCall type, type, putput type and type and mixedmixed type optionstype options (R 0.2).(R 0.2).

Overview WARRANTOverview WARRANT--PROPRO--2 Highlights 2 Highlights 
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DAX Call with Constant Delta (Strike 5000)DAX Call with Constant Delta (Strike 5000)
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DAX Call with Constant Delta (Strike 5000)DAX Call with Constant Delta (Strike 5000)

See Breitner, M. H., and Burmester, T. (2002): Optimization of ESee Breitner, M. H., and Burmester, T. (2002): Optimization of European Doubleuropean Double--Barrier Options via Optimal Control of the Barrier Options via Optimal Control of the 
BlackBlack--ScholesScholes--Equation, in Chamoni, P., et al. (Eds.), Operations Research Equation, in Chamoni, P., et al. (Eds.), Operations Research ‘‘01, 167 01, 167 –– 174, Springer, Berlin174, Springer, Berlin
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Optimized DAX Call with Constant DeltaOptimized DAX Call with Constant Delta
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Optimized DAX Call with Constant DeltaOptimized DAX Call with Constant Delta
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Optimized DAX Call with Constant DeltaOptimized DAX Call with Constant Delta

G
ra

ph
ic

: 
M

AT
LA

B 
(R

 1
3)

 a
nd

 W
AR

RA
N

T
G

ra
ph

ic
: 

M
AT

LA
B 

(R
 1

3)
 a

nd
 W

AR
RA

N
T --

PR
O

PR
O

-- 2
 (

0.
2)

2 
(0

.2
)

Michael H. Breitner and Oliver Kubertin / Operations Research 20Michael H. Breitner and Oliver Kubertin / Operations Research 2003 Heidelberg03 Heidelberg9/3/039/3/03 3232##

Optimized DAX Call (Strike 3000)Optimized DAX Call (Strike 3000)
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Optimized DAX Call (Strike 3000)Optimized DAX Call (Strike 3000)
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Optimized DAX Call (Strike 3500)Optimized DAX Call (Strike 3500)
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