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Chapter 1Introdu
tionThis do
ument presents the issue of asset management modeling and des
ribes a tool designed for generatingsu
h models. Models 
onsidered here belong to a very general 
lass of de
ision models 
hara
terized by thefollowing assumptions:1. the de
ision problem is a dis
rete-time multi-period de
ision problem over �nite horizon2. the de
ision problem involves un
ertainty that is expressed as multivariate sto
hasti
 fore
ast of somemodel parameters (sto
hasti
 model)3. the de
ision problem is linear with respe
t to de
ision variables (linear optimization problem)The above assumptions imply that the model is a multi-period linear sto
hasti
 program. Nonetheless su
ha model 
an be represented in di�erent forms suitable for spe
i�
 solving methods.The most general method of representing a linear program is in the standard form (a form in whi
h
onstraints are expressed as Ax = b; x � 0). Convenient interfa
e for linear program in its standard formis an MPS �le. Dynami
 sto
hasti
 linear program 
an be given in the standard form by 
onverting it toso-
alled deterministi
 equivalent (see [KW94℄). Su
h formulation is suitable for any general LP solver. Thedrawba
k is that the matrix A is huge and usually very sparse (whi
h on the other hand may be explored bysome solvers), and the stru
ture of the problem is lost.The other method of representing a multi-period linear sto
hasti
 program is to save its stru
ture and datatogether. The example of the interfa
e for su
h formulation is des
ribed in [BDG+87℄. This form is suitable forsolvers taking into a

ount the stru
ture of the problem, usually for any de
omposition methods (e.g., nestedBenders de
omposition).For the model to be generated two kinds of information are ne
essary: the des
ription of the multi periodde
ision problem and the des
ription of multivariate sto
hasti
 fore
ast. They are given in a model des
ription�le and a tree �le. This stru
ture is shown in the gray box in Fig. 1.1 (as a part of the whole Aurora DSSsystem).
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Chapter 2Asset liability management model
2.1 Modeling of the �nan
ial instrumentsLet us assume that there are J �nan
ial instruments (and they are assigned numbers 1; : : : ; J). The 
ontrolhorizon 
onsists of time instants denoted by numbers 0; 1 : : : ; I (so there are I+1 time stages on the horizon).At stages 0; 1; : : : ; I de
isions are made how many instruments of ea
h type buy or sell. At stage I we 
anobserve the �nal results of past de
isions. With ea
h �nan
ial instrument four parameters are asso
iated:nsij - sell pri
e of j-th instrument at stage i 2 f0; : : : ; Ig (a pri
e for whi
h the 
ontra
t may be sold)nbij - buy pri
e of j-th instrument at stage i 2 f0; : : : ; Ig (a pri
e for whi
h the 
ontra
t may be bought)nfij - 
ash 
ow of j-th instrument at stage i 2 f0; : : : ; Ig (resulting 
ash 
ow, for example dividends, 
ouponpayments)nvij - value of j-th instrument at stage i 2 f0; : : : ; Ig (a value needed to 
al
ulate wealth at ea
h node, or atleast at the terminal nodes)With ea
h 
ontra
t three non-negative de
ision variables are 
onne
ted:xsij - a number of instruments of the type j to be sold at stage i 2 f0; : : : ; Igxbij - a number of instruments of the type j to be bought at stage i 2 f0; : : : ; Igxnij - a number of instruments of the type j hold at stage i 2 f0; : : : ; Ig (just after de
isions have been made)Other variables in the model are 
onne
ted with time stages. They are:x
i - 
ash hold at time stage i 2 f0; : : : ; Ig (just after de
isions have been made)xwi - total wealth of the portfolio at time stage i 2 f0; : : : ; Ig (just after de
isions have been made)x�wi - wealth in
rease at time stage i 2 f0; : : : ; Ig (just after de
isions have been made)Some variables have their initial values. These are:xn�1;j - a number of instruments of the type j hold just before time 0x
�1 - 
ash hold just before time 0There are also two parameters des
ribing internal 
a
he 
ows:
ik - external 
a
he in
ow at time stage k 2 f0; : : : ; Ig 4



2.2. MODELING OF RISK 5
ok - external 
a
he out
ow at time stage k 2 f0; : : : ; IgA multistage asset management model is des
ribed by the following bookkeeping equations:x
i = x
i�1 + JXj=1 �nsijxsij � nbijxbij + nfijxnij�+ 
ii � 
oi ; i = 0; : : : ; I (2.1)xnij = xni�1;j + xbij � xsij ; i = 0; : : : ; I; j = 1; : : : ; J (2.2)xwi = x
i + JXj=1 �nvijxnij� ; i = 0; : : : ; I (2.3)x�wi = xwi � xwi�1; i = 1; : : : ; I (2.4)together with inequalities: x
i � 0, xnij � 0 and xwi � 0.Note 1 The variable x�wi 
an be of any sign, so it is split in the model into a positive and a negative part:x�wi = x�w(+)i � x�w(�)i , where x�w(+)i � 0 and x�w(�)i � 0.Note 2 The variable x�w0 is in fa
t in
orporated into the model and the user has a

ess to it by prede�nedvariable WEALTH INCREASE[0℄, but it must be stressed, that this value is reliable solely when there are noinitial 
ontra
t quantities or the value of ea
h 
ontra
t that is given some initial quantity 
an be 
al
ulatedfor time index �1 (only in these 
ases the initial wealth 
an be properly 
al
ulated).2.2 Modeling of riskRisk is in
orporated into a model by means of sto
hasti
 fore
ast expressed by a tree. This tree shows possibles
enarios. Ea
h node is assigned probability of attaining it p(n). In ea
h node of the tree there 
ould be somevalues of model parameters. Nodes are numbered from 1 to N (node 1, that is root, is assigned to time index0). Leaves of this tree are 
alled terminal nodes. In the example shown in Fig. 2.1 terminal nodes are nodeswith numbers 4,5,6,7,8, and 9.
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2.3. MODELING OF THE OBJECTIVE FUNCTION 62.3 Modeling of the obje
tive fun
tionThere are two 
riteria for obje
tive fun
tion: maximizing expe
ted terminal wealth, and minimizing the risk.They are in
orporated into the model.Terminal wealth is a random variable sin
e it depends on s
enario. At ea
h terminal node n of the s
enariotree, the wealth variable W (n) is known together with the probability p(n) that this node is rea
hed.Risk is measured by mean absolute deviation (MAD):E (jW � E(W ) j) : (2.5)The whole performan
e fun
tion is thus of the form:max E(W )� �E (jW � E(W ) j) (2.6)where 0 < � � 12 measures the degree of risk aversion.The obje
tive fun
tion is in
orporated into the linear model in the following manner. The obje
tive of thelinear program be
omes:max s1 � �Xn2T p(n) (s2(n) + s3(n)) (2.7)where:s1 = Xn2T p(n)xwI (n) (2.8)xwI (n)� s1 = s2(n)� s3(n) n 2 T (2.9)and T is a set of indi
es of terminal nodes.



Chapter 3Model Des
ription File
3.1 The Syntax of a Model Des
ription FileThe �le des
ribing de
ision problem 
onsists of se
tions de�ning parti
ular aspe
ts of a model, su
h as s
enariotree, 
ontra
ts, 
onstraints,initial values as well as goals. It also 
ontains a se
tion for de�ning some parametersused in the model. The general stru
ture of this �le is shown below.PROBLEM nameTYPE PORTFOLIO OPTIMIZATIONPARAMETERSparameter se
tionEND PARAMETERSTREEtree se
tionEND TREECONTRACTS
ontra
t listEND CONTRACTSCONTRACT name
ontra
t se
tionEND CONTRACTCONSTRAINTS
onstraints se
tionEND CONTSTRAINTSINITIAL VALUESinitial values se
tionEND INITIAL VALUESEXTERNAL FLOWSexternal 
ows se
tion 7



3.2. OBJECTS USED IN DESCRIPTION FILE 8END EXTERNAL FLOWSGOALgoal se
tionEND GOALEND PROBLEM3.2 Obje
ts used in des
ription �leDe�nition of a mathemati
al programming problem requires us to spe
ify its variables and some relationshipsbetween them. The purpose of des
ription �le is to support a user in de�ning an optimization problem foroptimal asset allo
ation under sto
hasti
, multivariate fore
ast.Two main 
lasses of obje
ts used in des
ription �le are: parameters and variables. Parameters re
e
tvalues, that remain 
onstant during the problem solution, are not subje
t of optimization. Variables, on theother hand, 
orrespond to values that are subje
t of optimization. Parameters and variables may be s
alarsor arrays (ve
tors of values).There are three types of parameters as regards their sour
e: prede�ned parameters, user de�ned parameters,and label parameters.Now there is only one prede�ned parameter in an appli
ation. It is shown in Table 3.1.name meaningN s
alar parameter, the time stage 
onsidered; to be used only in
ontra
t and 
onstraint se
tionsTable 3.1: Prede�ned parameterUser de�ned parameters are used to substitute 
onstant values by meaningful names. Their use is sometimesfor
ed by the �le syntax, for example past realizations of values de�ned by a tree, or external 
ows may begiven only by array parameters.Label parameters are de�ned by the appli
ation during parsing TREE SECTION. They denote the sequen
eof values (realization) of a sto
hasti
 variable on the whole horizon.Ex
ept for parameters, some variables are also de�ned when a model is 
reated. The use of variables isthe same as of parameters, the only di�eren
e is that a user 
annot de�ne variables themselves. Variablesrepresent values that are subje
t of optimization and are not �xed.There are two types of variables as regard their origin: 
ontra
t variables, and prede�ned variables.Contra
t variables are de�ned when parsing CONTRACTS SECTION. They re
e
t the number of 
ontra
tsand their value. Prede�ned variables are shown in Table 3.2. They help to de�ne and solve the problem.Variables 
an be used only in CONSTRAINTS and INITIAL VALUES se
tions.3.3 Parameter Se
tionA parameter se
tion introdu
es parameters that will be used in subsequent se
tions to represent 
onstant data.There are two types of parameters: s
alar parameter and array parameter. A s
alar parameter de�nes a singlevalue whereas an array parameter is used for storing a one-dimensional array of values.In general, a parameter se
tion has the following stru
ture:PARAMETERSs
alar parameter de�nition | array parameter de�nition



3.3. PARAMETER SECTION 9name meaningCASH array variable, denotes the amount of 
ash for ea
h time stageWEALTH array variable, denotes the value of the portfolio for ea
h timestageWEALTH_INCREASE array variable, denotes the in
rease of the portfolio value for ea
htime stageTable 3.2: Prede�ned variablesSe
tion obje
tsPrede�ned Prede�ned parameters and variables: N, CASH, WEALTH, WEALTH_INCREASEPARAMETERS user de�ned parametersTREE label parametersCONTRACTS 
ontra
t variablesCONTRACTCONSTRAINTSINITIAL VALUESEXTERNAL FLOWSGOAL Table 3.3: Where obje
ts are de�ned.s
alar parameter de�nition | array parameter de�nitions
alar parameter de�nition | array parameter de�nitionEND PARAMETERSwhere ea
h s
alar parameter de�nition is built as follows:name = expressionand array parameter de�nition as follows:name[lower index:higher index℄ = [ expression,expression, : : :,expression℄Lower index has to be less then or equal to higher index. Ea
h of the expressions used to de�ne s
alar orarray parameters has to be 
onstant expression and may use parameters de�ned so far. For array parametersthe number of expressions in square bra
kets has to be equal higher index - lower index + 1.EXAMPLE 1PARAMETERSNO_OF_CONTRACTS = 5NO_OF_PERIODS = 7COMMISSION = 0.04J = 0.01PAST_VALUES[-5:-1℄ = [1.1, 2.0, 1.0, 0.9, 0.8℄MIC_PAST[-1:-1℄ = [45.7℄COEF[1:NO_OF_CONTRACTS℄ = [J, 5*J, 3*J, 2*J, 3*J-0.015℄END PARAMETERSThere is one mandatory parameter that has to be de�ned, be
ause it is used internally by the appli
ation.This parameter is shown in Table 3.5.



3.4. TREE SECTION 10de�ned CASH, WEALTH, label 
ontra
tSe
tion N parameters WEALTH INCREASE parameters variablesPARAMETERS �TREE �CONTRACTSCONTRACT � � �CONSTRAINTS � � � � �INITIAL VALUES � �(�)EXTERNAL FLOWS � �GOAL �(�) In INITIAL VALUES se
tion 
ontra
t variables may be used only in left hand sideTable 3.4: Where obje
ts 
an be used.name meaningNO_OF_PERIODS the number of time periods 
onsideredTable 3.5: Mandatory parameter3.4 Tree Se
tionThe purpose of this se
tion is to de�ne a tree used in a model and to 
hange some of its parameters. Thegeneral stru
ture of a tree se
tion is as follows:TREEFILE NAME pathLABEL label | LABEL name [ tree label ℄MEAN = expressionVARIANCE = expressionTREND = expressionPAST VALUES = array parameterLABEL label | LABEL name [ tree label ℄MEAN = expressionVARIANCE = expressionTREND = expressionPAST VALUES = array parameterEND TREEThe des
ription of �elds in a tree se
tion is given in Table 3.6. The only mandatory �eld is FILE NAME sothe simplest tree se
tion is given by the Example 2.EXAMPLE 2TREEFILE NAME = treefileEND TREEThe �eld LABEL is used if there is a need to 
hange some properties of values stored in the tree nodes. Thesyntax LABEL label [tree label ℄ allows to 
hange the label being an etiquette of a value. The name label in themodel is equivalent to the label tree label in the tree.



3.5. CONTRACT LIST SECTION 11name meaningFILE NAME the name of a �le 
ontaining a tree (mandatory)LABEL label the label of values given in tree nodes; it has to be de�ned in the tree �leLABEL label [tree label ℄ the label of values given in tree nodes; used to rede�ne label, in tree �le labeltree label has to be de�ned and it is known in a model as labelMEAN used to 
hange the mean value of a variable stored under label labelVARIANCE used to 
hange the varian
e of a variable stored under label labelTREND used to 
hange the trend of a variable stored under label labelPAST VALUES used to set past realizations of a value stored under label labelTable 3.6: Fields of tree se
tionSu
h properties as mean value, varian
e and trend 
an be 
hanged. The new mean value, trend and varian
eof a spe
i�
 variable may be set only if 
orresponding old values are spe
i�ed in the tree �le. If not, an errorwill o

ur. If only some of the: mean, trend, varian
e is 
hanged, the other remains un
hanged. The values
orresponding to the spe
i�ed label are 
hanged a

ording to the formula (3.1) (t denotes time stage numberstarting from 0).vnew(t) =MEANnew + (vold(t)�MEANold � t � TRold)rV ARnewV ARold + t � TRnew (3.1)Setting past realizations of a random variable represented by a tree is sometimes ne
essary be
ause theymay be used for 
orrelated values (see Example 8, page 13). The argument assigned to the �eld PAST VALUEShas to be an array parameter whose lower index and higher index are negative numbers.EXAMPLE 3TREEFILE NAME = tree1LABEL IBM_LABELMEAN = 0.1VARIANCE = 0.01TREND = 0.05LABEL MICROSOFT_LABEL [M1℄MEAN = 2VARIANCE = 0.02TREND = 0.03PAST VALUES = MIC_PASTLABEL NOKIA [N_LABEL℄END TREELabels de�ned in a tree �le (or rede�ned in a tree se
tion) 
an be used as array parameters in 
ontra
t and
onstraints se
tions.3.5 Contra
t List Se
tionThis se
tion gives the list of 
ontra
ts involved in a model. The list 
ontains names of 
ontra
ts separated by
ommas or new lines. The order of names is not important. Examples 4 and 5 are equivalent.EXAMPLE 4



3.6. CONTRACT SECTION 12CONTRACTSIBM, MICROSOFT, HITACHI, NOKIAEND CONTRACTSEXAMPLE 5CONTRACTSHITACHINOKIAMICROSOFTIBMEND CONTRACTS3.6 Contra
t Se
tionContra
t se
tion serves to des
ribing properties of ea
h 
ontra
t. Now only one 
ontra
t type is 
onsidered (a
ontra
t modeling shares on a sto
k market).The general 
onstru
tion of 
ontra
t se
tion is shown below:CONTRACT nameTYPE SHAREPRICING NODE DEPENDENT | PRICING TIME DEPENDENTBUY PRICE = expression | BUY COMMISSION = expressionSELL PRICE = expression | SELL COMMISSION = expressionCASH FLOW = expressionVALUE = expressionEND CONTRACTThe des
ription of �elds in a 
ontra
t se
tion is given in Table 3.7.With ea
h 
ontra
t four values are 
onne
ted: buy pri
e, sell pri
e, 
ash 
ow and its value. They maydepend solely on time (there is no random fa
tor in this 
ase) or they may be driven by the values \living" onthe tree. In the latter 
ase we deal with sto
hasti
 un
ertainty.Buy pri
e and sell pri
e may be expressed in two forms: dire
tly by giving proper formula or indire
tly byde�ning buy or sell 
ommission. The two formulations below are equivalent (for buy pri
e, assuming that the
ontra
t value is given in the parameter C1):BUY PRICE = 1.01 * C1[N℄BUY COMMISSION = 0.01The mandatory �elds are TYPE (the only type is now SHARE), and PRICING (where one of NODE DEPENDENTor TIME DEPENDENT has to be spe
i�ed). For others, if they are omitted, zero is taken as a default.Ea
h 
ontra
t 
auses de�ning two new array variables, the �rst having the same name as a 
ontra
t nameand denoting the total value of these 
ontra
ts in the portfolio (for ea
h time stage), and the se
ond havingname NO_OF_
ontra
t name denoting the number of these 
ontra
ts in the portfolio (for ea
h time stage).These variables may be used only in 
onstraints se
tion (see Example 9).For example, if there are 10 time periods (numbered from 0 to 9), that for 
ontra
t IBM the followingvariables are internally de�ned: IBM[0:9℄ and NO_OF_IBM[0:9℄.EXAMPLE 6



3.6. CONTRACT SECTION 13name meaningTYPE SHARE type of a 
ontra
t; share is the only type allowed so far; (mandatory)PRICING NODE DEPENDENT a 
ag denoting that su
h parameters of a 
ontra
t as buy pri
e (or buy
ommission), sell pri
e (or sell 
ommission), 
ash 
ow and value arefun
tions of sto
hasti
 variables de�ned by the treePRICING TIME DEPENDENT a 
ag denoting that su
h parameters of a 
ontra
t as buy pri
e (or buy
ommission), sell pri
e (or sell 
ommission), 
ash 
ow and value aredeterministi
ally de�ned for ea
h time stage 
onsidered; in this 
ase theuse of labels de�ned in the tree se
tion is illegalBUY PRICE de�nes buy pri
eBUY COMMISSION de�nes buy 
ommissionSELL PRICE de�nes sell pri
eSELL COMMISSION de�nes sell 
ommissionCASH FLOW de�nes 
ash 
ow resulting from a 
ontra
tVALUE de�nes a 
ontra
t value used for 
al
ulating a portfolio wealth at anytime stageTable 3.7: Fields of 
ontra
t se
tionCONTRACT IBMTYPE SHAREPRICING NODE DEPENDENTBUY PRICE = IBM_VALUE[N℄ * (1 + BUY_COMMISSION)SELL PRICE = IBM_VALUE[N℄ * (1 - SELL_COMMISSION)CASH FLOW = 0VALUE = IBM_VALUE[N℄END CONTRACTEXAMPLE 7CONTRACT IBMTYPE SHAREPRICING NODE DEPENDENTBUY COMMISSION = BUY_COMMISSIONSELL COMMISSION = SELL_COMMISSIONCASH FLOW = 0VALUE = IBM_VALUE[N℄END CONTRACTEXAMPLE 8CONTRACT CORTYPE SHAREPRICING NODE DEPENDENTBUY COMMISSION = BUY_COMMISSIONSELL COMMISSION = SELL_COMMISSIONCASH FLOW = 0VALUE = TREE_LABEL_1[N-1℄ + 2 * TREE_LABEL_2[N-2℄END CONTRACT



3.7. CONSTRAINTS SECTION 143.7 Constraints Se
tionThis se
tion is meant to express 
onstraints imposed on a de
ision problem. The syntax of this se
tion isshown below. Ea
h expression has to be linear with respe
t to variables. Relation is one of symbols: =, <=, =>.CONSTRAINTSFOR N IN { set }: expression relation expressionFOR ALL N: expression relation expressionEND CONSTRAINTSThe example 9 shows how legal 
onstraints 
an may be written down. Let us assume that the law requiresthat the amount of shares of ea
h 
ompany in our portfolio 
annot ex
eed 5% of the total number of sharesissued by a 
ompany, and moreover, that the total value of 
omputer 
ompanies in the portfolio 
annot begreater than 9% of the portfolio value.EXAMPLE 9CONSTRAINTSFOR ALL N: NO_OF_IBM[N℄ <= 0.05 * TOTAL_IBM_SHARESFOR ALL N: NO_OF_MICROSOFT[N℄ <= 0.05 * TOTAL_MICROSOFT_SHARESFOR ALL N: IBM[N℄ + MICROSOFT[N℄ <= 0.09 * WEALTH[N℄END CONSTRAINTSThe next example shows other possibilities of imposing 
onstraints.EXAMPLE 10CONSTRAINTSFOR ALL N: NO_OF_COR[N-1℄ <= NO_OF_COR[N℄FOR N IN {7,8,9}: CASH[N℄ => MANDATORY_RESERVE[N℄END CONSTRAINTS3.8 Initial Values Se
tionThis se
tion provides a way for setting initial 
ash amount and the initial portfolio. The syntax of this se
tionas well as an example are given below.INITIAL VALUESINITIAL CASH = expressionNO_OF_
ontra
t name = expressionNO_OF_
ontra
t name = expressionNO_OF_
ontra
t name = expressionEND INITIAL VALUESEXAMPLE 11INITIAL VALUESINITIAL CASH = 5.4E6NO_OF_IBM = 45NO_OF_MICROSOFT = 54NO_OF_COR = 110END INITIAL VALUES



3.9. EXTERNAL FLOWS SECTION 153.9 External Flows Se
tionThe se
tion devoted to modeling external 
ows is des
ribed here. It allows to de�ne external in
ows andexternal out
ows separately, just for the sake of readability, although only one of them is suÆ
ient. Thesyntax of this se
tion is given below.EXTERNAL FLOWSEXTERNAL INFLOW = expressionEXTERNAL OUTFLOW = expressionEND EXTERNAL FLOWSThe two following examples (12 and 13) are equivalent.EXAMPLE 12EXTERNAL FLOWSEXTERNAL INFLOW = FORECAST_1[N℄EXTERNAL OUTFLOW = FORECAST_2[N℄END EXTERNAL FLOWSEXAMPLE 13EXTERNAL FLOWSEXTERNAL INFLOW = FORECAST_1[N℄ - FORECAST_2[N℄END EXTERNAL FLOWSYet another example that shows possibilities of de�ning external 
ows.EXAMPLE 14EXTERNAL FLOWSEXTERNAL INFLOW = 2*A1[N-1℄ - 3*A2[3*N℄EXTERNAL OUTFLOW = C0 + C * NEND EXTERNAL FLOWS3.10 Goal Se
tionThe purpose of the goal se
tion is to spe
ify goals of de
ision maker. So far only one formulation of a goalfun
tion is supported, the expe
ted value with the risk measure expressed in the form of mean absolutedeviation (2.6). The general 
onstru
tion of the goal se
tion is shown below.GOALTYPE MEAN ABSOLUTE DEVIATIONRISK AVERSION = expressionEND GOALEXAMPLE 15GOALTYPE MEAN ABSOLUTE DEVIATIONRISK AVERSION = 0.4END GOAL



3.11. EXAMPLE MODEL DESCRIPTION FILE 163.11 Example model des
ription �lePROBLEM problem1TYPE PORTFOLIO OPTIMIZATIONPARAMETERSNO_OF_PERIODS = 5IBM_PAST[-3:-1℄ = [10, 10, 10℄COMMISSION = 0.01 * 2MY_RISK_AVERSION = 0.5CASH0 = 19E4SHARE = 0.4INFLOW[0:10℄ = [1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1℄OUTFLOW[0:10℄ = [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11℄END PARAMETERSTREEFILE NAME data2LABEL NOKIA_VALUE [E00001℄MEAN = 15VARIANCE = 1TREND = 0.5PAST VALUES = IBM_PASTLABEL HP_VALUE [E00002℄LABEL IBM_VALUE [E00003℄MEAN = 10VARIANCE = 0.1TREND = 1PAST VALUES = IBM_PASTEND TREECONTRACTSNOKIA, HP, IBMEND CONTRACTSCONTRACT NOKIATYPE SHAREPRICING NODE DEPENDENTVALUE = NOKIA_VALUE[N℄CASH FLOW = 0.02 * NOKIA_VALUE[N℄END CONTRACTCONTRACT HPTYPE SHAREPRICING NODE DEPENDENTVALUE = HP_VALUE[N℄CASH FLOW = 0.02 * HP_VALUE[N℄



3.11. EXAMPLE MODEL DESCRIPTION FILE 17END CONTRACTCONTRACT IBMTYPE SHAREPRICING NODE DEPENDENTVALUE = IBM_VALUE[N℄CASH FLOW = 0.02 * IBM_VALUE[N℄BUY COMMISSION = COMMISSIONEND CONTRACTINITIAL VALUESINITIAL CASH = CASH0NO_OF_NOKIA = 100NO_OF_IBM = 10NO_OF_HP = 5END INITIAL VALUESEXTERNAL FLOWSEXTERNAL INFLOW = INFLOW[N℄ * 1E3EXTERNAL OUTFLOW = OUTFLOW[N℄ * 1E3END EXTERNAL FLOWSGOALTYPE MEAN ABSOLUTE DEVIATIONRISK AVERSION = MY_RISK_AVERSIONEND GOALCONSTRAINTSFOR ALL N: NOKIA[N℄ <= SHARE * WEALTH[N℄FOR ALL N: HP[N℄ <= SHARE * WEALTH[N℄FOR ALL N: IBM[N℄ <= SHARE * WEALTH[N℄FOR ALL N: CASH[N℄ => 0.05 * WEALTH[N℄END CONSTRAINTSEND PROBLEM



Chapter 4Tree Des
ription FileTree des
ription �le 
onsists of three kinds of se
tions: TREE se
tion, LABEL se
tions and NODE se
tions. Thegeneral stru
ture of this �le is as follows:TREE: name# PERIODS: number# NODES: numberFIRST NODES: number,number,...,numberDIMENSION: numberLABELS: name,name,...,nameLABEL: labelMEAN: numberVARIANCE: numberTREND: numberNODE: numberNODELABEL: labelVALUES: number,number,...,numberPROBABILITY: numberPREDECESSOR: numberSUCCESSORS: number,number,...,numberThe TREE se
tion has to begin the �le. It des
ribes some general properties of the tree. All is 
omponentsare mandatory. The �eld # PERIODS tells the last time index 
overed by the tree (so there is one time periodmore, namely time period with index 0). The �eld # NODES gives the information how many NODE se
tions arein the �le.The �eld FIRST NODES gives a list of the lowest node numbers for ea
h time index (ex
luding time index0). Nodes have to be numbered starting from number 1 for root node (time index 0), as
ending, nodes withgreater time index have to be assigned greater numbers than nodes with lower time index. The example ofproper node numbering is given in Fig. 2.1.The �eld DIMENSION says the size of data ve
tor assigned to ea
h node. Ea
h dimension of this data ve
torhas its own label de
lared in the �eld LABELS.Se
tions LABEL are not mandatory. If given, they deliver mean value, varian
e, and trend of data subspa
edes
ribed by a given label.Se
tions NODE des
ribe a node of the tree. Node number has to be given a

ording to rules mentioned above.Node label 
ould be any string. The �eld VALUES gives ve
tor of values assigned to the node. Probability18



4. TREE DESCRIPTION FILE 19of attaining the node is de
lared in the �eld PROBABILITY. Two �elds: PREDECESSOR and SUCCESSORS areused to des
ribe the tree stru
ture and give prede
essor node number and su

essor nodes list, respe
tively.Prede
essor of root is 0, and su

essors of leaves are are denoted by 0, too.As an example a �le des
ribing the tree shown in Fig. 2.1 is given below. Ea
h node has a ve
tor of threeelements asso
iated to it.TREE: example# PERIODS: 2# NODES: 9FIRST NODES: 2 4DIMENSION: 3LABELS: Contra
t_1 Contra
t_2 Contra
t_3LABEL: Contra
t_1MEAN: 3.00000000VARIANCE: 1.00000000TREND: 0.000000000LABEL: Contra
t_2MEAN: 3.00000000VARIANCE: 1.00000000TREND: 1.00000000LABEL: Contra
t_3MEAN: 5.00000000VARIANCE: 1.00000000TREND: -1.00000000NODE: 1NODELABEL: L00000001VALUES: 3.00000000 3.00000000 5.00000000PROBABILITY: 1.00000000PREDECESSOR: 0SUCCESSORS: 2 3NODE: 2NODELABEL: L00000002VALUES: 2.00000000 3.00000000 3.00000000PROBABILITY: 0.500000000PREDECESSOR: 1SUCCESSORS: 4 5 6NODE: 3NODELABEL: L00000003VALUES: 4.00000000 5.00000000 5.00000000PROBABILITY: 0.500000000PREDECESSOR: 1SUCCESSORS: 7 8 9NODE: 4NODELABEL: L00000004VALUES: 1.00000000 3.00000000 1.00000000PROBABILITY: 0.166666666PREDECESSOR: 2SUCCESSORS: 0



4. TREE DESCRIPTION FILE 20NODE: 5NODELABEL: L00000005VALUES: 2.00000000 3.00000000 2.00000000PROBABILITY: 0.166666666PREDECESSOR: 2SUCCESSORS: 0NODE: 6NODELABEL: L00000006VALUES: 3.00000000 4.00000000 3.00000000PROBABILITY: 0.166666666PREDECESSOR: 2SUCCESSORS: 0NODE: 7NODELABEL: L00000007VALUES: 3.00000000 5.00000000 3.00000000PROBABILITY: 0.166666666PREDECESSOR: 3SUCCESSORS: 0NODE: 8NODELABEL: L00000008VALUES: 4.00000000 6.00000000 4.00000000PROBABILITY: 0.166666666PREDECESSOR: 3SUCCESSORS: 0NODE: 9NODELABEL: L00000009VALUES: 5.00000000 7.00000000 5.00000000PROBABILITY: 0.166666666PREDECESSOR: 3SUCCESSORS: 0



Chapter 5Output �le
5.1 MPS �le format des
ription5.1.1 Row namesEa
h row name 
onsists of eight 
hara
ters. First two identify a 
onstraint and the remaining six are zero oridentify a node for whi
h this 
onstraint was generated. Details are des
ribed in Table 5.1.row name des
riptionG0 000000 goal fun
tion (2.7) 
oeÆ
ientsG1 000000 equation (2.8)G2 n equation (2.9) for node n01 n equation (2.1)02 n equation (2.3)03 n equation (2.4)04 n equation (2.2) for 
ontra
t 1... ... equation (2.2) for 
ontra
t jJ + 3 n equation (2.2) for 
ontra
t Jk + J + 3 n 
onstraints de�ned in 
onstraints se
tionTable 5.1: Row names5.1.2 Column namesEa
h 
olumn name 
onsists of eight digits. First two identify a variable and the remaining six are zero or denotea node in whi
h this variable is used. Variable identi�ers are des
ribed in 
omments in MPS �le generated.

21



Chapter 6Program invo
ationThe name of the tool program is modtool. It takes the following parameters:-f �le name takes �le name and produ
es an MPS �le-h displays help

22
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