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Abstract

We present a scheme to generate clusters submodels withcstdering from a (symmetric or a
nonsymmetric one) multistage stochastic mixed integenopation model using break stage. We
consider a stochastic model in compact representation &8 fdrmat with a known scenario tree.
The cluster submodels are built by storing first the 0-1 thiabes, stage by stage, and then the
continuous ones, also stage by stage. A C++ experimentalltagibeen implemented for reordering
the stochastic model as well as the cluster decomposittenthie relaxation of the non-anticipativiy
constraints until the so-called breakstage. The compmunatiexperience shows better performance
of the stage ordering in terms of elapsed time in a randonmgged testbed of multistage stochastic
mixed integer problems.

Keywords: Stochastic Optimization, Scenario Cluster PartitionBiggak Stage, C++, MPS.

*This research has been partially supported by the projeTtd2012-31514 from the Spanish Ministry of Economy and
Competitiveness, Grupo de Investigacion IT-567-13 of tasddie Government, UFI BETS 2011 of the University of Basque
Country (UPV/EHU), Spain, and Programa Iberoamericanoidada y Tecnologia para el Desarrollo (CYTED 2011). The
computational resources were provided by SGI/1ZO-SGlkelrRV/EHU (supported by the Spanish Ministry of Educatiod an
Science and the European Social Fund).



1 Introduction

Let us consider the following multistage deterministic edx0-1 model

min 'y agx + Gy
teJ

st. Aixg +Biy1 =bg 1)
AX_1+Ax+By1+By=b Vvte.7 {1}

X € {07 1}[’]&7 Yt S RJrﬂy[’

where.7 is the set of stages, such that= |.7 |, x andy; are thenx andny dimensional vectors of the
0-1 and continuous variables, respectivalyandc; are the vectors of the objective function coefficients,
A, A, Bl andB; are the constraint matrices ahgdis the right-hand-side vectorh(s) for staget.

This model can be extended to consider uncertainty in sontkeomain parameters, in our case,
the objective functionrhs and the constraint matrix coefficients. To introduce theeutainty in the
parameters, we use a scenario analysis approach.

Definition 1 A scenario consists of a realization of all the random parameters instdiges, that is, a
path through the scenario tree.

t=1 t=2 t=3 t=4
x5, y5  scenario w=1

®

e X2, y2  scenario w=2
@ X3,y  scenario w=3
@ X3, ¥4  scenario w=4
@ X3, y3  scenario w=5
@ X8, y§  scenario w=6
(19

7 7 i0 o=
Xy, ¥4 scenario w=7

x8,y8  scenario w=8

Figure 1: Symmetric scenario tree. lllustrative example.

So,Q will denote the set of scenariom, € Q will represent a specific scenario, see Fidgure 1\afid
will denote the likelihood or probability assigned by thedeter to scenariov, such thaty ,,cqw® = 1.
We say that two scenarios belong to the same group in a giage grovided that they have the same re-
alizations of the uncertain parameters up to the stageowiolf thenonanticipativity principlestated in
[Wets, 197% and restated ifiRockafellar and Wets, 1991see alsdBirge and Louveaux, 2011among
many others, both scenarios should have the same valuecfoeldited variables with the time index up
to the given stage.



Let also¥ denote the set of scenario groups (i.e., nodes in the uridgricenario tree), an@;
denote the subset of scenario groups that belong to stagé, such that? = Uic 7%. Qg denotes the
set of scenarios for group g, fore 4. Note that the scenario group concept corresponds to the nod
concept in the underlying scenario tree. Note that we willsitber the order of scenario groups by stages.

If we consider thesplitting variablerepresentation of the DEM of the full recourse stochastisiee
related to the multistage deterministic problém (1) canXpeessed as follows,

Zpem = min Y w? (8% + c’y)
weQtey
st. Alxi*’—i-Blyf =b; VweQ
AOXD |+ AXP + BIOYP |+ BOY® =bP Vwe Q, t > 2
X0 — X — 0V, € Qy: w# W, ge%, t<T—1
YOy —O0Vw,w €Qy: w4 W, ge%, t<T—1
X € {0,1}™ Yy e R*™ VweQ, te 7.

Following the nonanticipativity principle cited abovegthorresponding equalities must be satisfied for
staget,

()

A;w:A;w” AthAtw/, B;w: B;oo’7 Btw: Btw’7 btw:btw’ﬁ{w:a{w”qw:qw" (3)
Vo, €Qgiw#w,0e%, 2<t<T-1.

Observe that for a given stag,eA;‘*’ andAP are the technology and recourse matrices foxthariables
andB,” andB® are the corresponding ones for theariables. Notice thak® —x* = 0 andy® — y* =

0 are the NAC. Finallynx” and ny® denote the dimensions of the vectors of thandy variables,
respectively, related to stajeinder scenariov.

And the compact representation of the previous model islks\®,

pem=min H w? y (a%+chr)
weQ geN®
s.t. A9x09) 1 AIS + B9yOO) L B —h  VYgec¥ )
X9 € {0,1}™ 9 c RtV Vge ¥,
whereN® is the set of ancestor groups of scenandincluding itself) in the scenario tree that is used
for representing the random and decision variables¢far Q. Additionally, o(g) is the scenario group
related to the immediate ancestor group of grgupuch thaio (g) € % g)—1, for g € 4 — %, wheret(g)
is the stage from sef” to which groupg belongs to, such thate ¢ ;). Additionally, x3 andy? represent
the replicas of thet andy variables for scenario group respectivelya® andc?® are the related objective
function vector coefficients for the 0-1 and continuous alales, respectivelyy9, A9, B'9 andB9 are the
constraint matrices, arfe? is the right-hand-side vector (rhs) for scenario grguprhereg € 4.

The scenario tree information given in Figlile 1 can also peesented and managed by using the
vectorZ given in the following definition.

Definition 2 A generalscenario tree compact notation can be uniquely defined9y= (r(g) : g€
UtT;f%), where (g) € N is the number of branches arising from the stagg of group g, to the next
stage tg) + 1. That is,

t=1 t=2 t=3 t=T-1
X = (f-ﬂg\ﬂ ‘ fo1, 22, ..., I'21%,| ‘ f31, 32, ..., I3 “ fT—l,la r-12, ..., rT—17|E¢T,1|)7




where the number of groups for stagé4;|, corresponds to the sum of branches of the previous stage:

g
AI=1 [l = 3 ST

For the example given in section 1.2 of the b§Bkge and Louveaux, 201 1the scenario tree shown
in Figure[1 can be defined by? = (222|222 2. The set of scenarios @ = {1,2,...,8}, and the
subsets of scenario groups &e= {1}, % = {2, 3}, %3 ={4,5,6,7}, ¥4 = {8,9,...,15} and¥ =
Ug_1%. Finally, the scenarios in each grogpare:Q; = {1,...,8}, Q, = {1,2,3,4}, Q3 = {5,6,7,8},
Q4= {1,2}, Qs = {3,4}, Qs = {56}, Q7 = {78}, Qg = {1}, Qo= {2}, ..., Q15 = {8}.

Definition 3 A symmeltric tree is a tree where the number of branches is the same for all tondi
distributions in the same stage, that is, the number of dreaa@rising from any scenario group at each
stage t to the next one is the same for all group&im; =r¢j, Vi# j, 1 <i,j <|%|, t<T -1

In general, for any multi-stage stochastic problem witktages andQ| scenarios, the information
about until what stage the scenario submodels have comnfiormiation, and when the NAC must be
explicit, is saved in the subsets andQg, g € %, t < T, i.e., in the scenario tre& or, alternatively, in
thescenario tree matrixdefined below.

Definition 4 Thescenario tree matrix, ST € .Z|q|«|«|, iS @ matrix where the corresponding value for
the pair (w,g) gives the related stage t, such that

t, ifweQgandge %
0, otherwise.

ST(w,g) = { ©))

Notice that the scenario tree matrix reproduces the streigiven by the scenario tre@ . This
matrix has been built by using the s€dg and¥, i.e., the scenario tre&, but these sets can be also
generated from the matrix. For each sthge.7, we can obtain the set of scenario groups in such stage,
%, as the column of the positigaw, g), for which the corresponding element in the scenario treiixna
is equal tot; then% = {ge ¢ | Jwe Q: ST(w,g) =t}. See also that the set of scenarios related to
groupgis Qg = {w € Q | ST(w,g) # 0}. For our example, the scenario tree mat8X,(w, g), is given

in ).

ST(w,g) = (6)
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We will decompose the scenario tree into a subset of scenlrsters subtrees, each one for a sce-
nario cluster in the set denotedés= {1, ...,C} with C = |%’|, see below the reason for it. L&F denote
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the set of scenarios that belongs to clustevherec € ¥ andy$_; |Q°| = |Q|. Itis clear that the criterion
for scenario clustering is instance dependent. In any casiee thatQ°NQ® =0,c,c =1,...,C:c£¢
andQ = US_,QC. Let also¥© C ¢ denote the set of scenario groups for clustesuch thaq N Q° + 0
means thag € ¥°, and let¥4° = 4% N¥° denote the set of scenario groups for cluster ¢ in stage
te 7.

We propose to choose the number of scenario cluStassany value from the subs&t= {|4|,|%|,...,|%r|}.
As we will see below, the paramet€rwill be associated with the number of stages with explicitQNA
between scenario clusters.

2 lllustrative stochastic example in MPS format

Let us consider the illustrative example of financial plaignand control given in section 1.2 of the book
[Birge and Louveaux, 2011As it is explained in the book, there are 55 thousand doltaisvest in any

of .# = {1,2} investments. Afte — 1 = 3 investment periods, we will have a wealth that we would
like to have a exceed a tuition goal of 80 thousand dollars.sUpose that exceeding the goal would
be equivalent to our having an income of 1% of the excess wittemeeting the goal would lead to
borrowing for a cost 4% of the amount short. The major una#stan this model is the return on each
investment within each period. The decisions of investments are thevariables, wheré € .# and

t <T —1, the deficit or shortage is denoteg, and the excess or surplus variablers, see Figurél2.

t=1 t=2 t=3 t=4
) O O
Q\ (1155 1.13) T’ (1155113 x (1156 1.13) J
(Y11, Y12) (Y21, ¥22) (Ya1,Y32) (Va1,Ya2)

Figure 2: Deterministic problem

If we consider the expected returns (1.155, 1.13), we canutate the deterministic model as fol-
lows:

maxz = Ya1— 442
S.t. Yi1+Y21 =955
—1.155/11—113y12 +Y21+Y22=0 7)
—1.155/21 - 1.13y22 +Y31+Y32=0

1.155/31 +1.13y3> —Ya1+Ys2 =80
yti207Vi€j7t§T_17 Y41aY4220

To explain this technique we consider a full model with a syetm scenario tree of 2 branches in
each stage, being” | = 4 the number of stages, that is, wjfB| = 8 scenarios. The multistage stochastic
problem can be formulated in compact representation asisll



maxz = 22:1 %(yfl —4ys)
s.t. y%l +y%2 —55

—1.257, — 1141, +Y5,+Y53=0
—1.06y3; — 111, +y3,+Y3,=0

—1.25y5; — 1145, +y5+y3,=0
—~1.06y}; —1.12y3, +y3,+y3,=0
—125/5, —1.14y3, +Y3,+Y3,=0
~1.06y3, ~ 1123, +y};+Yy5,=0

1253 +1.14y3, —Yj1+Ys =80
1.06y3; + 1123, —Yi;+ Vi, =80
125y +1.14y3, —y3;+Ys, =80
1.06y3+ 1123, —Y4;+Ys,=80
1253 +1.14y3, —Ya;+Y3,=80
1.06y3; +1.123, —Y3;+Y3, =80
125y} +1.14y5, —Ya;+Ys, =80
1.06y5 +1.12y5, —y8, +Y8, =80

YW>0, Vi=12te J,weQ

(8)

This problem can be represented with MPS format as follows:



I
1| vame
‘nuws
3| v oBJROW
‘ E R0000000
5] E Rroooooo1
E R0000002
7] E R0000003
E R0000004
9] E R0000005
E R0000006
11| & =roooooo07
E R0000008
13| E Rr0000009
E R0000010
15| & Rrooooo11
E R0000012
17| & R0000013
E R0000014
19| corumns
‘ €0000000
21 €0000001
‘ 0000002
23 €0000003
‘ €0000004
25 €0000005
‘ €0000006
27 €0000007
‘ €0000008
29 €0000009
€0000010
31 €0000011
€0000012
33 €0000013
0000014
35 €0000015
0000016
37 €0000016
0000017
39 £0000017
‘ 0000018
41 £0000018
‘ €0000019
43 €0000019
‘ €0000020
45 €0000020
‘ €0000021
47 €0000021
€0000022
49 €0000022
€0000023
51 €0000023
0000024
53 £0000024
€0000025
55 £0000025
0000026
57 £0000026
‘ €0000027
59 €0000027
‘ 0000028
61 £0000028
‘ €0000029
63 €0000029
‘nns
65 RHS
‘ RHS
67 RHS
‘ RHS
69 RHS
‘ RHS
71 RHS
‘ RHS

73|ENDATA

TOTAL

0BJROW
0BJROW
0BJROW
0BJROW
0BJROW
0BJROW
0BJROW
0BJROW
0BJROW
0BJROW
0BJROW
0BJROW
0BJROW
0BJROW
0BJROW
0BJROW
R0000000
R0000002
R0000001
R0000004
R0000002
R0000006
R0000003
R0000008
R0000004
R0000010
R0000005
R0000012
R0000006
R0000014
R0000000
R0000002
R0000001
R0000004
R0000002
R0000006
R0000003
R0000008
R0000004
R0000010
R0000005
R0000012
R0000006
R0000014

R0000000
R0000001
R0000003
R0000005
R0000007
R0000009
R0O000011
R0000013

o oo oo oo ©

-1

1

.125
.125
.125

125

.125
.125
.125

125

oo oo oo

-06

-06

.06

.06

.06

.06

.12

.12

R0000007
R0000008
R0000009
R0000010
R0000011
R0000012
R0000013
R0000014
R0000007
R0000008
R0000009
R0000010
R0000011

R0000012

R0000013

R0000014

R0000001

R0000003

R0000005

R0000007

R0000009

R0000011

R0000013

R0000001

R0000003

R0000005

R0000007

R0000009

R0O000011

R0000013

R0000002
R0000004
R0000006
R0000008
R0000010
R0000012
R0000014

-1.14

-1.14

-1.14

80.
80.
80.
80.

Total.mps (8)
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3 Basic requeriments

For the aim of obtaining the scenario clustering partitios following two files are needed:

e Total.mps, a (Symmetric or not) multistage stochastic mixed integdingization model in com-
pact representation without cross-scenario constraint$HS format and

e inputData.dat, a input file with the following information:

1.

L

t*, break stage

T, number of stages

(% )te 7, number of scenario groups for each stage7

Z, number of branches along the scenario tree (symmetrictporaered by scenario group
(n%)te.7, number of 0-1 variables by stage (number of variables insaeyario group)

(N )te.7, Nnumber of continuous variables by stage (number of vasabl any scenario

group)

(W?)weq, the vector of likelihood for scenarios; if all scenariovéshe same probability of
occurrence, 0 value appears in the corresponding line.

o(x,y), order of variables. Firstly 0-1 and then continuous; inheeariable type ordered by
stage; in each stage ordered by scenario group. If the atigindering in the MPS file is the
expected one, 0 value appears.

N O N

2 2 2 2
18 25
20 27 21 28 22 29
1 9 2 10 3 11 4 12 5 13 6 14 7 15

inputData.dat

The first data is the initial decision number of break stage; 1 and consequently, the number of
submodel€ = |%4-1| = 2. The number of stagesTs= 4 and there ar&;| = 1, |%| = 2, |43| = 4 and
|94| = 8 scenario groups. The tree associated with the figure 1 hasn2h®es in each scenario group
geEU%U... % _1. Notice thatnx or ny is the same number of 0-1 or continuous variables for each
scenario group of the same stage; for example, in stag&there arénxs, nys) = (0,2) variables in each
scenario groug € ¥ = {4,5,6,7}; so, in the third stage there are no 0-1 variables and 8 amim
variables. The likelihood for each scenatine Q is w® = Iﬁl\ = 0.125. Finally, the variables in the

Total.mps file appear in the following ordeg;,¥ai, - - -, Ya1, Vi Yan, - - » Yoo Va1, Ya1, Yo, Va1, Yar: Va1, Va1
Vi, Y32, Y50, Va0, Yaos ¥Y30s V4o, While the wanted order in Output.mps fileyik;, v, for the first stage (in

blue),y;, Y35, Y51, Y5, for the second stage (in greegy, ya,, Va1, Yoz Ya1, Y30, Y41, Y5, fOr the third stage
(in red) andy;;, Vi, Y1, Y20 - - -, o1, Y8, for the fourth stage (in black), see Total.mps, inputDatbathd
Figure[3.



1 1
Yau  Ya2
CO0 Co08
2
Va1 Va2
co1 Co09
TR co2 C10
C17 C24
Vi Vi
c03 Ci11
L Yoo Vaz
Y1 Y12 Cco4 C12
C16 C23
Yo Ve
Co5 Ci13
7 7
V3 ¥ Yar  Ya2
21 22 Co6 Ci14
C18 (C25
Vi Ya
C07 Ci5

c22 C29

Figure 3: Variables stage ordering

4 Scenario Cluster Partitioning

The aim is to break this problem in scenario submodels atupid the selected break stage and create
the corresponding mps cluster models and full modkl (8) rediéy stages. About scenario cluster
partitioning, sedEscudercet al, 2010a[ Escuderet al,, 2010b{ Escuderet al, 2017.

Definition 5 A break staget* is a stage t such that the number of scenario clusters4s|@- . 1|, where
t*+ 1€ 7. In this case, any cluster€ % is induced by a group g %-.1 and contains all scenarios
belonging to that group, i.eQ°® = Qg.

Definition 6 Thescenario clustemodels are those that result from the relaxation of the NAL some
break stage’tin model [2), called*t-decomposition.

Recall that the choice dff = 0 corresponds to the full model amtl= T — 1 corresponds to the
scenario partitioning.

Definition 7 Thecluster tree matrix associated with the't-decomposition, C'T € Mcyo|, IS a matrix
where the corresponding value for the p&p, g) gives the related stage t, such that

. t, ifge¥P
CT'(p.g) = e ©)
0, otherwise.

Notice that%” = % NP, is the set of scenario groups for clustet ¢ in staget € .7.

Once decided the break stadé, the corresponding cluster partition is given, and itscétme is
defined by the related cluster tree matrix.



Notice that the subsefP and% and, consequentl%p can be obtained from the cluster tree matrix
given above. For each clusterc ¢ (i.e. c—row in matrix CT"), the set of scenario groupgP can
be obtained as the set of columns in thecluster tree matrix with a nonzero element, i%¢,= {g €
¢ | CT"(c,g) # 0}. Similarly, the set4 of scenario groups in each stage .7 can be obtained as
%4 ={ge¥|3cec¥: CT (c,g) =t}.

In the illustrative example depicted in Figure 1, three sasan be considered for generating @e
cluster submodels whef@ can be chosen from the set of valug®s|, 4|, |%|} = {2,4,8}. We can
consider the break stagé= 1 and then%| = 2 cluster submodels are obtained (the nonanticipativity
constraints have been relaxed for the first stage), the ataglet* = 2 (the NAC have been relaxed for
the first and second stages) and thi€h= 4 cluster submodels are obtained or the break stage3 (all
the NAC have been relaxed) and thef| = 8 cluster or scenario submodels are obtained, see Higure 4.

Figure 4: Scenario cluster partitioning, fisr= 1 (left), t* = 2 (central) and* = 3 (right)

The algorithm is detailed in fileainmps. cpp, seqd Appendix A. A scheme of the procedure is de-
tailed in Algorithm[1:

10



Step 1: Input file: read full modeTotal.mps with original variable order
Input data: read*, T, %, Z, Ny, Ny, W 0(X,Y).
Step 2: Calculate additional vectors.
Step 3: Reorder objective function coefficierasandb
Reorder columns of constraints matric€sA, B', andB
Reorder bounds of the continuous variabtemdy according to the order of variables vector.
Step 4: Generate the stage ordered full mo@eltput.mps.
Step 5: Link full model variables with the corresponding clusteingsthe cluster tree matrix.
Step 6: Link rows to clusters. By default all are assigned.
For i = 0 to nelementslo.
For j = 0 toC cluster submodedo.
If Column of element does not belong to Clustgrthen.
Unlink row of element from Cluster;j.
Step 7: Renumber cluster rows.
Reorder the right-hand-side vector.
Renumber the element vector and update corresponding cx.in
Step 8: Generate stage order@usterc.mpsfiles

Algorithm 1: mainmps.cpp scheme

Case 1 Let the break stage’ = 1, then there ar€ = 4| = 2 clusters, see left decomposition
in Figure[3 and, then, two subsets of scenario groupsiéday {1,2,4,5,8,9,10,11} and¥? =
{1,3,6,7,12,13,14 15}, where the scenarios in each set@fe= {1,2, 3,4} andQ? = {5,6,7,8}.

The 1-cluster tree matrix is given in_(10).
1/2 0/3 3 00/4 4440000
1 —
CT(p’g)_<1‘o 2‘0033‘0000444 > (10)

The|%'| = 2 cluster submodels obtained for the break stage 1, (I11) and[(IR) are:

maxz =31 5(Vi— 4Y)
s.t. i, +Yi, =55

—1.25y} — 1141, +yl 4y, =0
—l.25y%1 - 1.14y%2 Y5 +yh=0
—1.06y3; — 1123, +Y3,+Y3,=0 (11)
1255 + 114y, —Yi;+Yip =80
1.06y}, +1.12y3, —Ya,+Yz, =80
1253, +1.14y5, —V3, +Y3, = 80
1.06)/%14- 1-12}’32 - 41—1-)/12 =380

YW>0Vi=12te 7, weQ,

11



maxz =3¢ s5(Yi — 45
s.t. Yi1+Yi» =55
~1.06y}, — 112, +y3,+y3,=0
—1.258, — 11458, +y8,+y2,=0
~1.06y3, — 1123, +Y§+yh,=0 (12)

1253, +114y3, —y3,+Y3, =80
1.06y3 +1.123, —y5, +y5,=80
1.25y4; +1.14ys, —Yj1+ Y4 =80
1.06y4, +1.12y5, —y5, +y5, =80

yW>0Vvi=12 teJ,weQs

The corresponding submodels for break steige 1 in MPS format are i Appendix|B.

e Case 2 Letthe break stagé = 2, then there ar€ = | 43| = 4 clusters, see central decomposition in
Figure[4 and, then, four subsets of scenario groupsday {1,2,4,8,9}, ¥? = {1,2,5,10,11},
43 = {1,3,6,12,13}, and¥* = {1,3,7,12,14,15}, where the scenarios in each set &&=
{1,2}, Q%= {3,4}, Q3= {5,6} andQ?* = {7,8}.

The 2-cluster tree matrix is given in_(13).

12 0|3 0 0 0|4 4 000 O0OO0ODO
12 0|0 3 0 0|0 0 4 4 00O00O
2 _
CT(P9=| 110 210 0 3000004400 (13)
1/{0 2/0 0 0 30 0 O OO O 4 4
The|¢'| = 4 cluster submodels obtained for the break stage 2, (14)-[17) are:
maxz; = S 5(Y — 4y
s.t. i +Yi, =55
—1.25y1 — 114y}, +Y5+Y5,=0
—1.25y5 — 1145, +y3+y3,=0 (14)
12508 + 1144 —yl +yl =80
1.06y5, + 1125, —Yi1+Yi,=80
YW>0Vi=12te. 7, weQy
maxzg = 3o-3g(yi— V)
s.t. Y11+ Vi, =55
—1.25y1 — 114y}, +Y51+Y5=0
~1.06y3; — 1125, +Y3,+Y3,=0 (15)

1.25y3, +1.14y3, —y3,+Yy3, =80
1.06y3; + 1125, —Yi;+Yip =80
yW>0Vi=12teJ, weQs

12



S.t.

maxz
S.t.

The corresponding submodels for break stige 2 in MPS format are in Appendix|C, notice that

= Y53 (Vi — 4V
Y1 +Yip = 55
—1.06y;, — 112y,
—1.25y3, — 1.14y3,
1.25y3, + 1.14y3,
1.06y3, +1.12y3,

y@ >0,Vi=12,

=Yo7 é‘ll;(yfl n 4ya2)
Y11 +Yiz2 =95
—1.06yy, — 112y,
1063, — 1125,
1.25y%, + 1.14yL,
1.06y%, + 1127,

Yo > 0,¥i=1,2,

+Y3,+Y5,=0
+Y31 Y3, =0
~Ya1+ Y3, = 80
—Ya1+Y5, =80
te 7,we Qg

(16)

+Y31+Y3, =0
+Y§1+Y5 =0
~Yj1+ Vi =80
—Y31+ Y3, =80
te 7,we Qy

(17)

the first line of inputData.dat file must be updated to 2.

e Case 3 Let the break stage = 3, then there ar€ = |%,| = 8 clusters, see right decomposition

in Figure[4 and, then, seven sets of scenario groups¥3ay {1,2,4,8}, 92 = {1,2,4,9}, 43 =
{1,2,5,10}, ¥* = {1,2,5,11}, 9°> = {1,3,6,12}, ¥® = {1,3,6,13}, ¥’ = {1,3,7,14} and¥® =
{1,3,7,15}, and seven sets of scenari@: = {1}, Q%> = {2}, ..., andQ’ = {7}.

Notice that the 3-cluster tree mat@xr2 is ST, seel(B).
The|¢'| = 8 cluster or scenario submodels obtained for the break stag8, (18)-[25) are:

1
maxz;
S.t.

maxz3
S.t.

maxz3

=S o-150V51 — YD)
Yi3+Yiz = 55

—1.25y}, — L.14y1,
—1.25y3, —1.14y},
1.25y3, + 1.14y3,
yW>0vi=12te .7,

= S w-25(Yi — YD)
Yi; +Yip = 55

—1.25y}, — 1.14y1,
—1.25y3, — L.14y3,
1.06y3, + 1.12y3,
y>0vi=12te .7,

= S35 (a1~ W)
Yi; +Yip = 55

—1.25y}, — 1.14y1,
—1.06y7, — 1.12y5,
1.25y3, + 1.14y3,
yO>0Vi=12te 7,

13

+Y51+Y3,=0
+Y31+Y3,=0
—Yi1+ Yip = 80
w € Qg

(18)

+Y31+Y5,=0
+Y31+ Y3, =0
—Y31+ Y45, =80
w € Qg

(19)

+Y51+Y3,=0
+Y31+Y3.=0
—Ya1+ Vs, =80
w € Qo

(20)



mang = w4 %(Yfl - 4}’2)2)
s.t. Y11+ Vi, =55
—1.25y}, — 1.14y1,

+Y31+Y5,=0

—1.06y3, — 1125, +Y3;+¥3,=0 @D
1.06y3; + 1125, —Yi1+Yip =80
yﬁ’zO,Vi =12te7, weQn
maxz =735 % (Va1 — 4ya2)
s.t. Yi1+Yi, =55
—1.06y;; — 112y, +Y3;+Y3,=0 (22)
—1.25/5, — 1143, +y5,+Y3, =0
1.25y3, +1.14y3, —y3,+Y5, =80
YW>0Vi=12 teJ,weQi
maxzy =3 e 63(Y5— 45
s.t. Yi1+Yi, =55
—1.06y; — 1121, +Y3,+Y3,=0 (23)
—1.25y3, —1.14y3, +y3,+3,=0
1.06y3, + 1125, —y§;+Y5,=80
YW>0Vi=12 teJ,we Q3
maxzi =3 .,_75(Y5— 45
S.t. y%l‘i’y%z =55
—1.06y;; — 1121, +Y3;+Y3,=0 (24)
~1.06y3, — 1.12y3, +yi, +y5 =0
125y, +1.14y%, —Vi;+Yi, =80
YW>0Vi=12 teJ,weQu
maxzd =3, g3(Yi—4Y5)
S.t. y%l‘i’y%z =55
—1.06y}; — 1121, +Y3+Y3,=0 (25)
~1.06y3, — 1123, +yh +yh,=0
1.06y5, +1.12y%, —Vy; +Y4, =80
YW>0Vi=12 teJ,weQis

The corresponding submodels for break stzige 3 in MPS format are ip Appendix|D, notice that
the first line of inputData.dat file must be updated to 3.

TheC cluster submodels can be executed in parallel as explam#ddasoroet al, 2017.
And the full model[(8) in MPS format but ordered as previowstplained can be shown[in Appendik E.
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5 Computational experience

The proposed main program has been implemented in a C++imgeal code. The computational
experiments were conducted at the ARINA computationaltetusrovided by the SGI/IZO-SGlker at
the UPV/EHU. ARINA provides 1400 cores divided as follows:12 xeon cores, 248 Itanium2 cores
and 40 opteron cores. All calculation nodes are connecteuh igfiniband network with high bandwidth
and low latency. For the present experiments the xeon x8érdtecture (Xeon Nehalem-EP E5520 @
2.27GHz) type nodes have been used, consisting on 8 cofe24viEb of RAM with an QDR infiniband
interconnection. Whereas for the calculation data storag®® Tb high performance file system based
on Lustre was used.

For testing the effect of stage ordering, we have computedithes for the testbed presented in
[Escudercet al, 2014 with COIN-OR V1.6.0, se¢COIN-OR, 2013} Pérez and Garin, 20Hhd IBM
ILOG CPLEX V12.5, sedIBM, 2013;/Pérez and Garin, 2CiL1

Tabled 1 shows the main execution times for CPLEX under CORleptimizer (first three columns)
and for plain use of CPLEX (last three columns) with MIP gad.ef— 6. The headings are as follows:
by groups the elapsed time when variables are ordered by scenanpgioy stagesthe elapsed time
when variables are ordered by stages swradio (%), saving ratio of the elapsed time in the comparison
of execution by stages with respect of execution by vargahtaminal order (in this testbed the original
order is by scenario groups).

Table 1: Order effect in execution time

Case CPLEX under COIN Plain use of CPLEX
by groups by stages sratip by groups by stages  sratip

P1 21 16 23.81 3 3 0

P2 1690 991 41.36 21 18 14.29

P3 — — — — — —

P4 — — — — — —

P5 3256 4767 -46.41 4 2 50.00

P6 4315 4160 3.59 3842 1603 58.28

P7 677 492 27.33 530 420 20.75

P8 — — — — — —

P9 — — — — — —
P10 12 8 33.33 187 102 45.45
P11 253 141 44.27 190 186 2.11
P12 17338 14435 16.74 — — —
P13 1277 739 42.13 2220 1203 45.81
P14 923 498 46.05 1678 1039 38.08

— : Time limit reached, 6h.

We can observe that the elapsed time is better in all the tageme in each case, P5 with CPLEX
under COIN-OR. The saving ratio is quite remarkable. Sontlaé program can be helpful in solving
large-scale mixed integer problems because of the advamtfigariables ordering and stage ordered
cluster partitioning.
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Appendix A Main cpp program

The main progranmainmps . cpp is detailed below (C++ keywords are showrbine and comments in
green.

/* 2013-06-28 mainmps.cpp

*

* A code for generating stage ordered full model and cluster submodels from
* multistage stochastic mixed integer optimization models using break stage.
¥ U. Aldasoro, M.A. Garii%n, M. Merino, G. PiL%rez.

*

* Input files: Total.mps, inputData.dat

* Qutput files: Qutput.mps, outputData.dat, Cluster .mps files

*/

#include "pm.h"
#include "itoa.h"

int ncols,nints ,k,j,i,t,nomega ,ng,nt,nper=0,nper_max=0,
nodes ,nrows ,nmodel ,sum,il,i2,g,w,ip,texpna,it,s,g0,gg,
in,nintsmax, ncolsmax,nelements,imod,breakstage;

double dens;

int main(int argc, char **argv){

/% K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K KK KK K ok ok ok ok oK oK oK oK oK K K K K K K K K K K K K K

Read MPS file
K oK K K K K K K K K K K K K K K K K K K K K K K K K K K Kk ok ok sk ok sk sk sk sk sk sk sk ok sk ok ok ok K K K K K K K K Rk R Rk Rk ok ok ok ok %/

OsiClpSolverInterface sollIN;
OsiClpSolverInterface sol0OUT;

solIN.readMps ("Total");
ofstream outputData ("outputData .dat");
nrows=solIN.getNumRows () ;
double *drowlow; drowlow=new double [nrows];

double *drowup; drowup=new double [nrows];

ncols=solIN.getNumCols () ;

double *dobj; dobj=new double[ncols];
double *dcollow; dcollow=new double[ncols];
double *dcolup; dcolup=new double[ncols];

const CoinPackedMatrix * A = solIN.getMatrixByRow();
const bool colordered = A->isColOrdered();

const int minor=A->getMinorDim();

const int major=A->getMajorDim();

const CoinBigIndex numels=A->getNumElements();

const double * elem = A->getElements ();

const int * ind = A->getIndices ();

const CoinBigIndex * start = A->getVectorStarts();
const int * len = A->getVectorLengths();

nelements=solIN.getNumElements () ;

nints=0;

for (j=0;j<ncols;j++) {
if (solIN.isInteger (j)==1) nints=nints+1;
dobj[jl=solIN.getObjCoefficients () [j];
dcollow[jl=solIN.getColLower () [j];
dcolup[jl=solIN.getColUpper () [jI;

}
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for (j=0;j<nrows;j++) {
drowlow [jl=solIN.getRowLower () [j];
drowup [j1=solIN.getRowUpper () [j];

}
outputData<<"\n Number of variables: "<<ncols;

outputData<<"\n Number of binary variables: "<<nints;
outputData<<"\n Number of continuous variables: "<<ncols-nints;
outputData<<"\n Number of constraints: "<<nrows;
outputData<<"\n Number of nonzero elements: "<<numels;
dens=(nelements *100.0) /((ncols * 1.0)*(1.0 * nrows));
outputData<<"\n Density: "<< dens<<"%\n";

/* % % %k %k %k %k %k %k % % %k %k % % % % % % % % % % % % % % % % % % % % 3% % % % % % % 5% % % % % %k %k % %k % % % % % % % % % % % % % ¥ ¥ ¥ ¥

Read the stochastic tree.
% % % % % % % K K K % K K K K K K K K K K K K K K K K K K K Kk ok ok ok ok ok ok ok ok ok ok ok ok ok K K K K K K K K Kk Kk Rk ok ok ok ok ok ok /

ifstream inputData ("inputData.dat");

int *nrowindx; nrowindx=new int [nelements];
int *mcolindx; mcolindx=new int[nelements];
outputData<<"\n Stored by rows ";
k=0;
for (i=0;i<nrows;i++) {
for (s=start[i];s<start[i+1];s++) {

mcolindx [k]l=ind [k];

nrowindx [k]=1i;

k=k+1;

int *order; order=new int[ncols];
int *orderINV orderINV=new int[ncols];
int *varstage varstage=new int[ncols];

inputData>>breakstage ;
inputData>>nt;

int *nrama; nrama=new int[nt];

int *nodes; nodes=new int[nt];

int *nodescum; nodescum=new int [nt];

int *tsuc; tsuc=new int[nt];

int *nummodel ; nummodel =new int [nt+1];

int *mingt; mingt=new int[nt+1];

int *numberofnodes; numberofnodes=new int[nt]; //number of nodes at each stage t in
total

int *ult; ult=new int[nt+1]; //last node g for each stage t in total

int *nints_t; nints_t=new int[nt+1];

int *ncont_t; ncont_t=new int[nt+1];

int **numberofvar = new intx*[2];

for(i=0;i<2;i++) numberofvar [i] = new int[nt];

for (t=0;t<nt;t++) inputData>>nodes[t];

nodescum [0]=1;
for(t=1;t<nt;t++) nodescum[t]l=nodescum[t-1]+nodes[t];
nmodel=nodes [breakstage];

int *nrasuc; nrasuc=new int[nodescum[nt-1]];

for(i=0;i<(nodescum[nt-1]);i++) nrasuc[i] = 1;

outputData<<"\n";

for(t=0;t<nodescum[nt-2];t++){
inputData>>nrasuc [t];
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outputData<<" "<<nrasuc[t];

}

for (t=0;t<nt;t++) inputData>>nints_t[t];
for (t=0;t<nt;t++) inputData>>ncont_t[t];

int *minwp; minwp=new int[nmodell];

int *maxwp; maxwp=new int[nmodell];

int *ngqp; ngqp=new int [nmodel]; //number of nodes in each cluster
int #*ncolswqp; ncolswgp=new int [nmodel];

int *nintswqp; nintswgp=new int [nmodell];

nomega=nodes [nt-1];
ng=nodescum [nt-1];

double *p; p=new double [nomegal; //weight for each scenario w (likelihood)
inputData>>p[0];

if (p[0]==0){
for (w=1; w<=nomega; w++) plw-11=1.0/(1.0*nomega) ;

Yelseq{
for (w=1; w<nomega; w++) inputData>>p[w];
¥
int *nwcum; nwcum=new int[ngl; //last scenario for each index in nrasuc
int *etapa; etapa=new int[ng+1]; //stage t of node g in total
int *minwg; minwg=new int[ng+1];
int *fin; fin=new int[ng+1]; //last binary variable for each node g in total
int *fincont; fincont=new int[ng+1]; //last continuous variable for each node g
in total
double *pesog; pesog=new double[ngl; //weight for each group g
int **scenariotree = new int*[nomegal;
for (i=0;i<nomega;i++) scenariotree[i] = new int[ng+1];
int **clustertree = new int*[nmodell];
for (i=0;i<nmodel;i++) clustertree[i] = new int[ng+1];
int **numberofnodesp = new intx*[nt]; //number of nodes at each stage t in clusters
for (i=0;i<nt;i++) numberofnodesp[i] = new int[nmodel];

double **pesop = new double*[nt]; //weight ratio for groups at stage t and cluster p
for (i=0;i<nt;i++) pesop[i] = new double [nmodel];

int **ultqp = new int*[nt+1]; //last node g for each stage t in clusters
for(i=0;i<(nt+1);i++) ultqp[i] = new int[nmodell;

int **xfinqp = new int*[ng+1]; //last binary variable for each node g in clusters
for (i=0;i<(ng+1) ;i++) finqp[i] = new int [nmodell];

int **xfinqcontp = new int*[ng+1]; //last continuous variable for each node g in
clusters

for (i=0;i<(ng+1) ;i++) finqcontp [i] = new int [nmodell];

int **invgrupo = new intx[ng+1]; //group of cluster submodel corresponds to group of
total model

for(i=0;i<(ng+1) ;i++) invgrupo[i] = new int[nmodell;

int **nrowsindex = new int*[nrows];

for (i=0;i<nrows;i++) nrowsindex[i] = new int[nmodel];

tsuc [0]=0; tsuc[1l]=1;

for(t=2;t<nt;t++){
for (i=nodescum[t-2];i<nodescum [t-1];i++)
tsuc[t]=nodescum [t-1];
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}

outputData<<"\n\n T="<<nt<<" 0Omega="<<nomega<<" G="<<ng<<" breakstage="<<breakstage <<"
g="<<nmodel <<" \n";

190 outputData<<"\n Number of leafs at each consecutive node \n";
for (i=0;i<ng-nomega;i++) outputData<<" "<<nrasuc[i];

outputData<<"\n Number of nodes at each stage \n";

for (t=0;t<nt;t++) outputData<<" "<<nodes[t];
195
outputData<<"\n Number of cummulated nodes at each stage \n";
for(t=0;t<nt;t++) outputData<<" "<<nodescum[t];
outputData<<"\n Index of nrasuc in which a new stage starts \n";
200 for (i=0;i<nt;i++) outputData<<" "<<tsuc[il;
outputData<<"\n Number of scenarios "<< nodes[nt-1];
outputData<<"\n Number of groups (tree nodes) "<<nodescum[nt-1];
205
//nwcum: last scenario for each index in nrasuc
for (i=0;i<ng;i++) nwcum[i]=0;
//t=T
for(i=tsuc[nt-1];i<ng;i++){
210 nwcum[i]l=nwcum[i-1]+nrasuc[i];
}
//t<T
for(t=nt-1;t>=1;t--){
il=tsuc[t-1];
215 i2=tsuc[t];
sum=0;
for(i=il;i<i2;i++){
sum=sum+nrasuc [i];
nwecum [i]l=nwcum[i2+sum-1];
220 }
¥
outputData<<"\n\n Last scenario for each index in nrasuc \n";
for (i=0;i<ng;i++) outputData<<" "<<nwcum[i];

2250 //ST(w,g)

outputData<<"\n\n Stage of node g at each scenario w (scenariotreematrix): ";

//g=0 g=1
for(i=0;i<nomega;i++){
230 scenariotree[i] [0]=0;
scenariotree[i][1]=1;
for(g=2;g<=ng;g++){
scenariotree[i][g]=0;
}
235

~

/

g= g=ng
=y

2;

r

H 0]
Ul

(t=2;t<=nt;t++){
240 for (w=1;w<=nomega;w++){
scenariotree[w-1][gl=t;
if (w==nwcum[i]) {

g=g+1;

i=i+1;
245 }

}
}

/% oKk ok ok ok ok ok ok K K K ok o K K ok ok K K oK sk K oK K ok ok o K K oK ok ok oK oK ok ok sk K K oK ok ok K K K K oK ok K K K K ok ok
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250, Print numberofvar and scenariotree
K K K K K K K K K K K K K K K K K K K K K K K K K K K K KKK K K K K K K ok kK KKK KK KKK KKK KK KKKk Kk ok ok kkk %/

for(t=0;t<nt;t++){
numberofvar [0]J[t]=nints_t [t]l*nodes[t];

255 numberofvar [1][t]l=ncont_t [t]l*nodes[t];
}
//n_x (%)
outputData<<"\n Number of binary variables at each stage : \n";
260 for(j=1;j<=nt;j++){
outputData<<" "<<numberofvar [0][j-1];
}
//n_y(t)
265 outputData<<"\n Number of continuous variables at each stage : \n";
for(j=1;j<=nt;j++){
outputData<<" "<<numberofvar [1][j-1];
}

270 //scencariotree ST(p,g)
outputData<<"\n Node ";
for(j=0;j<=ng;j++) outputData<<" "<<j;

for(i=0;i<nomega;i++){

275 outputData<<" \n w="<<i+l<<": ";
for(j=0;j<=ng;j++){
outputData<<" "<<scenariotreel[il[j];
}
}
280,

/% oKk ok ok ok ok ok ok K K K ok R K K oK K K K K ok K oK K ok ok K K K ok ok ok K oK oK ok ok sk K K K ok ok K K K K ok ok K K K K ok ok

Stage (etapa) and minimum scenario (minwg) for each group
s ok ok ok K o o oK KK K K K oK oK KK K K K oK KK K K K K oK K K K K K KK K K K KK K K K oK oK K R KK K K R KKK R KK KR Rk %/

285 // t(g) min_w(g)
etapa [0]=0;
minwg [0]1=0;
for (g=1;g<=ng;g++){
for (w=0;w<nomega;w++) {
290 if(scenariotreel[w][g]l != 0){
etapalgl=scenariotreel[w][gl;
minwg [gl=w;
w=nomega;

295 }
}
outputData<<"\n\n Grupo g: ";
for (g=0;g<=ng;g++) outputData<<" "<<g;
outputData<<"\n Etapa t: ";
300 for (g=0;g<=ng;g++) outputData<<" "<<etapalgl;

outputData<<"\n Min esc: H
for (g=0;g<=ng;g++) outputData<<" "<<minwgl[gl;

[ % ok okok ok ok ok ok ko ok ok ok ok ok ko ok ok ok ok ko ok ok ok Kok Kok ok ok ok ok Kok Kok ok ok ok ok sk ko ok ok ok ok ok ok Kok ok ok ok ok ok ok Kok ok ok ok
305/ Number of clusters and minimum group for each stage, break stage
minimum and maximum scenario for each cluster

ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk ok sk ok ok ok ok ok ko ok ok ok ok ok ok ok ok ok Kok Kok Kok ok ok Kok Kok ok sk ok Kok Kok kok ok kok ko /

nummodel [0]=0;
310| mingt[0]=0;mingt [1]=1;
for(t=1;t<=nt;t++){
nummodel [t]=0;
for(g=1;g<=ng;g++){
if (etapalgl==t) nummodel [t]=nummodel [t]+1;
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315 if(etapalgl==t+1) {
mingt [t+1]=g;
g=ng+1;
}
}
320 if (nummodel [t]==nmodel){
texpna=t-1;
for (ip=0;ip<nmodel;ip++){
minwp [ip]l=minwg[mingt [t]+ip];

if (ip != nmodel -1) maxwp[ip]l=minwg[mingt[t]+ip+1]-1;
325 else
maxwp [ip]=nomega -1;
}
}
}
330, outputData<<"\n\n Num clust q: ";
for(t=0;t<=nt;t++) outputData<<" "<<nummodel [t];

outputData<<"\n Min grupo g: ";

for (t=0;t<=nt;t++) outputData<<" "<<mingt[t];

outputData<<"\n Min-max w: ";

335 for (ip=0;ip<nmodel;ip++) outputData<<" "<<minwp[ip]<<"-"<<maxwpl[ip]l;

/% Kok ok ok ok ok ok ok ok ok oK K K oK K K K K K K K K K K K K K K K K K K K K K K K K ok ok ok ok ok ok ok ok ok ok ok ok ok ok K K K K K K K K K K K K K
Build the cluster tree matrix: clustertree
K K K K K K K K K K K K K K K K K K K K K K K K K K K K K KK K K Kk K K kK kKK KKK KK KKK KKK KKk kK k ok ok kkk %/

340
//CT(p,g) =clustertree: number of stage of group g in cluster p
for (ip=0; ip<nmodel;ip++){
clustertree [ip] [0]=0;
for (g=1;g<=ng;g++){
345 if (etapalg]l <= texpna+l)
clustertree [ip] [gl=scenariotree[minwp[ip]]l[g]l;
else
{
for (w=minwp [ip]l;w<=maxwp [ip]l;w++){
350 clustertree [ip] [g]=0;
if (scenariotree[w][g]l !'= 0){
clustertree [ip][gl=scenariotree[w][g];
w=maxwp [ip]l+1;
}
355 }
}
}
}
outputData<<"\n\n Cluster Tree Matrix: ";

360 outputData<<"\n\n Stage of node g at each cluster p : ";
outputData<<" \n Relation between total and cluster problems ";
outputData<<"\n clustertree (antiguo res7) ";
for (ip=0; ip<nmodel;ip++){

outputData<<"\n p="<<ip+1<<": ";
365 for (g=0;g<=ng;g++) outputData<<" "<<clustertree [ip][gl;
}

/* % 3 3k %k %k %k %k %k %k %k %k %k %k % % % % % % % % % % % % % % % % 3% 3% 3% 3% 3% % % % % 3% 3% 5% % % % % %k %k % % % % % % % % % % % % % % %k ¥ ¥ ¥

Number of nodes at stage t in total (numberofnodes) and clusters (numberofnodesp)
ST0| stk ko sk sk ok ok sk sk skokok ok ok sk sk ook ok ok ok s sk ok ok ok ok ok sk ok ok ok kR ok ok ko skok ks sk ok ok ok koK K R Rk ok ok Rk %/

// 1G_tl-1G_t-1]
for(it=0;it<nt;it++){
numberofnodes [it]=0;
375 for (g=1;g<=ng;g++){
for (ip=0; ip<nmodel;ip++){
if (clustertree [ip][gl==1it+1){
numberofnodes[it]=numberofnodes[it]+1;
ip=nmodel;
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}
}
}
}
/7 1G_t(p)Il-1G_t-1(p) |
for (it=0;it<nt;it++){
for (ip=0;ip<nmodel;ip++){
numberofnodesp[it] [ip]=0;
for(g=1;g<=ng;g++)
if (clustertree [ip]l[gl==it+1)
numberofnodesp[it][ip]l=numberofnodesp[it][ip]l+1;

}

}
outputData<<"\n\n Number of nodes at each stage t: ";
outputData<<"\n numberofnodes= ";
for (it=0;it<nt;it++) outputData<<" "<<numberofnodes[it];
for (ip=0; ip<nmodel;ip++){

outputData<<"\n p="<<ip+1<<": ";

for (it=0;it<nt;it++)

outputData<<" "<<numberofnodesp[it][ip];

¥

/% oKk ok kK ok ok ok K K K ok R K K oK ok K K oK kK K oK K ok ok K K K oK ok ok K K oK ok ok sk K K K oK ok K K K K oK ok K K K Kk ok

Last node g for each stage t in total (ult) and clusters (ultqgp)
s ook ok K o o oK KK K K K oK oK K K K K K oK oK K K K K K K K K K K K KK K K K KK K K K oK oK K R KK K K R KKK R KR KR Rk %/

// 1G_t|
ult [0]=0;
for (it=1;it<=nt;it++)
ult[it]=ult [it-1]+numberofnodes[it-1];

// 1G_t(p)I
for (ip=0; ip<nmodel;ip++){
ultqp [0][ip]l=0;
for (it=1;it<=nt;it++){
ultgqp[it][ip]l=ultqp[it-1][ip]l+numberofnodesp[it-1][ip];
}
}
outputData<<"\n\n Last node of each stage t :";
outputData<<"\n ult=";
for (j=0;j<=nt;j++)
outputData<<" "<<ult[j];

outputData<<"\n ultgp= ";
for (j=0;j<nmodel;j++){
outputData<<"\n p="<<j+1<<": ";

for (i=0;i<=nt;i++)
outputData<<" "<<ultqp[il[j];

/% ok ok ks sk skok ok ok ok sk sk ok ok ok ok ks sk ok ok ok ko sk ok ok ok K s ok sk ok ko sk ok sk ok sk ok ok ks ok ok ok ok sk ok ok ok ok ok ok ok ok ok ok
Number of nodes in clusters (ngqp)
s sk ok ok ok ok s ok sk ok ok ok sk sk sk ok ok ok ok o sk sk ok ok ok ok s ok ok ok ke sk ok ok kK sk sk ok ok Kk sk sk ok ok sk ok ok ok Rk K R Rk ok ok Rk ok /

/7 1G(p) |

outputData<<"\n\n ngqp=";

for (ip=0;ip<nmodel;ip++){
ngqplipl=0;
for (it=0;it<nt;it++){
ngqplipl=ngqp[ip]l+numberofnodesp[it] [ip];
}

outputData<<"\n p="<<ip+1<<" cluster has "<<ngqp[ip]<<" nodes";

}
outputData<<"\n\n Explicit NA until stage "<<texpna;
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J% KR K KK K KKK KK K KK K KKK KR KK K KK K KK K KK K KK K KK K KK K K K K KK K KK K KK K KK K K K K K

Last binary variable for node g in total (fin) and clusters (fingp)

Last continuous variable for node g in total (fincont) and clusters (finqcontp)
K K KK K K KK K KK K KK K K KR KK K KK K KK K KKK KKK KK KKK R KK KKK KKK KKK KK KRR KRR KRk Kk %/

for (g=0;g<=ng;g++){
for (ip=0;ip<nmodel;ip++){
finqp[gl[ipl=0;
finqcontp [gl [ip]=0;
}
}

fin[0]=0;

fincont [0]=0;

for(it=1;it<=nt;it++)

for(g=ult [it-1]+1;g<=ult[it];g++){
fin[gl=fin[g-1]+numberofvar [0] [it-1]/numberofnodes[it-1];
fincont [gl=fincont [g-1]+numberofvar [1][it-1]/numberofnodes[it-1];

}
for (ip=0; ip<nmodel; ip++)
{
fingp [0] [ip]=0;
finqcontp [0][ipl=0;
for(it=1;it<=nt;it++)
for (g=ultqpl[it-1][ipl+1;g<=ultqpl[it][ip]l;g++){
fingp[gl[ipl=finqp[g-1][ip]l+numberofvar [0] [it-1]/numberofnodes[it-1];
finqgcontp [gl[ipl=finqcontp [g-1] [ip]l+numberofvar [1][it-1]/numberofnodes[it
-11;
}
}
outputData<<"\n\n Last binary variable for each node g :";
outputData<<"\n fin= ";
for (j=0;j<=ng;j++) outputData<<" "<<fin[j];

outputData<<"\n fingp= ";
for (i=0;i<nmodel;i++){
outputData<<"\n p="<<i+l<<": ";
for (j=0;j<=ngqplil;j++)
outputData<<" "<<finqp[jl[il];

}

outputData<<"\n\n Last continuous variable for each node g :";
outputData<<"\n fincont= ";

for (j=0;j<=ng;j++) outputData<<" "<<fincont[j];

outputData<<"\n fingpcont= ";
for (i=0;i<nmodel;i++)q{

outputData<<"\n p="<<i+1<<": ";
for (j=0;j<=ngqplil;j++)
outputData<<" "<<finqcontp[jI[i];

}

/% ok ok ks sk skok ok ok ok sk sk ok ok ok ok ks sk ok ok ok ko sk ok ok ok K s ok sk ok ko sk ok sk ok sk ok ok ks ok ok ok ok sk ok ok ok ok ok ok ok ok ok ok
Number of binary (nintswqp) and total (ncolswqp) variables in clusters
s sk ok ok ok ok s ok sk ok ok ok sk sk sk ok ok ok ok o sk sk ok ok ok ok s ok ok ok ke sk ok ok kK sk sk ok ok Kk sk sk ok ok sk ok ok ok Rk K R Rk ok ok Rk ok /

//n_x(p), n(p)
nintsmax=0;
ncolsmax=0;
outputData<<"\n\n Number of variables by cluster: ";
for(in=0; in<nmodel ;in++) {
nintswqp [in]=finqp[ngqp[in]l][in];

outputData<<"\n p="<<in+1<<": "<<nintswqp [in]<<" integer and ";
ncolswqgp [in]l=nintswgp [in]l+finqcontp [ngqp[in]][in];
outputData<<ncolswqgp [in]-nintswqp [in]<<" continuous and ";

outputData<<ncolswgp [in]<<" ( total variables )";
if (nintswqp [in]>nintsmax) nintsmax=nintswqp[in];
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if (ncolswgp [in]l>ncolsmax) ncolsmax=ncolswgp[in];
510 }

outputData<<"\n max nintswqp="<<nintsmax;
outputData<<"\n max ncolswgp="<<ncolsmax;

/* % % %k %k %k %k %k %k % % %k %k % % % % % % % % % % % % % % % % % % % % 3% % % % % % % 5% % % % % %k %k % %k % % % % % % % % % % % % % ¥ ¥ ¥ ¥

515/ 0rder of variables in total (order) and clusters (ordenqq) BY NODE
R I I IO I IO

k=0;

for(t=0;t<ncols;t++) {

520 if (k<2){
inputData>>order[t];
orderINV [order[t]]=t;
if (order[t]1==0) k=k+1;

}

525 ¥

// if nominal
if(k>1){
outputData<<"\n ORDEN NOMINAL DE VARIABLES";
530 for(t=0;t<ncols;t++) {
order[t]=t;
orderINV [order[t]]=t;
}
¥
535
int **ordenqq = new int*[ncols];
for (i=0;i<ncols;i++) ordenqq[i] = new int [nmodell];

int **ordenqqINV = new int*[ncols];
540 for(i=0;i<ncols;i++) ordenqqINV[i] = new int [nmodell];

int *binCont ; binCont=new int[nmodell];

for (ip=0;ip<nmodel;ip++){

545 for (j=0;j<ncols;j++) ordenqqINV [jl[ipl=-1;

k=0;

binCont [ip]=0;

for (g=1;g<=ng;g++){
if(clustertree [ip]l[gl>0){

550, if (fin[g-1]1!=£fin[gl){

for (i=fin[g-1];i<fin[gl;i++){
ordenqq [k][ipl=order[i];
ordenqqINV [order [i]][ipl=k;
k=k+1;

555 binCont [ip]l=binCont [ip]+1;

560

for (ip=0;ip<nmodel;ip++){
k=binCont [ip];
for (g=1;g<=ng;g++){
565 if (clustertree [ip]l[gl>0){
if (fincont [g-1]!=fincont [g]){
for (i=fincont[g-1];i<fincont [gl;i++){
ordenqq [k][ipl=order [i+nints];
ordenqqINV [order [i+nints]][ipl=k;
570 k=k+1;
}
}
}
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630

635

}
}

k=0;
for (i=0;i<nt;i++){
if (numberofvar [0]J[i]>0){
for (s=0;s<numberofvar [0]J[i];s++) varstage [order [s+k]]=1i;
k=k+numberofvar [0][i];
}
¥

for (i=0;i<nt;i++){
if (numberofvar [1][i]>0){
for (s=0;s<numberofvar [1]J[i];s++) varstage [order [s+k]]=1i;
k=k+numberofvar [1][i];
}
¥

outputData<<"\n\n Order of integer variables by nodes: ";
outputData<<"\n\n Order of continuous variables by nodes: ";

for (ip=0;ip<nmodel;ip++){
outputData<<"\n Cluster p="<<ip+1l;
for (i=0;i<nintswqgp [ipl;i++)
outputData<<"\n Bin: i="<<i<<" ordenqq=("<<ordenqq[i][ipl<<")";
for (i=nintswqp [ipl;i<ncolswqgp [ip]l;i++)
outputData<<"\n Cont: i="<<i<<" ordenqq=("<<ordenqq[i][ipl<<")";

/% ok ok ok sk sk skok ok ok ok sk sk ok ok ok ok ks sk ok ok ok ks sk ok ok ok R sk sk ok ko sk ok ok ok sk ok ok ok ks ok sk ok ok ok ok ok ok ok ok ok ok ok ok
plnomegal, pesoglng+1l], pesop[nt][nmodel]: weights

K oK KoK KoK ok oK ok oK o ok K oK K KO KO oK oK ok oK ok ok K o ok o oK ok ok ok ok ok ok ok ok ok Rk KK kK KK Rk R Rk ok Rk ko Rk ok ok k /
for(i=0;i<nmodel;i++){
gg=1;
for(g=1;g<=ng;g++){
if (clustertree [i]1[g] != 0){
invgrupo [ggl[il=g;
gg=gg+1l;
}

}

outputData<<"\n\n Weights (likelihoods) for each scenario w:";
for (w=1; w<=nomega; w++) {

outputData<<"\n p["<<w<<"]="<<pl[w-1];
}

outputData<<"\n\n Weights for each scenario group g:";
pesog[0]1=1.0;
pesog[1]1=1.0;
outputData<<"\n pesog[1]="<<pesogl[1l];
for(t=2;t<=nt;t++){
for(g=ult[t-1]1+1;g<ult[t];g++){
pesoglgl=0.0;
for (w=minwg[gl;w<minwg[g+1];w++) pesoglgl=pesoglgl+plwl;
outputData<<"\n pesog["<<g<<"]="<<pesoglgl;
}
g=ult [t];
pesogl[gl=0.0;
for (w=minwg[gl;w<nomega;w++) pesoglgl=pesoglgl+plwl;
outputData<<"\n pesog["<<g<<"]="<<pesoglgl;
}

outputData<<"\n\n Weight ratios for groups at stage t and cluster p (pesop)";
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for (ip=0;ip<nmodel;ip++)
for(t=0;t<nt;t++)
pesopl[t]l[ipl=1.0;
//before explicit NA
for (ip=0;ip<nmodel;ip++)
for(t=1;t<=texpna;t++)

pesop[t-1][ip]l=pesogl[invgrupo [texpna+1] [ip]]/pesoglinvgrupo [t]1[ipl];

for (ip=0;ip<nmodel;ip++){
outputData<<"\n Cluster p="<<ip+1;
for(t=0;t<nt;t++) outputData<<" "<<pesop[t]l[ipl;
}

//* % 3k 3k %k %k %k %k %k % %k % %k % % % % % % % % % % % % % % % % 3% 3% % 3k % % % % % 3% 5% % % % % %k % %k % % % % % % % % % % % % % % Xk ¥ ¥ ¥ ¥

// Reorder MPS problem
[/ KR KKk K R KR KKK KK KR KKK KKK KKK KKK KK K KKK KKK KK KKK KKK KKK KKK KKK KK KKKk K %/

double *dobj_st; dobj_st=new double[ncols];

double *dcollow_st; dcollow_st=new double[ncols];
double *dcolup_st; dcolup_st=new double[ncols];
int *mcolindx_st ; mcolindx_st=new int[nelements];

for (j=0;j<ncols;j++) {
dobj_st [jl=dobj[order[jl];
dcollow_st [jl=dcollow [order[jl];
dcolup_st [jl=dcolup [order[jl];

}

for (i=0;i<nelements ;i++) mcolindx_st [i]=orderINV[mcolindx [i]];

CoinPackedMatrix AA(colordered ,nrowindx ,mcolindx_st ,elem,numels) ;
sol0UT.loadProblem (AA,dcollow_st ,dcolup_st ,dobj_st ,drowlow ,drowup);

for (i=0;i<nints;i++) s0l0UT.setInteger (i);
sol0UT.writeMps ("Output");
[/ /% %k kokok ok ok ook ok ok ok ok ok ok ok ok ok ok ook ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok o oK ok oK ok K ok ok oKk K K ok
// Create Clusters

OsiClpSolverInterface *solCluster;
solCluster=new 0siClpSolverInterface[nmodell];

int *mrowelements; mrowelements=new int[nrows];

int *mrowsize; mrowsize=new int [nmodell];

int *nelementsize; nelementsize=new int [nmodell];

int **mrowbelongs = new int*[nrows];

for (i=0;i<nrows;i++) mrowbelongs[i] = new int [nmodell];
double *dobj_stqp; dobj_stgqp=new double[ncols];
double *dcollow_stqgp; dcollow_stqp=new double[ncols];
double *dcolup_stqp; dcolup_stqp=new double[ncols];
double *elem_stqp; elem_stgqp=new double[nelements];
int *mcolindx_stqp; mcolindx_stqp=new int[nelements];
int *mrowindx_stqp; mrowindx_stqp=new int[nelements];
double *drowlowgp; drowlowgqp=new double [nrows];
double *drowupqp; drowupgp=new double [nrows];

const char* final;
char buffer [33];
char modelo [80];

for (imod=0; imod<nmodel ; imod++) {

mrowsize [imod]=0;
nelementsize[imod]=0;
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for(i=0;i<nrows;i++){
mrowbelongs [i] [imod]=1;
mrowelements[i]=0;
}
¥

for (i=0;i<nelements;i++) {
for (imod=0; imod <nmodel ; imod++) {
if (ordenqqINV [mcolindx [i]][imod]==(-1)){
mrowbelongs [nrowindx [i]] [imod]=0;
}
}
mrowelements [nrowindx [i]]=mrowelements[nrowindx[i]]+1;

}

for (i=0;i<nrows;i++){
for (imod=0; imod <nmodel; imod++) {
if (mrowbelongs [i] [imod]==1) {
mrowsize [imod]=mrowsize [imod]+1;
nelementsize[imod]=nelementsize[imod]+mrowelements[i];
¥
}
¥

for (imod=0; imod<nmodel ; imod++) {

for (j=0;j<ncolswqgp[imod];j++) {
dobj_stqp [jl=dobj[ordenqq[jl[imod]]*pesop[varstage [ordenqq[jl[imod]]] [imod];
dcollow_stqp[jl=dcollow [ordenqq[j]l[imod]];
dcolup_stqp [jl=dcolup [ordenqq[jl[imod]];

}
k=0;
s=-1;
gg=0;

for (i=0;i<nelements ;i++) {
if (mrowbelongs [nrowindx [i]] [imod]==1){

if(s==-1) s=nrowindx[i];
//Cols
mcolindx_stqpl[ggl=ordenqqINV [mcolindx[i]][imod];
//Rows
if(s!=nrowindx [i]) {
k=k+1;

s=nrowindx [i];
}
mrowindx_stqp[ggl=k;
drowlowqp [k]l=drowlow [nrowindx [i]];
drowupqp [k]=drowup [nrowindx [i]];

//Elements
elem_stqp [ggl=elem[i];

gg=gg+l;
}
}

outputData<<"\n Cluster "<<imod<<" has "<<ncolswqp[imod]<<" variables ("<<nintswqgp[
imod]<<" integer) "<<mrowsize [imod]<<" rows and "<<nelementsize[imod]<<" mnonzero

elements";

CoinPackedMatrix AC(colordered ,mrowindx_stqp ,mcolindx_stqp ,elem_stqp,nelementsizel

imod]) ;

solCluster [imod].loadProblem (AC,dcollow_stqp ,dcolup_stqp ,dobj_stqp,drowlowgp ,drowupqp
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770

775

780

}

for(i=0;i<nintswqp [imod];i++)

final="";
final=itoa(imod+1,
strcpy (modelo ,"Cluster");

strcat (modelo ,final);
(modelo);

puts

buffer ,10) ;

solCluster [imod].setInteger (i);

solCluster [imod].writeMps (modelo);

outputData.close();

inp

ret

}

utData .

urn 0;

close ();

mainmps.cpp

Appendix B MPS 1-decomposition

The cluster submodels for break stage- 1 in MPS format are as follows:

NAME BLANK
2| rows
N 0BJROW
4| E R0000000
E R0000001
6] E R0000002
E R0000003
8| E R0000004
E R0000005
10| & R0000006
E R0000007
12| coLumns
‘ €0000000 R0000000 1. R0000001  -1.25
l4w €0000001 R0000000 1. R0000001  -1.14
€0000002 R0000001 1. R0000002  -1.25
16‘ €0000002 R0000003 -1.06
€0000003 R0000001 1. R0000002  -1.14
18‘ €0000003 R0000003 -1.12
€0000004 R0000002 1. R0000004 1.25
20 €0000004 R0000005 1.06
€0000005 R0000002 1. R0000004 1.14
22 €0000005 R0000005 1.12
€0000006 R0000003 1. R0000006 1.25
24 €0000006 R0000007 1.06
€0000007 R0000003 1. R0000006 1.14
26 €0000007 R0000007 1.12
€0000008 O0BJROW 0.125 R0000004  -1.
28 €0000009 0BJROW -0.5 R0000004 1
€0000010 OBJROW 0.125 R0000005  -1.
30 €0000011 OBJROW -0.5 R0000005 1
€0000012 OBJROW 0.125 R0000006  -1.
32‘ €0000013 0BJROW -0.5 R0000006 1. ‘
€0000014 OBJROW 0.125 R0000007  -1.
34w €0000015 0BJROW -0.5 R0000007 1. ‘
RHS
36‘ RHS R0000000 55. R0000004 80. ‘
RHS R0000005 80. R0000006 80.
38 RHS R0000007  80. ‘
ENDATA
Clusterl.mps (11)
I 1
1| vame BLANK
‘nuws ‘
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3‘ N OBJROW ‘
E R0000000
5‘ E R0000001 ‘
E R0000002
7‘ E R0000003 ‘
E R0000004
9‘ E R0000005 ‘
E R0000006
ll‘ E R0000007 ‘
COLUMNS
3‘ €0000000 R0000000 1. R0O000001  -1.06 ‘
€0000001 R0000000 1. R0O000001  -1.12
15‘ €0000002 R0000001 1. R0000002  -1.25 ‘
€0000002 R0000003  -1.06
17 €0000003 R0000001 1. R0O000002  -1.14
€0000003 R0000003  -1.12
19 €0000004 R0000002 1. R0000004 1.25
€0000004 R0000005 1.06
21 €0000005 R0000002 1. R0000004 1.14
€0000005 R0000005 1.12
23 C0000006 R0000003 1. R0000006 1.25
€0000006 R0000007 1.06
25 €0000007 R0000003 1. R0O000006 1.14
€0000007 R0000007 1.12
27 €0000008 OBJROW 0.125 R0O000004  -1.
€0000009 O0BJROW -0.5 R0000004 1.
29‘ €0000010 0BJROW 0.125 R0O000005  -1. ‘
€0000011 OBJROW -0.5 R0000005 1.
31‘ €0000012 0BJROW 0.125 R0O000006  -1. ‘
€0000013 0BJROW -0.5 R0000006 1.
33‘ €0000014 O0BJROW 0.125 R0000007  -1. ‘
€0000015 0BJROW -0.5 R0000007 1.
35‘ RHS ‘
RHS R0000000 55. R0000004 80.
37‘ RHS R0000005 80. R0000006 80. ‘
RHS R0000007  80.
39| ENDATA |
Cluster2.mps (12)
Appendix C  MPS 2-decomposition
The cluster submodels for break stage- 2 in MPS format are as follows:
1| vame BLANK
ROWS
3‘ N OBJROW ‘
E R0000000
5| & Roooooo1
E R0000002
7] E R0000003
E R0000004
9‘ COLUMNS ‘
€0000000 R0000000 1. R0O000001  -1.25
11 €0000001 R0000000 1. R0O000001  -1.14
€0000002 R0000001 1. R0000002  -1.25
13 €0000003 R0000001 1. R0000002  -1.14
€0000004 R0000002 1. R0000003 1.25
15 €0000004 R0000004 1.06
€0000005 R0000002 1. R0000003 1.14
17 €0000005 R0000004 1.12
€0000006 O0BJROW 0.125 R0O000003  -1.
19 €0000007 O0BJROW -0.5 R0000003 1.
€0000008 OBJROW 0.125 R0000004  -1.
21 €0000009 0BJROW -0.5 R0000004 1.
RHS
23‘ RHS R0000000 55. R0000003  80. ‘
RHS R0000004 80.
25| ENDATA |
Clusterl.mps (14)
I 1
1‘ NAME BLANK ‘
ROWS
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3‘ N OBJROW ‘
E R0000000
5‘ E R0000001 ‘
E R0000002
7‘ E R0000003 ‘
E R0000004
9| corumns
‘ €0000000 R0000000 1. R0000001  -1.25 ‘
ll‘ €0000001 R0000000 1. R0000001  -1.14 ‘
€0000002 R0000001 1. R0000002  -1.06
13‘ €0000003 R0000001 1. R0000002  -1.12 ‘
€0000004 R0000002 1. R0000003 1.25
15‘ €0000004 R0000004 1.06 ‘
€0000005 R0000002 1. R0000003 1.14
17‘ €0000005 R0000004 1.12 ‘
€0000006 0BJROW 0.125 R0000003  -1.
19‘ €0000007 OBJROW -0.5 R0000003 1. ‘
€0000008 0BJROW 0.125 R0000004  -1.
21 €0000009 0BJROW -0.5 R0000004 1.
‘RHS ‘
23‘ RHS R0000000 55. R0000003 80. ‘
RHS R0000004 80.
25| ENDATA |
Cluster2.mps (15)
I 1
1‘ NAME BLANK ‘
ROWS
3| v 0BJROW
E R0000000
5] E Rroooooo1
E R0000002
7] E R0000003
E R0000004
9| corumns
€0000000 R0000000 1. R0O000001  -1.06
11 €0000001 R0000000 1. R0000001  -1.12
€0000002 R0000001 1. R0000002  -1.25
13 €0000003 R0000001 1. R0000002  -1.14
€0000004 R0000002 1. R0000003 1.25
15‘ €0000004 R0000004 1.06 ‘
€0000005 R0000002 1. R0000003 1.14
17‘ €0000005 R0000004 1.12 ‘
€0000006 0BJROW 0.125 R0O000003  -1.
19‘ €0000007 OBJROW -0.5 R0000003 1. ‘
€0000008 0BJROW 0.125 R0000004  -1.
21‘ €0000009 OBJROW -0.5 R0000004 1. ‘
RHS
23‘ RHS R0000000 55. R0000003  80. ‘
RHS R0000004 80.
25| ENDATA |
Cluster3.mps (16)
I 1
1| vame BLANK
‘nuws ‘
3‘ N 0BJROW ‘
E R0000000
5] E roooooo1
E R0000002
7] E R0000003
E R0000004
9| coLumns
€0000000 R0000000 1. R0O000001  -1.06
11 €0000001 R0000000 1. R0O000001  -1.12
€0000002 R0000001 1. R0000002  -1.06
13 €0000003 R0000001 1. R0000002  -1.12
€0000004 R0000002 1. R0000003 1.25
15 €0000004 R0000004 1.06
€0000005 R0000002 1. R0000003 1.14
17 €0000005 R0000004 1.12
€0000006 O0BJROW 0.125 R0O000003  -1.
19‘ €0000007 O0BJROW -0.5 R0000003 1. ‘
€0000008 OBJROW 0.125 R0000004  -1.
21‘ €0000009 0BJROW -0.5 R0000004 1. ‘
RHS
23‘ RHS R0000000 55. R0000003  80. ‘
RHS R0000004 80.
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25| ENDATA

Cluster4.mps (17)

Appendix D MPS 3-decomposition

The cluster submodels for break stafje- 3 in MPS format are as follows:

1| vame BLANK
ROWS
3‘ N OBJROW ‘
E R0000000
5| & Roooooo1
E R0000002
7] E R0000003
COLUMNS
9‘ €0000000 R0000000 1. R0000001 -1.25
€0000001 R0000000 1. R0000001  -1.14
11 €0000002 R0000001 1. R0000002  -1.25
€0000003 R0000001 1. R0000002  -1.14
13 €0000004 R0000002 1. R0000003 1.25
€0000005 R0000002 1. R0000003 1.14
15 €0000006 O0BJROW 0.125 R0000003  -1.
€0000007 OBJROW -0.5 R0000003 1.
17| rus
RHS R0000000 55. R0000003 80.
19| enpata
Clusterl.mps (18)
I 1
1| vane BLANK
ROWS
3| v 0BJROW
E R0000000
5] E Rroooooo1
E R0000002
7] E R0000003
COLUMNS
9 €0000000 R0000000 1. R0O000001  -1.25
€0000001 R0000000 1. R0O000001  -1.14
11 €0000002 R0000001 1. R0O000002  -1.25
€0000003 R0000001 1. R0O000002  -1.14
13 €0000004 R0000002 1. R0000003 1.06
€0000005 R0000002 1. R0000003 1.12
15‘ €0000006 O0BJROW 0.125 R0O000003  -1.
€0000007 OBJROW -0.5 R0000003 1.
17| rus
‘ RHS R0000000 55. R0000003  80.
19|ENDATA |
Cluster2.mps (19)
I 1
1| vame BLANK
‘nuws ‘
3‘ N OBJROW ‘
E R0000000
5‘ E R0000001 ‘
E R0000002
7‘ E R0000003 ‘
COLUMNS
9‘ €0000000 R0000000 1. R0O000001  -1.25
€0000001 R0000000 1. R0000001  -1.14
11‘ €0000002 R0000001 1. R0000002  -1.06
€0000003 R0000001 1. R0000002  -1.12
13‘ €0000004 R0000002 1. R0000003 1.25
€0000005 R0000002 1. R0000003 1.14
15‘ €0000006 O0BJROW 0.125 R0000003  -1.
€0000007 OBJROW -0.5 R0000003 1.
17‘nns ‘
RHS R0000000 55. R0000003  80.
19| Enpata |
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Cluster3.mps (20)

1| vame BLANK
ROWS
3| v 0BIJROW
E R0000000
5| & Roooooo1
E R0000002
7| & R0000003
COLUMNS
9 €0000000 R0000000 1. R0O000001  -1.25
€0000001 R0000000 1. R0O000001  -1.14
ll‘ €0000002 R0000001 1. R0000002  -1.06
€0000003 R0000001 1. R0000002  -1.12
13‘ €0000004 R0000002 1. R0000003 1.06
€0000005 R0000002 1. R0000003 1.12
15‘ €0000006 O0BJROW 0.125 R0000003  -1.
€0000007 0BJROW -0.5 R0000003 1.
17‘nns ‘
RHS R0000000 55. R0000003  80.
19|ENDATA |
Cluster4.mps (21)
1| vame BLANK
ROWS
3‘ N OBJROW ‘
E R0000000
5| & Roooooo1
E R0000002
7] E R0000003
COLUMNS
9‘ €0000000 R0000000 1. R0O000001  -1.06
€0000001 R0000000 1. R0O000001  -1.12
11 €0000002 R0000001 1. R0000002  -1.25
€0000003 R0000001 1. R0000002  -1.14
13 €0000004 R0000002 1. R0000003 1.25
€0000005 R0000002 1. R0000003 1.14
15 €0000006 O0BJROW 0.125 R0000003  -1.
€0000007 OBJROW -0.5 R0000003 1.
17| rus
RHS R0000000 55. R0000003  80.
19| enpata
Cluster5.mps (22)
I 1
1| vame BLANK
ROWS
3| v 0BJROW
E R0000000
5] E Rroooooo1
E R0000002
7] E R0000003
COLUMNS
9 €0000000 R0000000 1. R0O000001  -1.06
€0000001 R0000000 1. R0O000001  -1.12
11 €0000002 R0000001 1. R0O000002  -1.25
€0000003 R0000001 1. R0000002  -1.14
13 €0000004 R0000002 1. R0000003 1.06
€0000005 R0000002 1. R0000003 1.12
15‘ €0000006 O0BJROW 0.125 R0O000003  -1.
€0000007 OBJROW -0.5 R0000003 1.
17| rus
‘ RHS R0000000 55. R0000003  80.
19|ENDATA |
Cluster6.mps (23)
I 1
1| vame BLANK
‘nuws ‘
3‘ N OBJROW ‘
E R0000000
5| E Rroooooo1 |
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| E R0000002 |
7‘ E R0000003 ‘
COLUMNS
9‘ €0000000 R0000000 1. R0O000001  -1.06
€0000001 R0000000 1. R0O000001  -1.12
ll‘ €0000002 R0000001 1. R0000002  -1.06
€0000003 R0000001 1. R0000002  -1.12
13‘ €0000004 R0000002 1. R0000003 1.25
€0000005 R0000002 1. R0000003 1.14
15‘ €0000006 O0BJROW 0.125 R0O000003  -1.
€0000007 OBJROW -0.5 R0000003 1.
17‘nns ‘
RHS R0000000 55. R0000003  80.
19|ENDATA |
Cluster7.mps (24)
1| vame BLANK
ROWS
3| v oBJROW
E R0000000
5| & Roooooo1
E R0000002
7| E R0000003
COLUMNS
9‘ €0000000 R0000000 1. R0000001  -1.06
€0000001 R0000000 1. R0000001  -1.12
11‘ €0000002 R0000001 1. R0000002  -1.06
€0000003 R0000001 1. R0000002  -1.12
13 €0000004 R0000002 1. R0000003 1.06
€0000005 R0000002 1. R0000003 1.12
15 €0000006 O0BJROW 0.125 R0000003  -1.
€0000007 OBJROW -0.5 R0000003 1.
17| rus
RHS R0000000 55. R0000003  80.
19| enpata

Cluster8.mps (25)

Appendix E  MPS stage ordered full model

The stage ordered full modéll(8) in MPS format is as follows:

© N 01w P

11
13
15
17
19
21
23‘
25‘
27‘
29‘
3]

NAME
ROWS
N OBJROW
E R0O000000
E RO000001
E R0000002
E R0000003
E R0000004
E R0000005
E R0000006
E R0000007
E R0000008
E R0000009
E R0000010
E RO0000011
E R0O000012
E RO000013
E R0O000014
OLUMNS
C0000000
C0000000
C0000001
C0000001
C0000002
C0000002
C0000003
C0000003
C0000004
C0000004
C0000005
C0000005

BLANK

R0000000
R0000002
R0000000
R0000002
R0000001
R0000004
R0000001
R0000004
R0000002
R0000006
R0000002
R0000006

.06

.12

.06

.12

.06

.12

R0000001

R0000001

R0000003

R0000003

R0000005

R0000005

-1.25
-1.14
-1.25
-1.14
-1.25

-1.14
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| €0000006 R0000003 1. R0000007 1.25 |

33‘ €0000006 R0000008 1.06 ‘
€0000007 R0000003 1. R0000007 1.14

35‘ €0000007 R0000008 1.12 ‘
€0000008 R0000004 1. R0000009 1.25

37‘ €0000008 R0000010 1.06 ‘
C0000009 R0000004 1. R0000009 1.14

39‘ €0000009 R0000010 1.12 ‘
€0000010 R0000005 1. R0000011 1.25

41‘ 0000010 R0000012 1.06 ‘
€0000011 R0000005 1. R0O000011 1.14

43‘ €0000011 R0000012 1.12 ‘
€0000012 R0000006 1. R0000013 1.25

45‘ €0000012 R0000014 1.06 ‘
€0000013 R0000006 1. R0000013 1.14

47 €0000013 R0000014 1.12
€0000014 0BJROW 0.125 R0000007  -1.

49 €0000015 0BJROW -0.5 R0000007 1.
€0000016 0BJROW 0.125 R0O000008  -1.

51 €0000017 O0BJROW -0.5 R0000008 1.
€0000018 OBJROW 0.125 R0000009  -1.

53 €0000019 0BJROW -0.5 R0000009 1.
€0000020 OBJROW 0.125 R0000010  -1.

55 €0000021 O0BJROW -0.5 R0000010 1.
€0000022 OBJROW 0.125 R0000011  -1.

57‘ €0000023 0BJROW -0.5 R0O000011 1. ‘
€0000024 OBJROW 0.125 R0000012  -1.

59‘ €0000025 O0BJROW -0.5 R0000012 1. ‘
€0000026 0BJROW 0.125 R0000013  -1.

61‘ €0000027 0BJROW -0.5 R0000013 1. ‘
€0000028 0BJROW 0.125 R0O000014  -1.

63‘ €0000029 O0BJROW -0.5 R0000014 1. ‘

RHS

65‘ RHS R0000000 55. R0000007 80. ‘
RHS R0000008  80. R0000009  80.

67‘ RHS R0000010 80. R0000011 80. ‘
RHS R0000012  80. R0000013  80.

69 RHS R0000014 80. ‘

ENDATA

Output.mps (8)
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