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Abstract: This document is the User Manual for the decision support software IRIS - Interactive
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by their evaluation (performance) at multiple dimensions (criteria) to a set of predefined ordered
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action) that do not contradict any constraint.

INESC Coimbra %  April 2003



IRIS2.0 % User Manual 2

| ndex

T 1= TP 2
1. Getting started, Obtaining the RIS SOftWare..........cccoviieiieerees e 3
2. A Drief OVEIVIEW OF TRIS .......o ittt 4
2.1 What iISNEW INTRIS 2 ...ttt sttt st st sre et e sae e e e tesneeneenes 5

G T 11 oo (o] oo 1V S 6
3.1. The SOrting ProbIEMELIC .......c.eiieieiiceece ettt s e b s re e e re s e e naenras 6
I I O I o I PSSR 6
3.2.1. Definition of the outranking relation.............ocoeieiierc e e 7
A NS To 01001 0 U = TSR 9
3.3. Inference Of PAramMELEr VBIUES ..........oceeiiiiiece ettt st sae s 9
3.4. RODUSE @SSIGNIMENT FBINJES......ecueeieiteeiesieeteete st et e ste s e esae e saeestesteesestesseetesreesestesssessesseensessens 10
3.4.1. Impossible assignments Within @range.........ccovveeieie e s 11

3.5. Interaction processto build an ELECTRE TRI MOdel ..........coooeeeiiiiiieie e 12
3.6. Dealing With INCONSISEENCIES.........ccvieiecieceee ettt sttt st s esbesreenenne s 14

S o L= R oIS < g = o] o SRS 16
I T g Tc = o = 16
1 0] o | TP 17
420 ACHIONS PAOE. ... e eeeterterteetestet ettt ettt sttt ettt e st e bt b e b e se e s e e e e e ae e st ab e e b e e b e ne e s e e e e e ens 17
4.2.2. FiIXeO PAr @MELEN S PAO0E ... c.veueeueeiieiietestesie sttt se ettt sb b s s e e e s e b st sn e s e e e e 19
4.2.3. BOUNGUS PAOE. ... vttt ettt e ettt b bt bt s e ae st eb e b e b e nn e s e e e e e 20
.24, CONSITAINTS PAOE -.c.veveeeteeeeeeee et ese sttt se et se e e s e st sbesb e st e s e e e e e e eseebeane b e ns e s e e e e e e 21
G T O 111 o ¥ | PP 22
4.3.1. RESUITS PAOE ... ittt ettt bttt b bt b et s e et se st nb e bt et nn s e e e n e 22
4.3.2. INferred CONSIIAINTS PAGE. ... .cveeeuerririerterterterr ettt b e sn e e 24
4.3.3. INTEI PIrOQ. PAOE .....eevetitiitei ettt b ettt b et e n e 25
.34, INAICES PAGE ... eeveeerteteste sttt ettt ettt st st s e se e e et e st e st e bt b e st e s e s e e e ae e st ab e e b e nbens e s e e e e e e e 25

A4, RESUITS TEPONT ...ttt sb et a st b b b e e e e e e e e e st e bt e bt e b e nb e e e s e nnennenes 25
4.5. INCONSISLENCY @NAIYSIS. ...cutitititeieieieie ettt sttt sttt sb s bt et e e e st s e s bt sb e b nn e s e e e e enes 26
5. A StEP DY SEEP EXAMPIE ...ttt neenreetenne s 27
@ o= 01T 0o =N o (o= RS SSRS 27
5.2, OBt NING FESUILS ......ccuviiiiceee ettt sttt s b e sae et e s ae e e e sreeneestesreensenneas 28
5.3, EAItiNG thE INPULS ....ccuviieeceee ettt st sttt s a e b e e e e besreennenne s 29
S VT o 1 g L= o v SRR 30
5.5. OBtaiNiNG NEW FESUILS ......eeeieieieie ettt s a e b e e e e besreennenne s 30
5.5, ANAlYZING INCONSISLENCIES. .....ccueeiiiteeiesieeeete et e ste s e e re s e stesteetesbesreetesaeeaestesnsestesreensensens 30
5.6. ProdUCING @ TEPOM .....c.viiiieeeieitiete et ste et te st et e et eae s resaeestesbeentesbesseetesseensestesnnentesreensenseas 32
5.7, FUMNEr INTEIBCHIONS ...ttt et sttt ettt e st e e e enens 32
5.8. Creating @NEW PrOJECE .....cuviiiiiieeie et ste et e sttt et e e st s e steste et e sbesae et e s aeeaestesnaestesreensenneas 33
L= 0 1 (3SR 34
REFEIEINCES ...ttt ettt b e b et st e b et e st e st ae et e b b et et et e ens 34
Appendix A: Syntax of the input file (¥ .Ir) ...eooeie e s 35
Appendix B: Importing data from MS-EXCE] .........cceeiiiieiiiecese et 39
Appendix C: Syntax of the report file (¥ .rPL) oo s 41

APPENCIX D: IMENU SITUCKUNE ...ttt ettt sttt s e st e s e st e steentesresneetesneenesrs 44



IRIS2.0 % User Manual 3

1. Getting started, Obtaining the IRI S Software

IRIS runs on Windows 95/98/Me/XP computers. The monitor should be at least VGA (640x480)
with 16 colors. It occupies little space on disk and is not too demanding in terms of RAM (however,
the more the better...). The program may run without a mouse, but becomes somewhat cumbersome
to use. Y ou should have a 2-button mouse to make the best use of this software.

To install IRIS unzip the contents of the file iris2.zip to a new folder with alocation and a
name of your choice.

IRIS may be purchased form INESC Coimbra, a non-profit Portuguese R&D institute
owned by the University of Coimbraand INESC:

INESC Coimbra Fax: +351 239 824692
Rua Antero de Quental, 199 Phone: +351 239 851040
3000-033 Coimbra
Portugal C/O Luis M.C. Dias

L Dias@inescc.pt

IRIS page in the Internet: www4.fe.uc.pt/Imcdiad/iris.ntm
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2. A brief overview of IRIS

IRIS is a Decision Support Software designed to address the problem of assigning a set of actions to
predefined ordered categories, according to their evaluations (performances) at multiple criteria. For
instance, it may be used to sort funding requests according to merit categories (e.g. “Very good”,
“Good”, “Fair”, “Not eligible”), or to sort | oan applicants into categories (e.g. “Accept”, “Require
more collateral”, “Reject”), or to sort employees in a company into categories that define incentive
packages, etc.

IRIS implements a methodology developed by Luis Dias, Vincent Mousseau, José Figueira
and Jodo Climaco, presented in Dias et a. (2002) (see aso Section 3), which is based on the
ELECTRE TRI method (see Roy and Bouyssou (1993) and Yu (1992)). The inconsistency analysis
method is presented in Mousseau et al. (2003) (see also Section 3).

The main characteristics or IRIS are:

IRIS implements the pessimistic ELECTRE TRI, using a variant of the original function to
compute discordance (veto effects), as proposed by Mousseau and Dias (2002).

IRIS accepts imprecision concerning the criteria weights and the cutting level. The users
may indicate intervals for each of these parameters, as well as linear constraints on the
weights. Furthermore, the constraints may be defined indirectly, as indicated in the next
item.

IRIS accepts assignment examples, where the users indicate minimum and maximum
categories for some of the actions, according to their holistic judgment. These assignment
examples are trandated into constraints on the parameter values, meaning that the
assignments of ELECTRE TRI should restore these examples.

When the constraints are inconsistent, IRIS infers a combination of parameter values that
least violates the constraints, by minimizing the maximum deviation. Furthermore, a module
becomes available to determine the alternative subsets of constraints that must be removed
to restore the consistency.

When the constraints are consistent, IRIS infers a"central” combination of parameter values
by minimizing the maximum slack. For each action, it depicts the category corresponding to
that combination, as well as the range of categories where the action might be assigned
without violating any constraint (robustness analysis). For each category in the range IRIS
may aso determine a combination of parameter values that assigns the action to that
category.

Moreover, when the constraints are consistent, IRIS may compute some indicators
concerning the precision of the inputs (by estimating the volume of the polyhedron of all
feasible combinations of parameter values) and the precision of the outputs (by indicating

the geometric mean of the number of possible assignments per action).
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2.1. Whatisnew inIRIS 2

IRIS 2.0 has benefited from improvements suggested by users of IRIS 1.0/1.1 and from a recent
theoretical development (see (ii) below):

(i) New integer programming routines were incorporated in the software, thus allowing it to run
the inconsistencies analysis module without resorting to an external solver (IRIS 1.0
depended on the presence of the LINGO solver from Lindo Systems, Inc., which is now no
longer necessary). However, computations may be slower in this new version.

(i) IRIS 2 can work with veto thresholds, thus allowing to model discordance in the
construction of outranking relations. It uses the variant S’ outranking relation proposed by
Mousseau and Dias (2002), allowing the user to work with single (v;) or double (v; and u;)
discordance thresholds per criterion.

(iii) Action names and criteria names may be edited and saved. These hames may be arbitrarily
chosen (any string including alphanumerical characters 0-9 and a-z, spaces, and symbols
such as “.”, “I”, “+", Etc.), whereas in IRIS 1 actions and criteria were identified by
numbers. For instance, “Cost (106 €)” isavalid name for a criterion.

(iv) The input files (“.tri” extension) have a new format, in order to contain information about
the discordance-rel ated thresholds and the action and criteria names. However, IRIS 2 is able
to read files created by IRIS 1. Conversely, IRIS 1 is able to read files created by IRIS 2, but
information about discordance-related thresholds and the action and criteria names will be
lost.

(V) A progress bar appears when results are being computed, which can be noticed in problems

of large size.
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3. Methodology

3.1. The sorting problematic

Roy (1985) defines four “problematics’ (types of problems) in multicriteria decision aid:
description problematic: the purpose of the analysis is to describe the decision situation in a
formal language, in terms of actions, criteria and evaluations;
choice problematic: the purpose of the analysis is to select one action (or a limited number of
actions);
ranking problematic: the purpose of the analysisisto rank the actions by order of preference;
sorting problematic: the purpose of the analysis is to sort the actions into categories defined a
priori.

The sorting problematic evaluates each action according to its intrinsic absolute merit. Each
action is assigned to a category independently from the remaining actions. If the categories are
ordered according to the Decision Maker's preferences (e.g. the categories “high risk”, “medium
risk”, “low risk”, “very low risk” in the evaluation of applications for credit) the problematic may
be called ordinal sorting. Otherwise, the problematic may be called nominal sorting (eg.
separating job applicants according to the categories “creative profile’, “technical profile”, “human

relations profile”, “leadership profile”).

3.2.ELECTRE TRI

The ELECTRE family of methods has been created in the 1960's by Bernard Roy and his
collaborators (e.g. see Roy, 1991; Roy and Bouyssou, 1993). It consists of several methods
developed for the choice and ranking problematics, and a method to deal with the ordinal sorting
problematic: the ELECTRE TRI (Yu, 1992; Roy and Bouyssou, 1993).
Let usintroduce some notation:

m % number of actions;

n % number of criteria;

t % number of categories,

A={ay, ..., a5} ¥ setof actions;

G={0g1(.), ..., On()} ¥4 set of criteria (real valued functionson A);

C={Cy, ..., C} % set of ordered categories (C; isthe worst one, C; is the best one);

B={by, ..., b} ¥ set of profiles (reference actions) that separate consecutive categories.
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Each category C; is limited by two reference actions (profiles): b; isits upper limit and b, is

its lower limit:
> Criterion 1
\ / \ \ > Criterion 2
/ / / / > Criterion 3
AT [ ©
> Criterion n
bo by b, br1 by

The assignment of actions to categories is based on the concept of outranking relation on
AxB. An action al A outranks a profile byl B (denoted & Sby) if it can be considered at least as
good as the latter (i.e. g is not worse than by,), given the evaluations (performances) of a and by at
the n criteria. If & not worse than by, in every criterion, then it is obvious that g Sb,. However, if
there are some criteria where g is worse than by, then & may outrank by, or not, depending on the
relative importance of those criteria and the differences in the evaluations (small differences might
be ignored, whereas vary large differences may oppose a veto to the outranking). In the next
subsections we present the variant of ELECTRE TRI implemented by IRIS (for other variants see
Yu, 1992; Roy and Bouyssou, 1993).

3.2.1. DEFINITION OF THE OUTRANKING RELATION
We present here the definition of the outranking relation on AxB, as proposed by Mousseau and

Dias (2002). Let us introduce some more notation:
k; is the importance coefficient (weight) of criterion g;(.), which is aways a positive number;
g;(bn) isthe indifference threshold associated with criterion g;(.) and profile by,
pi(br) isthe preference threshold associated with criterion g;(.) and profile by,
u;(br) is the discordance threshold associated with criterion g;(.) and profile by,
vi(br) is the veto threshold associated with criterion g;(.) and profile by,
D isthe advantage of & over by on criterion g;(.):
19 (ai)- gj(bn) . if gj(.) isto bemaximized (the more the better)
305 (0n)- 9j(&) . if g () isto beminimized
C(a,by) isthe concordance index for the assertion “a; Sby”, considering criterion g;(.);
c(a;,bn) isthe concordance index for the assertion “ g Shy”, considering all the criteria;
d;(a,br) is the discordance index for the assertion “ & Shy”, considering criterion g;(.);
s(a;,by) isthe credibility index for the assertion “ a; Shy,”, considering all the criteria;

| isthe cutting level.

For each criterion (j=1,...,n), a concordance index indicates how much that criterion agrees

with the hypothesis “&; Shy”, which is computed as follows:
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] 0 ,ifDj <- pj(by)
(@i bn) = | Py (B )#D; ) /(p; (bn)- ;(bn). if - p; (B )£ D; <- a1 (by) -
i 1 i D} ® - (bn)

The concordance is maximum (1) when g is better than by, or is worse but by a small difference (up
to g;(br)). When g is worse than by, the concordance starts to decrease when the difference in favor
of by, becomes larger than ¢(by), and attains its minimum (O) when the difference in favor of by

becomes equal to or greater than p;(by):

/

-p(by) -g(by) 0 )

The n single-criterion concordance indices (one for each criterion) are then aggregated into

G(a,hn)

aglobal (multicriteria) concordance index, considering the relative weight k; of each criterion:
o(@ bn) =& J=1 k; ¢j(ai,bn), where we assume that 3 "_ikj =1,

On the other hand, for each criterion (j=1,...,n), a discordance index indicates how much

that criterion disagrees with the hypothesis“ a, Shy,”, which is computed as follows:

_i_ 1 ,iij<—Vj(bh)
d; (a0 = |- D - uj (B} /[ (Br)- uj (b)) i - v; () £D} <-u; (bn)
i 0 JifD; 2 - uj (by)

The discordance is minimum (0) when & is better than by, or is worse but by a difference up to u;(by)
(where ui(bn)® pi(bn)). When & is worse than by, the discordance starts to increase when the
difference in favor of by, becomes larger than u;(by), and attains its minimum (1) when the difference

in favor of by, becomes equal to or greater than v;(by):

AN

-v;(br) -4 (by) 0 D

d(&,by)

The use of the parameters u;(by,) is optional. If these parameters are not used, then IRIS considers the
value by default u(bn) = 0.25 py(bn) + 0.75 vi(by), as advocated by Mousseau and Dias (2002).

The n single-criterion discordance indices (one for each criterion) are then aggregated into a
global (multicriteria) discordance index, considering the maximum of these values:

dmex(

ai’bh):jimaxn dj(a.by).
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Finally, the credibility of the statement “ & Shby,” is given by:
S(ai,bn) = c(a,bn) [1 - d™(a,by)] .
The cutting level | isathreshold that indicates whether the credibility is significant or not:

a outranks by, (8 Sby) U  s@,by)3 I.

3.2.2. ASSIGNMENT RULE
The pessimistic variant of ELECTRE TRI implemented in IRIS assigns each action g to the highest

category C;, such that g outranks by ;. To use such a rule the following conditions have to be taken
into account when defining the set of profiles B:

g;(bn) is better than gy(bn4), " jT {1,...,n} (b, dominates by, 4), forh= 1, ....t;

a; Sby (& outranks the worst profile by)," al A;

~(a Shy) (& does not outrank the best profile by)," al A;

if al Aisindifferent to aprofile byl B (i.e. & Sh, Ub, Sa), then a will not be indifferent to any

other profile.
Now, the assignment rule can be implemented as follows to place & in a category from C:

if & does not outrank b (i.e. s(a,by) < 1), then g belongsto category C,; otherwise,
if & does not outrank b, (but has outranked b;), then a; belongsto category C,; otherwise,
if & does not outrank bs, then a belongs to category Cs; etc.

Formally, the rule may be written as:

a belongsto category C, U & Sbh, U~(a Sby) U  sa,bni)?1 Us(a,by)<l .

3.3. Inference of parameter values

IRIS does not require the user to indicate precise values for the criteria weights kg, ..., k, and the
cutting level | . Rather, it allows to obtain such values through an inference procedure (Mousseau
and Slowinski, 1998) that tries to restore assignment examples.
The user may indicate the following constraints on the parameter values:
LB; and UB; denote, respectively, alower and an upper bound for k;;
I min @nd | 1« denote, respectively, alower and an upper bound forl ;
Cwors(&) denotes the worst envisaged category for a, and Cpex(a) its best envisaged category;
Aozl + a ki +...+ a k3 b, (z=1,...,nc0ns) denote a set of Nne,ns additional constraints.
These constraints define the following system of inequalities:
(1) ki ® LB;(j=1,..n)  (note: thislower bound should be greater than 0)
(2) -k ® -UB; (j=1,...n) (note: this upper bound should be lower than 0.5)
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31 31 in (note: this lower bound should not be lower than 0.5)
@ -l 3 -l (note: this upper bound should be lower than 1)
(8) c1(8i o,y g (a)-1)- K1 *+C2(a Bo,g(a)-1)Ka - +Cn(a Bo,g (a)-1)kn ? 1 /1L d™(@,bo)]
&l A)
(6) - c1(ai boy(a))- K1 - C2(8 Doy (a))- k2= -+ Cn(@ b (a))kn ® -1 ML d™(@br)] *
(al A)
(7) agzl + a ki +..+ a ki3 b, (z=1,...,Ncong)s
to which we add
B ki + kot+ ...+ k= 1.
Let us write (1)-(7) in a more compact matrix notation as Z x (I ky,...k,)" 3 0, where Z is an
appropriate matrix with as many rows as the number of inequalitiesin (1) -(7) and n+1 columns.
Now, the following linear program may be used to infer the parameter values, if exist, that
satisfy all the constraints (which implies restoring all the assignment examples) with greatest slack:
min{al A:a+Zx(l Ky...k) 3 0, ki+..+k,=1} (thevariablesarea, |, ki, ..., ky)
If the minimum a (its optimal value) is zero or less, then the system Z x (I ky,....k,)" 3 Ois consistent
and the optimal value for the variables | , kq, ..., k, satisfies al the constraints. Otherwise, if the
minimum a is positive, then there does not exist any combination of parameter values able to satisfy
al the constraints in (1)-(8) simultaneously (see Section 3.6 on dealing with an inconsistent system

of constraints).

3.4. Robust assignment ranges

Let us consider again the system Zx(l Ki,....k))"® 0, ky+...+ k=1 introduced in the previous section,
which represents all the assignment examples, together with any other bounds and additional
constraints that the user wishes to insert. Besides inferring a combination of values for the
parameters (see previous section), it is possible to determine the best and worst possible assignment
for each action, given a consistent system of constraints, using linear programming (for a more
general approach see Dias and Climaco, 2000):

To find W(&), the worst assignment for an action g compatible with the constraints:

1. h=-1

2. While min{s(a;,bn)-l : Zx(l Ky,....ky)"3 0, ki+...+k,=1} 3 O (variablesarel , ki, ..., ky)

doh- h+1
end while
3. Wa)- h

! A very small positive constant e=0.0001 is added by IRIS to this right-hand-side value to ensure that the
inequality becomes strict. We did not add it here to simplify the presentation.
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To find B(&), the best assignment for an action a; compatible with the constraints:

4. h- t-1

5. While max{s(a;,bn)-1 : Zx(l ,Ki,....k))"® 0, k+...+k=1} < O (variablesarel , ki, ..., k,)

doh- h-1
end while

3. W@a)- h+l
Except a few rare cases (see Section 3.4.1), an action a may be assigned to the range of categories
that goes from W(a)) to B(a) without violating any constraint. The following robust conclusions
(valid for al the acceptable combinations of parameter values) may be drawn for every al A:

a, is not worse than W(a);

a is not better than B(a).
Sometimes, W(a)) = B(a), which means that a precise robust assignment has been found for that

action despite the lack of precise values for the parameter values.

3.4.1. IMPOSSIBLE ASSIGNMENTS WITHIN A RANGE
It may occur that some actions a1 A cannot be assigned to categories which lay between W(a,) and

B(a). Asanillustration, let us consider the assignment of an action g according to four criteria:

> 0i(.)
/ / | \ \gz(_)
[ —7 >
d > gi()
G\ NS \NG \ .. a0
bo a b b, b

Action & has performances that are between b, and b; according to criteria g;(.) and gx(.). According
to these criteria, it would belong to C;. On the other hand, according to criteria gs(.) and gq(.) it has
performances that are between by and b;, hence should belong to C,. If k; + k3 |, then the first two
criteria are important enough to make g fall into Cs; otherwise, a; falls into C;: there is no
intermediate possibility, i.e. whatever the values for ki, k;, ks, ks, and | , it isnot possible for g, to be
assigned to C.,.

In the verson of ELECTRE TRI presented in sections 3.1 - 3.2, such impossible
assignments may appear only when an action compares equivalently with two consecutive profiles,
when discordance does not intervene:

Gabny) = g(a,by), " jT {1,..n} U & cannot be assigned to Cp, " | ,Ky,...,Ks.
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3.5. Interaction processto build an ELECTRE TRI model

Dias et a. (2002) describe an interactive process to progressively build an ELECTRE TRI model
(i.e. to define the values for the criteria weights and the cutting level), combining parameter
inference (Section 3.3) and robustness analysis (Section 3.4).

At a given iteration, the input may consist of a system of constraints (1) -(8) on the criteria
weights and the cutting level (recall Section 3.3.), besides fixed values for the actions performances,
the profiles, and the indifference, preference, discordance and veto thresholds. The general ideaisto
start with few constraints of the parameter values, adding more inequalities as a product of an
interactive learning process about the problem and the method. For instance, the user may start with
loose bounds for the criteria weights (e.g. 0.1£k;£0.49) and the cutting level (e.g. 0.51£1 £0.99) and
no further constraints or assignment examples.

In any iteration, the system of constraints corresponding to the input information may be
consistent or not. The analyses that may be performed will depend on the presence or absence of a

consistent system.

If the system is consistent:
In this case, there will be a set of combinations of values for the variables | , ki, ..., k, that
satisfy the system (1)-(8), i.e. restore all the assignment examples and simultaneously conform
to the additional constraints. The interaction should aim at reducing the set of accepted
combinations of parameter values, either by modifying a constraint or adding a new one. To
guide the user in this task, several results may be computed:
a “central” combination of parameter values (I ,k,...,k,) that is inferred from the current
information (Section 3.3);
for each action, the category were it belongs according to those inferred values,
for each action, the range of categories where it might be assigned without violating any
constraint (Section 3.4), which also alows to see which actions are more affected by the
imprecision;
for each action, a sample combination of parameter values compatible with each category
in its range (e.g. if an action a; could be assigned to any category between C, and Cs the
user could analyze four combinations of parameter values, each one leading to a different
category); this analysis is particularly useful for the worst and best categories in the range,
since it may suggest new constraints on the corresponding “extreme” parameter values;
the relative size (volume) of the set of parameters that satisfy all t he constraints.

the geometric mean of the number of categories where each action may be assigned.
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If the system isinconsistent:
In this case, there will not exist any combination of values for the variables | , kq, ..., k, that
satisfies the system (1)-(8). The interaction should aim at restoring the system’ s consistency, by
removing (or at least relaxing) one or more constraints. To guide the user in this task, several
results may be computed:
a “central” combination of parameter values (I ,k,...,k,) that is inferred from the current
information to minimize the maximum constraint violation (Section 3.3);
the category where each action is assigned to, according to the inferred values (I ki,...,k,)’,
highlighting the assignment examples that were not restored;
for each constraint, an indication of whether it is violated and by how much;

alist of sets of constraints that, if removed, yield a consistent system (see Section 3.6).

The proposed procedure is designed to be used interactively, i.e., the output at a given iteration is
used to guide the revision of the input for the following iteration. The procedure can start with very
little information. Each iteration will provide opportunity to add, delete or modify a specific
supplementary constraint. Adding only a single piece of information at each alows to better
understand its effect on the results. This process should aim at progressively reducing the set of
accepted combinations of parameter values, until the end users (decision makers, problem owners)
are satisfied with the results precision, and yet comfortable with and confident about the
constraints introduced.
The final outputs of the procedure are:

a set of congtraints and assignment examples defining a set of acceptable combinations of

parameter values;

an inferred combination of parameter values defining a model in a precise manner;

a precise assignment or range of assignments for each action in A that is robust with respect

to the constraints inserted.
However, the most important outcome may be that the end users will increase the insight on their

view of the problem, learn about their preferences, and will possibly modify their opinions.
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3.6. Dealing with inconsistencies

It may occur that, after introducing some constraints, the system of inequalities

(1) k ® LB, (j=1,...n)
(2) -k * -UB (j=1,..n)

@) 21 i
ORI,
(5) cl(ai ’bcworst(ai )- 1).k1 +C2(ai ’waora(ai )- 1).k2+...+cn(ai ’waora(ai )- 1).kn 31 /[1- dmx(ai,bh)]
(al A
(6) - c1(ai boey(a))-K1 - C2(8 Doy (a))- Ko -+ Cn(@ b)) kn ® -1 /12~ d™ (@0
al A)

(7) agzl + a ki +..+ a, ki3 b, (z=1,...,Ncong)s
B ki+ kot+ ...+ k=1,

becomes inconsistent, i.e. there does not exist any combination of values for the parameters
I Kki,...,k, able to satisfy all the constraints simultaneously. Besides the information referred to in the
previous section, there are methods to compute aternative ways of restoring the consistency by
removing some constraints (Mousseau et a., 2003). One of these methods uses mixed integer
programming (continuous and 0-1 variables) to compute a succession of sets of constraints S, S,, ...,
S, such that:
1. "il {1,...,p}, if the constraints in § are removed from system (1)-(8) then it becomes
consistent;
2. "i1{L,...p},it},SES;
3. "iT{L,..p},i<], ISIE IS];
4. If removing a set of constraints S from the system (1)-(8) makes it become consistent, then
either SE S (il {1....p}) or |93 |S).
Eachoneof thesets S, S, ..., S, presents an alternative manner to restore the consistency. The end
user should choose one of these sets, which are presented by increasing order of cardinality, and
remove (or at least relax) the constraints in that set. The interaction may then continue as explained
in the previous section.
The method to compute these setsis the following one:
Setp- 1
Solve the 0-1 programming problem

min {&7%,Y; :
ZX (1 Koo)'+ MY,y "3 0
kit kot ...+ k=1

| Kiyekn 30, ya,..y2 1 {01}
}
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In this mathematical program, M denotes a very large number and z denotes the number of
constraints in the system (1)-(7). Each of these constraints is associated with a variable that can
take only the values 0 or 1. Since these variables are multiplied by an arbitrarily large number,
setting any of these to the value 1 amounts to ignore the corresponding original constraint. The
objective isto minimize the sum of these variables, so that all would be zero if the system (1)-(8)
was consistent.

Since the system (1)-(8) is not consistent, the optimal solution to the above problem will contain
severa yi=1 (il {1,...7). Let S={il {1,....z}: yi=1}. Then, removing the constraints indexed by

S from (1)-(8) would result in a consistent system.

Setp- 2

Solve the 0-1 programming problem

min {&%,; :
Zx (I Kyoo) "+ M.(Y1,....y,0)" 3 0
kit kot ...+ k=1

dijg Vi £#S - 1

| Kiyekn 30, ya,..y2 1 {01}
}

This mathematical program is equa to the former, except the introduction of a new constraint

ai 5 Vi £#S; - 1. This constraint prohibits the former optimal solution (or a superset of that

solution).
A sat S, isformed from the new optimal solution as explained for the case of S;.
Set p— 3, add the congtraint 3 ;; s, Vi £#S, - 1, etc.

The process stops as soon as a pre-defined number of sets is reached or when the 0-1
programming problem becomes infeasible, which means that there are no more alternative ways

to restore the consistency of (1)-(8).
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4. Softwar e presentation

4.1. General structure

IRIS is a SDI (Single Document Interface) program, like for instance Microsoft Explorer. This
means that the user can work at a single document (problem) at atime. Of course, the user can work
on several problems at the same time by running several instances of IRIS simultaneously.

The program runs on a single window and the user can change its position, change its size,
minimize it, etc. This window is divided in two areas. The left area of the screen is for inputs,
whereas the right area of the screen is for outputs. Each areais organized according to a multi -page
notebook metaphor with tabs to change pages. The space occupied by each area may be changed by
clicking on the dividing line and dragging it to the left or to the right.

When inputs change, outputs become invalid, which is shown by using a red font in the
output pages. The outputs will reflect the changes in input only after the option Robust

Assignments from the Results menu is chosen (or, as a shortcut, press Alt+R, then R).

'z IRIS 2.0 - C:\My Documents\Cahier2.tri

Eile Categories Criteria  Actions  Constraintz  Besults  [noonsistency Help
MNeEea | CELLS: Heigh[1s =] widh[23” = Fonisiee[s =]
Actions |Fixed F'al.l Boundsl Constlaintsl Results | Infer. F'mg.l Indicesl
sctiorELow|EHigh g1 a2 [02 Jo4 = o1 o2 ez [ca s ﬂ
0 1[5 =8 e7 (197 o ||| W f
1 |1 [5 [164 145 538 75 14
R & |38 24 |43 21 El ||
3 (1[5 |ze @17 757 25 3% |
4 |1 |5 |15 171 571 42 2 |
E |1 |5 |24 251 438 5 3 |
E |1 |5 |39 345 483 25 4 |
7 1[5 29 4 578 17 8 |
g | 5 a7 54 274 a5 3 I
5 (1 |5 |57 297 468 45 10 |
M |1 |5 |212 245 E4E 36 1 |
1 1 |5 153 316 g4z 28 12 | ] d
12 [ |5 207 193 197 22 lambd[k1 [k2 [k3 [kd [k5 [k [k7 |
132 1[5 99 35 531 85 = G 0,075 0315 | 0.307% 0,307 0.0175 0,017 0017
4| 3 0.71620.12620. 24250, 126201 2620.1 26201 2620.1 262
I Y.

There are some grids associated with input and output pages. The user can edit the height, width and

font size of the grid elements by setting their values at the right top of the screen:
Hﬁigﬂﬁﬁﬁ_::l‘l Width ]'52_:{ Forit size ﬁ_j

It may happen that the contents of some grid cells cannot be displayed in its entirety. In such cases,
if the user does not wish to enlarge the width of the cells, he/she may position the mouse over the

cell so that its contents will be entirely displayed. All of the input or output pages have pull-down
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menus associated with them. To access these menus, the user just has to click on the right button of
the mouse or select the pull-down menu key that is available in some keyboards. The last option in

each menu (Help) leads directly to the page of the on-line manual related to the current page.

4.2. Input

The inputs must be read from afile (and then may be changed) or typed in by the user. To open an
exigting file choose FilelOpen (or button E) and locate the file. The default extensionis*“.tri”. To

create a new file choose File[New (or button __I;I;_i) and insert the number of actions (alternatives),
the number of criteria, and the number of categories for your problem. The program allows to add or
delete criteria, actions or categories later. The caption of the window indicates the name of the
current inputs file. In the present version of the program there is a limit of 20 criteria. The humber

of actions is limited only by the amount of memory. To save the current file choose File|Save Data

As (or button .E_l) which allows the user to define the location and name of the file, or choose
File/Save Data to save it under its current name and location.
An dternative to creating and editing the inputs file using IRIS, which is the most natural
option, isto create or edit that file using atext processor, given the syntax presented in Appendix A.
Appendix B shows how to import data from a spreadsheet like Excel.
The inputs area, which may be enlarged or reduced, contains four pages.
Actions: To edit the performances of the actions on the multiple criteria and (optionally) to set
some assignment exampl es.
Fixed Par.: To edit the performances that define category bounds (profiles) and to edit the
criteria threshol ds associated with these bounds.
Bounds: To edit the upper and lower bounds of the importance coefficients (weights) and the
cutting level (lambda).
Constraints: To edit the explicit constraints (other than bounds) on the parameter values. Note

that the implicit constraints related to assignment examples are edited in the Actions page.

4.2.1. ACTIONSPAGE
When working in the Actions page, the user may edit the multicriteria performances of the actions

to be sorted, and may insert assignment examples.
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Actions I Fined Par. I Bounds I Comstraints I Results | Inferred constrain 4 I Ld

Actio] ELow|EHigHa1 oz o3 o4 [o5 | c1 oz oz oo
5 |38 &7 (197 0 0
164 145 598 |75 52

358 24 B49 (21 45
206 617 757 |36 @
115 171 571 |42 27
224 251 498 |5 79
239 (345 489 (25 @
299 44 578 (1.7 25
87 54 274 (45 45
257 297 468 |45 37
212 (246 B48 |36 &8
183 316 693 (28 3

193 197 22 4
!9.9 35 531 85 53

[=2]

LN R R e S IS Ry R Ry By R S R
]
=
»

.
=

lambd[ki  [k2  [k3  [ke=]

||l o

| Y

— = =
;N:DLDDD'H-.IU'JU'IJ&I’.\JI'\J =
) = ) ] )
50 I 0 IR I ) 0 0 )
B P LD D PD D ) D) R LD e

The performances of the actions may be directly input in the corresponding cells. The user may
navigate between cells using the mouse or the keyboard arrow keys. All input must be numerical,
either positive or negative values, either integer or not (the decima point is ".", regardless of
Window's settings). The performance cells cannot be blank: zero values must be explicitly inserted
as anumber.

The names of the actions may be edited by clicking on the corresponding cell (“Action”
column”. Any string of characters may be used to name an action, including aphanumerical
characters 0-9 and a-z, spaces, and symbols such as “.”, “!1”, “+”. For instance, “Project 4*” is a
valid action name. Criteria names may also be edited by clicking on the corresponding cell (title row
of the grid) using the same rules. For instance, “Cost (106 €)” is a valid name for a criterion.
Please note that IRIS does not prohibit setting different alternatives (or criteria) with equal hames.

The user may change the number of criteria, either creating new ones or deleting some of
them. The Criteria menu and the pop-up menu offer the commands to perform this. The user may
a so change the number of actions, either creating new ones or deleting some of them. The Actions
menu and the pop-up menu offer the commands to perform this.

Each action has alower and a higher category where it may be assigned (columns ELow and
EHigh, respectively) that allow the user to indicate assignment examples. Typically, the column
ELow contains the lowest category (which is always 1) and the column EHigh contains the highest
category (which is 5 in the above figure). If the user changes these values then the action's
assignment will be constrained: it becomes an assignment example. For instance, in the figure above
one sees three assignment examples (which the program highlights): action 1 is assigned to category
5 (the highest one); action 10 is assigned to the interval of categories 3 to 4; and action 12 is
assigned to category 4.

To change the values in the columns ELow and EHigh, the user must click (using the
mouse) over the cell that he/she wants to change. The value in ELow cannot exceed the value in

EHigh. Hence, if both values are equal to 2 and the user wishes to change both values to 3, he/she
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must change EHigh first. The Actions menu contains acommand Erase Examples to remove all the

assignment examples (by setting ELow equal to 1 and EHigh equal to the number of categories).

4.2.2. FIXED PARAMETERS PAGE
When working in the Fixed Par. page, the user may edit the performances of the profiles (reference

actions, often fictitious, that separate two consecutive categories), as well as the thresholds
associated with the criteria (which may vary from profile to profile). When there are t categories,

there will exist t-1 profiles.

Actions  Fived Par. IBDundsI Eonstraintsl

gl Jo2 |o3 log4 |5 |6 [a7 |

gbt) [0 60 80 28 40 | 0
ql 4 1 1 i} 0 i}
pl 2 5 3 2 3 0 i}
vl GO0 300 1000 300

Tl L i < v -
q2 1 4 1 1 0 0 0
p2 2 5 3 2 3 0 0
e BO0 300 1000 300

q[b3) [E O B e 22 a3
q3 1 4 1 1 0 0 0
pd 2 [ 3 2 3 0 0
w3 BO0 300 1000 300

ghq) &5 30 3 0 14 5 4
gl |1 4 1 1 i} 0 i}
pd 2 5 3 2 3 0 i}
wd GO0 300 1000 300

T L L R s I I
I Lize Use uj |

The performances of the profiles may be directly input in the corresponding cells. A row staring
with g(bi) refers to the i-th profile. Profile g(bl) separates the two worst categories, denoted
categories 1 and 2; profile g(b2) separates categories 2 and 3; and so forth. The rows starting with qi
refer to the indifference thresholds associated with the i-th profile, and the rows starting with pi
refer to the preference thresholds for the i-th profile. The preference threshold for a given criterion
cannot be less than the corresponding indifference threshold.

By default IRIS is prepared to accept veto thresholds (see figure above). To disable veto for
aparticular criterion the user may place the value of zero (which is hidden) for the veto threshold of
that criterion. The user may also disable/enable veto for all the criteria by selecting/unselecting the
button “Use vj” (figure below, on the left). When “Use vj” is not selected, IRIS considers s(a;,by) =
c(a;,br).

The user may choose to work with discordance thresholds also, instead of letting them take
the default value uj(b,) = 0.25 py(b,) + 0.75 vj(by). To enable/disable the use of explicit discordance
thresholds the user may select/unselect the button “Use uj” (figure below, on the right). This button
is available only when the button “Use vj” is selected. As for the veto thresholds, discordance
thresholds with value O are ignored and hidden.
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Actions  Fixed Par. |Bounds| Eonstrainlsl

T e = T = P
gt [0 B0 90 28 40 1 0
Actions  Fixed Par, |Eounds| Eonstraintsl il 4 ! ! o 0 0
pl 2 & 3 2 2 0o o
gl Jo2 Jo3 Jo4 [o5 [o5 [a7 | ul
glb1) (100 (6080028 an 10 vl 500 (300 1000 300
ql 4 1 1 0 o o0 T L I I~
pl_|2 & 3 2 3 0 |0 g2 [1 4 1 1 0 0 o
glb2] |2 A0 Y& 23 32 2 2 p2 |2 g 3 ] k} i} i}
a2 |1 4 1 1 0 o0 o uz2
p2 |2 & 3 2 3 0 0 w2 600 300 1000 300
gb |8 20 BD 18 22 4 3 glb3) [B 20 @D 8 22 4 3
a3 |1 4 1 1 o 0 o 2 |1 4 1 1 o a0
p3 |z & 3 2z 3 0 o p3 [z & 3 2 3 0 0
gbd|?5 30 3 0 14 5 4 u3
K 41 1 o0 0 3 600|300 1000 | 300
Mz & 3 2z 3 0 o g4 25 303 0 1454
et 1 A 4 a1 gd (1 4 1 10 o o
pd 2 & 3 2 3 0 0
ud
wd E00 (300 1000 | 300
[FENTE 1 -1 -1 -1 1 1
Uze w | Ize | I Lize v I Use uj

20

The last row in the grid indicates if the preference increases or decreases with the

performances. If the value is 1, then the higher the performance, the better (the criteriais one to be

maximized, such as "customer satisfaction"). If the value is -1, then the lower the performance, the

better (the criteriais one to be minimized, such as "fuel consumption™).

The user may navigate between cells using the mouse or the keyboard arrow keys. All input

must be numerical, either positive or negative values, either integer or not (the decimal point is

The performance cells cannot be blank: zero values must be explicitly inserted as a number.

).

The user may change the number of categories, either creating new ones (by splitting

existing categories) or deleting some of them (by merging consecutive categories). The Categories
menu and the pop-up menu offer the commands to perform this.
The user may also change the number of criteria, either creating new ones or deleting some

of them. The Criteria menu and the pop-up menu offer the commands to perform this.

4.2.3. BOUNDS PAGE
When working in the Bounds page, the user may edit the upper and lower bounds of the cutting

level (lambda) and the weights (ki refers to the weight of the i-th criterion).

File Categories Crtenia  Actions  Constraints Besults  [nconsistency Help

el | CELLS: Heigthﬁjl Widthﬁjl Fart size |a_:||

Actionsl Fixed Par.  Bounds | Eonstraintsl Results | Infermed constrain 4 I ’I

lambd[k1 [k2 [k2 [ka k5 [k6 [z | S E S
LE-L/M@ o001 001 o0 00l 001 00 0ol i
UE-Uo33 043 049 049 049 043 043 049 1‘| _'|;I
lambd[k1  [k2 [ka [kea]
4 bl
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Bounds may be directly input in the corresponding cells. The user may navigate between cells using
the mouse or the keyboard arrow keys. All input must be numerical, in the interval [0,1] (the

decimal point is "."). The upper bounds should not, of course, be lower than the corresponding

lower bounds. Zero values must be explicitly inserted as a number (ablank cell originates an error).

4.2.4. CONSTRAINTS PAGE

When working in the Constraints page, the user may edit the constraints (other than bounds and
assignment examples) that the weights and cutting level should respect.

The constraints may be directly input in the corresponding cells. The first "normalization”
equality (yellow color) isfixed. The user may navigate between the remaining cells using the mouse
or the keyboard arrow keys. Zero-valued coefficients may be left blank (indeed, to improve
readability, IRIS hides all the zero values except those in the RHS column). The right hand sides
cannot be negative, but the remaining coefficients can. To enter the type of inequality type "<=" (or
just "<", which is considered the same), "=", or ">=" (or just ">").

The user may change the number of constraints, either creating new ones or deleting some
of them. The constraints menu and the corresponding pop-up menu offer the commands to perform
this. The option of deleting asks the user which constraint is to be deleted, and the constraints
identification labels change accordingly after the deletion.

File Categories Criteria  Actions  Constraints  Besults  [nconsistency. Help

o g | CELLS: Heigth[16 =] Widh[25 =] Fontsizefs =]

Actionsl Fived Par. I Bounds Constraints | Results | Inferred comzl 4 I ’I

lambd[k1 Jk2 k3 [ka k5 [k6 k7 [e=> [RHS | B

Mo 1 il il 1 il il 1 = il i} |

adl -1 1 = 0 1

ad2 1 -1 = 0 2

ad3 1 -1 = 0 3

add 1 1 = 0 4

ad5 1 -1 = 0 5

adE 1 1 = 1 B
7 -
| »
lambd] k1 k2 (k3 &
L} 3 |

In the above example, the constraints adl to ad6 force k, to have a value which is not less than any
of the other weights:
'k1+ 1k23 0 0 k23 k]_ (adl)

1k2' 1k33 0 0 k23 k3 (ad2)
1kr-1k30 U k2k, (add)
1k2' 1k53 0 0 k23 k5 (ad4)
1kr-1k30 U k23 ks (ad5)
1k2' 1k73 0 0 k23 k7 (ad?)
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4.3. Output

After having specified all of the inputs, the user may get some results. The Results menu offers the

following options:
The Volume Computation option estimates the volume of the polyhedron of combinations of
parameter values that respect all the constraints (including bounds and assignment examples)
using Monte-Carlo simulation. A window appears where user may change the number of
significant digits (Precision) and press the button Start simulation. Then, IRIS determines the
dimension of the polyhedron and estimates its total volume (Absolute volume), as well as the
ratio between the total volume and the volume of the polyhedron defined by the bounds on the
parameters (i.e. excluding the other explicit constraints and the assignment example constraints)

(Volume to bounds). The window must be closed to continue using IRIS (button Exit).

7= RIS - Yolume Computation M=l E

Precision:  [3 ﬂ

Dimension: 7

Absolute Yolurne: 4. 51E-5

WViolumne to bounds: 0.142

Exit |

The Robust Assignments option computes the inferred parameter values and assignments, as

well as the range of possible assignments for each action, if the constraints are consistent. After
choosing this option, the outputs area of the screen will reflect the inputs.

The by Input Order option instructs IRIS to sort the actions by their input number.

The by Variability Order option instructs IRIS to sort the actions by decreasing variability

order, where variability refers to the difference between the best and worst possible assignments.

The outputs area of the screen, updated after choosing the option Robust Assignments, may be

enlarged or reduced and contains the following pages:

4.3.1. RESULTSPAGE
This page displays a grid with the inferred parameter values and assignments, as well as the rang e of

possible assignments for each action. Depending on the selection previously made in that menu (by
Input Order or by Variability Order), the actions appear in the same order as the Actions page
(e.g. first figure below) or appear by decreasing order of variability (e.g. second figure below),
where variability here means the difference between the best and worst categories in the actions
assignment range. The user may change the actions order at any time, even after the results are

computed.
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The Results page uses color to indicate the range of possible assignments for each action
(robustness analysis), i.e. the categories where it may be assigned without violating the constraints,
bounds and assignment examples. These ranges appear in green color. In some situations, there are
some intermediate categories where an action cannot be assigned (recall Section 3.4.1), as for
instance a28 in the figure above: when a28 is good enough to be better than C1, then it reaches C3
without being assigned to C2. These situations are presented to the user asa"hol€e" in arange.

In each range, one of the cells has a darker shade of green, meaning it is the assignment
recommended by IRIS, based on the inferred combination of parameter values. This combination is
chosen to be relatively central to the set of combinations that respect all the bounds, constraints and
examples. It is presented in the last row of the Results page, in green color. If the user selects any

cell in a range, then the penultimate line in the Results page shows a combination of parameter
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values that assigns the action in the cell's row to the category in the cell's column. For instance, the
figure above shows a combination of values that assigns a28 to C5.

The actions that are assignment examples can easily be identified by the blue color of their
label, asin the figure below, which also shows a situation where the outputs are outdated because of

achange in the inputs. Thisis shown by the use of ared font.

Actions | Fixed PELI_'I Results | Infer. Prog, I Indices |

Actior] ELaw|EHigH « 1 oz o3 e IH iI
o [1 |5 [_|]]a

i 2 3 i [

2 [1 s 2

2 [1 |5 2

4 1|5 4 I

S E 5 I

S E B .

7 1 s i I

8 1 |5 g I

1 [1 |5 3 .

N E 10 i

11 |5 11 | =
12 1 s lambdlk1 [k2 [k (k4 [k5 [k6 (k7 |

E G _I;I G (L0355 0.242% 0.0355 0,217 [0.217 | 0.217 | 0,035

4| 3 (0.57370.1 2620, 24250.12620.1 2620.12620.1 2620.1 262

If there is no combination of parameter values that respects simultaneously all the bounds,
constraints and assignment examples, then there will be no ranges to depict (inputs are
inconsistent). In these cases, IRIS shows a proposa for assigning al the actions such that the
maximum deviation is minimized (this can be seen in detail in the Inference Program page). The
assignment examples that are not restored appear in red color, as in the figure below. The

inconsistency analysis module may help the user in these cases (see section 4.5. below).

Actions | Fingd P24 I L4 I Results | Infemed constraintsl Infer. Prog. I

ctior] ELow]| EHigh| = S EE IH iI
o 1 |5 |_1|llo

Tz B i ]

2 |1 s 2 [ |

a 1 |s 3 -

+ 1 s 4 [ |

5 [1 s 5 ]

B E B |

7 |1 s 7 [ ]

g8 |1 |5 B [ |

a 1|5 3 [

i 10 ]

1 1[5 11 || hd
12 1 s lambd[k1 [k2 [k (k4 [k5 [k [k7 |

17 |1 5 |~

4| _>|_I (0555 0.49000. 4550000450, 0040, 00450.00450. 0045

4.3.2. INFERRED CONSTRAINTS PAGE
This page only presents information: it displays the linear constraints corresponding to the

assignment examples.
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4.3.3. INFER.PROG. PAGE
This page only presents information: it displays the linear program corresponding to the inference

problem, indicating which constraints are violated when they are inconsistent. The rightmost
column indicates the deviation between the inferred solution and each of the constraints. If a value
in that column is strictly greater than zero, then the constraint is being violated, and this is
highlighted using the red color, as shown below. The inferred solution (shown in the Results page)
is the one that minimizes the greatest of these values.

Hesultsl Inferred constraints  Infer. Prog. |

Dezcr alpha Iambd4k1 |k2 |k3 |k4 |k5 |kE |k? |<,=,> |F|HS |Error | -
C[1]:=3 El -1 1 1 1 1 1 1 1 =0 -0.004: j
C[1]<=3 1 1 -1 -1 -1 -1 -1 -1 -1 == 1E-H |0.0050

ad1 1 -1 1 == 0 0.0050

ad2 1 1 -1 =0 -0.4801

ad3 1 1 -1 = 0 -0.4801

add 1 1 -1 = 0 -0.4801

ad5 1 1 -1 =0 -0.4801

adE 1 1 -1 =0 -0.4801

LE lambda |1 1 »= 0B -0.359%

LUE lambda |1 1 <= 099 0.0050

LE k1 1 1 == 001 -0.4800

LIE |1 -1 1 <= 049 1.BEH

LE k2 1 1 »= 001 -0.475I

LIE .2 -1 1 <= 045 -0.004

LE k3 1 1 »= 001 00050 LI

4.3.4. INDICES PAGE
This page only presents information: it indicates the geometric mean of the number of possible

assignments per action (when the constraints are consistent), and its variation relative to the

previous computation.

4.4. Resultsreport

The user may produce a report (text file) on the outputs that have been computed by selecting

FilelReport (or button "% ). It is not necessary to supply an extension, since the program will
automatically append the extension .rpt. Thisfile indicates (see also Appendix C):
the inferred assignment, as well as its best and worst category for each action (if the input is
consistent);
the inference mathematical program; and
the solution to the inference program, which corresponds to the inferred assignment.
This text file may then be formatted as in a text processor or may even be read by a
spreadsheet program.
If the user chooses File|lPrint form he/she will obtain a bitmap file that mirrors the present

contents of the IRIS window.
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4.5. Inconsistency analysis

When the constraints are inconsistent, the menu option Inconsistency becomes available, leading to
a new window that helps the user fix the inconsistency. The inconsistency analysis form is divided
in two parts. On the left side, it shows the list of the constraints forming the inconsistent system,
with a number identifying each of them. On the same side, the user may choose the maximum
number of suggestions for fixing the inconsistency (by removing/relaxing some of the constraints)
and initiate the computation using the Suggest button. On the right side, the results appear as alist
of different manners to resolve the inconsistency, by removing an increasing number of constraints.
First, there will appear, if exist, proposals to remove one constrain only; then, proposals involving
the removal of two constraints, and so on, until there are no more alternative manners to resolve the
inconsistency or the maximum number of suggestions is reached. For instance, in the picture below
the fifth proposal ("7+8+12") refers to the removal of three constraints identified by the numbers 7,
8 and 12 (athough arelaxation, rather than deletion of the constraints, is often sufficient to restore

the consistency).

'z= Inconsistency analysis H=] E3

Mo, |Descr lambg k1 |k2 [k3 |kd4 |KE | I # [uant. | Constraints to remave &
2

23

11 +12

3+12

1 [cip=s 'RE
2 |ci2ee=5 |1 0,095 1
3 [cese= [+ 4 4 a4 A
4 [e@p=2 |1 1 omi 1
5 [cEe=4 |1 R
6
7
g

| = |00 | P | =
(A AEE R

adl -

1
ad2 1
ad3 1 -1
1
1

9 |ad4
10 |adS
11 |adE 1 -1
12 |LB lambda

KIS

Mar. suggestions [5 j

—
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5. A step by step example

5.1. Opening a project

To open a file created previoudly, the user run IRIS choosing one of the two versions available:
either irisl.exe or irislsi.exe. The latter version does not include the inconsistency analysis module,
but does not require to have LINGO previously installed. From the menu File, the user must then

choose the option Open and locate the file, which usually will have a .tri extension. Alternatively to

!
using the menu, the user may click on the button E

Open HE|
Look in: | F2] Desktap :_j %‘1 @J Aﬁ_F‘ EE?:

(=

%mig =3 My Documents
24 by Compuiter

E54 My Br 'Q 1 i ;

L3 =4 3% Floppy (4]

& Short = (]
o Shotd gy dio £ (D]
] Shartd &5 My Briefoase

Files of bype: ]TFH parameters & conzstraints [ tri] l] Cancel
0

e

To follow this example, the user should locate the file test1.tri which comes with IRIS. The path
and name of the file will appear in the caption of the IRIS window.

'z IRIS 2.0 - C:\My Documentsitest] tri H=l
File Categories Criteria Actions  Constraint:  Besults  [noonzistency Help
D =3 CELLS: He|gth|‘|8 | W’ldthISE — Font size |8 —
Actions | Fired Par. I Boundsl Constraintsl
Actior|ELow|EHiga1  Ja2 [a3 ot [o5 | il
] 1 4 g 57 197 0 1]
1 1 4 164 145 5398 75 &2
2 1 4 3mE B B49 21 45
3 1 4 206 E1.7 7AF7 3B 8
L] 1 4 11.5 171 571 42 37
5 1 4 224 251 498 &5 I
g 1 4 239 345 489 25 8
7 1 4 2399 44 BFR 17 2R
3 1 4 87 B4 274 4R 4R
0 4 212 24E EB48 3E 8
13 4 99 35 531 85 &3
14 4 104 33 809 14 41
20 4 155 85 B2 BE 18
22 4 91 41 448 33 104
24 N 4 59 -277¥ 774 166 127 ;l
| 4
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5.2. Obtaining results

=

After opening a project using File|Open or == (or after creating a new one using File]New), the
user may start editing the file and obtaining results. Choosing Results|Volume Computation
alows to compute the relative volume of parameter polyhedron that respects the constraints
imposed so far (i.e. the constraints which state that k; is not lower than any other k; (j* 2), according
to the data in the Constraints page, plus the bounds imposed in the Bounds page). The user may
choose a precision (which is three digits by default), press the button Start simulation, and wait for

the simulation to end:

7= RIS - Yolume Computation M=l E

=
=

Precision: |3

Dimension:

Absolute Yolurne:

Wiolumne to bounds:

5

0.00186

0.201

Exit |

In this example, the 6-dimension polyhedron of acceptable values for the weights and cutting level

has a dimension of 0.00186.> Considering only the combinations that respect the bounds defined in
the Bounds page, about 20% of them respect the constraints in the Constraints page. The user may
now press the Exit button to return to the main window.

Choosing the option Results|Robust Assignments IRIS will determine the range of
categories where each category may be assigned to, given the polyhedron of acceptable values for
the parameters, indicating the inferred “central” parameter values as well as the precise assignments
corresponding to these. In this example, the user may notice that action a, cannot be assigned to
category Cs. Recall Section 4.3 to know how to interpret these results and interactively calculate
some other ones. For instance action a; was assigned to Cs, but might also have been assigned to C,
or C, without violating any constraint. Selecting any of these cells will instruct IRIS to calculate a
combination of parameter values leading to the selected assignment. The user may select the order
of presentation of the actions in the Results menu, either choosing by Input Order or by
Variability Order.

? Since this is the result of a Monte-Carlo simulation, the user may see aslightly different result.
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‘gz IRIS 2.0 - C:\My Documentsitest].tri

II=] E3

29

File Categoriez LCriteria  Actions  Constraints Besults  [neonsistency Help
:D: = B3 | CELLS: HagthI‘IB =i Wldth|38 = Font zize |2 =i
Actions | Fixed F'ar.I Boundsl Constraintsl Results ||nfel. F'rog.l Indicesl
Actior|ELaw|EHighlg1  Ja2 [a2 [a¢ [o8 | il S D ﬂ
0 (1 (4 |EB e 1370 |0 0
1 [t [4 |64 145 538 |75 |52 1 ]
)
2 (1[4 |3 &7 543 21 45 2 o
3 1 |4 Jeos g7 77 36 |8 3 I
4 |1 |4 115 171 8571 (42 |37 4 L]
5 |1 |4 Jez4 251 438 5 |74 5 |
B |1 |4 239 345 489 25 |3 E I
7 |1 |4 Jesa 44 578 1.7 |25 i |
8 |1 |4 a7 54 (274 (45 |45 8 L]
101 [# 212 245 e43 |35 8 10 || -
13 |1 [+ |93 35 531 85 53 13 1
14 (1 |4 |04 93 509 14 41 lambdlkl  [k2 [k3 [k4 k5 |
20 |1 |4 155 85 BE2 55 18
s 1 0g a1 41 a4n 22 na  =l|||n758z0.1682032660. 16870 16820 1682
| Y.

5.3. Editing the inputs

After opening a project or creating a new one, the inputs may be edited either before or after

obtaining results. For convenience, the user may reduce the width of the cells using the control

width Iﬁj . The user may change the performance values in the Actions page, which also allows
to insert assignment examples (Section 4.2.1). For instance, |et us suppose that the user wished that
a, was assigned to C,. To insert such an assignment example, it would be necessary to click on the
cell in the column EL ow of row “2”, and place the value 4 as the lowest category (i.e. the category
of a, cannot be lower than C,;). The user may aso click does not need to click on the cell in the

column EHigh in the same row, since C, is aready the best category.

Actions | Fixed Par. | Boundsl Eonstraintsl

action|ELow [EHigh[a1  [o2 [a3 [a4 [o5 =
I 1 L] 3[8 B 187 |0 o _|
1 1 4 164 145 538 |75 B2

2 1 4 358 B 43 |21 45

B 1 A e ei7 TRT lae a

4_ Azsignment example for action 2
5

B_ Lower categony

4

N

10 Ok, I Cancel |

13

14 !‘I |4 |‘ID.4 93 808 14 11

an 1 4 1RF AR RE? RR 18 T
Ll | | 3

Using the mouse, the user may select the remaining pages and change the vaues
corresponding to the fixed parameters (Section 4.2.2 % Fixed Par. page), the bounds on the criteria
weights and the cutting level (Section 4.2.3 % Bounds page), and the constraints on those
parameters (Section 4.2.4 % Constraints page). The outputs page becomes invalid after inputs are



IRIS2.0 3% User Manual 30

changed, which is shown by the use of a red font. Results must be re-computed to reflect the

changesin the inputs.

An alternative to editing the inputs using IRIS is to edit the inputs file using a text processor or a spreadsheet,
saving the file in text format. The syntax of the inputs file (usually with a .tri extension is described and
exemplified in Appendix A)

5.4. Saving the data

To save the data, the user may choose between the options File|Save Data and File|Save

i . . .
Data As. The button .E_' corresponds to the latter option, which asks for the file's name and
location and allows to save it under a different name, e.g. test2 (IRIS automatically appends the

extension .tri). The caption of the IRIS window will reflect the change.

5.5. Obtaining new results

The red font in the outputs page shows that the inputs have changed. To reflect these changesin the
results the user must re-calculate the results by choosing Results|Robust Assignments. The
assignment example that az belongs to C, causes a reduction of the set of acceptable values for the
parameters and hence leads to decrease in the ranges of possible assignments. Thisisvisiblein the
Results page. An indicator for the reduction (the geometric mean of the number of categoriesin a

range) is presented in the Indices page.

Results I Infermed constraintsl Infer. Pro, 4 I 'I Hesultsl Infermed constraintsl Infer. Prog,  Indices |
o Jcz |cs |H - GEOMETRIC MEAN FOR Mo. CATEGORIES

0 [Including examplez)

1 [

23 -- 1.2347

4 ] variation = -0.241 [15.2%)

5 [ |

B |

7 [

8 L 1

10 [ |

13 ] |

lambddkl  [k2 [k3 [kd [k5 |

073 022 036 014 014 014

5.5. Analyzing inconsistencies

The results now show that action as can be assigned either to C; or C, (the inferred suggestion). Let
us suppose, however, that according to the user’s experience, that action should be assigned to C, at

the best. Obvioudly, that is inconsistent with the constraints imposed so far, as IRIS will state when
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the user introduces this example (via the Actions page, as exemplified above) and re-cal culates the
results (Results|Robust Assignments). The assignments corresponding to the new inferred
parameter values are presented in red color in the cases where the examples have not been restored

(a and ag):

7= 1RIS 2.0 - C:\My Documentsitest].tri [_ (O] =]
File Categoriez Criteria  Actions  Constraints  Besults  [nconsistency  Help

tea CELLS: Heigh[1E < widh[32 =] Fontsize[s <]
Actions | Fired Par. I Bounds | Constraints | Results | |nferred constraints I Infer. Prog. I
Action|ELow |EHigh[a1  [g2 [g2 Jad = S ﬂ
TR 4 |8 7 137 o Lo

1 1 4 164 145 548 |75 1 [

B¢ [¢ |:me &7 643 21 B L]

E 4 |25 617 77 35 3 |

4 |1 4 171 571 42 4 I
S E 251 438 |5 : [ |

E |1 4 M5 483 25 6 [ |

7| 4 4 58 17 7 [ |

8 1 |+ 54 274 45 8 [ ]

10 |1 4 245 B48 36 10 | -
13 1 4 35 (5311 85 13 [

4 1 | 33 809 14 lambddkl k2 [k3 [k k5 |

20 1 4 5 85 |sE2 55 X

< | S (0.995050, 004560, 324900,01 |0 33000, 33000

| v

The Inconsistency option becomes available on the main menu, leading to awindow where the user
learns some suggestions on how to overcome the inconsistency (for details refer to Section 4.5). In
that window, which may be moved and resized independently from the main window, the user just
has to indicate the maximum number of suggestions and press the button Suggest. In this case there
exist two possible ways to restore the consistency: either to remove constraint 2 (i.e. that as belongs
to category C; or lower), or to remove constraints 1 (i.e. that a, belongs to category C,) and 8 (i.e.
that the cutting level cannot exceed 0.99). Closing this window returns the user to the main IRIS

window.

'z~ Inconsistency analysis - Ol =]

Mo, |Descr larnbd] k1 k2 k3 |kd4 [k5 =] [ H# Conhstraints to remove
(2] =4 11 11 1 2
C[5)<=2 1 1 - 2 1+8

adl 1
ad2

ad3

add

LB larbda
LB lambda

LB k1 1
o e A

Maw. suggestions 5 =l H Hel
: = . ;

—_

Ly
Ly
-
Ly
ra

.
Information E

@ There are no more alternatives

o

L

R EE D E S R B
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5.6. Producing areport

The user may choose File|Report after having computed any results. If issued at this point in the
example, the report coincide with “example 2" in Appendix C. The user may select the name and

location of the report file.

5.7. Further interactions

At this point (recall section 5.5), since constraint 8 cannot be relaxed, the user would remove
constraint 1. To perform this, in the Actions page set the EHigh column cell corresponding to as to
the value of 4. Recomputing the results we are back to the previous situation (presented below with

the results sorted by variability order:

Actions | Fized Par. I Boundsl Constraintsl Results | Inferred constraintsl Infer. Prog. I Indices
Action|[ELow [EHigh a1 [a2 [a3 [o4 o5 = E il
0 1 4 /S |67 197 0 R EE

1 1 4 164 145 5398 75 |52 3 [ ]

2 4 4 /8 |67 643 |21 45 a [ ]

3 1 [+ |:e e17 w7 36 & 5 |

4 1 4 115 (171 571 42 37 10 [ ]

5 1 4 224 (251 (498 5 79 24 [ ]

& 1[4 |zo 345 483 25 B 23 [ ]

7 1 4 299 44 578 17 25 il

8 1 [* a7 54 274 45 |45 0 L]

K 4 1.2 |246 648 (36 |8 1 L]

121 4 939 |35 531 |85 53 2 [ ] hd
14 |1 4 104 93 809 14 |41 lambddkl  [k2  [k3 [k [k5 |

20 |1 4 155 |85 E62 B 18 ¥ @0.1049 0.3900/0.1049 0.1043 02350

< , 073 022 036 014 014 014

The fact that action ayg is the one with highest variability of possible assignments invites the user to
see if these possihilities may be reduced. Supposing that the user considered this action as a good

example for category C, the following results would be reached:

Actions | Fized Par. | Boundsl Constlaintsl Results | Inferred constraintsl Infer. Prog. I Indices
dction [ELow |EHigh a1 [a2 o2 a4 a5 4] S = = ii
e B 4 =8 67 (643 (21 (45 3

3 I 4 |06 617 757 36 8 5

4 J1 Ja s 170 571 42 (37 B I

5 J1 |4 Jez4 (251 |a3@ 5 |73 10 [ ]

e | 4 739 .45 (483 25 @ a

7 It 4 Jeas 44 s7m 17 25 |||[o [ ]

8 [1 Ja |s7 |54 |274 45 [45 1 L]

101 4 212 248 [pa2 35 8 2 [ ]

12 |1 4 83 35 (531 B85 (A3 4 ]

14 |1 4 |4 33 (809 14 41 7 [ ]

20 |1 4 |55 85 (562 55 18 8 [

2 1[4 a1 41 4as 33 104 13 L]

241 4 59 277 774 16E 127 14 [E— | |
25 |1 [a_ |163 124 ED1 5B 5B lrbddkl (k2 [k3 k4 [k5 |
N Bl 43 |29 25 (46 =

KN 3 0. 8000:0.1043(0. 330020, 104360,1043{0.2350:

At this point, the user might be so satisfied with the low variability of the results, that the process
could stop. The user may choose File|Report after having computed any results. If issued At this
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point in the example, a report (choose File]Report) would coincide with “example 1" in Appendix
C.

5.8. Creating a new project

To create a new project, the user may choose the command File|New. A window appears where the

user indicates the dimensions of the project:

New Problem
MHumber of alternatives IE

Mumber of criteria I2
Mumber of categoniez I2

" 0K I X Cancell

After setting these dimensions, the user may start editing the inputs. The number of criteria, actions
(alternatives) and categories may be changed later using the Criteria, Actions, and Categories

menus, respectively.

An dternative to creating the inputs using IRIS is to create the inputs file using a text processor or a
spreadsheet, saving the file in text format. The syntax of the inputs file (usually with a .tri extension is
described and exemplified in Appendix A).
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Appendix A: Syntax of theinput file (*.tri)

Although the easiest way of creating or updating input files is through IRIS, the syntax of such files
alows to create or edit them using a text processor or even a spreadsheet capable of saving filesin
simple text (ASCII) format. The first character in each line determines the data it contains or
determines that the line contains a comment, if the character is 'c’. This does not mean, however,
that IRIS accepts data in arbitrary order. Rather, IRIS expects to read datain a sequence that cannot
be changed:

IRIS recognizes the input file as being from version 2 by a first line like the following one,

otherwiseit will treat it as being aversion 1 file:
c version 2

The first non-comment line should start with a't' to indicate the size of the problem. If nisthe
number of criteria, t is the number of categories, and mis the number of actions (alternatives),
then the line should have the following format, with spaces or “tabs’ separating the numbers:

t n t m

The next non-comment line should start with a 'd' to indicate the direction of the criteria,
followed by ngi: numbers separated by spaces or “tabs’. Each of these numbers may take the
value 1 when the corresponding criterion is to maximize (preference increases with the
performance), or -1 when it is to minimize (preference decreases with the performance, e.g. a
cost):

d V-1 v1oo.. -1

Then, IRIS expects t-1 lines starting with a 'p' to present the performances associated with the
profiles that separate the categories. The first profile will be the one separating the lowest
(worst) category from the second lowest. The last profile will be the one separating the second
best category from the best one. Each line will present a profile that dominates the profile
presented in the preceding line. If we denote by gj(b:) the performance of the r' profile according
to the j"™ criterion, then the successive lines should appear as follows (the id_number is ignored

but must be present):

p id_number Gu(br) ga(by) .. On(b2)
p id_number oi(bo) go(by) ... On(b2)
p id_number (1) (b)) .. On(br-2)

Afterwards, IRIS expects n.(t-1) lines starting with an 's' to present the thresholds associated with
the criteria/profiles. In each line, the first number after 's identifies the profile (an integer

between 1 and t-1), the second number identifies the criterion (an integer between 1 and n), the
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third number indicates the indifference threshold, the fourth indicates the preference threshold,
the fifth indicates the discordance threshold (0 if disabled), and the last indicates the veto
threshold (O if disabled). If we denote by gi(b), pi(by), ubr), and vj(b), respectively, the
indifference, preference, discordance, and veto thresholds associated to the jth criterion given the
performance of the r" profile, then the successive lines should appear as follows (r=1,..., t-1;
ji=1,...,n):

S r i gb) mlo) ub) (o)

Next, IRIS expects m lines starting with an 'a to present the performances of the actions and
(possibly) assignment examples. In each line, a first number after 'a’ (an integer) identifies the
position of the action, followed by n numbers indicating the performances of the action at the
multiple criteria. Then, there should appear two integer numbers (between 1 and t), the first one
constraining the action's assignment from below (i.e. indicating its worst envisaged category),
and the second one constraining the action's assignment from above (i.e. indicating its best
envisaged category). If the first of these two numbers is higher than 1 or if the second of these
numbers is lower than t, then these actions will belong to the set of assignment examples.
Finally, all the characters until the end of the line will become the action’s name If we denote by
gi(a) the performance action & at the j™ criterion, by Cyors(a) its worst envisaged category, and
by Cues(d) its best envisaged category, then there should appear mlines asfollows:
a i (@) o(a) .. (@) Cuorsi(&) Coest(a) name

The next block IRIS looks for presents the bounds for the criteria weights (one line per bound).
Each of these 2.n lines will present a lower bound if it starts by 'K S, or an upper bound if it
starts by 'K I'. Then, one number identifies the criterion (an integer between 1 and n) and the
following one indicates the bound’s value. If we denote by LB; and UB;, respectively, the lower
and upper bound for k; (the weight of the j™ criterion), then the successive lines should appear as
follows, for j=1,..., n (the order is arbitrary):

KS | UB,
K1 LB

Then, IRIS expects one line starting with 'K N' followed by a number ngs indicating the number
of additional constraints on the criteria weights (not counting with the constraint that their sumis
egual to one). Thisline is mandatory even if there are no additional constraints (then ne,,s should
be set to zero):

K N Neons

If Nneons 1S greater than zero, IRIS expects s lines starting with 'K g' or 'K €.
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A constraint ao.l + a; ky+...+ a, k,3 b should be coded as:
Kg a a an b.

A constraint aq.l + a; k; +...+ a, k, £ b should be coded as:
Kg -ao -a, -an -b.

A constraint ao.l + a; ky+...+ a, k, = b should be coded as:
Ke ag a an b.

Then, IRIS expects two lines, one starting with 'L m' followed by a lower bound for the cutting

level lambda, and the other starting with 'L M' followed by an upper bound for the same

parameter:
L m [ min
LM |

Finally, IRIS expects one line starting with 'n' followed by n lines containing the names of the n

criteria.

Example:

DYDY YDDDDDYDYDYDYDYYDONVOLOLBLOLOLOOLLOOOOOOONONOTTTOOLO TOOO

version 2
this is the file for testl.tr
Si ze of the problem

5 4 20
Directions of preference:

1 1 -1 -1 -1
Profiles:
1 -10 - 60 90 28 40
2 8 -20 60 18 22
3 25 30 35 10 14
Thr eshol ds:
1 1 1 2 0 0
1 2 4 6 9 12
1 3 1 3 0 0
1 4 1 2 0 0
1 5 0 3 0 0
2 1 1 2 0 0
2 2 4 6 9 12
2 3 1 3 0 0
2 4 1 2 0 0
2 5 0 3 0 0
3 1 1 2 0 0
3 2 4 6 9 12
3 3 1 3 0 0
3 4 1 2 0 0
3 5 0 3 0 0
Acti ons:
0 35.8 67 19.7 O 0 1 4 0
1 16.4 14.5 59.8 7.5 5.2 1 4 1
2 35.8 67 64.9 2.1 4.5 1 4 2
3 20.6 61.7 75.7 3.6 8 1 4 3
4 11.5 17.1 57.1 4.2 3.7 1 4 4
5 22.4 25.1 49.8 5 7.9 1 4 5
6 23.9 34.5 48.9 2.5 8 1 4 6
7 29.9 44 57.8 1.7 2.5 1 4 7
8 8.7 5.4 27.4 4.5 4.5 1 4 8
9 21.2 24.6 64.8 3.6 8 1 4 10
10 9.9 3.5 53.1 8.5 5.3 1 4 13
11 10.4 9.3 80.9 1.4 4.1 1 4 14
12 15.5 8.5 56.2 5.5 1.8 1 4 20
13 9.1 4.1 44.8 3.3 10.4 1 4 22
14 5.9 -27.7 77.4 16.6 12.7 1 4 24
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al5 16.9 12.4 60.1 56 5.6 1
al6e 5.1 4.9 28.9 2.5 46 1
al7 24.4 22.3 32.8 3.3 5 1
a 18 29.5 8.6 41.8 5.2 6.4 1
al9 7.3 -64.5 67.5 30.1 8.7 1
¢ Upper bounds on wei ghts:

KS 1 0.49

KS 2 0.49

K S 3 0.49

K S 4 0.49

K S5 0.49

c Lower bounds on weights:

K1 10.01

K1 2 0.01

K1 3 0.01

K1 4 0.01

KI1 5 0.01

c Additional constraints:

K N4

Kg 0 -1 1 0 0 0
Kg 0 0 1 -1 0 0
Kg 0 0 1 0 -1 0
Kg 0 0 1 0 0 -1
¢ Bounds on | anbda

L MO0.99

L mO0.6

n nane of criteria

gl

g2

g3

g4

gs

c *** END OF FILE ***

ArDBAAD

[eNoNoNe]

25
28

29
31
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Appendix B: Importing data from M S-Excel

Sometimes, the user may already have data in a spreadsheset like MS-Excel, namely a table that
indicates the performances of the actions at the several criteria. This appendix shows how these data
may be easily imported into IRIS. For instance, let us assume that the performance data of 10
actions at 5 criteriawere in afile examplexls, as follows (if the actions were in columns instead of
rows, we could use the TRANSPOSE function in Excel):

&l example_xls

A B C D E F
1 Performance data
2 Action i) g2() o) o) 3]
3 0 34 4 7 434 95
4 1 24 4 4 256 97
H] 2 35 2 5 775 75
1] 3 41 =] =] 123 a7
7 4 14 3 9 523 ]
[i] 5 23 g 7 278 100
] 5] 54 3 3 685 [i25]
10 7 22 3 3 732 [=l=]
1 i 52 5 i 431 100
12 9 a7 3 2 B23 95
AT

To import these data, the user may proceed as follows:

1. Start IRIS.

2. Create anew file, indicating 10 actions, 5 criteria, and the number of categories (Section 5.7).

3. Savethefile, choosing its location and name, e.g. example.tri (Section 5.4).

4. In Excdl, open the file exampletri, accepting the default choices proposed by the Text Import
Wizard (Origina Data Type = Delimited, Delimiters = Tab, Column Data Format = General):
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E3 Microzoft Excel - example.tn

J File Edit View Insert Format Tools Data window Help

DEEESRY 2RSS - &= A8 Ml -3
134 =l =
L& | e | ¢ | o | E | F [ & | H | 1 |
C warsion 2
c Size of the problem:
th 3 10
c Directions of preference:
d 1 1 1 1 1
¢ Profiles:
p 0 0 0 0 0
pZ 0
¢ Thresholds:
s 1
g1
s 1
g1
s 1
g2
g2
g2
g2
g2
c Actions:
al
al
a2
ad
a4
ah
ah
al
af
ad 0
¢ Upper bounds on weights:

]
]
]
]

0 e D0 kD — T e 00 RO —
o o Y e s e o A L o
o o Y e s e o A L o
o o Y e s e o A L o
o o Y e s e o A L o

o s I e e s o
Lo o R o I o O o e e Y e s e }
Lo o R o I o O o e e Y e s e }
Lo o R o I o O o e e Y e s e }
Lo o R o I o O o e e Y e s e }
ool a|lalalala|lal—
(AR R SRR N SRR ER RN R FR R}
0000 - O e LD R — O

Lo o e e e e e el el Kt el el el g

5. Copy the datain cells B3:F12 from example.xIs to the cells B21:F30 in the file example.tri.
6. Save example.tri, keeping the text (tab-delimited) format and close that file.

7. Re-open exampletri in IRIS: it now contains the copied data.
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Appendix C: Syntax of thereport file (*.rpt)

The first part of the results report indicates the name of the input file used to derive results. This
gives the user the possibility of saving the inputs under a convenient name before producing the

results report, so that the two files are congruent.

INPUT FILE

Full path of thefile

The second part of the report indicates the worst category W(a,), the inferred category 1(a), and the
best category B(a) for each action a;,. These are separated by the “tab” character. When the inputs
are inconsistent the worst category and the best category are blank.

RESULTS:
ACTION Worst Cat Inferred Cat Best Cat

name, W(&) I(a) B(ay)

The third part of the report presents the constraints to the inference mathematical program that
minimizes a. The last column (Error) appears only when the system of constraints is inconsistent,
indicating by how much is the constraint violated (if Error is positive) or the existing slacks (if Error

is negative). Let us denote each constraint as following the pattern

bia +bol +bgky+..+bp oKy {£,=,2} 0,3,

INFERENCE PROGRAM:
Descr apha lambda k1 ... kn <=> RHS  Error
label b, b, b; ... Dbne <=/=/>=  Dbp.3 error

Thelast part of the report presents the optimal solution (| ", ki - k; ) to the inference program.

INFERRED SOLUTION:
lambda k1l kn

* *

| ky Kn

The format of this results file makesit convenient to be read by atext processor or a spreadsheet.
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Example 1 (consistent system):

I NPUT FI LE:

C.\My Docunents\testl.tri

RESULTS:

ACTI ON rst Cat

Hmmpmwmmmmmmbmmmmbmbg
PWOWWRPWONWWWWWWAhrRWWWhhwbd

| NFERENCE PROGRAM

Descr al pha | anbda
C(2)>=4 -1

C(28) <=1
adl

ad2

ad3

ad4

LB [ anbda 1
UB | anbda -1
LB k1 1
UB k1 -1
LB k2 1
UB k2 -1
LB k3 1
UB k3 -1
LB k4 1
UB k4 -1
LB k5 1
UB k5 -1

[oeololojolololololol o} JoloNoNal o

| NFERRED SOLUTI ON:
| anbda k1l
0.80004 0.10498

nferred Cat

|

4
3
4
4
3
4
4
4
3
4
3
3
3
3
2
3
1
3
3
2

kX
S
BN

0000000 ORRROO0O0OO !
CO0OO0O0ORROOOORRRER ! BX

0. 39002

Best Cat
k3 k4 k
0 1 1 >=
-1 -1 0 >=
0 0 0 »>=
-1 0 0 >=
0 -1 0 »>=
0 0 -1 >=
0 0 0 »>=
0 0 0 <=
0 0 0 »>=
0 0 0 <=
0 0 0 »>=
0 0 0 <=
1 0 0 >=
1 0 0 <=
0 1 0 »>=
0 1 0 <=
0 0 1 >=
0 0 1 <=
k3 k4
0. 10498

5 <,5,> RHS Error

0
. 0001

0
0
0
0
0
0
0
0.
0.49
0
0
0
0
0
0
0
0

k5

0.10498 0.29504
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Example 2 (inconsistent system):

I NPUT FI LE
C.\My Docunents\testl.tri

RESULTS:

ACTION Worst Cat Inferred Cat Best Cat

0 4

1 3

2 2

3 2

4 3

5 3

6 3

7 3

8 3

10 2

13 3

14 2

20 3

22 3

24 2

25 3

28 1

29 3

30 3

31 1

| NFERENCE PROGRAM

Descr al pha | anbda k1 k2 k3 k4 k5 <, =,> RHS Error
C(2)>=4 1 -1 1 1 0 1 1 >= 0 0. 00505
C(5)<=2 1 1 -1 -1 -1 -1 -1 >= 0. 0001 0. 00505
adl 1 0 -1 1 0 0 0 >= 0 -0. 32003
ad2 1 0 0 1 -1 0 0 >= 0 -0. 31498
ad3 1 0 0 1 0 -1 0 >= 0 0. 00505
ad4 1 0 0 1 0 0 -1 >= 0 0. 00505
LB | anbda 1 1 0 0 0 0 0 >= 0.6 - 0. 39505
UB | anbda -1 1 0 0 0 0 0 <= 0. 99 0. 00505
LB k1 1 0 1 0 0 0 0 >= 0.01 0. 00505
UB k1 -1 0 1 0 0 0 0 <= 0. 49 - 0. 48505
LB k2 1 0 0 1 0 0 0 >= 0.01 -0. 31498
UB k2 -1 0 0 1 0 0 0 <= 0. 49 -0. 16502
LB k3 1 0 0 0 1 0 0 >= 0.01 0

UB k3 -1 0 0 0 1 0 0 <= 0. 49 -0.48

LB k4 1 0 0 0 0 1 0 >= 0.01 -0. 3200
UB k4 -1 0 0 0 0 1 0 <= 0. 49 - 0. 15997
LB k5 1 0 0 0 0 0 1 >= 0.01 -0. 32003
UB k5 -1 0 0 0 0 0 1 <= 0. 49 - 0. 15997

| NFERRED SOLUTI ON
| anbda k1 k2 k3 k4 k5
0.99505 0.00495 0.32498 0.01 0.33003 0.33003
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Appendix D: Menu structure
Available menusin the bar

FILE Menu:
New: Creates a new problem, asking for its dimensions.
Open: Opens a problem, reading the inputs from disk.
Report: Creates a file containing the computed results.
Save Data: Saves the current inputs on disk, considering the current file's name and location.
Save Data As. Saves the current inputs on disk, allowing the user to specify the file's name and
location.
Print Form: Prints a copy of the IRIS window.
Print Setup: Allows the user to define the printer's settings.

Exit: Terminates the program.

CATEGORIESMenu
Split: Splits a category (prompting the user to choose which one) into two categories. The user
has to specify suitable profiles for the two categories.
Merge: Merges two consecutive categories (the user chooses the lower one) into a single one.
The user does not need to edit the profiles, since the merged category inherits the lower bound of

the lower category and the upper bound of the higher category.

CRITERIA Menu
Insert: Adds anew criterion.

Delete: Deletes a criterion (prompting the user to choose which one).

ACTIONSMenu
Insert: Adds a new alternative (action).
Delete: Deletes an alternative (action) (prompting the user to choose which one).
Erase Examples. Removes al the assignment examples (the actions are not deleted, only the

constraints imposed on them).
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CONSTRAINTS Menu
Insert: Adds anew constraint.

Delete: Deletes a constraint (prompting the user to choose which one). Note that the constraint

number "zero" ("norm") cannot be deleted.

RESULTS Menu
Volume Computation: Provides an estimate of the volume of the polytope formed by the
combinations of parameter values that respect al the constraints, bounds and assignment
examples.
Robust Assignments: Updates the outputs, solving the inference problem and determining the
assignment ranges (robustness analysis).
by Input Order: Sorts the actions by their input number.
by Variability Order: Sorts the actions by decreasing variability order.

INCONSISTENCY Menu
This menu is available only when the constraints are inconsistent. It activates the inconsistency

analysis form.

HELP Menu
Online Manual: Opens the on-line manual. A default browser must be installed.
How to Get Help: Briefly explains how to get help.

About...: Providesinformation on the IRIS version.

Available pop-up menus
(These menus are accessible either using the right button of the mouse or

using a special key present in some keyboards)

Actions page: A menu gives access to the options in the criteria and actions' menus (described
just above) and an option for getting specific help.

Fixed Par. page: A menu gives access to the options in the criteria and categories menus
(described just above) and an option for getting specific help.

Bounds page: A menu gives access an option for getting specific help.

Constraints page: A menu gives access to the options in the constraints menu (described just
above) and an option for getting specific help.

Results and Infer. Prog. pages: A menu gives access an option for getting specific help.



