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1. Getting started, Obtaining the IRIS Software

IRIS runs on Windows 95/98/Me computers. The monitor should be at least VGA (640x480) with 16
colors. It occupies very 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.

i. Toingal IRIS unzip the contents of the file irisl.zip to a new folder with a location and a name
of your choice. The package includes two programs (see Appendix E): irisl is the software
described in thismanud; irislsi is a lighter version of irisl that does not include the module that
performs inconsistency analysis and hence does not interact with Lingo.

ii. Touseirisl (thefollowing instructions are not needed to run irislsi) it is necessary to:

» ingal Lingo (the optimization software from Lindo Systems Inc.) if it has not been ingtdled
yet;"
= copy thefiles Lingcall.dll, LingODBC.dll, Lingxcel.dll, and license.lic from the Lingo
installation to the folder whereirisl.exe islocated;
= copy thefile Lingodll.dll from the Lingo ingtalation to the directory C:\Windows\System.
IRIS may be purchased form INESC Coimbra, a non-profit Portuguese R&D ingtitute owned by the
University of Coimbra and 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

|RIS pagein the I nter net: www4.fe.uc.pt/Imcdiag/iris.ntm

' IRIS may run using the free student/demo version of Lingo, which can be downloaded from
http://www.lindo.com However, that version is capable of solving problems of modest size only (in terms of
the number of constraints).
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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 evauations (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 digible’), or to sort loan applicants into categories (eg., “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. The inconsistency analysis method is presented in Mousseau et d. (2002)
(see dso Section 3).

The main characteristics or IRIS are:

IRIS implements a concordance-only variant of the pessimistic ELECTRE TRI.

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 congtraints on the weights.
Furthermore, the constraints may be defined indirectly, asindicated in the next item.

IRIS accepts assgnment 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 congtraints, 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 congtraints are consistent, IRIS infers a "central” combination of parameter values
by minimizing the maximum dack. 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 precison of the inputs (by estimating the volume of the polyhedron of dl
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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3. Methodology

3.1. The sorting problematic

Roy (1985) defines four “ problematics’ (categories of problems) in multicriteria decision aiding:

» description problematic: the purpose of the analysis is to describe the decision situation in a
formal language, in terms of actions, criteria and evduations;

+ choice problematic: the purpose of the analysisis to select one action (or a set of x actions);

= ranking problematic: the purpose of the analysis is to 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 Decison Maker's preferences (e.g., the categories “high risk”, “medium
rsk”, “low risk”, “very low risk” in the evaluation of applications for credit) the problematic may be
caled ordinal sorting. Otherwise, the problematic may be called nominal sorting (e.g., separating
job applicants according to the categories “cregtive profile’, “technical profile’, “human relations
profile’, “leadership profile”).

3.2. ELECTRE TRI

The family of ELECTRE 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 severa methods
developed for the choice and ranking problematics, and a method to dea with the ordina sorting
problematic: the ELECTRE TRI (Yu, 1992; Roy and Bouyssou, 1993).
Let us introduce some notation:
+ m— number of actions;
= n— number of criterig;
* t— number of categories;
* A={a, ..., an} — Setof actions;
» G={0i(.), ..., On(.)} — 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
= \° \‘“*”\ [ °
h bl > - o> Ciiteionn

The assignment of actions to categories is based on the concept of outranking relation on
AxB. An action a;=A outranks a profile b,=B (denoted a; S by) if it can be considered at least as
good asthe latter (i.e., a; is not worse than by), given the evaluations (performances) of a; and by, at
the n criteria. If & isnot worse than by, in every criterion, then it is obvious that a; S by,. However, if
there are some criteria where a; is worse than by, then a; may outrank by, or not, depending on the
relative importance of those criteria and the differences in the evaluations (small differences might be
ignored). In the next subsections we present a concordance-only version of the outranking relation
and the pessmigtic ELECTRE TRI assignment rule, which characterize 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 concordance-only definition of the outranking relation on AxB. Let us introduce

some more notation:
= k; istheimportance coefficient (weight) of criterion g;(.), which is always a positive number;
» (;(bn) isthe indifference threshold associated with criterion g;(.) and profile by,
= p;(bn) isthe preference threshold associated with criterion g;(.) and profile by,
= A isthe advantage of & over by on criterion g;(.):
9j(&)-gjlby) ifg;(.)istobe maximized (the more the better)

J _{gj (by)—g;(a) ifg; () istobeminimized
» Cj(a,bn) isthe concordance index for the assertion “a; S by”, considering criterion g;(.);
* c(a,by) isthe concordance index for the assertion “a; Sby,”, considering al the criteria;

+ A isthecutting leve.

For each criterion (j=1,...,n), a concordance index indicates how much that criterion agrees with
the hypothesis “a; S by”, which is computed as follows:
0 ,ifd; < —pj(by)
cj(aj,bn)= [Dj(bh)’fﬁj)/(pj(bh)—qj'(bh)], if —pj(bn)z4j<-qj(by) -
1 ,ifdj z—q;(by)
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The concordance is maximum (1) when & is better than b, or is worse but by a small difference (up
to g;j(bn)). When &; isworse than by, the concordance starts to decrease when the difference in favor
of b, becomes larger than g;(by), and attains its minimum (0) when the difference in favor of by

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

/

B by gy Y 4,

G(ab)

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

global (multicriteria) concordance index, considering the relative weight k; of each criterion:
c(ay.bn)=2"_1Kj ¢j{& by ], where we assume that E?=1kj =1.

Since we are not dealing with discordance, we will interpret this concordance index as the
credibility of the statement “a; S by,”. The cutting level A is a threshold that indicates whether the

credibility is sgnificant or not:

a; outranks by, (& Sby) = c(a,by) =A.

3.2.2. ASSIGNMENT RULE
The pessmigtic variant of ELECTRE TRI implemented in IRIS assigns each action a; to the highest

category C;, such that a; outranks by,;. To use such a rule the following conditions have to be taken

into account when defining the set of profiles B:

» j(bn) isbetter than g;(bn1), ¥j={1,...,n} (bn dominates by,1), forh= 1, ...,t;

* a; Sbhy (a outranks the worst profile by), 7 ajc A;

* ~(a Shy) (a doesnot outrank the bet profile by), 7 a;e A;

+ if aje Aisindifferent to aprofile b, B (i.e. & Sbp .~ by S &), then & will not be indifferent to any

other profile.

Now, the assignment rule can be implemented as follows to place a; in a category from C:

= if a; does not outrank b (i.e. c(aj,b;) < ), then a; belongs to category C;; otherwise,
= if a; does not outrank b, (but has outranked b,), then a; belongs to category C,; otherwise,
= if a; does not outrank bs, then a; belongs to category Cs; etc.

Formally, the rule may be written as.

a; belongsto category Cr, <= @& Sbpi.~~(a Sby) = c(a,bn1)ZA ~ c(a,by)<i.
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3.3. Inference of parameter values

IRIS does not require the user to indicate precise vaues for the criteria weights ki, ..., k, and the
cutting level A. Rather, it alows him/her to obtain such vaues through an inference procedure
(Mousseau and Slowinski, 1998) that tries to restore assignment examples.

The user may indicate the following constraints on the parameter vaues:

LB; and UB; denote a lower and an upper bound for k;, respectively;

Amin @nd A« denote alower and an upper bound fori., respectively;

Cuworst(&) denotes the worst envisaged category for a;, and Cpeq(a) its best envisaged category;

ooz A+ e Ky + ..+ e Koz B2 (z=1,...,Neons) denote a set of neons additional constraints.
These constraints define the following system of inequalities:

(1) kj LB (j=1,...n) (note: thislower bound should be greater than 0)
(2) -kj =-UB; (j=1,...n) (note: this upper bound should be lower than 0.5)
(3) A = Anin (note: this lower bound should not be lower than 0.5)
(4) -A. = -Amax (note: this upper bound should be lower than 1)
() cufay b, (a1 ke + (@b, (a 1) Ko 4 (a1 g (g )-1)-Kn 24 (B A)
(6) —ca(a b, (a))-Ki — (8 b, (a))- Ko=-—Cn[8 b, (5) )-Kn Z—2 (aieA)
(7) oz At e Ky +..+ a Ko 2B (2= 1,...,Ncons),
to which we add
B) ki+ ko+ ...+ ky=1

Let us write the congtraints (1)-(7) in a more compact matrix notation as

Zx (Aky,...kn)" 20,

where Z is an appropriate matrix with as many rows as the number of inequditiesin (1)-(7) and n+1
columns.

Now, the following linear program may be used to infer the parameter values, if exist, that
satisfies dl the constraints (which implies restoring al the assignment examples) with greatest dack:

min {oe R oo+ ZX (AKg,....kn)" 20, ke+...+k=1} (thevariablesarect, 4, Ky, .., k)
If the minimum ¢ (its optimal value) is zero or less, then the system Z x (A,K1,....kn)" = 0 is consistent
and the optimal vaue for the variables A, ki, ..., k, satisfies dl the congtraints. Otherwise, if the
minimum < is positive, then there does not exist any combination of parameter values able to satisfy

al the congtraints in (1)-(8) smultaneoudy (see Section 3.6 on dealing with an inconsistent system of

constraints).
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3.4. Robust assignment ranges

Let us consider again the system Zx(A,Ku,...,kn) '20, ki+...+k,=1 introduced in the previous section,
which represents al the assignment examples, besides other bounds and additiona 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 assignments for each action, given a
consistent system of constraints, using linear programming (for a more general approach, see Dias
and Climaco, 2000):
+ Tofind W(g), the worst assignment for an action & compatible with the constraints:
1 he1
2. Whilemin{c(a,br)-4: ZX(A,K1,....kn) 20, ki+...+k=1} =0 (variablesare i, kq, ..., Kp)
doh«h+1
end while
3. W@&) < h
+ Tofind B(a), the best assignment for an action a; compatible with the congtraints:
4, h«—t-1
5. While max{c(a;,br)-A: Zx(A,K1,....kn) 20, kq+...+k,=1} < O (variablesare A, ki, ..., k)
doh«h-1
end while
3. W(a) — h+1
Except afew rare cases (see Section 3.4.1), an action a may be assigned to the range of categories
that goes from W(g) to B(a;) without violating any congtraint. The following robust conclusions (valid
for all the acceptable combinations of parameter values) may be drawn for every a;e A:
* g; isnot worse than W(&);
* @; isnot better than B(a).
Sometimes, W(a) = B(a), which means that a precise robust assgnment 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 a;= A cannot be assigned to categories that lay between W(a;) and

B(a). Asanillugtration, let us consider the assgnment of an action a; according to four criteria

A R ~a0
a\ \& \& \ .. > o)

by a b b, by
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Action a; has performances that are between b, and bz according to criteria gi(.) and gz(.).
According to these criteria, it would belong to Cs. On the other hand, according to criteria gs(.) and
04(.) it has performances that are between by and b,, hence should belong to C;. If k; + kp = A, then
the first two criteria are important enough to make a; fdl into Cs; otherwise, a; falsinto C;: there is
no intermediate possibility, i.e., whatever the values for ki, kz, ks, k4, and A, it is not possible for a; 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 behaves equivaently in the confrontation with two consecutive
profiles:

Cj(ai,bn1) = c(ay,bn), ¥je{1,....n} = & cannot be assigned to Cy, ¥A,Ky,...,Kn.

3.5. Interaction processto build an ELECTRE TRI model

Dias et a. (2002) describe an interactive process to progressively build an ELECTRE TRI mode (i.e.,
to define the vaues 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 congtraints (1)-(8) (recall Section
3.3.) on the criteria weights and the cutting level, besides fixed values for the actions performances,
the profiles, and the indifference and preference thresholds. The genera idea is to start with few
condraints of the parameter vaues, 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
criteriaweights (e.g., 0.12k;=0.49) and the cutting level (e.g., 0.51=4=0.99) and no further constraints
or assgnment 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 A, ki, ..., Kk, that
satisfy the system (1)-(8), i.e., restore al the assignment examples and simultaneoudy conform
to the additional constraints. The interaction should am a reducing the set of accepted
combinations of parameter values, either by modifying a congtraint, or by adding a new one. To
guide the user in this task, severa results may be computed:

* a“centra” combination of parameter vaues (1,k1,....k,)" that is inferred from the current

information (Section 3.3);
= for each action, the category where it belongs according to those inferred values;
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for each action, the range of categories where it might be assigned without violating any
constraint (Section 3.4), which aso alows us to see which actions are more affected by the
imprecison;

for each action, a sample combination of parameter values compatible with each category in
itsrange (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 the constraints.

the geometric mean of the number of categories where each action may be assigned.

If the system isinconsistent:

In this case, there will not exist any combination of values for the variables A, ki, ..., k, that

satisfies the system (1)-(8). The interaction should aim at restoring the system’s consistency, by

removing (or al least relaxing) one or more constraints. To guide the user in this task, severa

results may be computed:

a“central” combination of parameter values (i,ka,...,k)" that is inferred from the current
information to minimize the maximum congtraint violation (Section 3.3);

for each action, the category where it belongs according to the inferred values (A,Ka,....kn)
highlighting the assignment examples that were not restored;

for each congtraint, 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

congtraint. Adding only a single piece of information at each alows us 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 congraints and assignment examples defining a set of acceptable combinations of

parameter values;

= aninferred combination of parameter values defining a model in a precise manner;

= aprecise assignment or range of assignments for each action in A that is robust with respect to

the constraints inserted.



IRIS1.0— User Manual 10

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.

3.6. Dealing with inconsistencies

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

Q) kj = LB (G=1,...n)

2 -kj = -UB; (=1,...n)

() A 2 Anmin

(4) -4 Z -Arex

©) Cl(ai ’waorst(ai)_]-)'kl + (‘Q(ai be,« (o )—1)-k2 +---+Cn[ai be, . (a )_1].kn zA (aeh)
©) _Cl(ai ’bcm(ai)J'kl _CZ(ai be. (a ))-kz—---—cn(ai ,qu(@)}kn z—A (a=A)

(7) ooz At o K+t e Ka 2 B, (Z: l!'-'!nCOHS)!
B) kit+ ko+ ...+ ky=1

becomes inconsigtent, i.e.,, there does not exist any combination of values for the parameters
AKa,...,.kn able to satisfy al the congtraints smultaneoudy. Besides the information referred to in the
previous section, there are methods to compute alternative ways of restoring the consistency by
removing some congtraints (Mousseau et a., 2002). One of these methods uses mixed integer
programming (continuous and 0-1 variables) to compute a succession of sets of congtraints Sy, S, ...,
S such that:

1. ¥ie{l,..p}, if thecongtraintsin § are removed from system (1)-(8), then it becomes consistent;

2. ¥i e{1,...p},i#,S @ S;

3. Wi e{L..p} i<j, ISI< IS}

4. If removing a set of congtraints S from the system (1)-(8) makes it become consistent, then

gther S S (i={1,...p}) or |§ =[Sy|.
Each oneof thesets S;, S,, ..., S, presents an aternative manner to restore the consistency. The end
user should choose one of these sets, which are presented by increasing order of cardinaity, and
remove (or at least relax) the constraints in that set. The iteration may then continue as explained in
the previous section.
The method to compute these sets is the following one:
s Setpe1
» Solvethe 0-1 programming problem
min {Z7,y;
ZX (AKy, o k)T + M(Ys,....y)" 20

ki+kot+ ... +k=1
j.-,kl,...,kn EO, yl,...,yzE {0,1}
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In this mathematical program, M denotes a very large number, and z denotes the number of
congtraints 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 is to minimize the sum of these variables, so that al 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
severd yi=1 (i={1,...,2}). Let S={ i={1,...,z}: yi=1}. Then, removing the congtraints indexed by
S; from (1)-(8) would result in a consistent system.

s Setp2

* Solvethe 0-1 programming problem
min {37, :

ZX (ALK, .kn)" + M.(y1,....y»0)" =0
kKitkot ... +k=1

EiES_ Vi £#5 -1
.;L,kl,...,kn EO, Yi,..0,Yz € {0,1}
}

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

pX e Vi Z#S; - 1. This constraint prohibits the former optimal solution (or a superset of that

solution).
* A set S;isformed from the new optimal solution as explained for the case of S;.

* Set p=3, add the constraint Eie% y; =#S, - 1, etc.

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

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

4.1. General structure

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

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 area is 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 invaid, 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 1.0 - C:\My Documents\CahltTnf. tri

[ (O] %]

File Categories Criteria Action:  Constraintz  Besults  [noonsistency Help
NE R | CELLS: Heig.th|ﬁilI Widthﬁﬂ Font size |a_:I|
Actions | Fixed Par. I Eoundsl Eonstraintsl Results | Infer. Prog. | Indicesl
sctio]ELow|EHigH g1 [a2 [a2 [a¢ = o1 [c2 ez [oa s ﬂ
o [1 |5 s s7 197 o ||z N
1 [t [5 |14 145 535 75 14
2 | 5  |3:|me 24 543 |21 &l
3 | 5  |z206 &7 757 36 3 ||
4 1[5 |15 171 571 42 2 ||
E |1 |5 |24 251 438 |5 3 |
E |1 |5 |235 345 483 |25 4 |
7 1 |5 |35 44 78 17 5 |
5 1[5 |37 54 274 45 E | ]
5 1[5 |57 297 468 45 10 [ |
0 [1 |5 212 246 B4 |36 il | d
11 [1 |5 |83 31E 93 28 T [ - R DV =R DS [
12 U5 |207 133 197 2_%|;| § 00178 00315 03075 013078 0.017% 00178 001 7%
4| , 0.57370.1 2620.24250.12620.1 2620.12620.12620.1262
I

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:

Heigih[16 <] Width[52 4 Fortsize[s <]

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
S0 that its contents will be entirely displayed. All of the input or output pages have pull-down menus

associated with them. To access these menus, the user just has to click on the right button of the
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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 a file (and then may be changed) or typed in by the user. To open an
existing file choose File|Open (or button .@_) and locate the file. The default extension is “.tri”. To

create a new file choose File|New (or button __r—:'..l) and insert the number of actions (alternatives),
the number of criteria, and the number of categories for your problem. The program alows us to add
or to 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 alimit of 15 criteria. The number of

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

(or button _E_I) which alows the user to define the location and the name of the file, or choose
File|Save Datato 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, is to create or edit that file using a text processor, given the syntax presented in Appendix A.
Appendix B shows how to import data from a spreadshest like Excdl.
The inputs area, which may be enlarged or reduced, contains four pages.
» Actions: To edit the performances of the actions at the multiple criteria and (optionaly) to set
some assignment examples.
» Fixed Par.: To edit the performances that define category bounds (profiles) and to edit the
thresholds associated with the criteria
* 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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'z= RIS 1.0 - C:AMy Documents\Cahlt1nf.tr M= E
File Categories Criteria Action:  Constraintz  Besults  [nconsistency Help

oEea | CELLS: Heigh[16 =] Width[28 = Fontsiee[s =
Actions |Fixed Par. I Boundsl Constraintsl Results | Inferred constrain 4 I ’I

Actior]ELow|EHigh{gl  [a2 [o3 [a4 [o5 |
i 5 |38 & 1370 0
1 164 145 598 |75 52

358 24 B45 21 45
206 B1.7 757 36 8
15 171 571 42 37
224 (251 498 & 74
239 345 4839 25 8
299 44 BB 17 25
87 B4 (Z74 45 45
257 237 468 46 37
212 (246 B4B 36 8
183 316 B33 28 3
ENE 193 197 22 4
39 35 531 85 63

[=r)

7 Iﬂ E

OO0 | O O e |

9 -
11n| >|

lambd[k1  [k2 k3 [kea

|| of

I 4

== D= === === =] T|=
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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 vaues, ether integer or not (the decima point is".", regardiess of Window's
settings). The performance cells cannot be blank: zero values must be explicitly inserted as a number.

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
also 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 a lower and a higher category where it may be assigned to (columns ELow
and EHigh, respectively). Typicaly, the column ELow contains the lowest category (which is aways
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 (that the program
highlights): action 1 is assgned 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 equa to 2 and if the user wishes to change both vaues to 3, he/she must
change EHigh first. The Actions menu contains a command Erase Examples to remove al the

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

4.2.2. FIXED PARAMETERSPAGE
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
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with the criteria (that may vary from profile to profile). When there are t categories, there will exist t-

1 profiles.
'z IRIS 1.0 - C:\My Documentz\Cahlt1nf._tri
File Categores Criteria  Actions  Constraints Besults  [nconsistency. Help
NeEd | CELLS: Heighhfil§ <] width[42 = Fontsize |s_:‘q
Actions  Fized Par. |Eounds| Constraintsl
1 g2 o3 ot o5 5 o7 |
glb1] -E0 a0 28 40 1 a
gl 1 4 1 1 a ] ]
ol 2 5 3 2 3 ] ]
gbZ] 1] -40 il 23 32 2 2
g2 1 4 1 1 a ] ]
pZ 2 E 3 2 3 ] ]
glbd) A 20 1] 18 22 4 3
g3 1 4 1 1 a ] ]
pd 2 E 3 2 3 ] ]
glbd] 25 a0 35 10 14 5 4
g4 1 4 1 1 a ] ]
pd 2 5 3 2 3 ] ]
bl fmnin 1 1 1 -1 1 1 1
| 4

The performances of the profiles may be directly input in the corresponding cells. A row staring with
g(bi) refersto the i-th profile. Profile g(b1) 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.

The lagt row in the grid indicates if the preference increases or decreases with the
performances. If the valueis 1, then the higher the performance, the better (the criteria is one to be
maximized, such as "customer satisfaction™). If the vaue 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 pogtive 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 actions, either creating new ones, or deleting some

of them. The Actions 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).
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'z= RIS 1.0 - C:AMy Documents\Cahlt1nf.tr M= E
File Categores Criteia  Actions  Constraintz  Besults  [noonsistency Help
NEea | CELLS: Heigh[15 = width[2s~ <] Fontsize[s
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-
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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 vaues must be explicitly inserted as a number (a blank 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 "normaization”
equality (yellow color) is fixed. The user may navigate between the remaining cells using the mouse
or the keyboard arrow keys. Zero-vaued coefficients may be left blank (indeed, to improve
readability, IRIS hides al the zero vaues except those in the RHS column). The right hand sides
cannot be negative, but the remaining coefficients can. To enter the type of inequaity smply type "<",
"=tor ">,

The user may change the number of congtraints, 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 congtraint is to be deeted, and the constraints
identification labels change accordingly after the deletion.

7= IRIS 1.0 - C:\My Documents\Cahltinf. tri _ O] x|
Eile Categores Criteia  Actions  Constraintz  Besults  [noonsistency Help
e CELLS: Heigh[15 =] widh[23™ = Fontsize[s =]
.-’-‘«ctionsl Fixed Par. I Boundz Constraints | Results | Inferred consILIL
lambd[k1  [k2 k3 [ka k5 k8 [er Je=o [RHS | c1 oz Jo3 -
Mo il 1 il 1 il 1 il = il i} |
ad] -1 1 = 1] 1
adz 1 -1 »= 0 2
ad3 1 1 = 0 3
add 1 -1 = i 4
adS 1 1 = i 5
b 1 1 = @ g
7 -
< »
lambd| k1 k2 k3 =
1 3|
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In the above example, the constraints adl to ad6 force k, to have a value that is not less than any of
the other weights:

s -ki+1k,20 = kozk; (adl)
- 1k2-1k320 — sz‘kg (ad2)

s 1k,-1ks=0 = ko=k4 (ad3)

s 1ko- 1k5EO — sz-_"‘k5 (ad4)

s 1k,-1ks=0 = ko=Kg (ad5)

. 1k2- 1k7EO = sz-_"‘k7 (ad?)
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 al 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 smulation. 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 assgnment example constraints) (Volume to

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

'z= IRIS - Yolume Computation Hi=lE

Frecizior: [3 j

| I

Dimenzion: 7

abzalute Valume: 4 51E-5

Wolumne o 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.

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

* Theby Variability Order option ingtructs 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.
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4.3.1. RESUL TS PAGE
This page displays a grid with the inferred parameter values and assignments, as well as the range of

possible assignments for each action. Depending on the selection previoudy 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.

'z IRIS 1.0 - C:\My Documents\Cahltinf tn H=E
File Categoriez Criteria  Actions  Constraints Besults  [nconziztency Help
CELLS: Heigth]ﬁﬂ Widthﬁﬂ Font size [& :Il
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The Results page uses color to indicate the range of possible assgnments for each action
(robustness analysis), i.e., the categories where it may be assigned without violating the congtraints,
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
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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"hole" in arange.

In each range, one of the cells has a darker shade of green, meaning it is the assgnment
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 al the bounds, constraints and
examples. It is presented in the last row of the Results page, in green color. If the user sdlects any
cdl in a range, then the penultimate line in the Results page shows a combination of parameter
values that assigns the action in the cdll's row to the category in the cell's column. For instance, the
figure above shows a combination of vaues that assigns a28 to C5.

The actions that are assgnment examples can easily be identified by the blue color of their
label, as in the figure below, which aso shows a situation where the outputs are outdated because of

achange in the inputs. Thisis shown by the use of ared font.
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If there is no combination of parameter values that respects smultaneoudy all the bounds,
congtraints and assignment examples, then there will be no ranges to depict (inputs are inconsistent).
In these cases, IRIS shows a proposal for assigning all the actions such that the maximum deviation is
minimized (this can be seen in detail in the I nference Program page). The assignment examples that
are not restored appear in red color, as in the figure below. The inconsstency analysis module may

help the user in these cases (see section 4.5. below).
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4.3.2. INFERRED CONSTRAINTS PAGE
This page only presents information: it displays the linear constraints corresponding to the assignment

examples.

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 congtraint 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.

7= IRIS 1.0 - C:‘My Documents\Cahltnf tri
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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

File]Report (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 categories 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 FilelPrint form he/she will obtain a bitmap file that mirrors the present

contents of the IRIS window.

4.5. Inconsistency analysis

When the congtraints are inconsistent, the menu option I nconsistency becomes available, leading to
a new window that helps the user to 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 congtraints) and initiate the
computation using the Suggest button. On the right side, the results appear as a list of different
manners to resolve the inconsistency, by removing an increasing number of congtraints. First, there
will appear, if exi, proposas to remove one congrain only; then, proposas involving the removal of
two congtraints, and so on, until there are no more aternative manners to resolve the inconsistency or
the maximum number of suggestions is reached. For instance, in the picture below, the fifth proposa
("7+8+12") refers to the removal of three constraints identified by the numbers 7, 8 and 12 (although a

relaxation, rather than deletion of the congtraints, is often sufficient to restore the consistency).

" This option is not available in the version Irislsi. This module uses the LINGO optimization software from
Lindo Systems, Inc., namely the DLLs"Lingodll.dIl", "LingODBC.dII", "Lingcall.dll", and "Lingxcel.dll".



IRIS1.0— User Manual

Mo, |Deser lamb k1 k2 |k3 k4 KB <11 # Quant. | Conshraints to remove &

1_|Cip=s I 1

2 |Ci26):=5 |1 00321 2 1

3 |ciak=1 |1 A1 14 3 2

4 |CE1=2 |1 1 0751 1 4 2

5 |C31)c=4 N -1 5 3

5 |adl 101

7 |ad2 1 -1

8 |ad3 1 1

9 |add 1

10 |adS 1

11 |ad6 1 -1

12 |LB lambda |1

KI

Max. suggestions [5 j . ;
4
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5. A step by step example

5.1. Opening a proj ect

To open afile created previoudy, the user run IRIS choosing one of the two versions available: either
irisl.exe, or irislsi.exe. The latter verson does not include the inconsstency analysis module, but
does not require to have LINGO previoudy installed. From the menu File, the user must then choose

the option Open and locate the file, which usualy will have a .tri extenson. Alternatively to using the

menu, the user may click on the button .@.

Open
Loakin: | £ Desktop =l & &l e =

= ‘
’_‘Ejmyg =3 My Documents
o E) My Compter
g ;":jtf =4 3% Flappy (]
: =1
] Shotd gy sudio OO (D)
fz1] Short £ My Brisfcasze

5

File name: l Open I
Filez of bipe: iTFH parameters & constraints [*tri] Li Cancel ]
%

o

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.

iz= IRIS 1.0 - C:\My Documents\Test]_ti _ (O] x|

File Categones Crtena Actions  Constraints Hesults  [moonsistency Help

- =  Hei |_;I - |—;| i |—;|
T = B CELLS: Heigth|1s = whidth |20 = Fant size |8 =
Actions | Fixed Par. | Bounds | Constrairts |

ActidELofEHid gl [a2 |03 [o4 o5 o6 [o7 | =
0 [1 |5 [=a6r 1970 0 5 4
16.4145598 75 52

5
58] 64921 45 5
20661775736 8 5
11517167142 37 5
2242514385 735
2393548925 8 &

]
5
4
4
4

29944 57817 25
8.7 54 27445 45
28720746846 37
21224664836 8
191N ARAITZA 2

Al | o o jon [on fen fon | on
L SN R N R S R L R TR LN I TL I S PR |

1
]
1
]
]
]
]
1
1
1
1

= D (00 [ [ [T e [ [P |

bl =
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5.2. Obtaining results

After opening a project using File|Open or .E‘f. (or after creating a new one using File|New), the
user may start editing the file and obtaining results. Choosing Results|Volume Computation alows
him/her 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
precison (which is three digits by default), press the button Start ssmulation, and wait for the

smulation to end:

iz= IRIS - Yolume Computation M=)

Precision: |3 :II

I

Dimension: 7

Abzolute Violurne: 4 55E-5

Walume to bounds: 0.143

Exit |

In this example, the 7-dimension polyhedron of acceptable values for the weights and cutting level has
a dimension of 4.55x10”°. Considering only the combinations that respect the bounds defined in the
Bounds page, about 14% 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 C,4. Recdl Section 4.3 to know how to interpret these results and interactively calculate
some other ones. For instance action az was assigned to C,4, but might also have been assigned to C;
or Cs without violating any condraint. Selecting any of these cells will ingtruct 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.
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'z RIS 1.0 - C:\My DocumentsiTest] tn M= E
File Categoriez Criteria  Actions  Constraint:  Besults  [meansistency Help
D =3 CELLS: Heigth|16 — ‘width |20 =i Font size |8 =
Actions | Fixed Par. I Boundsl Constraintsl Fesults | Infer. Prag. I Indicesl
actilELolEHidg1 [a2 |2 [o4 [o5 [ [o7 | = £1 [c2 o3 o4 [os ﬂ
o0 |1 |5 §7 1970 0 &5 4 0|
1 |1 |6 |164145853875 525 3 1| ||
2 |1 5 |3E860 64921 4558 4 12| Q\\\\-
E 5 |20EE1.77573E 8 |5 3 3| -
4 |1 |5 11517157142 37 5 2 4| -
5 |1 5 |224251/4985 795 3 5 | -
E |1 5 |23934548925 8 |8 3 5| -
7 5 129944 |57817 255 4 17 - j
8 |1 5 |87 b4 |27445 455 2 8
9 |15 _|s729746848 37 4 2 etk [k2 [k3 [kd [k5 [k6 [k7 |
10 |1 5 |A.224EE6483E 8 |4 2 |
SER I = 2~ cleados 1= 12 1= =] 0T 260, 242001 26012601 26001 260,126
| 4

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

el Iﬁ-j . The user may change the performance vaues in the Actions page, which also dlows
him/her to insert assgnment examples (Section 4.2.1). For instance, let us suppose that the user
wished that a, was assigned to Cs. To insert such an assignment example, it would be necessary to
click on the cell in the column EHigh of row 2, and place the value 3 as the upper category (i.e., the
category of a, cannot be higher than C;). The user may aso click on the cdll in the column EL ow in
the same row, and place the value 3 as the lowest category (i.e., the category of a, cannot be lower
than C3), although the result obtained previoudly aready guarantees that.

Actions I Fised Par. | Bounds | Constraints |

sctidELafEHida1 [o2 [o3 [o4 [o5 [a8 o7 | =
0 [1 |5 |®267 1970 0 5 |4
1 |5 |16414559875 52 5 3
1 [¢ |®260 B45921 455 4

Aszzignment example for action 2

ST =

Lower category

. |3

i

I (]9 I Cancel

1 i 15 e meleavzals a4 (= -]

Using the mouse, the user may sdect the remaning pages and change the values
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 invaid after inputs are
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changed, which is shown by the use of ared font. Results must be re-computed to reflect the changes
in 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

Data As. The button .;ni_ corresponds to the latter option, which asks for the file's name and location
and alows him/her to save it under a different name, eg., 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 changes in the
results, the user must re-caculate the results by choosing Results|Robust Assignments. The
assignment example that az belongsto C; causes a reduction of the set of acceptable values for the
parameters and hence leads to decrease in the ranges of possible assgnments. This is visible in the
Results page and an indicator (the geometric mean of the number of categories in a range) is

presented in the Indices page:

Resilts | Inferred constraints | Infer. Prog. | Indices | Fiesults | Infened constraints | Infer. Prog.  Indices
o1 [c2 |o3 [ce o8 ’ ﬂ GEOMETRIC MEAN FOR No. CATEGDRIES

0 [Including examples)

1| 1]

2

— - 1.357

3 | 1

4 - wariation = -1,236 [-47.7%)

5 | L]

6 L]

7 L]

5| || =l

larH k1 k2 k3 [k4 [k5 Jke (k7 |

0897010002850, 1960.1 0001000107010

5.5. Analyzing inconsistencies

The results now show that action ag 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 Cs.
Obvioudy, that is inconsistent with the constraints imposed so far, as IRIS will state when the user

introduces this example (via the Actions page, as exemplified above) and re-caculates the results
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(Results|Robust Assignments). The assignments corresponding to the inferred parameter values

are presented in red color in the cases where the examples have not been restored (a, and ag below):

'z RIS 1.0 - C:\My Documents\Test3. tri M=
Fil= Categories Criteria  Actions  Constraints Besults  [nconsistency  Help
teg CELLS: Heig[16 =] width[os™ <] Fontsize[s = ‘
Actions | Fixed F'ar.I Boundsl Constraintsl Results Ilnfened constraintsl Infer. Prog. I
sctiolELov|EHiglal g2 a3 [o4 o= o1 [cz o3 [ce4 cs i’
0 1 5 3867 1970 0| 0
1 [t |5 |64 145595 75 |5 1 ]
2 B B |mse0 e1321 4 |[[E [ |
3 1 5 206|617 /757 |3E 8 . -
4 1 5 115171 /571 /42 3 4 -
5 1 5 2241257 /438 |5 7 5 -
=3 1 5 239345 489 25 8 B -
7 1 5 29944 57817 2 8?_ -
B 5 [5 B 5¢ 27425 4 d
3 |1 |5 |257 237 468 45 3 lambdkl [k2 [k3 [kd [k& [kE [k7 |
041 5 212|246 648 |36 87
4 | I 3 0,596 0, 0050, 396 0, 400/0, 0050, 005/0,779/0, 005
I v

The I nconsistency option becomes available on the main menu, leading to a window 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
three possible ways to restore the consistency: ether to remove constraint 2 (i.e., that a, belongs to
category Cz or lower), or to remove congtraint 5 (i.e., that k; - ks = 0), or to remove congtraint 3 (i.e.,

that ag belongs to category Cs). Closing this window returns the user to the main IRIS window.

'z Inconsistency analysis M=)
Mao. [Deser  Jlamb k1 |k2 |k3 |kd |kE |kE [k7¥ |>= =| | # Buant. | Caonstraints ta remove
1 |Cp=a T 1 1 1 1 1 1 = z
2 |C[2)=3 |1 1004 A1 1 = 2 1 5
3 |C[8)z=h [ 1 1 1 1 »= 3 1 3
4 |adl 1001 »=
5 |ad2 1 1 »=
B |ad3 1 1 »=
7 |add 1 1 »=
g |adS 1 1 »=
3 |ade 1 1 D=
ST o
Maw. suggestions [5 =
= ‘ KN o

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 1” in Appendix C. The user may select the name and

location of the report file.
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5.7. 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
MWurber of altematives IE

MNurmber of criteria |2
Mumber of categories I2

" OK 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 alternative 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 (usualy 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 us to create or edit them using atext processor or even a spreadsheet capable of saving filesin
smple 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 data in a sequence that cannot be
changed:

* The first non-comment line should start with a't' to indicate the size of the problem. If n is the
number of criteria, t isthe 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 n¢it 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 v1o.. -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 g;(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 g1(b1) g2(b1) ... In(b1)
p id_number 01(b2) go(by) ... On(by)
p id_number 91(be1) ga(br) .. On(br-1)

» Afterwards, IRIS expects n.(t-1) lines starting with an 's to present the thresholds associated with
the criterialprofiles. In each ling, 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 third
number indicates the indifference threshold, and the fourth indicates the preference threshold. If
we denote by g;(b;) and p;j(br), respectively, the indifference and preference threshold associated
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to thejth criterion given the performance of the rth profile, then the successive lines should appear
asfollows(r=1,...,t-1; j=1,..., n):
s r ] ai(br)  pi(or)

Next, IRIS expects m lines starting with an 'a to present the performances of the actions and
(possibly) assignment examples. In each ling, a first number after 'a (an integer) identifies the
action, followed by n numbers indicating the performances of the action at the multiple criteria
Finaly there should appear two integer numbers (between 1 and t), the first one congtraining the
action's assgnment from below (i.e., indicating its worst envisaged category), and the second one
congtraining the action's assignment from above (i.e., indicating its best envisaged category). If the
first of these two numbersis higher than 1, or if the second of these numbers is lower than t, then
these actions will belong to the set of assgnment examples. If we denote by gj(a) the
performance action & at the j" criterion, by Cuorg(@) its worst envisaged category, and by
Chest(&) its best envisaged category, then there should appear mlines asfollows:
a i gu(a) Q@) ... gn(a) Cuorst(ay) Chest(ai)

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 alower 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;
KL o LB,

Then, IRIS expects one line starting with 'K N' followed by a number neons indicating the number
of additional congtraints on the criteria weights (not counting with the congtraint that their sum is
equal to one). This line is mandatory even if there are no additional congtraints (then Nngyns should
be set to zero):

KN Neons

If Neons 1S greater than zero, IRIS expects Neons lines starting with 'K g' or 'K €.

A constraint eg.A+ ey K1 +...+ & Ky = B should be coded as.
Kg (=1 G B

A constraint eg.A+ ey ki +...+ e K, = B should be coded as:
Kg -l o -ty -B.

A constraint ag.A+ ey Ky +...+ @y K, = [ should be coded as:
Ke o o o, B.
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» Findly, IRIS expects two lines, one starting with 'L m' followed by a lower bound for the cutting
level lambda, and the other one starting with 'L M" followed by an upper bound for the same

parameter:
Lm  Amin
LM A
Example:

c Size of the problem
c 7 criteria, 5 categories, 25 actions
t 7 5 25

c Directions of preference:
maximze criteria 1, 2, 6 & 7; mnimze criteria 3, 4 &5

(¢}

d 1 1 -1 -1 -1 1 1
c Profiles:

p1 -10 - 60 90 28 40 1 0
p 2 0 -40 75 23 32 2 2
p 3 8 -20 60 18 22 4 3
p 4 25 30 35 10 14 5 4

Thr eshol ds:

ql=1, pl=2 for all profiles
q2=4, p2=6 for all profiles
q3=1, p3=3 for all profiles
q4=1, p4=2 for all profiles
q5=0, p5=3 for all profiles
q6=p6=0 for all profiles
q7=p7=9 for all profiles

1 1 1 2

nnonnuounuonnonnonuonnonononuoononnonoonoonononononoonoononoooonooooo

ARADRARADRRAWWWWWWWNNNNNNNRRRRERPR
NOURWNR~NOURAWNR~NODURWNR~NOOUAWN
OCO0OORRRARRPROOORRAROOORRAROOORLHR A
COWNWONOOWNWOINOOWNWOINOO WN WO®
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c Actions:

¢ only one assignnent exanple: a2—Category 3

cid gl g2 g3 g4 g5 g6 g7 LowC HighC
ao 35.8 67 19.7 0 0 5 4 1 5
al 16.4 14.5 59.8 7.5 5.2 5 3 1 5
a2 35.8 60 64.9 2.1 4.5 5 4 3 3
a 3 20.6 61.7 75.7 3.6 8 5 3 1 5
a4 11.5 17.1 57.1 4.2 3.7 5 2 1 5
ab 22.4 25.1 49.8 5 7.9 5 3 1 5
a6 23.9 34.5 48.9 2.5 8 5 3 1 5
a7 29.9 44 57.8 1.7 2.5 5 4 1 5
a 8 8.7 5.4 27.4 4.5 4.5 5 2 1 5
a9 25.7 29.7 46.8 4.6 3.7 4 2 1 5
a l0 21.2 24.6 64.8 3.6 8 4 2 1 5
all 18.3 31.6 69.3 2.8 3 4 3 1 5
al2 20.7 19.3 19.7 2.2 4 4 2 1 5
a l1l3 9.9 3.5 53.1 8.5 5.3 4 2 1 5
a l4 10.4 9.3 80.9 1.4 4.1 4 2 1 5
al5 17.7 19.8 52.8 7.9 6.1 4 4 1 5
al6 14.8 15.9 27.9 5.4 1.8 4 2 1 5
a 17 16 14.7 53.5 6.8 3.8 4 4 1 5
a l1l8 11.7 10 42.1 12.2 4.3 5 2 1 5
a 19 11 4.2 60.8 6.2 4.8 4 2 1 5
a 20 15.5 8.5 56.2 5.5 1.8 4 2 1 5
a2l 13.2 9.1 74.1 6.4 5 2 2 1 5
a22 9.1 4.1 44.8 3.3 10.4 3 4 1 5
a23 12.9 1.9 65 14 7.5 4 3 1 5
az24 5.9 -27.7 77.4 16.6 12.7 3 2 1 5
¢ Upper bounds on weights: k1,...,k7=0.49

KS10.49

KS 2 0.49

K S 3 0.49

KS 4 0.49

K S5 0.49

K S 6 0.49

K S 7 0.49

¢ Lower bounds on weights: k1,...,k7z0.01

K1 10.01

K1 2 0.01

K1 3 0.01

K1 4 0.01

K1 5 0.01

K1 6 0.01

K1 7 0.01

¢ Additional constraints:

K N6

c there are 6 constraints stating that

¢ k2=k1, k2zk3, k2zk4, k2zk5, k2=k6, k2=zk7

Kg 0 -1 1 0 0 0 0 0 0
Kg 0 0 1 -1 0 0 0 0 0
Kg 0 0 1 0 -1 0 0 0 0
Kg 0 0 1 0 0 -1 0 0 0
Kg 0 0 1 0 0 0 -1 0 0
Kg 0 0 1 0 0 0 0 -1 0

Bounds on | anbda:
M 0. 99
mO0.6

ro
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Appendix B: Importing data from M S-Excel

Sometimes, the user may aready have data in a spreadsheet like MS-Excel, namely a table that

indicates the performances of the actions at the severa 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

a 5 criteria were in a file example.xls, as follows (if the actions were in columns instead of rows,
we could use the TRANSPOSE function in Excel):

H example_xls

A B C D E F
1 Performance data
2 Action gl 420 o3 o] =10
3 0 34 4 7 434 a8
4 1 24 4 4 556 97
5 2 35 2 5 775 75
6 3 41 g g 123 87
Fi 4 19 3 ] 523 99
8 5 23 g 7 578 100
9 g 54 3 3 593 £9
10 7 22 3 3 73z 25
1 5 52 5 i 431 100
12 9 a7 3 2 523 95
AT

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

1

o

Start IRIS.

2. Create anew file, indicating 10 actions, 5 criteria, and the number of categories (Section 5.7).
3.
4

Save thefile, choosing its location and name, e.g., example.tri (Section 5.4).

. In Excdl, open the file example.tri, accepting the default choices proposed by the Text Import

Wizard (Original Data Type = Ddimited, Delimiters = Tab, Column Data Format = General):
Copy the dataiin cells B3:F12 from example.xls to the cdls B20:F29 in the file example.tri.
Save example.tri, keeping the text (tab-delimited) format and close that file.

Re-open example.tri in IRIS: it now contains the copied data.
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B example b

[_10] x|

A

B C

F G H -

FY

ts
d

A
B2

=1
=1
=1
=1
=1
2
2
2
2
2
c Action:
a0
al
a2
a3
a4
R
a b
av
a
a4

T D30,

T L ) ) e ey e

3

1

c Profiles:

o Threshalds:

L R R R P R

=X

oo o o o o o o o

a
[

example

c Size of the problem:

10

1

o

oo o o oo oo oo

o o o oo oo o oo

¢ Directions of preference:

Lok

o

oo o o oo oo oo

o o o oo oo o oo

o o o oo oo o oo

o o o oo oo o oo
R PR R U JIFR IR U O I ey
[N TN R e Ry R S R LR FY R R TY R )
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Appendix C: Syntax of thereport file (*.rpt)

Thefirst 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 the file

The second part of the report indicates the worst category W(a), the inferred category (&), 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
i W(ay) I(a) B(ai)

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

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

Bam + Boh + Baki+. 4 Pnpokn 2,22 B,

INFERENCE PROGRAM:
Descr dpha lambda k1 ... kn <=> RHS  Error
label  j; B Bs o P <SlFl>= RJ,.5 error

The last part of the report presents the optimal solution (JL* : kI - k:,) to the inference program.

INFERRED SOLUTION:
lambda k1 kn

* *

A ky K

The format of this results file makes it 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\Test2.tri

RESULTS:

ACTI ON Wor st Cat
0 5

1 4

2 3

3 3

4 3

5 4

6 4

7 4

8 3

9 3

10 3

11 3

12 3

13 3

14 2

15 4

16 3

17 4

18 3

19 3

20 3

21 3

22 3

23 3

24 2

| NFERENCE PROGRAM
Descr al pha | anbda
C(2)>=3 1 -1
C(2)<=3 1 1
adl 1 0
ad2 1 0
ad3 1 0
ad4 1 0
ad5 1 0
ad6 1 0
LB | anbda 1 1
UB | anbda - 1 1
LB k1 1 0
UB k1 -1 0
LB k2 1 0
UB k2 -1 0
LB k3 1 0
UB k3 -1 0
LB k4 1 0
UB k4 -1 0
LB k5 1 0
UB k5 -1 0
LB k6 1 0
UB k6 -1 0
LB k7 1 0
UB k7 -1 0

I NFERRED SOLUTI ON:

| anbda k1

k2

k3

Inferred Cat Best Cat

NWPArWRARRADMERADIMDNEADNWWDAREAERAADMAMNWWPAOOM
WWPrWhrArPA,DDEAADIMDNAAPPWOWWODREEAADMMEAPOWWRAOO

ki1 k2 k3 k4 k5 k6
11 1 1 1 1
-1 -1 0 -1 -1 -1
-11 0 0 0 O
0o 1 -1 0 O O
0o 1 0 -1 0 O
0 1 0 0O -1 0
0o 1 0 0 O -1
0 1 0 0O 0 ©O
0O 0 0O o o0 o
0O 0 0O o o0 o
1 0 0 O 0 O
1 0 0 O 0 O
0 1 0 0O 0 ©O
0 1 0 0O 0 ©O
0 0 1 o0 0 oO
0 0 1 o0 0 oO
0 0 0 1 o0 oO
0 0 0 1 o0 oO
0 0 0O O 1 o0
0 0 0O O 1 o0
0O 0 0O o0 o0 1
0O 0 0O o0 o0 1
0O 0 0O o o0 o
0O 0 0O o o0 o

k4 k5 k6

X
\‘

>= 0

=
\
1

>= 0

oOoocoo!
\
1

[
\
1

PRPOOOO0OO0OO0OO0OO0OO0O0OO0O0O0OO0O !
AN
1

k7

0.897 0.103 0.289 0.19601 0.103 0.103 0.103 0. 103

AN
1

<, =, > RHS

1E-5

.99
.01
.49
.01
.49
.01
.49
.01
.49
.01
.49
.01
.49
.01
.49

Error
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Example 2 (inconsistent system):

I NPUT FI LE:
C.\My Docunents\Test3.tri

RESULTS:
ACTI ON

O~NO U~ WNEO

24

Wor st Cat

I NFERENCE PROGRAM

Des
C(2
C(2
C(8
adl
ad2
ad3
ad4
ad5
ad6
LB
uB
LB
uB
LB
uB
LB
uB
LB
uB
LB
uB
LB
uB
LB
uB

cr

)>=3
) <=3
) >=5

| anbda
| anbda
k1
k1
k2
k2
k3
k3
k4
k4
k5
k5
k6
k6
k7
k7

al pha | anbda

1

PRRPRRPRPRRRRPR

-1
1
-1
1
-1
1
-1

-1

=
=

QOO0 O0OO0OO0D0ODO0O0DO0ODO0OO0ORrRPRPOOOOOO !

0

I NFERRED SOLUTI ON:

| anbda

0.5

k1l

k2

I nferred Cat

WhrhpPhp,wprhrrbdbbrbdpbdbowbdbdbpr,owbdbprpoaobpsrprbdboaopr~bo

Best Cat

ki k2 k3 k4 k5 k6 k7 <,= > RHS Error
1 1 1 1 1 1 1 >= 0 -0.404
-1 -1 0 -1 -1 -1 -1 >= 1E-5 0.004002
0 0 1 1 1 1 0 >= 0 0. 004002
-1 1 0 0 0 0 0 >= 0 - 0. 39001
0 1 -1 0 0 0 0 >= 0 0. 004002
0 1 0 -1 0 0 0 >= 0 - 0. 39001
0 1 0 0 -1 0 0 >= 0 - 0. 39001
0 1 0 0 0 -1 0 >= 0 -0.21602
0 1 0 0 0 0 -1 >= 0 - 0. 39001
0 0 0 0 0 0 0 >= 0.6 0. 004002
0 0 0 0 0 0 0 <= 0.99 -0.394
1 0 0 0 0 0 0 >= 0.01 0.004002
1 0 0 0 0 0 0 <= 0.49 -0.484
0 1 0 0 0 0 0 >= 0.01 -0.38601
0 1 0 0 0 0 0 <= 0.49 -0.093992
0 0 1 0 0 0 0 >= 0.01 -0.39001
0 0 1 0 0 0 0 <= 0.49 -0.08999
0 0 0 1 0 0 0 >= 0.01 0.004002
0 0 0 1 0 0 0 <= 0.49 -0.484
0 0 0 0 1 0 0 >= 0.01 0.004002
0 0 0 0 1 0 0 <= 0.49 -0.484
0 0 0 0 0 1 0 >= 0.01 -0.16999
0 0 0 0 0 1 0 <= 0.49 -0.31001
0 0 0 0 0 0 1 >= 0.01 0.004002
0 0 0 0 0 0 1 <= 0.49 -0.484
k3 k4 k5 k6 k7

96 0. 005998 0.39601 0.40001 0.005998 0.005998 0.17999 0.005998
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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 afile 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, alowing the user to specify the file's name and
location.

Print: 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 a new criterion.

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

ACTIONS Menu

Insert: Adds anew alternative (action).
Delete: Deletes an dternative (action) (prompting the user to choose which one).

Erase Examples: Removes al the assgnment examples (the actions are not deleted, only the

congtraints imposed on them).
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CONSTRAINTS Menu
» Insert: Adds a new congtraint.
» 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 edtimate of the volume of the polytope formed by the
combinations of parameter vaues that respect al the condraints, bounds and assignment
examples.

* Robust Assgnments. Updates the outputs, solving the inference problem and determining the
assignment ranges (robustness anaysis).

+ 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 condraints are inconsistent. It activates the inconsistency

anaysis form.

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

+ About...: Provides information on the IRIS version.

Available pop-up menus
(These menus are accessible either using the right button of the mouse or using a specia 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. pages 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 to 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.

* Resultsand Infer. Prog. pages. A menu gives access to an option for getting specific help.
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Appendix E: Filesused by the IRI S software

The directory where IRIS is located should contain:

*» The executable program irisl.exe and/or irislsi.exe (lighter verson that does not offer
inconsistency analysis).

» TheManual directory containing the manual files (main_man.htm, etc.).

+ Thefileiss_res.Ing containing a script for inconsistency analysis (not required by irislsi.exe).

* The Lingo optimization software files (not required by irislsi.exe) Lingcall.dll, LingODBC.dII,
and Lingxcel.dll. All these files should be copied from the user's Lingo instal lation.

* The license.lic file (not required by irislsi.exe) containing information about Lingo's license,
which should be copied from the user's Lingo ingalation. IRIS may run using the free

student/demo version of Lingo that can be downloaded from http://www.lindo.com. However, that

version is capable of solving problems of modest size only (in terms of the number of constraints).

Furthermore, the directory C:\Windows\System should contain the file Lingodll.dll (not required by
irislsi.exe), that should be copied from the user's Lingo installation.



