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1 INTRODUCTION

Many complex decision-making problems have multiple objectives. These multiple ob-
jectives may be conflicting in the sense that, once dominated alternatives have been
discarded, further achievement in terms of one objective can only occur at the expense
of some achievement of another objective. Therefore, preference trade-offs between dif-
ferent degrees of achievement of one objective or another must be taken into account
by the decision maker (DM). Also, real problems are usually plagued by uncertainty.
One cannot predict with certainty the consequences of each alternative under consid-
eration. Formal analysis is required because it is very difficult to consider the above
complexities informally in the mind.

The goal of decision analysis (DA) is to structure and simplify the task of making
hard decisions as well and as easily as the nature of decision permits (Belton, 1990).
DA is especially concerned with multiple conflicting objectives.

DA is developed on the assumption that the alternatives will appeal to the expert

depending on:

e the likelihood of the possible consequences of each alternative,

e the expert’s preferences concerning the possible consequences.

What makes DA unique is the form in which these factors are quantified and for-
mally incorporated into problem analysis. Existing information, collected data, models
and professional judgements are used to quantify the likelihood of a range of conse-
quences. Utility theory is used to quantify preferences.

Let us divide DA into four steps:

e Structuring the problem, which includes building a value hierarchy and specifying

objectives and attributes. This step is explained in section 2.

o [dentifying the feasible alternatives/strategies, their impact or consequences and
uncertainty (if necessary). We present alternatives processing, including adding
an alternative, modifying the alternative consequences/names or removing an

alternative in section 3.



4 User’s Guide

e Quantifying preferences, which includes the assessment of the component utilities
for the attributes, weights assignment methods (direct assignment and weights

elicitation based on trade-offs) and subjective scales (see section 4).

e The evaluation of alternatives. The way the alternatives are classified /ranked

and other useful information for the DM are explained in section 5.

e Sensitivity Analysis. Several types of sensitivity analysis are presented in section
6.

The DM must follow the above-mentioned steps to construct a workspace which
represents a multi-attribute decision problem.
Before explaining the different steps of DA, let us install the software and take a

look at the system, its appearance, main menu, toolbar and other interesting features.

1.1 Installing the Software

Generic Multi-Attribute Analysis can be installed from diskettes or CD-ROM depend-
ing on which is supplied in your package.
To install from CD-ROM:

1 Ensure your CD-ROM drive is installed and working properly.

2 Insert the installation CD-ROM into your CD-ROM drive. The CD-ROM does
not support Windows AutoPlay mode and does not start running automatically.
So, double-click the My Computer icon on your Windows desktop and right-
click the CD-ROM drive icon.

3 Double-click setup.exe and follow the instructions on the screen to complete the

installation.
To install from diskettes:
1 Insert the first installation diskette into your floppy disk drive.
2 Click the Start button, and then click Run.

3 In the Run dialog box, type A:\SETUP, where A is the drive into which you
have inserted the diskette.
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4 Click the OK button and follow the instructions on the screen to complete the
installation.

In both installations, the system creates a folder in the selected directory, see Figure
1.1.
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Figure 1.1. Generic Multi-Attribute Analysis application files

Double-click the gmaa.exe icon to execute the application and the manual.html
icon to view the application manual or user’s guide. You can also execute the appli-
cation or view the user’s guide by clicking the Start button, pointing to Programs,

and then clicking Generic Multi-Attribute Analysis, see Figure 1.2.

Tﬁ izeneric Mulki-Attribute Analvsis

@ gmaa

|@ Manual

Figure 1.2. Executing the application and viewing the user’s guide and readme file

Using the Windows Uninstall feature, you can remove applications cleanly and then

reinstall them to correct problems, change configurations or make version updates.
To uninstall the application:
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1 Click the Start button, point to Settings, and then click Control Panel.

2 Double-click the Add/Remove Programs icon. A properties sheet similar to

Figure 1.3 appears.

3 Select Generic Multi-Attribute Analysis and click the Add/ Remove but-
ton.
4 Follow the instructions on the screen to uninstall.
|-|i§l GMAA

To modify or remaove this program from your computer, click on Modify or Remove

s ally

Figure 1.3. The Add/Remove Programs Properties sheet

1.2 General appearance, main menu and toolbar

The program main menu and toolbar are as follows:

GMAA (Generic Multi-Attribute Analysis) -

WorkSpace  File  Wiew  Sensitivity Analvsis  window  Help

EEET-Tarrric-ia

Figure 1.4. Program main menu and toolbar

Using the WorkSpace menu, see Figure 1.5, we can create, load, save, or close a
workspace. All the information related to the problem (i.e., the objectives hierarchy,
weights and component utilities information and alternative consequences) is saved in
a workspace file. If we select the New WorkSpace option, we have to follow the
steps defined in DA to represent the multi-attribute decision problem.

We can also print the information on alternatives and attributes and the alterna-
tives ranking using the Print, Print Preview and Print Setup options. The Save
Results to File option saves the alternatives ranking to file, taking into account the

current appearance of the tree, alternative consequences and component utilities or
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subjective scales and weights. Finally, we can quit the application by selecting the

Exit option in this menu.

GMAA (Generic Multi-Attribute Analysis) -

WorkSpace

Eile Wiew Sensitivity Analysis  Window  Help

Mew WorksSpace Chrl+R E #*H % ?
Qpen WorkSpace. .. Chrl+0

Save WorkSpace Chrl+5

Save \WorkSpace As...

Close WorkSpace Chrl+C

Erint... Chrl+I

Prink Prewview

Print Setup

Save Results to File

Exit

Figure 1.5. WorkSpace options

If we have already loaded a workspace or built a new objectives hierarchy, the com-
ponent utilities in the attributes, average normalized weights and normalized weight
intervals or alternative consequences can be saved or loaded using the File menu, see
Figure 1.6. If we load one of these files, the application will check consistency with the
current workspace. For example, when we load a component utilities file the number
of leaves and names in the file must be the same as in the current workspace.

The View menu (Figure 1.7) is very useful for DMs. Using this menu, we can view
all the information related to the workspace. Using the View Component Utilities
or the View Alt. Consequences, all the component utility functions and all the
alternatives are displayed, respectively. The View Alt. Classification option is used
to view the alternatives classification with the current weights, component utilities and
alternative consequences.

The Sensitivity Analysis menu, see Figure 1.8, shows three options, the Weight
Stability Intervals option, the Dominance/Potential Optimality option and the
Simulation Techniques for SA option, which are explained in section 6.

Several workspaces can be loaded or created simultaneously. The Window menu is

used to switch from one to another, i.e., to select the active workspace. The Window
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menu options are the names of the workspaces, and we just have to select one to make
a specific workspace active. We can find out which workspace is active by just reading

the name in the bottom right-hand corner of the window, see Figure 1.9.

GMAA (Generic Multi-Attribute Analysis) -
WorkSpace N8 View Sensitivity Snalysis  indow  Help

.: '[:I'_‘I -Eg -L't I:I:Hn File | -.Ilfnmpcu.nen.t thilities F.ilé..-.. L
y Save File iz » 4l Consequences File. ..
Weights File. ..

Figure 1.6. File options

i GMAA (Generic Multi-Attribute Analysis) -

WorkSpace  File Sensikivity Analysis  Window  Help

| '[:El '[‘.I: ":ﬂ E Yiew Component Lilities r@

YWigw @ik, Consegquences

Wiew Ak, Classification

Figure 1.7. View options

GMAA (Generic Multi-Attribute Analysis) -

WworkSpace  File  Wiew

| oy G | g_f ﬂ waight Stabillty Tntsrvals P

Window  Help

Caminance/Potential Sptimalilksy
Simulation Techniques for 34

Figure 1.8. Sensitivity Analysis options

e

Figure 1.9. The current workspace

' (Current WorkSpace:  Cwre_Heimdalsvatn,bxt



User’s Guide 9

Finally, information about individuals and institutions involved in the development
of the GMAA module is shown by selecting the About option in the Help menu, see
Figure 1.10.

About GMAA

Eﬂ Genernc Multi-attribute Analpsis [Ghdad)

Artificial Intelligence Department
School of Computer Science
Madrid Technical University

Campus de Montegancedo STV
28660-Madrid, SPATY
hiip :www. dia. fLupnues

SIXTO RIOS IMSTTA
Profeszor of Statistics and Operation Fesearch

srosEfl uptn es

LLFONSOLATEDS CABALTERD
&zzociate Professor of Statistics and Cperation Fesearch
arnateosiGfl npm.es

LNTONIO JIMENEZ MARTIN
Ligsistant Professor of Statistics and Operation Regearch
ajitrene i@ apin.es

Yergon: 1,0, 0,2

Wheb Site: httpc /v dia fi.upr.ess ™ ajimenez /G b,

Figure 1.10. About GMAA

The appearance of the toolbar is as follows:

e K E ST
I

Figure 1.11. The program toolbar
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The first three buttons are related to workspaces. The first one can be used to
create a new workspace, the second one to open an existing workspace and the last one

to save the current workspace.

The next three buttons are equivalent to the View options. They can be used to
view the component utilities, the alternative consequences and the alternatives classi-

fication, respectively.

The next three buttons are related to Sensitivity Analysis. The first one is equiv-
alent to the Weights Stability Intervals option, the second to the Dominance /
Potential Optimality option and the third to the Simulation Techniques for SA

option in the Sensitivity Analysis menu.

The Print button is equivalent to the Print option in the WorkSpace menu.
Finally, the last button is equivalent to the About GIMA A option in the Help menu.

When we start up the program, the window illustrated in Figure 1.12 is displayed.
At this point no workspace has been loaded, so many menu options are not activated.
The DM has to load an existing workspace or create a new one following the DA
steps. In this user’s manual, an example workspace is used to explain the system. This
specimen workspace is called Qvre Heimdalsvatn, and its appearance is as shown in
Figure 1.13.

The aim of this example is to identify optimal remedial strategies for the restoration
of the OJure Heimdalsvatn Lake (Oppland Norway) aquatic ecosystem, contaminated
by radionuclides (see Gallego et al. 1998, Rios Insua et al. 2000 and Jiménez et al.
2002). This problem has been studied in depth in the European Projects in which
we have participated: MOIRA (A MOdel-based computerised system for manage-
ment support to Identify optimal Remedial strategies for restoring radionuclide con-
taminated Aquatic ecosystem and drainage areas, 1996-1998), COMETES (Imple-
menting COmputerized METhodologies to Evaluate the effectiveness of countermea-
sures for restoring radionuclide contaminated fresh water ecoSystems, 1998-2001) and
EVANET-HYDRA (EVAluation and NETwork of EC-Decision Support Systems
in the Field of HYDRological Dispersion Models and of Aquatic Radioecological Re-
search, 2001-2004).
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GMAA (Generic Multi-Attribute Analysis) - =13
WorkSpace Eile  Wiew  Sensitivity Analysis  window  Help

[ e B 1 e | am s WY S| R

GMAA (Generic Multi-Attribute Analysis) -
WorkSpace File  Miew  Sensitivity Analvsis  window  Help

R TR

‘ | I'

-[Current wiotkSpace: Cwre_Heimdalsyaknl, bxk

Figure 1.13. The Quvre Heimdalsvatn workspace
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1.3 Input/Output Files

Several files are used to save or load all the information related to our problem. First,
there is a file used to save all the information related to our problem, e.g., the appear-
ance and general information of the tree, component utilities, intervals and average
normalized weights and alternative names and consequences. This is called workspace
file.

Second, partial files are used to save only component utilities, alternative names
and consequences or weights in the hierarchy. When we are trying to load one of these
files, the module warns if the partial file does not match up with the current workspace
features. For example, if we try to load an alternatives file, the module checks if the
number of consequences of an alternative is equal to the number of leaves in the current
workspace. This file also saves the number of intermediate nodes and the leaf names
which are checked too.

Remember that a workspace file can be loaded or saved using the WorkSpace
menu (Figure 1.5) or using the respective button in the toolbar (Figure 1.9).

Partial files can be loaded or saved using the File menu, see Figure 1.14.

GMAA (Generic Multi-Attribute Analysis) -
WorkSpace B&ElER View  Sensitivity Snalysis  Window  Help

-[:Ij -I:r__l -[:' open File 4 Component Lkilities File... L

Save File s Alk, Consequences File...
: Weights File...

Figure 1.14. File menu

Users can define/modify all the information related to their multi-attribute decision
problem, so there does not appear to be any reason why they would need to know what
these files are like. However, our module may be called by other programs. For example,
the input alternative consequences may be generated by another program, which must
know the appearance of the alternatives files.

Now let us look at the appearance of the different files. All files begin with a key
word used to identify the kind of file to be opened or saved. If we are opening or saving
an alternatives file, the module checks the key word, which should be strategy.

The workspace file appearance is :
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| WorkSpace
| INTERMEDIATE NODE NUMBER
| *num_node__int

| *intermediate node; description

| *intermediate node,, description
|

| LEAF NODES

| *num__leaves

| STRATEGY NUMBER

| *num__ strategies

| *leaf mnodey description

| *leaf node, description
|
| STRATEGY NAMES

| xstrat name;

| xstrat _name,

where the intermediate node; description has the appearance:
| *node_name

| *node__label

| *father name

| *node__description

| *pos_x * pos_y

| *height * weight

| *num__sons xtradeof fs

| xson_name xmin_weight xnor _weight xmax_weight xtradeof f low xtradeof f _upp

| xson__name xmin_weight xnor _weight xmax_weight xtradeof f low xtradeof f upp
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where xtradeof fs points out if the method based on trade-offs was used to elicit the
weights for the subojectives stemming from it, and *tradeof f _low and xtradeof f upp
are the lower and the upper end-points of the probability intervals provided by the DM

in the weight elicitation methods.

The leaf node; description consists of:
| *node__name

| *node_label

| *node__units

| *xrecmin xrecmax

| *father name

| *node__description

| *pos_x x pos_y

| *height * weight

| val/sc xmin__sc xmax_sc xmin_val *smazx_val

| val/sc xmin__sc xmax_scxmin_val *max_val
|
| [0,1,2] //0 a subjective scale is being used for this attribute
//1 a component utility function is defined in the next three lines
//2 imprecise utilities are assigned for discrete values
|
| * Mininum_utility _function
| *Average _utility _function
| *« Mazimum _utility _function
where the xMininum _utility _function, xAverage utility function and
xMazimum _utility function define the class of utility functions for this attribute
and have the following appearance:
xcubic__spline xbounds xcharacteristics
“cubic_spline” is the cubic spline coefficients
(Gl,bbcl,dl; az, by, ¢z, dy; as, by, c3, ds; a4,b4,c4,d4)
that define the utility function in four intervals
intervall — ay + byx + 2% + dy 23

interval2 — as + box + cox® + doa?
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interval3 — as + bsx + c32? + dga®
intervald — a4 + bax + cax® + dyz?®

Five numbers form “bounds” defining the intervals where cubic splines are applied:

boundl bound2 bound3 bound4 bound5

so that

[boundl, bound2] is the first interval,
[bound4, bound5] is the fourth interval,

Obviously, boundl and boundb represent the minimum and maximum attribute
range.

Finally, “characteristics” includes the minimum and maximum attribute range, the
worst and the best values, a number that represents whether the function is increas-
ing or decreasing (1— decreasing, 0— increasing) and a number that whether it is a
piecewise linear utility function or not.

In the case of imprecise utilities for different discrete values, instead of using

| « Mininum__utility _function

| *Average _wutility _function

| *Mazimum __utility _function

the following information must be provided:

| snumber of wvalues

| *valuey sutil _miny *util _avgy *util _maz; xdescr;

| *value, *util _min, xutil _avg, xutil _max, *descr,

In the case of subjective scale we will just enter
| 0

Note that in lines

| val/sc xmin_sc xmax__sc xmin_val *max_val

| val/sc xmin__sc xmax_scxmin_val xmax_val
the string sc points out that a subjective scale is being used. As a consequence,
*min_val = *maxr_val = 0.0. The string val points out that a component utilities

have been identified for that attribute, and *min_sc = smax__sc = 0.0.
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The weights file appearance is as follows:

| weight

|

| Num_ Leaves: snum_hoj

| Num_ Intermediate nodes: xnum_int

| *leaf namey

| *leaf name,
| *node__name xnum__sons xtrade — of fs

\ KW MING %W _avgy *w_maxy *w_trademin *w_trademax,

| *node__name snum__sons xtrade — of fs

| XW_MINg *¥W_avgy *W_maxy ¥w_trademin1 *w_trademax1

| W MIN, ¥W_AVG, *W_MATy *W_trademi , W _trademaxy

where xw __avg; is the average normalized weight of the i-th objective, and xw_min;
and xw_max; are the lower and the upper end-points of the normalized weight inter-
vals. When xtrade — of fs is equal to 1, the method based on trade-offs was used
and xw _trademi,; *w _trademy.,; are the DM’s answer to the i-th probability ques-
tion. Otherwise, a direct assignment was used and *w _trademin; *w_tradem.y; are
the weight intervals directly provided by the DM.

The component utilities file appearance is as follows:
| utility

| Num Leaves: xnum_hoj

| *leaf namey

| *leaf name,
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| [0,1,2] //0 means that a component utility function is defined in the next three
lines

| //1 means that imprecise utilities are assigned for discrete values

| //2 means that subjective values are being used in this attribute

| utility _function 1

(0,12

| utility _function_n

where the utility _functions lines are the same as explained for the workspace files.

The alternatives file appearance is as follows:

| strategy

| Num_ Leaves: snum_leaves

| Num__ Strat: snum_ strategies

| #leaf name;

| *leaf name,

| xstrategy name;

| xstrategy name,

| #leaf name;

| val/sc xmin__sc; xmax_scy xmin_valy *max_valy

| #leaf name,

| val/sc xmin_ sc; xmax__scy xmin_valy *max_valy
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| val/sc xmin_ sc,, xmax_sc,, *min_val,, *max_val,,
where the string sc points out that a subjective scale is being used. As a conse-
quence, xmin_val; = xmax_wval; = 0.0. The string val points out that a component

utilities have been identified for that attribute, and *min_ sc; = xmax_sc; = 0.0.

For more information or doubts on the input/output file, get in touch with the

authors.
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2 BUILDING AN OBJECTIVES HIERARCHY

There are several benefits to be gained from using a hierarchy to model complex
decision-making problems with multiple objectives. For instance, it helps to ensure
that there will be no big gaps (missing objectives) at lower levels, situations where re-
dundancy or double-counting could easily occur can be identified and it provides a basis
upon which to develop and appraise screening criteria (Brownlow and Watson, 1987).
It is important to remember that the consequences associated with the alternatives are
measured in terms of the attributes in the leaves of the tree.

The DM can create or delete nodes and branches to build or modify the objectives
hierarchy. A floating menu is displayed when the DM left-clicks a node of the tree (Fig-
ure 2.1). This floating menu is composed of the node name and two options: Create a
son and Delete a Branch. If we select the Create a son option, the node becomes
an intermediate node and a new leaf is created. The default weights associated with
nodes stemming from the upper-level objective will be equal, and the sum of these

weights will, of course, be 1.

Enviran. Imp - Ecosystem |

Marne: Living Restrickions
Label: Linving Rest

Social Imp.

Creake a son.

Lirwing Rie Delete Branch

Economic [mp

Figure 2.1. Floating menu to change the appearance of the hierarchy

As we can see, the lowest-level objective edges are green, while the remaining are
black. Once the DM has specified preferences and the alternative consequences have
been entered in terms of the attribute associated with the lowest-level objectives, their
colour turns to blue.

The new node leaf label and name are assigned randomly, and there is no description
or units. This information can be viewed in the Node Information window, which

is displayed by right-clicking a node of the tree, see Figure 2.2. All the leaf related
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information can be changed directly by overwriting the default values. The leaf name,
label and units must be less than 25, 13 and 49 characters long, respectively.If the
Delete Branch option is chosen in the floating menu, see Figure 2.1, this node and
all nodes stemming from it will be removed.

Once the DM has built the objectives hierarchy, the attribute units and range must
be entered in the leaves. Again, default values are suggested, which the DM can rewrite,
see Figure 2.3.

Note that if the DM modifies the range, he/she will have to enter new component
utilities and alternative consequences for the corresponding attribute.

The DM must also point out which attributes have a subjective scale by selecting
the Subjective Scale folder in the respective Node Information window and then
clicking the Using Subjective Scale check button, see Figure 2.4.

This window will also be used in the next section to enter/modify the respective

subjective attribute values.

]

|
l

- sond
Mode Information
YWiemwing Alternative Conzequences ] Quantifving Preferences ] Subjective Scale
Leaf Information Wiewing Component Utilities
M arne: Label:
IS':'”"J'— Aftribute

o itz
Dezcription: i
Dezcription IND [Inits

kif. range bd . range

{1 1

] | Cancel J B ‘ Help

Figure 2.2. Creating a new node
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Hode Information rg

[luantifving Preferences ] Subjective Scale ] Wheight Stability Intereal ]
Leaf Infarmation ] Yiewing Component Ltilities 1 Yiewing Altermative Conzequences 1
I arne: Label:

Dose to Critical Indiv. [D. Cr. Initv echit
Deszcription: Units:

The effective doze received by individual: belonging to a
critical group living in the area, dinking water. and eating
aquatic food and terrestrial food irgated with water from the

contaminated water body. Evaluated by MOIRA dose Min. range___Max. range
rnodel.

|Effective Doze in miliSieve

0.76 |2.47

(] | Cancel Sppli Help

Figure 2.3. Entering the attribute units and range

Mode Information

Leaf [nformation Yiewing Component Utilikies 1 Yiewing Alternative Consequences 1
Quantifying Preferences Subjective Scale "wigight Stahility [ntereal 1
i 1 = e T 1- 1- i 1- 1= i
oy R o e B e e e e €
0.00 0.00 0.00 000 0.00 0.00 [0.00 0.00 0.00
ln-:u actio 1fish bar ]fish ban: ]Iake [irrin JI.Iiming + 1|:u:utash b {p-:utash k Ifertilizatin 1fertili2 + |
& min " max v Uszing Subjective Scales Rt

ak. | Cancel ‘ Apply | Help ‘

Figure 2.4. Indicating that an attribute has a subjective scale
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3 ALTERNATIVES PROCESSING

Before entering the alternative consequences, attribute units and ranges have to be
entered in the leaves of the objectives hierarchy, because the system will check if the
entered values are consistent with the attribute ranges. Also, attributes using a sub-
jective scale must be indicated.

Alternative names and consequences can be loaded from file by selecting a WorkSpace
file or an Alt. Consequences file. The appearance of the workspace and alternative
files was described in section 1.2. In the second case, the system checks the consistency
between the alternative file information and the current workspace. Leaf number and
names must match up. The system also reports alternative consequences that are out
of range to the DM.

These consequences can be viewed by selecting the View Alt. Consequences
option in the View menu or clicking the respective toolbar button (the window dis-
played is shown in Figure 3.1) or by left-clicking the respective leaf of the hierarchy

and selecting the Viewing Alternative Consequences folder, Figure 3.2.

Alternative Consequences

Mo Actions Fizh Bans [1st] Fizh Banz [2.3.4] Lake Limiry
e, Ecosystem |, 5.000 4,500 4,250 2 000
HH Cast tImage 0,000 0,000 000 0,700
By, 0. G Indiv 2335 2 050 1.050 2,300
e, D, of Bans 3000 5,000 33,000 2000
s, Cost spplica 0.000 12,500 30,000 160,000
ey, Collective D £4150 0500 24,000 £5, 500
s, Cost Econorny 0.000 150.000 403.000 20,000
< : »
O Minimurn & Average O Maimum | ﬂ I:I
oK ] [Aadatenaie |

Figure 3.1. Viewing the alternative consequences

Different icons are used to remind us whether subjective scales, utilities for discrete
attribute values or a utility function are being used for one or more leaves. All of these

are used to quantify the DM’s preferences concerning the alternative consequences and
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will be explained in the next section. In this example, all the attributes, except Cost

to Image, use utility functions, see Figure 3.1. A subjective scale is defined in the Cost
to Image leaf.

Mode Information

Euantifving Preferences ] Subjective Scale ] Weight Stability Interval 1
Leaf [nfarmnation ] "Yiesing Cornporent Ukilites Yigwing Altermative Consequences

O Minirmum & Average Q Masimum

| Moactions | FishBans(1st] | FishBans(2.34] | Lake Limin
fa D Cr, Indi 2335 2050 1.050 2.300
4 »

odify alternative consequences for thiz attribute ”

Alternative consequences can be also changed by clicking the "Wiew Al Consequences' option
iri the "iew'" menu.

| k. | Cancel Help

Figure 3.2. Alternative consequences for a specific leaf

L, 4 B

Icons representing utilities for discrete attribute values, subjective values and a utility

function, respectively

Looking at the window displayed in Figure 3.1, we realize that we have the option
of adding alternatives, modifying alternative consequences and deleting alternatives.
If we want to create a new alternative manually we just have to click the Add Alter-
native button and the window below will be displayed:
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Insert a Hew Alternative

Alternative Marme: ]
Enter faor the different attributes the respective imprecise conseguence.

Altribute min Mias [ recmin ., recmax |
|E cosystem Index {00 0.0 {[ 1.000 . 5.000 ]
|I:|:|st to Image il:l.El |I:I.|:I 1Subiective zoale [0,1]:
\Dose to Critical Indiv. |00 0.0 [ 0760 . 2470 ] e
[Duration of bans [ 0o [ oooo . 36000 | i
Cost of Application {00 {00 [ 0000 . 702000 Q
Collective Dose {00 0.0 |l 20300 . 72300 ]
|Cost to Economy {00 0.0 [ 0000 . 426000
| oo | |

| Cancel || | Ok ||

Figure 3.3. Insert a new alternative

The DM must provide an alternative name (less than 25 characters long) and con-
sequences for all the attributes in the objectives hierarchy taking into account their
features. The system reminds us of attributes using a discrete values set, attributes
using a subjective scale and attributes for which a linear/non-linear utility function
has been identified. In the first case, only permitted attribute values can be entered.
Note that the system also reminds us what the permitted attribute are. When using
a subjective scale, the values entered must be greater than or equal to 0 and less than
or equal to 1. Finally, when a utility function has been identified, entered values must
be within the respective attribute range. The Next>> and <<Back buttons must
be used when more than eight leaves are defined in the objectives hierarchy.

Moreover, the system accounts for uncertainty about the alternative consequences
by means of uniformly distributed attribute value intervals in the first two cases. Note
that the situation under precision or under certainty will be the particular case in which
the extremes of each interval are the same. Remember that the DM does not have to
provide the average alternative consequences, they are assessed by the system as in the
case of modifying strategy values.

Once we have entered the new alternative consequences and name and clicked the
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OK button, the system checks the consistency of the values entered and reports alter-

native consequences that are out-of-range or illegal discrete attribute values, see Figure

3.4.

Input Error |-5__(J

L.
\_!_() There are out-of-range alternative conseguences for attribuke 1.

Figure 3.3. Insert a new alternative

The DM can save the alternative consequences to file using the Save WorkSpace or
Save WorkSpace As options in the WorkSpace menu, or the Alt. Consequences
File option in the Save File As submenu of the File menu.

Note that subjective values can also be entered or modified directly using the Sub-

jective Scale folder in the respective Leaf Information window, see Figure 3.5.

Hode Information

Leaf Information ] Yiewing Compaonent Ltilities ]
Yiewing Alternative Consequences 1 [Huantifwing Preferences Subjective Scale
1=t 1=-] 1= 1] 1-] 1-] 1o 1-— 1-
B e N ey e | Iy RS e S U e |

— T —

0.00 0.00 0.00 0.70 0.70 0.e0 0.e0 1.00 1.00 0.00

]nu:u actio 1fish ban: lfish bar: {Iake lirnit 1I.Iiming + ]pntash b Jpntash b ]fertilizatin ]fertiliz + iggg

@ min O max v Uzing Subjective Scales Mext:»
k. | Cancel ‘ oply ‘ Help |

Figure 3.5. Subjective Values
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Again, instead of entering only one (precise) attribute value for each alternative,
DMs can use the scrollbars to provide a range of responses, which is less stressful.
Minimum and maximum values will be entered depending on the active radio button.
The Next>> and <<Back buttons must be used when more than ten alternatives
have been identified.

To remove an alternative, the DM should select the alternative name from the
drop list on the left-hand side of the Modify Consequ. button, see Figure 3.6. This
activates Delete Alternative and Modify Consequ., and the DM can delete the
alternative by clicking the Delete Alternative button.

Alternative Consequences

Mo Actions Fizh Bans [1st] Fizh Banz [2.3.4] Lake Limirg
E‘ E cosystan |, 5000 4500 4,250 2.000
tti Cost tImage 0.000 0000 0,000 0.700
E,‘D: Cr. Indiw 2335 2050 1.050 2.300
E‘ Ciur. of Bans 3000 5.000 33.000 2.000
E‘ Coszt Applica 0.000 12,500 30,000 160.000
E‘ Collective D E2.150 G000 24.000 E5.500
E Cozt Economy 0.000 150,000 403.000 20,000
£ b
O Minimum &) Average € basimum Fizh Banz [13t] Modify Consequ,
| 0K, | | Add Alternative | Delete Altermative

Figure 3.6. Deleting an existing alternative (Fish Bans (1st))

Finally, to modify alternative consequences or the alternative name, the DM should
click the Modify Consequ. button instead of the Delete Alternative after selecting
the alternative name from the drop list and the window shown in Figure 3.7 will be
displayed.

This window displays the current values for the alternative whose consequences
and/or name the DM has chosen to modify. To change the alternative name, the DM
must overwrite it in the respective label. To modify the alternative consequences, the
DM must double-click on the leaf names, and a window in which the values can be

modified will be displayed, Figure 3.8.
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Alternative Consequences

Select and double click an the attribute whoze conzequences are going to be changed. The
alternative name can be changed too.

|N|:| Actionz
Ecozpztem |ndex 5.000 R.000 5.000
Cost to Image 0.000 0.000 0.000
Doz ta Critical [ndiv, 2.200 2335 2470
Dhuration of bans 0.000 3.000 G.000
Cost of Application 0.000 0.000 0.000
Collective Dose E4.000 63150 2300
Coszt to Econony 0.000 0.000 0.000

Figure 3.7. The current consequences for a specific alternative No Actions

Alternative consequence [§|

Alternative ; ]Nu:u Actiong

Aftibute:  |Ecosyster Indes

Attribute Bange / Discrete Yalues / Subjective Scale

| Attribute range: [ 1.000 , 5000 ]

Enter the imprecize consequence for the attribute:

Consequence ; |5.EIEIEI |5.EIEIEI

Figure 3.8. Changing consequence values

The system reminds us of the attribute range when a utility function has been
identified for the attribute, the permitted discrete attribute values or whether a sub-
jective scale is being used. Current default values are also presented, which the DM
can change. The system checks the consistency of the values entered and reports out-

of-range alternative consequences or illegal discrete attribute values, see Figure 3.9.
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Input Error [§|

@ The entered value dogs nok match up with the permitted discrete atkribute values

Figure 3.9. Input error message for attributes with discrete values

Finally, we should point out that although we have stated previously that alter-
native consequences are entered in the system prior to the quantification of the DM’s
preferences, for consistency reasons, especially as regards attributes with discrete val-
ues, the DM is asked to quantify his/her preferences for the different attributes before

entering the alternative consequences, see Figure 3.10.

Component Utilities Error,

i Component utilities or Subjective walues must be identified
ey for all the attributes in the objectives hierarchy.

Figure 3.10. Reminder to quantify preferences

The alternative consequences for an attribute can be also modified by left-clicking
the respective leaf of the hierarchy, selecting the Viewing Alternative Conse-
quences folder and clicking the Modify alternative consequences for this at-
tribute button, see Figure 3.2. The window shown in Figure 3.11 will be displayed,
in which the DM is reminded the attribute name, range and units, and the alternative
names and their current imprecise consequences.

The Next>> and <<Back buttons must be used when more than eight alterna-
tives have been identified. The alternative consequences can be modified by rewritten
them.

Note that we are not allowed to modify subjective values in this window. The sys-

tem will report this situation to us, see Figure 3.12.
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Modfying alternative consequences for an attribute

Attribute Mame:  |Ecosystem Indss

Aftribute Range:  |[ 1.000 . 5000 |

Attribute nits: ]Ir‘u:le:-: [1=ideal, b=ecozystem destruction)

Enter for the different alternatives the respective imprecize consequence;

Alternative narmes rnir Mnas

[No Actions [E. [5 000

|Fish Bans [15t] 4.000 \5.000

|Fish Bans (2.3.4] |3.500 |5.000

{Lake Liming 11.500 2,500 <« Bach
\L.Liming + Fish Bans [3] 11.500 2,600 Mest 53
|Patash Treatment 1.800 2,700

|Potash T.+ Fish Bans (3] 1.800 2,600

|Fertilization 1.000 11.600

| Cancel ” | OF, ||

Figure 3.11. Modifying alternative consequences in an attribute

GMAA X

A subjective scale is being used For this atbribute,
Use the scroll bars in the 'Subjective scale' Folder
in order to modify the alternative consequences,

Figure 3.12. Reminder to use the "subjective scale” folder
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4 QUANTIFYING PREFERENCES

Quantifying preferences involves assessing the DM’s component utilities, which rep-
resent the DM’s preferences concerning the possible alternative consequences in the
respective attributes, and the relative importance of criteria. Both will be used later
to evaluate alternatives through the multi-attribute utility function.

In both cases, the system admits incomplete information through value intervals as
responses to the probability questions the DM is asked, which leads to classes of utility
functions and weight intervals, respectively. This is less stressful on experts, see Weber
(1987), von Nitzsch and Weber (1998) and Rios et al. (1994).Moreover, this makes
the system suitable for group decision support, because individual conflicting views or

judgements in a group of stakeholders can be captured through imprecise responses.

4.1 Assessment of component utilities

The user has two alternative ways to view the component utilities: either by selecting
the Viewing Component Utilities folder in the respective leaf of the tree, as shown
in Figure 4.1, or through the main menu, by selecting the View Component Utili-

ties option in the View menu (Figure 4.2a and Figure 4.2b).

Hode Information

Cluantifving Preferences ] Subjective Scale ] YW eight Stability Interval ]
Leaf Information Wigwing Camponent Ltiliies l Wiewing Alternative Congequences 1
| ozt of Application
B e e e e
Mo ;
e Attribute
(BEi | B N%-:.:_ ___________________________________ Walue ;
omL el
el N
' e e e Lltilty
b ettt i : --------- ‘}“;--:_:__ :Hq:’“‘:-;:__?hﬂi‘__ R >
: 1 -\_\_\_\""“-\-.___\_ I -H-\-"""H-.___\_ """"
0o '
0.00 euro® 00 F02.00

[ ok | cancel ] ] Help ‘

Figure 4.1. Viewing component utilities
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Viewing Component Utilities

Dauble click an the attibute names: ] COST OF AFPLICATION
P T M Attribute Walue
Ecosystem | TR
Cozt b lmage 073 |
0. Cr. Indiv
Dwr. of Banz 050 |
Collective D
Cozt Econanmy 05 |
0.0

0.00 eurat100 702 00

Figure 4.2a. Viewing component utilities

Viewing Component Utilities

Diouble chck on the attibute names: I COST OF APPLICATION
-
e 2] Attribte ' alue ;
Ecosypstem |.
Cost t Image 075 | 2l
0. Cr. Indi
Crur. of B

ur. of Banz 050 |
Collective D
Cost Economy o5 |

n.n

| ok, | ||:|_|:||:| | 1.00 |2.|:n:| |3.cu:| |4.|:n:| |

Figure 4.2b. Viewing component utilities

The DM can change any component utility with whose appearance he/she does
not agree. Users can choose between constructing an imprecise piecewise linear utility
function (providing up to three intermediate attribute values and their respective im-
precise utilities or using a method based on the combination of two slightly modified
standard procedures for utility assessment, the Fractile Method (CE-Method) and the
Extreme Gambles Method (PE-Method), based on imprecise assignments by means of

intervals) or providing utilities for discrete attribute values.



32 User’s Guide

Component utilities can be defined /modified by selecting the Quantifying Prefer-
ences folder in the respective leaf. Here, the DM can choose between the the methods
provided by the system by selecting the respective radio button and then, clicking the
Next>> button, see Figure 4.3.

Hode Information

Leaf Information ] Yiewing Component Ltilities ] Yiewing Alternative Conseguences ]
Luantifying Preferences ] Subjective Scale ] Wieight Stability Interval ]
= : : : P : Imprecise Utilities for Discrete
|Impreclse Piecewise Linear Utility Function | Attribute Values
% [CE-Method/PE-Method] © [Direct Szsignment] 7 [Direc Azzighment]

[ fewr | [ ]

0k | Cancel ‘ ool ‘ Help

Figure 4.3. Selecting a method to modify/define component utilities

4.1.1 Imprecise Piecewise Linear Utility Functions (Direct Assignment)

When there is a deep and precise knowledge about the attribute, the DM can di-
rectly construct an imprecise piecewise linear utility function, and the window shown
in Figure 4.4 is displayed. In this General attribute features window, the DM can
change/enter the units, minimum and maximum range and the shape (monotonically
increasing/ monotonically decreasing) of the piecewise linear utility function. Note
that if a piecewise linear utility function was already being used in this attribute, the
user is reminded the values provided above.

Once the user agrees with the values and has clicked the Next>> button, a new

window is displayed (Figure 4.5).
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General attribute features

Specify the minimum and maximum ranges for the attibute

Minimurn Range: || b asirnum R ange:

" Monatonically Increazing /

* Monatonically Decreasing

itz : I

| <<Back || | Mest:> ||

Figure 4.4. General attribute features

Linear Utility Function

The lower and upper bounds can be changed: | | 1& | 5]

Enter up ta three intermediate paintz for the attribute g0 as Point] .= < Poink2.= <
FPoint3.x

[v Poaint1: Attibute Yalue [x] ; 1.1 I tiliby: [ nas 095 ]
W Paint 2 Attibute Yalue 2] 1.5 Ittty | n4s ; 0ES |
v Foint 3 Attibute Yalue (4] : 2 Utilibe: | 0118 0:3%]

1.0
075
S ave 0.50
.25
0.0 : :
1 5

Figure 4.5. Piecewise Linear Utility Function

The user is asked to provide intermediate attribute values (up to three). Instead

of demanding only one (precise) utility for each attribute value, DMs are allowed to
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provide a utility interval, which is less stressful on experts, and both endpoints being
equal would be equivalent to the precise case. The imprecise utility function bounds
will be built by joining up to five linear segments between the best and worst attribute
values.

If no intermediate points are specified, then the result will be a single linear function.
The constructed linear function will not be viewed (at the bottom of the window) until
the View button is clicked. Utility function ranges can be redefined again in this
window.

If dissatisfied with the shape of the new piecewise linear function, the user can
change the ranges and intermediate points entered by rewriting them in the respective
boxes and click the View button again to view the changes. The shape of the utility
function can also be changed by moving the active points with the mouse, corresponding
to the intemediate points entered by the user. When the cursor is on an active point it
changes from an arrow to a cross, then, if the user left-clicks on it, the active point can
be dragged by the mouse. Note that the system does not allow the user to introduce
inconsistent values. For intance, if the utility function is increasing the upper utility
corresponding to the second intermediate point must be less that the one corresponding
to the third. The <<Back option can also be used to go back to the previous window
and modify values.

The output imprecise piecewise linear utility function can now be saved, for use for
assessing the overall utility and the ranking of alternatives, but will still not saved in
the WorkSpace File or in a Utility Function File. The user will be warned about
this.

Note that alternative consequences may become out of range due to the modification
of component utilities. The system will report this situation to the DM when trying

to display the alternative ranking or performing sensitivity analysis.

4.1.2 Imprecise Piecewise Linear Utility Functions (CE-Method/PE-Me-
thod)

Introduction This method for determining the imprecise piecewise linear utility
function is used when the DM has little knowledge about or experience with the topic
and is based on the combination of two slightly modified standard procedures for utility

assessment. Several authors (see, e.g., Hershey et al. 1982, Jaffray 1989 or McCord
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and de Neufville 1986) have suggested that, generally, elicited value/utility functions
are method-dependent, and bias and inconsistencies may be generated in the elicitation
process.

To overcome these problems, we use two methods jointly: the fractile method,
which belongs to the class of certainty equivalent methods (CE-Method), and the
extreme gambles method, included in the probability equivalent methods (PE-Method)
(Farquhar 1984) (by implementing these procedures, we have provided a utility function
for each attribute instead of a value one. Remember, however, that all utility functions
are value functions, but not conversely). Moreover, instead of demanding only one
(precise) number for each probability question, as these methods require, DMs are
allowed to provide a range of responses.

As explained below, the module uses graphical representations (wheel-based col-
ored fortune) of the assessed utility ranges to test consistency. It suggests possible
inconsistencies and possible adjustments for the values that need to be reelicited by
the DM.

As a result, we get a class of utility functions, rather than a single function, for each
method. The responses given in both methods are compared to detect inconsistencies.
There will be inconsistencies if the intersection area obtained from the two response
types is empty in any range of the attribute, in which case the preferences should be

reassessed.

Viewing Results

[ hiliky |INTEH SECTIOM AREA Ecospztem index

1.0
075

0.50

0.25

0.0
index [1=1deal, b=ecozpstem destruchion]

Figure 4.6. Intersection between the PE-Method and the CE-Method
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These reassessments finish as soon as the DM provides a consistent range for the
utility function and the intersection will represent the range for the DM’s utility func-
tions, i.e., the elicited value or utility intervals, see Figures 4.6 and 4.7. These functions
were obtained from both methods: for three probability levels, p; = .25, po = .50 and
p3 = .75, with the fractile method and for three selected attribute levels for the extreme

gambles method.

Mode Information

Wiewing &lternative Conzequences ] Cuantifving Preferences ] Subjective Scale ]
Leaf |nfarmation Wiewing Component Utilities
| E comystem Index
e e e L e e e e e o i
BN .
b Attribute
e e o e Yalue
T
|:| 5':' ______ :_ _\_\:k“:\kbx ____________________________________
' : i
S I Uity
: - ; __--._-.-‘_‘-__ ________
| 1 ___—'-—-._________ :
0o
1.00 Inclex (1 =ideal, S=ecosystem destruction) .00

[ ok ] cance | fpply | Help |

Figure 4.7. The fitted utility function

Implementation. The DM can use this method by clicking the CE-Method /PE-
Method radio button in the window shown in Figure 4.3. The General attribute
features window (Figure 4.4) is then displayed, as in the case of using the direct
assignment.

Here the units, minimum and maximum range and shape (monotonically increasing/
monotonically decreasing) of the utility function can be changed/entered. Note that
default values are given if the utility function is being modified. We can choose between
either keeping or modifying these values.

Once the DM has entered the values, the utility function can just be modified by
clicking the Next>> button. Then, the first three windows referred to the (Certainty
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Equivalent) CE-Method are shown in Figures 4.8, 4.9 and 4.10. The DM is asked to
provide certainty equivalents for three lotteries of the type (p,z*; 1 —p, z.),where p is
equal to 0.25, 0.5 and 0.75, respectively, and z* and z, are the most and least preferred
values for the attribute. The range given by the DM is denoted by an interval [z, Z,,),
where z;,, z,, stand for the lower and upper bound values of a certainty equivalent for
a lottery with a p-chance of yielding x*. Figures 4.8, 4.9 and 4.10 show these lotteries.

&

CE-Method

Specify the sure amount interval which you consider equivalent to the lottery on the left ;

equivalent o | @ .o ]

[ 025, 1 - 07 b ]

| <¢Back ” | Abort ” | HMestz» |

Figure 4.8. First window of the CE-Method

X)

CE-Method

Specify the zure amount interval which you consider equiralent to the lottery on the left ;

equivalent to: [ JD . ||:| ]

| <<Back || [ dbot || [ Mests> ||

Figure 4.9. Second window of the CE-Method
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CE-Method B3

Specify the sure amount interyal which you consider equivalent to the lottery on the left ;

equivalent to: | ||:| ] |

[ 075. 1 o 025 . 5 ]

| <<Back ” | Abort ” | Mext=> |

Figure 4.10. Third window of the CE-Method

At this point, the user will be asked if he/she wants to analyze the consistency for
this method. The window shown in Figure 4.11 will be displayed, where the user is

asked if he/she agrees with six statements.

Consistency Checks (CE-Method)

Do you agree with the following statements 7

27 iz preferred or equivalent to | 05, 165 ; 0h, 5 | Change

2 iz preferred or equivalent to | 05, 1.3 ; 0h, 21 | Change

1.5 is prefermed or equivalent to [ s, 1 ; 0h . 1.E5 ]

[ 05, 2 bk 0 i ] ] iz preferred or equivalent to 21 Change
[ 15 i Clshi 27 ] iz prefermed or equivalent to 1.65 Change

[aRiElE 1 =R 2 | iz preferred or equivalent to 13 Change

[ <<Back |i [ Abort |‘ |z:::::r:4:é1'4;>:>:::::::3|!

Figure 4.11. Consistency checks for the CE-Method
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If DM’s previous responses were consistent, then he/she should agree with all of
the statements. Otherwise, if he/she does not agree with any one of the statements,
he/she should click the Change button at the right of the respective statement, and
the window shown in Figure 4.12 will be displayed.

Changes in CE-Method

“fou stated that :
Staterent 1: [ |2_-| 27 | was equivalent bo: .

[ 02501 - 075, |5 ]
Statement 2 [ |'I.EiE : |2 ] was equivalent bo; .

[ 050, 1 : 050, 5 ]
Statement 3: | |-|_3 . 15 ] wazequivalent to: .

[ 075, 1 025 |5 ]

Youshould decreaze |27 o increaze either: I‘I_EE |

Figure 4.12. Making changes because the user has been inconsistent

The values that appear in the window in Figures 4.11 and 4.12 match the following
DM’s responses to the three probability questions for the CE-Method

2.10,2.7), p=0.25
[1.65,2.0], p=0.50
[1.30,1.5], p=0.75

In this window, the user is reminded of his/her responses to the three lotteries and
is advised to modify certain values. The user can change the value directly by rewriting
the new value here in this window.

Once the user agrees with the six statements and has clicked the Next>> button,
the (Probability Equivalent) PE-Method will begin. Now, the DM has to specify three
probability intervals [py, pi], i = 1,2, 3.
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These intervals contain the indifference probabilities p of a lottery yielding z* with
probability p and z, with a probability 1 — p, and given sure amounts ¢;. They are
shown in Figures 4.13, 4.14 and 4.15.

X

PE-METHOD

Specify the probability interval that containz the indifference
probability of a lotkery wielding <max with probability p and Xmin
with probability 1-p, with the given sure amount;

[p. 1 Slp. 1] ] equivalent to T

P ik, JE_ P Inas. ; ]I:I_

| <<Back |‘| Abart ||| Mexts> ”

Figure 4.13. First window of the PE-Method

X)

PE-METHOD

Specify the probability interval that contains the indifference
probability of a lotkery pielding #max with probability p and #min
with probability 1-p, with the given sure amaount;

[p. 1 clp. 0 ] equivalent to 2

p min. ID_‘ P mas, ||:|_

[ <<Back ||| Abart ||| Mexts> |i

Figure 4.14. Second window of the PE-Method
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PE-METHOD

X

Specify the probability interval that containg the indifference
probability of a lottery vielding #max with probability p and Xmin
with probability 1-p, with the given sure amount;

[p. 1 1. 0 | equivalent to 156

prin. g pmas:

| «<Back ||| Abart ||| Mewts> |l

Figure 4.15. Third window of the PE-Method

As in the CE-Method, the user is now asked to analyze the consistency for this
method. The consistency check is very similar to the previous one. The user must
agree with the six statements shown in the window (Figure 4.16). If he/she does not

agree, then he/she should click the Change button and modify some values.

Consistency Checks (PE-Method)

Do pou agree with the following statements 7

(e . [27 o Joa [0 ) kpeferedorequivalentto (023 L 2 oo 1 )
(foss . |2 S (TR TT [1] | isprefered orequivalentto [ (04 . 15 [oE . [O ] M
(Joss . [27 a5 . [0 ) kpeferedorequivalntta ( 023 . 15 [orr . [0 )
(foz .z ;o7 o ) is prefened or equivalentta [ (04 27 a6 [0 ) [ Change |
(Jos .5 . fJor . Jo | isprefened orequivalentta [ [07 . 2 foz . [o ] ml
Cloz . [ & jow o | is prefened orequivalentte [ Jo7 . 27 : oz L |0 ]

[ <<Back ||| Brat || |a_____1‘i.e1-:;2>2§11221i§|l

Figure 4.16. Consistency checks for the PE-Method

The values that appear in the following window (Figure 4.17) match the answers

(probability intervals) in the three lotteries for PE-Method below:

0.23,0.30] = [py, P1a)
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[0.40, 0.60] = [pay, p2u]

[0.70, 0.85] = [pa1, P3u)-

The user can change any value by directly by rewriting the new value in this window

and returning to the previous screen.

The PE-Method finishes when the user agrees with the six statements (Figure 4.16)
and has clicked the Next>> button. Now, if there are no inconsistencies between the

CE-Method and the PE-Method the user can view the results.

The can view the partial results for the CE-Method or the PE-Method and the
intersection or final utility function, Figures 4.18, 4.19, 4.20, 4.21 and 4.22.

Changes in PE-Method

Y'ou stated that :

[zE |'I p. ]U ] equivalentto: |27 with | pmin. 10.23 proax ;|03

[p. 1 -p. |0 ] equivalent to: 12 with | pmin.: (0.4 pmas ;|06

[p. |'| p. |I:I ] equivalent to: |1.5 with | pmin.: |07 pmax: |0.85

You should increase 1D.E or decrease:; JD.23

Figure 4.17. Making changes due to previous inconsistent values
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Utility Function

The Utility Function haz been azseszed.
Chooge the different options to view the results:

CE-tethad Wi
PE -t ethod Wi

[nterzection Area Wi

dlofil:

Fitted Ltility Function e

[ cBack | [EaEremed| [ Cancel |

Figure 4.18. Viewing the results of utility function definition

Viewing Results

[ tiliky |EE-h-1ETHEID ecozystem index

1.0
075 |

0.50

0.25

nao
index [1=ideal, B=ecosyztem destruchion]

Figure 4.19. Bands limiting the utility function assessed by the CE-Method
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Viewing Results

[tk |F'E-h-1ETHD ] ecogyztem index

1.0
075

0.500(

025

0.0
index [1=ideal, S=ecosystem destruchion]

Figure 1: Figure 4.20. Bands limiting the utility function assessed by the PE-Method

Viewing Results

Ikl |INTEF|SE|:T|I:IN AREA Ecosystem indes

1.0
075

0.50 [

0.25 |

]
index [1=ideal, h=ecosystem destuction]

Figure 4.21. Intersection between the bands for the PE-Method and the CE-Method
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Viewing Results

[ hility 1FITTED UTILITY FURCTION ecosystem index

1.0
075

IR:1IN

0.25

]
indeyx [1=ideal, B=ecozystem destiction]

Figure 4.22a. The Fitted Utility Function

The user can now save the fitted utility function to use it for the overall values as-
sessment just by clicking the Save Results button (the saved class of utility functions
can be viewed in Figure 4.22b). However, he/she also can choose not to save this new
utility function if he/she dislikes it.

Mode Information

Wiewing Alternative Congequences ] Cluantifving Preferences ] Subjective Scale ]
Leaf Information Yiewing Component Utilities
| Ecosysten Index
e e
™ ;
M Attribute
O R e e e e e e P Walue :
N =
[RE et e s s s
L TR,
U S Uiy
: | | __--.-___-_‘_l-—_ ........
; 1 1 ___—'-—-._______‘_ ;
0.0
1.00 Index (1=ideal, S=ecosystem destruction) 5.00

[ ok | cancel ‘ ‘ Help ‘

Figure 4.22b. The Fitted Utility Function
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But, what happens when there is inconsistency between the CE-Method and the
PE-Method? As mentioned above, results are only shown when there is no inconsis-
tency between the two methods. The user should modify responses to achieve consis-
tency, for which he/she will be helped by the program. With the values entered in the

example shown in the above figures, there is no inconsistency.

Viewing Results E|

I kiliky |INTEF|SE|:TIEIN AREA fcosystem index

1.0
0.75 |

050

0.25 |

0o
index [1=ideal, b=ecosystem destruction]

Figure 4.23. Inconsistency between the CE-Method and the PE-Method

Therefore, some changes are needed to make the results inconsistent. If the first
probability interval entered by the user in the PE-Method ([0.23,0.30]) is changed to
[0.27,0.30], a region of the intersection between the CE-Method and the PE-Method

is now empty, so there is inconsistency, as we can see in Figure 4.23.

The module will display another window (shown in Figure 4.24), in which the
inconsistency is explained and we are advised to modify some values. As we can see
from Figure 4.24, the user is advised to decrease the value 0.27. This value was the
one that had been changed, in our case intentionally, to achieve inconsistency, so it is

a logical advice.

Once this value has been changed, consistency will be achieved and the user would

be able to view the results.
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Inconsistency between CE-Method and PE-Method.

There iz inconzsistency between CE-Method and PE-tethod. vou stated :

Statement 1 [CE-Method] ;

2.7 iz better than ar equal to [ D25 ] ;075 iy ]

Statement 2 [PE-Method] :

27 iz better than or equal ta [ 027 1 073 . A ]

Youshould  decrease 027

Figure 4.24. Inconsistency explanation and automatic advice
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4.1.3 Imprecise Utilities for Discrete Attribute Values

In this case, imprecise utilities are assigned to different discrete attribute values. The
DM can use this option by clicking the Direct Assignment radio button correspond-
ing to this option in the window shown in Figure 4.3. The Utilities for Discrete
Attribute Values window (Figure 4.25) is then displayed. Note that if discrete at-
tribute values were already defined in this attribute, the user is reminded them.

As we can see, up to eight attribute values can be used to define the attribute
utility. First, the DM has to activate the number of points he/she considers suitable
through the check buttons. Then, a numeric value, its description and an imprecise

utility must be provided for each one.

Ltilities for Discrete Attribute Values

Enter up to eight dizcrete attribute values 2o as the attribute value and average utility
for the firgt paint is lower than for the zecond, and so on;

| Uity ([ 01 AR
| Uty ([0 ] B
| BT oy
| eveld Wity ([0 3 D
| evels Wity ([ 0 [0
| e

|

|

™ Wtiribute Vaiue T: |
[ Attribute VYalue 2
[ Attribute Value 3:
[ Attribute WValue 4:
[~ Attribute v alue 5
[ Attribute \alue B
[ Attribute Value 7:

[ Attribute W alue 5:

| Wiew

Uty ([ 10 A
Utity: (| 01 A ER
Uity: ([ 10 s i

1.I:I|
|
05
|
|:|.|:||
o Jo Jo Jo Jo Jo o o
[ oK ||| ; |‘| Cancel ||

Figure 4.25. Discrete values utilities

When clicking the “View” button the values entered can be observed in the graph
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below (Figure 4.26). If dissatisfied with these values, the user can change the utility
ranges and attribute values and click the View button again to view the changes. Ob-
serve that the discrete attribute values must be increasing as well as their respective

average utilities, which are automatically displayed.

Utilities for Discrete Attribute Yalues

Enter up to eight dizcrete attribute values 2o as the attibute value and average wtility
for the firgt point iz lower than for the zecond, and 2o on
v Attibute Value1: | 0| levell Utilw: (| 01 ; 0125; (015
v Atribute Yalue 2 | 1 | level2 Utilit: (| 02 ; 0.275; [0.35 )
v Atibute Yalue 3 | 2 | level3 Utiity: [|0.45 : 05 ; [055
[V Atrbute Value 4 | 3 | leveld Uil [| 06 ; 07 ;| 08 ]
[ Atribute Value 5 | 4 | levels Utilty: [ [0.75 ; 085 ; [0.95
[ Attribute VYalue B | | Litiliby: | : . ]
[ Attribute Yalue 7. | | Utility: [ ; : J
[ Attribute Yalue 5 | | I tility: [ j : ]
I
1
s e s
| ] ||| Save |‘| Cancel ||

Figure 4.26. Viewing discrete values and imprecise utilities

The discrete values, labels and associated imprecise utilities can be saved by just
clicking the Save button (the saved utilities can be viewed in Figure 4.27). This means

that they will be used by the system in the evaluation process.

Note that alternative consequences may become out of range due to the modifi-
cation of component utilities. The system will report this situation to the DM when

trying to display the alternative ranking or performing sensitivity analysis.
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Mode Information

[uantifving Preferences ] Subjective Scale ] Weight Stability Interval ]
Leaf |nfarmation Yigwing Component Utilities l Yiesing alternative Consequences ]
| [Cozt of Application
R A e e e L L S e e e T
:{ 05 Attribute
P e e e e e A i P o P { 08D Sl Yalue :
0.50 o |7
: 045
o — - 1"3 _____________________________________ Lltilty -
goe®™=
0.o
| 0.00 || 1.00 || 2.00 | | 3.00 | | 4.00 |

0k, | Cancel Ao ‘ Help |

Figure 4.27. Saved imprecise utilities for discrete attribute values

4.1.4 Direct Assignment using Subjective Scales

The DM can decide to use subjective values for one or more leaves of the tree instead
of a utility function or imprecise utilities for discrete attribute values and alternative
consequences. He/she indicated which attributes have a subjective scale using the
Using Subjective Scale check button in the respective Node Information window

when building the objectives hierarchy.

The ranges of subjective values are entered manually through scrollbars depending
on the active radio button. When the number of loaded alternatives is greater than
ten, the Next>> button is activated and can be used to enter the remaining values,
as shown in Figure 4.28. Remember that subjective values can only be modified in this
window.

If the DM changes his/her mind, clicking this check button again will deactivate
the subjective scale for this attribute, and component utilities and new alternative

consequences must be entered.
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Mode Information

o

Leaf Information ] Wiewing Component Utilities
Wiewing &lternative Conzequences 1 [uantifving Preferences Subjective Scale
1=l 1= 1=-0] 1-] 1-] 1-] 1o 1 1-
i s BTN e scece ] N ) S I ] A SR M W]

0.00 0.00 0.00 0.70 0.70 0.e0 0.e0 1.00 1.00

|n|:| achio ]fish bar: |fish ban: {Iake [irri ]I.Iiming + ]pntash k ||:u:|tash b errtilizati- Ifertiliz + |

® min ¢ max W Using Subjective Scales
[k | Cancel ‘ w1 ‘ Help ‘

Figure 4.28. Subjective Values

4.2 Weight Elicitation

To get the additive value function, we also need the positive weights wi, used to add
up the separate contributions of all the attributes to get the total utility. Attribute
weights reflect the relative importance of the change in the attribute from the worst
attribute level to the best attribute level, and can be assessed by multiplying the local
weights in the path from thet overall objective until each attribute. That local weights
represent the relative importance of intemediate nodes in the objective hierarchy.

As said before, the starting point is equally local weighted objectives. If the DM
disagrees with the local objective weights, they can be modified by using one of the two
weight elicitation methods provided by the GMAA System: weight elicitation based on
trade-offs and direct assignment. Note that imprecision concerning the DM’s responses
is allowed in both methods by means of ranges of responses to the probability question
that the DM is asked. A normalization process is automatically performed from the
DM’s responses, leading to an average normalized weight and a normalized weight

interval for each sub-objective under consideration.
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Weight elicitation begins with the attributes and then continues in ascending order
through the hierarchy. The first method, perhaps more suitable for the low-level ob-
jectives in the hierarchy because it involves a more specific area of knowledge, is based
on trade-offs among the respective attributes of the lowest-level objectives stemming
from the same objective, Keeney and Raiffa (1976). The DM is asked to give an inter-
val of probabilities such that he/she is indifferent with respect to a gamble and sure
consequences.

On the other hand, direct assignment is perhaps more suitable for the possibly more
political upper level objectives. The DM has to directly provide a weight interval for

each sub-objective under consideration.

4.2.1 'Weight Elicitation Based on Trade-offs

To change the weights in the branches of a node, the user must click the button for this
node in the tree and select the Weight Elicitation folder, and the window shown in
Figure 4.29 will be displayed. The weight elicitation based on trade-offs can be used
by clicking the Elicitation button in the Weight Elicitation Based on Trade-offs

area.

Mode Information EI

Wode Infu:urmatiu:unl Viewing Weights  eight Elicitation l.ﬁ.lternati\-‘e Elassificatinn]

—''eight E licitation Bazed on Tradeoffs

[[-.P:—1F] eguialentto -

— Direct Aszignment
Specify the lower and upper bounds for each one of the zong:

|Enviranmental Impact Lower Bound: |[i Upper Bound:
1S|:||:ial Impact Lawer Bound: |0 Upper Bound:
|E|:|:|n|:|min: Impact Lawer Bound: |0 Jpper Bound:

| Lower Bound: | |pper Bound:

| Lower Bound: | |Ipper Bound:
]S | Cancel ‘

Figure 4.29. Weight Elicitation

1T

Help
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This method is mainly used for the lower levels of the tree, and the DM is asked
to provide a probability interval [pmin, Pmaz] such that he/she is indifferent between
a lottery and a sure consequence for each branch. Then, the sytem will calculate
a normalized average weight and a normalized weight interval for each subobjective
under consideration by means of a normalization process.

In Figures 4.30 and 4.31, an example can be seen for the objective Health Impact.

Weight Elicitation Based on Tradeoffs E|

Frovide a probability interval for P such that you are indifferent
between the lottery and the sure conseguence in ;

F 1-P
D.Cr. Indiv ~>  [076000 , 247000) = 1.61500
Collective D > [20.30000 , 7230000  ~ 7230000

F min. IE_ F max. IEI—

| <<Back ||| Cancel ||| Mext 5> ||

Figure 4.30. Example of weight elicitation based on tradeoffs

Weight Elicitation Based on Tradeoffs E|

Provide a probability interval for P zuch that you are indifferent
between the lattery and the sure consequence in

(2 1-P
D.Crindiv ~> (076000, 247000)  ~ 247000
Collective D > [2030000 , 7230000)  ~ 7230000

F rnin. "J_ F max. IIJ_

| <<Back ||| Cancel ||| Finizh |1

Figure 4.31. Example of weight elicitation based on tradeoffs

In the first probability question the DM has to provide a probability interval in

such a way that he/she is indifferent between a lottery, in which we have the most
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preferred values for attributes Dose to Critical Individual and Collective Dose with the
demanded probability and the least preferred values for the same attributes with the
complementary probability, and sure amounts for the attributes under consideration.
Specifically, the mid-value of the attribute range in Dose to Critical Individual and the
least preferred attribute value for Collective Dose. In the second probability question
the lottery is the same, but now we have as sure amounts the mid-value of the attribute
range in Collective Dose and the least preferred attribute value for Dose to Critical
Individual.

The new normalized average values can be seen in Figure 4.32. These weights have
been obtained after entering the values [0.22,0.32] and [0.54,0.67] in the Weights
Elicitation Based on Trade-offs window (Figures 4.30 and 4.31), respectively. The
end-points of the respective normalized weight intervals can be watched by using the

Lower bound and Upper bound radio buttons.

Hode Information

Mode Information  Wiewing 'Weights | \ieight Elic:itatin:-nl wigight Stahility Interval] Alternative Elassificatinn]

O Lower bound
& Average
) Upper bound 0. Cr. Indiv
0.294
....... 7 ealthlmp
Collective D |
|:| ]DEISE TO CRITIC iEEILLEETI‘v"E Do

k. | Cancel ‘ sppl ‘ Help

Figure 4.32. Viewing the new normalized weight values for the example

As mentioned above, the weight assessment begins with the attributes and then con-
tinues in ascending order through the hierarchy. In an intermediate level, the lotteries
will include the best and least preferred values for all the attributes stemming from the
sub-objectives under consideration. Moreover, the assessment of average normalized

weights and normalized weight intervals will depend on the ones corresponding with
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the sub-objectives stemming from them. As a consequence, we should not be surprised
if, when reeliciting weights in a lower level, the objectives in the upper ones, in which

the method based on trade-offs was used, change as well, see Keeney and Raiffa (1976).

4.2.2 Direct Assignment

This procedure is perhaps more suitable for upper level objectives that could be more
political. To use the option we need to focus on the Direct Assignment area in the
window shown in Figure 4.29. In this example window, the node clicked was Overall
Objective which has three sons: FEnwvironmental Impact, Social Impact and Economic
Impact. The DM must directly enter an interval (within which he/she considers the
weight to fall) for each son, see Figure 4.33. When the DM clicks the OK or Apply
button, the system will calculate a normalized average weight and a normalized weight

interval for each subobjective under consideration by means of a normalization process.

Hode Information E]

Made |rfarmation 1 Yiewing Weights  eight Elicitation l Alternative Clazsification ]

— Y/ eight Elizitation Baged on Tradeoffz

Elicitation [--.P:-.1F] equiwalentta -

— Direct Azzignment
Specify the lower and upper bounds for each one of the zons:

|Erwitonmental Impact Lower Bound: [4 Upper Bound:
1S|:n::iallmpan::t Lower Bound: |2— |lpper Bound:
|En:u:unu:umiu:|mpau:t Lower Bound: |1— |Jpper Bound:
| Laower Bound: I— |lpper Bound:

| Lower Bound: | |lpper Bound:
ok | Cancel ‘

Figure 4.33. Direct Assignment

RSN

Help

The average normalized weight that appear in the following window (Figure 4.34)

match the weight intervals provided by the DM in Figure 4.33.



56 User’s Guide

Mode Information

Mode Information  ¥iewing MWeights | weight Elicitation | Altemnative Classification

) Lower bound

© Average Erviran. [mp
O Upper bound Iﬁ"é—
_ na
0 Objtw ¢ Social Imp.

Econamic Imp |ENVIRONME [SOCIAL IMPE |ECONOMIC I

[ ok ] cance | ooy | Help |

Figure 4.34. Viewing the average normalized weights

Once the relative importance of the objective and attributes has been rated along
the branches of the hierarchy, the attribute weight can be assessed by multiplying the
respective average weights and normalized weight interval bounds of the objectives in

the path from the root (global objective) to each leaf (attribute), see Figure 4.35.

Attribute weights over the decision

0
|E|:Ds_l,lstemlnde:-: 0031 0137 0132 |:l:| E E E E
[Cast to Image 00s0 013 oz | Cf ! : 5
[Doseto Crtical Indv.  0.080 0106 0468 | 0
[Duration of bans ooss 0145 028 | i
\Cost of Application 0112 0131 0294 IZI:I ; : 5
Callective Dose 0140 0216 0.314 =
|Cost to Economy 0040 0071 0113 IIIII ; ; ; i

Figure 4.35. Attribute weights
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5 EVALUATION OF ALTERNATIVES

Once the DM’s preferences have been quantified the different alternatives under con-
sideration can be evaluated by means of an additive multiattribute utility function,

whose appearance is

u(s) = Y wu(af) )

where w; is the attribute weight over the decision for the j — th attribute, obtained by
multiplying the respective weights of the objectives in the path from the root (global
objective) to the j — th leaf (attribute), ¥ is the consequence for alternative S, in the
7 — th attribute and uj(x?) is the utility associated to the above consequence. For the
reasons described in (Raiffa, 1982) and (Stewart, 1996), we consider (1) to be a valid
approach.

The additive model is used to assess on the one hand average overall utilities, on
which the ranking of alternatives is based and, on the other hand, minimum and max-
imum overall utilities, which give further insight into the robustness of such ranking.
Average overall utilities are obtained by taking into account the mid-points of the uni-
formly distributed consequence intervals in the respective attributes, their respective
average component utilities and the average normalized attribute weights over the de-
cision. To assess the minimum overall utilities the system takes the lower end-points
of the imprecise attribute weights over the decision, the lower end-point of the con-
sequence intervals if the respective component utility function is increasing, or the
upper end-point if it is decreasing, and the lower utilities in the imprecise utilities

corresponding to the above consequences.

The set of alternatives are evaluated and ranked automatically and can be displayed
directly either from the View Alt. Classification option in the View menu or the
respective button in the toolbar. The system provides a graphical representation with
bars, including overall utilities and ranking, see Figure 5.1. The yellow vertical lines
represent the average utilities (used to make the ranking), while the rectangles are

bounded by the minimum and maximum utilities.
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Alternative Classification

Overall Utilities

Alternatives ©

Rank:
11078
Fertilization 1.0250 e
L.Liming + Fizh Banz [3) 0.9845 3
Fizh Bans [2.3.4] 0.8261 4
Lake Liming 0.8643 i
Fizh Bans [1st) 0.7633 E
Mo Actions 06571 7
Potash T.+ Fish Banz [3) 06832 a
Potash Treatment 0.6858 3

Stacked Bar Ranking teazure Utilities for Alermatives Caompare Alternatives Graph

W eight and Attribute % alues | Paired Attributes Corelations

Figure 5.1. The ranked alternatives with their utilities

In some cases, the information obtained through the alternatives evaluation is not
meaningful enough so as to definitively recommend an alternative, i.e., we get over-
lapped imprecise overall utilities, see Figure 5.1. In these cases, the assessment of
non-dominated and potentially optimal alternatives and the utilization of Monte Carlo
simulation techniques, explained in the sections 6.1 and 6.3, respectively, play a very
important role. Both may provide more meaningful information and a process of itera-
tion can be carried out by tightening the respective imprecise alternative consequences,
component utilities and weights, reevaluating the alternatives, dominance and potential
optimality and performing the Monte Carlo simulation techniques, until a dominant
strategy is found.

This ranking and overall utilities can be saved to file by selecting the Save Results
option in the WorkSpace menu. The appearance of this text file is shown in Figure
5.2.

It is also possible to select another objective to rank by. The user just has to select

the Alternative Classification folder in the respective Node Information window,
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which is displayed when right-clicking the node in the tree, see Figure 5.3.

I results - Bloc de notas E|E|rg|

Archivo  Edician  Formato Wer  Avuda

workspace name: *% ovre_HeimdalswatnI.txt &%

utilities
Ranking Strategy Mame min. . Max.
1 Fertiliz + Fish Bans (30 0.343004 0.648323 1.107795
2 Fertilization 0.311803 0.5%90111 1.025042
3 L.Liming + Fish Bans (30 0.304836 0.573708 0.984534
4 Fish Bans (2,3,4) 0.275423 0.500576 0.826067
3 Lake Limin 0.253367 0.452080 0. 864289
=] Fish Bans (1lst 0.2180955 0.445420 0.763292
7 Mo Actions 0.229005 0.414521 0.687071
g potash T.+ Fish Bans (30 0.221512 0.414338 0.683242
=] potash Treatment 0. 208605 0.403119 0.685810

DECISION MAKERS' PREFEREMCES.

Attribute weights

attribute name  average normalized weights Mormalized weight intervals

Ecosystem Index 0.137000 [ 0.091000, 0.182000]

Cost to Image 0.134244 L 0. 080218, 0.201465]

Dose to Critical Indiwv. 0.105538 [ 0.059661, 0.167811]
puration of hans 0.145237 [ 0.085969, 0.218000]

cost of application 0.190558 L 0.112418, 0.293571]
Collective Dose 0216225 E 0.140021, 0.314339]

Cost to Economy 0.0711%58 L 0.040484, 0.112632]

Figure 5.2. Results file appearance

Mode Information

Mode Infu:urmatiu:un1 Wiewing Weights | Weight Elicitation | “weight Stability Interval  Altemative Classification l

Overall Utilities

Alternatives ; Avg Maw Rank:

Fish Ba AR g 0651
L. Liming + Fizh Bans [3] 0.E53 ||0.94E 2
Potash T.+ Fish Banz (3] | s o |0.415 |0.651 | [0.916 3
Fertiliz + Fizh Banz [3] . s (0404 0635 ||0.533 4
Patash Treatment s (0.254 |0.474 | |0.691 ]
i e
ake Liming —— eeese———————— | : :
Fertilization ' : ; 0213 |0.342 | |0.538 8
Mo Actions ) — e e 0196 |0.327 ||0515 3

(] | Canicel LA 1 Help

Figure 5.3. Ranking for Social Impact
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It is also possible to view different displays of ranking results. The following displays

are available:

e Stacked Bar Ranking

Measure Utilities for Alternatives

Compare Alternatives Graph

Weight and Attribute Values

Paired Attributes Correlation

Each of these displays can be selected by clicking on the respective button in the
window shown in Figure 5.1.

The Stacked Bar Ranking is similar to the alternatives classification, but provides
more detail of how the alternative’s average utilities for the attributes affect the aver-

age utility of the Overall Objective, see Figure 5.4.

Stacked Bar Ranking
Ranking for Overall Goal
Alternative Utility 0.0 1.0
Farliiz + Fish Bans (3) 00
Fertilization 0530171 _ -
L Liniing + Fish Bars (3] Lo 0 |
Fish Baris (2.3.4) 050057
Lake Liming 0.43298: . B
Fizh Bans [13t] 0. 4454 i i
Mo Actions 041452 | B
Patash T.+ Fish Bans [3) 041432 m
Patash Treatrnent 0.40311: - -
1]
| | Hests | . 1Ecusystem Index j . JEu:ust to Image L{ . |D|:u$e to Critical Inu:LJ
JDuratiu:un of bans _I_J = |Eu:ust of .&pplicatiur_:_j =] |Co|leu:tive Dose _.v_J
1Eu:ust ta E conarmy j J Li ] LJ

Figure 5.4. Stacked Bar Ranking
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In this figure, each alternative has a bar whose length is proportional to its utility
in the Owverall Objective. This bar is made up of other bars that show the influence
of the various attributes on the utility result. Not all alternatives will have bars for
all attributes, since some alternatives may have a utility of 0.0 (no contribution) for
an attribute. If the bar for an attribute is short/long, it means that the alternative
performs poorly /well for this attribute.

The Next>> and <<Back buttons must be used when more than ten alternatives
are identified in the workspace. The drop lists contain the attributes corresponding to
the different bar colors.

The Measure Utilities for Alternatives displays a bar graph showing performance
of a single alternative for the attributes, taking into account average consequences and
individual utilities. The bar graph is unique in that the width of the bar for an at-

tribute is proportional to its weight, see Figure 5.5.

Measures Utilities for Alternatives

Select Alternative: 1Fertili2 + Fizh Banz [3) L;

1.0

Uility

0.0

[ | JEl:-:usystemlnde:-c Lj = 1|:|:|st to Image Lj || ]D-:nse ko Eriticallndiv.j
]Duratinn of bans Li ] iEDSt of &pplication j B ]Eu:ulleu:ti\.fe Dose L}
= | = | =

]Eu:ust to E conomy

Figure 5.5. Measure Utilities for Alternatives

In this figure, an alternative must be selected from the drop list at the top of the
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window. Not all alternatives will have bars for all attributes, since some alternatives
may have a utility of 0.0 (no contribution) for an attribute. In the drop lists at the
bottom of the window we can see the attributes corresponding to the different bar
colors.

Using the Compare Alternatives Graph, you can view a detailed comparison of the
differences between two alternatives, see Figure 5.6.

First, two alternatives to be compared must be selected from the drop lists at the
top of the window. Then, the Compare Alternatives button must be clicked.

In the graph, the bars represent measures that favor one alternative over the other,
taking into account average utilities. Longer bars indicate more influence on the over-
all ranking. Bars on the left of the graph favor the alternative with the higher overall
ranking. The system draws these bars in blue. Bars on the right of the graph (in
red) favor the alternative with the lower overall ranking. The first bar indicates the

difference in the overall ranking between the two alternatives.

Compare Alternatives Graph

Select alternatives to be compared and click ''"Compare

IFertiIiz + Fizh Bans [3] j ]F‘Dtash Treatment j

Fertiliz + Fizh Banz [3]| Potazh Treatment

T atal Difference

E cosyztem [ndex
Cost to Image

Dase to Critical [ndiv. :
Duration of bans
Cost of Application '
Collective Dose

Cozt bo Economy !

Ciz ] [

Figure 5.6. Compare Alternatives Graph
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By clicking the Weight and Attribute Values button (see Figure 5.1), the ob-
jectives hierarchy with the assigned average normalized weights for each upper level
objective is shown for the alternative selected in the previous window. The display
also contains the imprecise consequences of the alternative in question with respect to
the attributes (see Figure 5.7 for the alternative Fertilization + Fish (3 years)). The
system reminds the DM which attributes are using a subjective scale (Sub. Scale) or

discrete values (Discrete Value).

Abstract - GMAA

Attribute Weights

0.14 1.00 i
| 0Oty Ervviron._lmg Ecozystem_|. | £1.00,1.40,1.807
0.47 0.69 0.33
Zocial_lmg. Health_lmp e D._Cr._Indiv [0ys ., 109,1407)
L Collective [ | (20,30, 2465 , 20.00)
0.2 1.00 o
— Linving_Rest Dur._of Bans | (34.00, 35.00 , 36.00 )
0.40 | 016G 0.vs
. Economic_lm Direct_Eff. Cost_Applica 110,00 |, 132.50 , 155.00
Altemative narme: il s 027 Sl ¢ 2
; Coszt Economy | C20.00 , 423.00 , 42600 )

.—| Intangible_E |— Cost t Image | Sub. Scale: (1.00, 1.00,1.007)

-
< | v

Figure 5.7. The objectives hierarchy including weights and consequences

By clicking the Attribute Weights option of the Attribute Weights menu in
the above window, the normalized interval weights and average normalized weights
associated with each one of the attributes in the decision (attribute weights over the
decision) are displayed (see Figure 5.8). They are assessed by multiplying the respective
average weights and normalized weight interval bounds of the objectives in the path
from the root (global objective) to each leaf (attribute).

These weight values are used in the evaluation process described above to output
lower, average and upper utilities for each alternative and will also be used later in the
Sensitivity Analysis. They are represented both numerically and as a graph. Since the
global weights are normalized their sum must obviously be 1.

Next>> and <<Back buttons must be used when there are more than ten at-
tributes in the system to view their normalized interval and average normalized weights.

Finally, the Paired Attributes Correlation display evaluates/compares alternatives

component utilities with respect to pairs of selected attributes. This option is activated
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when there are less than 21 alternatives in the WorkSpace. Therefore, the correlation
is not available for 22 or more alternatives. By clicking the Paired Attribute Cor-

relation button, the window shown in Figure 5.9 is displayed, where the user must

select the two attributes he/she wants to compare.

|E|:|:us_ustem Index

|Eu:ust to Image

|D|:use to Criticzal [ndise.

|Duratiu:un af banz

||:|:|st of dpplication

|Eu:u||eu:tive Dioze

|Eu:ust to Economy

I
[ New> ]

Attribute weights over the decision

0
pog 013 o012 | OO0
nos0 0134 ozm | 4
0080 0105 oige | 4
ooss 0145 0218 |
0112 0191 0204 T
0140 0216 0314 -

0.040 007 0113 El]
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Figure 5.8. Display of the normalized interval and average weights used in the evaluation

Figure 5.9. Selecting attributes for graphical correlation

Switch Attributes X

Switch the bwo attibutes which you want to
evaluates/compare:
fEcosustern] P |Ecosystem |

Cost t Image Cost t Image

0. Cr. Indiv 0. Cr. Indiv

Dwr. of Bans Dur. of Bans

Cost Applica Cost Applica

Collective D Collective D

Cost Econamy Cost Econamy

| <¢Back || I M exts I
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After selection, a new window is displayed (Figure 5.10), providing a graphical
representation of the component utilities resulting for the chosen attributes for the
different alternatives under analysis. The colored squares represent each alternative
analyzed; the z- and y-axes represent the component utilities for the chosen attributes.
Using the radio buttons, the DM can choose to make the correlation using the mini-

mum, average or maximum utilities.

Correlation

B Costtolmage W (0.000,0.000] no actions
10 1 oo W (0016.0000] fish bans [15
[ (0.026,0.000] fish bans [2,

075 3 [0.253,0.700]  lake liming
u W (0.246.0.700]  Lliming + fizh
o M [0.200,0.600] paotazh treatr
0.50 4 [ (0.211,0600) potash b+ Fis

O [0.643.1.000]  fertilization
05 O [0.548,1.000]  fertiliz + fizh |

0o T | | 7 kiU ' average £ masimum
o 0.25 050 0.75 1.0 =
B b 1[7 Alternat. narme: I
ystem Index

Figure 5.10. Graphical representation of component utilities
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6 SENSITIVITY ANALYSIS

The usual way of performing SA involves changing the parameters and observing their
impact on the ranking of alternatives, see, e.g., Kirkwood (1997). Hence, if the DM
modifies an average normalized weight, normalized weight interval bound, component
utility or alternative consequence, the system takes charge of how these changes are
propagated through the objectives hierarchy and automatically recalculates the overall

utilities for each alternative and the resulting ranking.

The current alternatives classification is shown in Figure 6.1.

Alternative Classification

Overall Utilities
Fir: By GETS Rank:
B {.3430 11078
Fertilization S | (.3118  |0.5901  [1.0250 e
L.Limitg + Fish Bangz [3) ———— 03043 |05738 09345 3
Fish Bans (2,3.4) e —————————  |(.2754 05006 |0.6261 4
Lake Liming I —— | (2534 04930 |0.9643 5
Fizh Bans [1st) S ——— (02190 |04454 |0.7633 E
Mo échions e ————————  |0.2230 |0.4145 |0.6371 7
Potash T.+FishBanz (3] — eeeeeeeeses—"——————————————— | 022159 (04143 |0.6832 a
Fotash Treatment — e —————————  (0.2087 | 04031 |0.6858 3
Stacked Bar Ranking teazure Utilities for Alermatives Caompare Alternatives Graph
ALTERHATIYER TIVE
NN BN OED NS D BN B W
W eight and Attribute % alues Paired Attributes Corelations

Figure 6.1. The current alternative classification

The procedure for changes to weights is very easy, and is explained by way of an
example. Figure 6.2 displays the current weights for objectives stemming from the
Overall Objective.

The SA button is deactivated. However, the user can change any of the average
normalized weights or normalized weight interval bounds that appear in this window

directly by selecting the respective radio button and writing in the respective box. The
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SA button will then be activated and by clicking on this button, the weights will be
recalculated as shown in Figures 6.3 and 6.4, where the average normalized weight as-
signed to the Environmental Impact objective has been changed, and the other weights

have been automatically readjusted.

Mode Information

Mode Information  Yiewing ' eights ]Weight Elicitation | Alternative Elassificatinn]

O Lower bound

@ Average Erveiran. [mp
Q Upperbound | [3737

..................................... : 0.457

........... 00bte I

3% —

Ermmniny [ENVIRONME |SOCIAL IMP# [ECONOMIC I

| k. | Cancel ‘ il 1 Help

Figure 6.2. Change the weight 0.136

Mode Information

Mode Information  Yiewing \Weidhts | Wweight Elicitation | Alemative Clazsification

{2 Lower bound

&) Average :
Environ. Imp
O Upper bound 0.4
0467
0 Db Social Imp.

0.3% [

Erunieing |ENVIRONME |SOCIAL IMP# [ECONOMIC I

k. | Cancel ‘ appl 1 Help

Figure 6.3. Change in weights only takes effect after clicking the “SA” button
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Mode Information

Mode Information  Wiewing Weights | wiight Elicitation | Altemative Elassificatiun]

O Lower bound
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Erveiran. [mp

O Obje Sacial lmp.

0.275 -

Ecanamic Imp [ENVIRONME |SOCIAL IMP2 [ECONOMIC I

k. | Cancel ‘ | Help ‘

Figure 6.4. New weights

Alternative Classification
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L.Liming + Fish Banz [3] " — T 03115 (04739 (07096 3
Lake Liming T eeesese——-—————— (027655 |04216 |0633 |4
Fish Bans (2.3.4) [ — * 10,2401 |0.3553 (04360 5
Potash T.+ Fish Bang (3] ‘i — . - (0.2344 | 0.3522 04350 B
Patash Treatment i — — : 02225 03412 (04916 i
Fizh Bans (1st) — e, T . |01957  |0.3146  |0.4500 8
Mo Actions o — : : +|0.2057 |0.2882 103933 3
Stacked Bar Ranking Meazure Utilities for Alkernatives Compare Alternatives Graph

Weight and Attribute Walues | Paired Attributes Correlations

Figure 6.5. The new alternative classification



User’s Guide 69

The system takes charge of how these changes are propagated through the objectives
hierarchy and automatically recalculates the overall utilities for each alternative and

the resulting ranking. The recalculated results are showed in Figure 6.5.

6.1 Dominance and Potential Optimality

The above SA is a useful but not very systematic to aid for the DM. Therefore, we
intend to take advantage of the useful imprecise information collected during the assign-
ment of the component utilities and weights and the entered alternative consequences
under uncertainty. Essentially, some more constraints on weights, utilities and alterna-
tive consequences can be determined by rough calculations. Then, these can be used
in computations described in Rios Insua (1990) and Rios Insua and French (1991) to
reject definitely bad strategies, mainly by discarding dominated and /or non-potentially
optimal alternatives. We will focus on the potentially optimal alternatives, among the
non-dominated, i.e., alternatives that are not dominated by any other one and best
ranked for at least one combination of imprecise alternative consequences, component
utilities and weigths.

For this purpose, let us rewrite
n
u(S) = wiui(x})
i=1

where z! is the consequence for alternative S; in the " attribute belonging to its
consequences interval, u; is a component utility in the i** attribute belonging to this
imprecise component utility attribute and w; is an attribute weight in the i attribute
belonging to its normalized weight interval.

We will check whether alternative S; dominates S, , by solving the optimization

problem

min fg = u(S;) —u(S,)
s.t. weW, uecUand 2t,29¢€ X

If the optimal value fy > 0, then S; dominates S,, and we discard alternative .S,.

The main thrust of the above problem is to order the alternatives in a Pareto sense.
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We can also determine potentially optimal (p.o.) alternatives, i.e., those S; that
maximize u(S;) for some w € W , u € U and 27 € X as solutions. The optimization

problem to be solved to determine if the alternative S; is p.o. is:

min z = fi
S wug(al) = Y0 wau(al) + f; >0 VI #£§

s.t. )
weK, ucU and 27,2 € X

If the optimal value f;<0, then alternative S; is potentially optimal.

The above optimization problems are not linear but they can be transformed into
linear problems and solved using the Simplex Method, see Mateos et al. (2003).

To view non-dominated and potentially optimal alternatives, we must select the
Dominance/Potential Optimality option in the Sensitivity Analysis menu or
press the respective toolbar button, which will display the window shown in Figure
6.6.

Hon-Dominated and Potentially Optimal Alternatives &|

E—

Optimal Alternative: ]Fertiliz + Fizh Banz [3]

Mon-Dominated Alternatives Fotentially O ptimal Alternatives
Fertiliz + Fizh Bans [3] Fertiiz + Fizh Banz [3)
Fertilization Fertilization
L.Liming + Fizh Banz [3] L.Liming + Fizh Banz [3]
Lake Liming Lake Liming

Wiew Dominances |

[ Cik ]

Figure 6.6. Non-Dominated and Potentially Optimal Alternatives

Further details about the dominance between alternatives can be viewed by clicking
the View Dominance button, see Figure 6.7.

The position of the alternative in the rows and columns depends on the alternatives
ranking in the table shown in this figure, and only the necessary optimization prob-

lems are solved, i.e., if the result of the dominance problem is greater than zero the
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alternative placed in this column is dominated so it can be discarded. In this example,
six alternatives out of the nine considered are non-dominated. Moreover, all the non-

dominated alternatives are potentially optimal as well.

Alternatives Dominance

| Fertilization | L. Liming + Fish Ba... | Lake Liming | Fish Bans (2.3.. | Potash T.+ F

— Fertiliz + Fizh Banz [3] -0.3784 01462 01415 0.0402 00244
— Fertilization 02234 -0.0783

= L.Liming + Fizh Banz [3] -0.2354

— Lake Liming

— Fizh Banz [2.3.4]

— Potash T.+ Fizh Banz [3]
— Potazh Treatment

— Fizh Banz [1at]

Figure 6.7. Dominance details

As cited above, in some cases, the information obtained from the alternatives evalu-
ation, by means of the additive multiattribute utility model, is not meaningful enough
so as to definitively recommend an alternative, i.e., we get overlapped imprecise overall
utilities, see Figure 5.1. In these cases, the assessment of non-dominated and poten-
tially optimal alternatives plays a very important role. It may provide more meaningful
information and a process of iteration can be carried out by tightening the respective
imprecise alternative consequences, component utilities and weigths, reevaluating the

alternatives, dominance and potential optimality, until a dominant strategy is achieved.

6.2 Weight Stability Analysis

Another way of performing SA involves assessing weight stability intervals. The system
includes two possibilities for assessing weight stability intervals. The first is to assess the
interval in which average normalized weight for a specific objective can vary without

affecting the best alternative. The second is to assess the interval in which average
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normalized weight for a specific objective can vary without affecting the alternatives
ranking. Again, it is easier to understand if we give an example for the second case.
Suppose that the current alternatives ranking as shown in Figure 6.1.

If the Weight Stability Interval folder is selected for Collective Dose, the sys-
tem ask us which type of stabiilty interval we want to assess and then a new window
specifying an interval is opened, as shown in Figure 6.8. The current value of the
average normalized weight for Collective Dose branch is 0.672. However, this value
could be changed within the specified interval [0.33, 0.679] without implying changes in
the ranking of alternatives shown in Figure 6.1, in spite of changes to their respective

overall utilities.

Mode Information

Leaf Information Yiewing Component Utilites Yiewing Alternative Conzequences ]
[uantifving Preferences Subjechve Scale “weight Stability [ntereal

Thiz iz the stability intereal where the weight for this node can wary without affecting the overall
ranking of alternatives

BEERRERRREEND | Collsctive Dose [ 033 . |o673 |

0.0 0.25 0.50 0.75 1.0

ok, | Cancel Spplr Help

Figure 6.8. Weight Stability interval for Collective Dose

If we then enter a new weight value for Collective Dose outside the interval, for
instance 0.68, (Figure 6.9), a new alternatives ranking is output (shown in Figure
6.10).

Comparing Figure 6.1 and Figure 6.10, we find that the ranking of No Action and
Potash Treatment + Fish Ban (3) have changed, now Potash Treatment + Fish Ban (3)
is better than No Action. Since the new value was outside the interval, the alternatives

ranking has changed.
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Stability intervals can also be viewed by selecting the Weight Stability Intervals

option in the Sensitivity Analysis menu.

Mode Information

Mode Information Yiewing ‘W eights ]WeightEIicitatiDn Wwieight Stability [nterval | Alternative Elassificatiun]

{2 Lower bound
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Figure 6.9. Modifying the Collective Dose weight
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Figure 6.10. The new alternative classification
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6.3 Simulation Techniques for SA

This kind of sensitivity analysis uses Monte Carlo simulation and enables simultaneous
changes to the weights, generating results that can easily be analyzed statistically to
provide insight into the multi-criteria model recommendations, Jiménez et al. (2003).

We propose selecting the weights at random using a computer simulation program
so that the results of many combinations of weights, including a complete ranking, can
be explored efficiently. The system uses a multiplicative linear congruential generator
based on Schrage’s method, first published in 1979, and later refined in 1983, Bratley et
al. (1983). It provides a virtually infinite sequence of statistically independent random
numbers, uniformly distributed between 0 and 1.

Three general classes of simulation will be presented: random weights, rank order
weights and response distribution weights. If the Simulation Techniques for SA
option is selected in the Sensitivity Analysis menu, the system displays the window

shown in Figure 6.11, where one of the classes of simulation must be chosen.

Simulation Technigues for the... [E|

Simulation Techniques -

&+ Random Weights
" Rank Drder Weights
" Response Distibution Weights

[Back || [CHEme]|

Figure 6.11. Choosing a class of simulation technique

6.3.1 Random Weights

As an extreme case, weights for the measures can be generated completely at random.
This approach implies no knowledge whatsoever of the relative importance of the mea-
sures. In many multi-criteria settings, the scores of the alternatives significantly limit

the subset of potential rankings.
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By selecting the Random Weights radio button and clicking on the Next>>
button, the window shown in Figure 6.12 is displayed.

0% 100%

Murnber af Simulations: ]'I Qooo | Yiew Simulation Results |

Figure 6.12. Simulation techniques for SA progressing bar

The DM can adjust the number of simulations to be performed, whose default value
is 10000. Just by clicking the View Simulation Results button, the simulation re-

sults window shown in Figure 6.13 is displayed.

Simulation Techniques for SA Results

(ETRLIT IR

[0 (000 P (R R L (R S

1Nn Actions JFISh Bans [ ]F|$h Bans [iLake Lirnitu JL Lirning + | iF‘u:utemh Tre 1Pnta$h T+ errtlIlzatlnn Fertiliz + F|<

[ ] [ vewswies |

Figure 6.13. Simulation techniques for SA results

In this example window, there are nine alternatives, which are represented along
the z-axis. The y-axis represents positions in the alternatives ranking. A box diagram
is assigned to each alternative, whose meaning is shown in Figure 6.14. Statistical
values can be viewed by clicking the “View statistics” button, and Figure 6.15 will be
displayed.

Taking into account the results obtained from Figures 6.13 and 6.15, the DM may

realize that some of the alternatives may be candidates for removal because their best
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performances are not good. Figures 6.13 and 6.15 may also prove useful in discussions
with the decision makers.

Of course, removing any alternative that has been ranked first in at least one sim-
ulation could be dangerous, as there is a combination of weights that led to it being

the most preferred.

25th percentile

SUIN pEFCentie

75th percentile

Figure 6.14. Box diagram

Statistics
I Maods J Pelit. | 25th percentile J S0th percentile | 75th percentile | Pl a. | t eat | Std. Deviation |
B Mo Actions 3 1 4.000 £.000 3.000 3 62413 2457
BB Fich Bans [1st] g 1 5.000 £.000 2.000 3 G033 1.777
E=Fich Bans [2,3.4] k] 1 4.000 #.000 2.000 3 EB289 2392
EH| ake Limning 2 2 2.000 4.000 6.000 3 424 2.020
BH| |iming + Fish Ba.. ¥ 1 3.000 4.000 7000 8 4520 2.085
B8 Potash Treatment & 1 4.000 5.000 7000 3 hagy 2160
B Potazh T.+ Fish B... a3 1 5.000 8.000 3.000 3 6833 2154
B Feylilization 1 1 1,000 1.000 4.000 3 233 1.801
EH Ferliliz + Fish Bans... . 1 1 1.000 2.000 5.000 3 2586 212

Figure 6.15. Statistics

6.3.2 Rank Order Weights

Randomly generating the weights while preserving their criteria rank order places sub-
stantial restrictions on the domain of possible weights that are consistent with the
DM’s judgement of criteria importance. Therefore, the results from the rank order

simulation may provide more meaningful results.
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The DM can enter the rank order in the window shown in Figure 6.14 by select-
ing the Rank Order Weights radio button in Figure 6.11. The attributes of the
objectives hierarchy appear in the list on the left-hand side of the window and the
DM can build the complete or partial rank order weights using the Insert>>> and
<<<Back buttons. Logically, the first attribute in the rank order list is the most
preferred. The DM can opt to provide a complete rank order but, as this is not always
possible, he/she is able to provide a partial rank as well. Once the DM agrees with the
rank order, results can be viewed just by clicking the Next>> button. Figure 6.12
will be displayed.

Rank Order Weights @

Select the carrect importance arder faor the attributes of
the: tree ;

Attributtes : Rank Order :

Ecospstem |
Coszt t Image
0. Cr. Indiv

Dwr. of Bans
Cost Applica
Collective D

Cost Economy

] | ]

Figure 6.16. Rank order weights

6.3.3 Response Distribution Weights

This third type of simulation-based sensitivity analysis recognizes that the weight as-
sessment, procedure is subject to variation. For a single DM, this variation may be in
the form of response error associated with the weight assessment.

As mentioned in section 3.3, where the weights assignment methods are explained,
we assume imprecision allowing the DM to enter intervals, rather than single values in
his/her responses. Therefore, normalized weight intervals are defined in the nodes of
the objectives hierarchy.

While in the first class of simulation, random weights simulation, attribute weights

were randomly assigned values between 0 and 1 (taking into account that the sum of



78 User’s Guide

the whole is the unit), now attribute weights are randomly assigned values taking into
account the normalized weight intervals provided by the DM in the weights assignment
methods, the attribute weight intervals. The normalized weight intervals used in this
simulation can be viewed in the window shown in Figure 5.8. The result of this class
of simulation can be viewed by clicking the Response Distribution Weights radio
button in the window shown in Figure 6.11.

As cited above, in some cases, the information obtained from the alternatives evalu-
ation, by means of the additive multiattribute utility model, is not meaningful enough
so as to definitively recommend an alternative. In these cases, the utilization of this
third type of simulation-based SA plays a very important role. It may provide more
meaningful information and a process of iteration can be carried out by tightening the
respective imprecise alternative consequences, component utilities and weigths, and

performing the simulation, until a dominant strategy is found.

7 HELP, PRINT AND PRINT PREVIEW

The user can get help and information about the program in HTML form by clicking on
the manual.html icon in the GIMA A application folder or by clicking the Start but-
ton, pointing to Programs, and then clicking on Generic Multi-Attribute Analy-

sis, see Figure 7.1.

fﬁ Generic Mulki-atkribute Analysis amaa

Figure 7.1. Manual index

The information is indexed according to the user’s guide units explained above, see
Figure 7.2. The DM can open any unit by clicking on the manual , and a new window
containing the chosen unit will be displayed, as shown in Figure 7.3 for the Alternatives
Processing unit. The references (in blue) in the text are links to the References Unit.
If we click on the reference the system takes us to the respective place in the References

Unit, see Figure 7.4.
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Figure 7.3. Alternatives Processing
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Figure 7.4. (Brownlow and Watson, 1987) reference

The DM can use the Forward and Back buttons in the Microsoft Internet Explorer

or Netscape Navigator toolbar to navigate through the user’s manual.

The system offers the possibility of printing the current alternatives ranking and
related information from the Workspace menu or the respective toolbar button. This
document contains the alternatives ranking, information related to the alternative con-
sequences (tables with the consequence intervals for the different attributes) and infor-
mation related to the attributes (ranges, best and worst values, units and normalized

average weights and weight intervals).

The DM can preview the appearance of the document on paper without actually
sending it to the printer, see Figure 7.5. This option provides the DM with more in-
formation than the Save Results to File option in the File menu, which only saves

the alternatives ranking.
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