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About this workshop

Goal

ANP and BOCR

¢ Understand how decision making is done and how and when to use
different multi-criteria decision making methods focusing on AHP, Ratings,

Communication

* Send email for anything you need about this workshop:
erokou@creativedecisions.net

Related Books

¢ Group Decision Making & Encyclicon

Software tools

e SuperDecisions — 6 months free license
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Workshop Summary

> AHP models - Hierarchies

) ANP models - Networks

) Ratings=Large number of alternatives

> Structuring Complex Models with BOCR

) Optimization of resource allocation

@ AHP 2018

AHP

Analytic Hierarchy Process
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AHP The idea

The Analytic Hierarchical Process (AHP) and the Analytic Network Process
(ANP) are used to measure intangibles using human judgment.

* AHP/ANP are the most powerful synthesis methodologies for combining
judgment and data to effectively rank options and predict outcomes.

* These are structured techniques for organizing and analyzing complex
decisions, based on mathematics and psychology. They were developed by
Thomas L. Saaty.

* They have particular application in group decision making, and are used
around the world in a wide variety of decision situations, in fields such as
government, business, industry, healthcare, shipbuilding and education.

* Ratherthan prescribing a "correct" decision, these methods help the
decision makers to find a solution that best suits their goal and their
understanding of the problem.

* It provides a comprehensive and rational framework for structuring a
decision problem, for representing and quantifying its elements, for relating
those elements to overall goals, and for evaluating alternative solutions.

@ AHP 2018

The Analytic Hierarchy Process (AHP)

Decision Making involves setting priorities.

Our own personal priorities with our consciously elicited

subconscious pairwise comparison judgments are the most
important influence on our decisions.

But we also need to creatively structure our decisions consciously
to represent the important factors and criteria.

The AHP is the way to derive priorities by asking the right
questions about influences in a meaningful scientific way to make

@ AHP 2018
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How to make decisions?

* We all make decisions all the time. To make a decision we need
to:

— Create a structure to relate all the factors that influence the
outcome of that decision,

— Provide judgments to determine the importance Erriority) of these
influences and then synthesize those priorities to determine the
best or the most likely outcome.

— Technically we need to measure all the tangible and intangible
factors in a decision and combine them into a single final outcome.

— Influences usually happen and pass very fast, we cannot hope to
capture them and measure them that fast.

* Also the same kind of influence has different importance under different
conditions.

* We cannot hope to assign them a number that can always be used to
represent their importance.

* What can we do and how do we do it?

@ AHP 2018

Deciding using AHP

* Every decision involves

— aconscious creative structure of all the elements that
influence the possible outcomes and thought and

— subconscious judgments to compare things in pairs using
the smaller one as the unit and estimating how many
times the greater one is

* You need to compare within the confines of
homogeneity and use pivots to reach non-
homogenous alternatives or

* rate things one at a time with respect to an ideal (the
ideal is always relative to one’s knowledge).

@ AHP 2018
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AHP is a process that requires us to:

¢ Understand and define the problem as completely as possible.

J

e Structure a problem as a hierarchy

e Elicit judgments that reflect ideas, feelings and emotions.

* Represent those judgments with meaningful numbers.

¢ Synthesize Results

* Analyze sensitivity to changes in judgments.

AHP 2018

o

A Hierarchy

GOAL

CRITERIA

ALTERNATIVES
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Tangible and Intangible Criteria

* We need to prioritize both tangible and intangible criteria:
— In most decisions, intangibles such as
* political factors and
* social factors
— take precedence over tangibles such as
* economic factors and
* technical factors

* Itis not the precision of measurement on a particular factor that
determines the validity of a decision, but the importance we

attach to the factors involved.

* How do we assign importance to all the factors and synthesize
this diverse information to make the best decision?

@ SAHP 2018

Objectivity

Bias in upbringing: objectivity is agreed upon subjectivity.
We interpret and shape the world in our own image.

We pass it along as fact.

In the end much of it is obsoleted by the next generation.

There is no objectively right and wrong decision there is only a preferred alternative

solution based on the decision makers system of beliefs

@ SAHP 2018
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Verbal Expressions for Making Pairwise

Comparison Judgments

9 - Extreme
importance
7 - Very strong
or
5 - Strong or demonstrated
gssent|a| importance
3- Moderate importance
importance of
1-Equal one over
importance another

2,4,6,8 Intermediate values
Use Reciprocals for Inverse Comparisons

@ SAHP 2018

Super Decisions Terms

P Alternative

P an alternative is a node representing one of the choigas®®
model. The alternatives are grouped together in R&inS

» Cluster
P aclusteris a collection of nodes that have some logical relations

» Comparison Group

compared with respect to the parent node for importance, preference or likelihood.

P The children nodes must be in a cluster together; the parent node may be in a different
cluster or in the same cluster as its children nodes, and may have children groups in
several clusters.

P Criterion

P a criterion is a decision factor, something that must be considered when making a
decision. A criterion is represented by a node in a SuperDecisions model.

@ SAHP 2018
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Super Decisions Terms

* Goal

1Goal
— agoalinamodelis asingle node in a cluster with
links only “from” it.
— In hierarchical models there should be only one
goal. In hierarchies criteria nodes are linked from
the goal and judgments are made about their
importance with respect to the goal.

* Hierarchy o

— In ahierarchy the goal is at the top, the criteria
are in a separate cluster connected from the
goal, the subcriteria are in clusters connected
from a parent criterion.

Add Node...

— Clusters are often arranged hierarchically with
the goal cluster at the top of the window, the
criteria cluster below that, the subcriteria
clusters below that and the alternative cluster at
the bottom.

AHP 2018

Super Decisions Terms

P Inconsistency
P if element A is preferred to element B by 2
P and element B is preferred to element C by 3,
P then element A should be preferred to element C by their product, 6.
P Ifitis not 6, then there is inconsistency.

P All such triples of judgments for a comparison group are checked for
consistency and SuperDecisions gives a measure of the inconsistency as a
decimal number that should be less than about o.10.

Tutorial 1 Hiererchy Model V3.0(1).sdmod J
[Eamery Yostng 1
2. Nodecarwisot_qwlmrespealo Goal Node * 3. Results
Graphical  Verbal (“Matrix™) Questionnare Direct Normal Hybrid
Companeons wet Godl Node” nade n “ZCrisfa” clster @
P18 5.4 3085 TRy AEREDR Tan Pesige [Prsmige |8 Dosea
nconsistency ﬁ.’:cl - |smpe  ~ |acomfor ~ ‘ % znm
1Prestige ~ \ (+ B ]1 2000 |4 2 [ | Bxr®
wice ~ | & 2 « 15
:w:c?f\ 4 3000/
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Super Decisions Terms

* Link or Connection

— alink goes from one node to another. A node most often
has links to several other nodes.

* Model

— a SuperDecisions model may be a simple network
contained in a single window, or a complex model of 2 or
3 or more levels consisting of a main network with
attached sub-networks linked together.

e Network

— any collection of clusters, nodes, and their connections
ina sin?(Ie window (a window is a box or frame). A
network may be either a hierarchy or a feedback
structure.

@ AHP 2018

Super Decisions Terms

* Node

— anodeis an element or factor in a decision such as the goal, a
criterion, a subcriterion, or an alternative. Nodes are smaller
rectangular frames inside a cluster frame.

* Normalization

— mathematical procedure of summing a group of numbers and
dividing each by the sum so that the resulting numbers will
sum to 1; the numbers are then said to be normalized to 1.
Priorities are sets of numbers normalized to 1. To obtain
priorities from any group of numbers apply the procedure
above.

* Priority

* Priorities result from making a set of pairwise comparison judgments
on a group of children nodes. The priorities sum to 1.

@ AHP 2018

8/21/18



8/21/18

Super Decisions Terms

* Sensitivity
— To perform sensitivity with respect to a criterionin a
hierarchy means to vary the priority of that node,
maintaining the same relative proportion of the other

nodes with respect to the goal, and see how the
outcome changes.

* Supermatrix

— the judgment data for a model is stored in supermatrices
(think of an Excel spreadsheet).

* Synthesis

- afterjud%ments are made the model is synthesized to
give the best alternative; that is, the one with the
highest synthesized priority.

@ AHP 2018

A Three-Level Hierarchy to Choose the
Best Car

Goal
Buy Best Car

Prestige Price

Acura TL Toyota Camiy onda Civic ‘

@ AHP 2018
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The Cars

P AcuraTL

vvyy

Cost $30,000-$35,000
Miles per Gallon 20/29 (City/Hwy)
Prestige is very good

Comfort is excellent

P Toyota Camry

vvyy

Cost $22,000 - $28,000
Miles per gallon 22/30 (City/Hwy)
Prestige is good

Comfort is good

» Honda Civic

>
>
>
>

Cost $16,000 - $20,000
Miles per gallon 29/38 (City/Hwy)
Prestige is medium to low

Comfort is medium to low

)

SAHP 2018

The Decision Hierarchy as it appears in the SD

Software

7 Hom Networks Totorisl_1_Acsr_Rristive_Modelsdmod

e
¥
Clu Eer Link
1Goal zEo 2Criteria @ EH D! JAlternatives EEIE
Goal Nodey B 1Prestige (1Ao7 EE|
2Price 2Toyota Cam @
3MPG 3Honda Civic
4Comfort
©  AddNode... \ ©  AddNode... e Add Node...

Aloal
INUUT

See the SuperDecisions model: Tutorial_1_Acura_Relative_Model.sdmod
Get it from Help>Sample Models>Tutorial Models

All links are from node
to node. A link from
one cluster to another
is automatically
created if some
node(s) in a cluster
are connected to
some node(s) in
another cluster

)

SAHP 2018
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The Unweighted Supermatrix

_after all Judgments Completed

=10

[(custers [ Nodes Goal Node | 1Prestige | 2price | 3wpG | 4comfort | 1acwaTL | ZToyota Camry | 3Honda

Civic |

0.000000 | 0,000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000
0.000000 | 0.000000 | 0.000000 | 0,000000 | 0.000000 | 0.000000
0.000000 | 0,000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000
0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000
4Comfort 3 8! 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000
0. 0 0.063252 | 0.181818 | 0.704936 | 0.000000 | 0.000000
0.000000 p. 193882 | 0.272727 | 0.210920 | 0.000000 | 0.000000
0.000000 0.742867 | 0.545455 | 0.084144 | 0.000000 | 0.000000

09868
0.424976

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

*The priorities of the cars with respect to the criteria are in the relevant

Criteria columns

@ SAHP 2018

Limit Supermatrix

Final results are obtained from the Limit Supermatrix. The limit
supermatrix (for a hierarchy) s obtained in the software by
raising the unweighted supermatrix to powers until it goes to
zero, then backing up one power. The Limit Supermatrix in
displayed by the software is the sum of all the powers. It is done

2 Main Network: Relative Model for Tutorial 1 Ver 3.sdmod: Limit Matri

=101

Custers | Nodes Goal Node | Prestige | rice | 3G | 4Comfort | 1AcuraTL | ZToyota Camry | 3Honda cvie [~

1Goal Goal Node 0.000000 | 0,000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000
2Criteria 1Prestige 0.049345 | 0.000000 | 0.000000 ' 0.000000 | 0.000000 K 0.000000 | 0.000000
2Price 0.212488 | 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000
3MPG 0.084288 | 0.000000 | 0.000000 | 0.000000 | 0.000000 ' 0,000000 | 0.000000
4Comfort 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0,000000 | 0.000000
3Alternatives | 1Acura TL < 0.707117 | 0.063252 0.181818 ' 0.704936 | 0.000000 | 0.000000

0.172133
0.100103
0,227764

2Toyota Camr 0.070155 | 0.193882 | 0.272727 | 0.210920 | 0.000000 | 0.000000
3Honda Civic 0.222728 | 0.742867 ' 0.545455 | 0.084144 | 0,000000 | 0.000000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

The raw values come from the Limit Supermatrix; they are the

results, and the priorities of the alternative cars are obtained

E ITOTTT UIelTl. .
@ SAHP 2018

8/21/18

12



8/21/18

Graphical Sensitivity
1. To do graphical sensitivity select

the Computations>Sensitivity
L ionsct it | < command

2. Select Edit>Independent Variable
to get to the Sensitivity input
selector box and change the

! 3 Independent Variable to the Goal.

‘“3\\ “’\-_\ : Parameter Type: SuperMatrix —JI

02 /O \ \5-.\. \ Aty = I

' a1 02 03 04-\;3 -;EE;"ETT‘\;;Q'_\_Q\__W Wrt Node: Q&dm =

Expanmects

istothernode:  1Prestige —I
TharsTL 1 0.20 =
2Topots Casmy 3| 0089 Start: 10.0001
Hords Crde 2| 0202 End:lDosss
Steps: 6

Done | Cancel
e ——————————————

ly. 1acurs TL. ps

@ S AHP 298

ANP

Analytic Network Process

@ SAHP 2018
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_Analytic Network Process

Feedback Network with components having
Inner and Outer Dependence among Their Elements

Arc from component
C, to C, indicates the

outer dependence of the
elements in C; on the

elements in C, with
to a common property.

Feedback

Analytic Network Process (ANP)

* The ANP is a mathematical theory that makes it possible for one
to deal systematically with dependence and feedback, and
includes the AHP as a special case.

* Thereason for its success is the way it elicits judgments and uses
measurement to derive ratio scales.

* Real life problems involve dependence and feedback. Such
phenomena can not be dealt with in the framework of a hierarchy
but we can by using a network with priorities.

» With feedback the alternatives can depend on the criteriaasin a
hierarchy but may also depend on each other.

* The criteria themselves can depend on the alternatives and on
each other as well.

* Feedback improves the priorities derived from judgments and
makes prediction more accurate.

@ SAHP 2018

8/21/18

14



AHP vs ANP

* AHP:What is more preferred or more
important? Both are more or less
subjective and personal.

* ANP:What has greater influence? This requires
factual observation and knowledge to yield
valid answers and thus is more objective.

— Decisions with the ANP should be more stable
because one can consider their effect on and
survival in the face of other influences.

@ AHP 2018

The questions we answer in ANP

* Given a criterion, which of two elements has greater influence (is
more dominant) with respect to that criterion?

* Given an alternative, which of two criteria or properties is more
dominant in that alternative?

* Given a criterion and given an element X in any cluster, which of
two elements in the same cluster or in a different cluster has
greater influence on X with respect to that criterion?

* The entire decision must use the idea of something “influencing”
another. Otherwise it must use the idea of “influenced by”
throughout the analysis as follows:

— Given a criterion and given an element X in any cluster, which of two
elements in the same or in a different cluster is influenced more by X
with respect to that criterion.

@ AHP 2018
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Summarizing ANP

In ANP we have criteria grouped in clusters and
alternatives grouped in a cluster usually named
"Alternatives”

We can have inner and outer dependencies amonﬁ
the criteria, the alternatives and the criteria and the
alternatives

We can have feedback (self loop) in any cluster

We can pairwise compare the clusters like we do the
criteria and the alternatives

The final results are given by the limit supermatrix

We do sensitivity in the same way that we do the
AHP sensitivity

@ AHP 2018
Ratings
@ AHP 2018
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Ratings

» When alternatives are thought to be independent of one another they
can be rated one at a time on each criterion.

» Inthat case one must be able to say how high or low an alternative
rates on a criterion by allocating it to one of various intensity slots of
ranking such as very high, high, medium, low, poor and so on. These
slots can be different for each criterion: A, B, Cfor example.

» The intensity slots have numerical priorities associated with them
obtained by pairwise comparing.

» To rate alternatives one must have an ideal in mind about how close or
far that alternative is from the ideal for a particular criterion.

» When using rating we don’t have rank reversals

— That means that adding alternatives to the model will
not create changes on the relative ranks of the existing

alternatives
— In pairwise comparisons this is not the case

@ AHP 2018

What are ratings?

* In AHP/ANP we have two ways of creating priorities:
— By comparing the alternative in pairs (pairwise comparisons)

— By RATING the alternatives one at a time with respect to an ideal or
standard

* This kind of measuring is analogous to measuring something with a physical device,
like measuring length with a yardstick

* When do we use ratings?

— When alternatives are though to be independent of one another

* The presence or absence of an alternative must have no effect on how one rates any
of the others

— When we can have an IDEAL alternative in mind to compare with

— When the number of alternatives make the pairwise comparisons too time
consuming
* e.g. if we want to evaluate 50 employees, then 1,225 (50(49)/2) pairwise comparisons,

would be required for each criterion if we used a pairwise comparison model and not a
ratings model. But only 50 are required if you are rating them.

@ AHP 2018
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Ratings - Methodology
¢ Create an AHP or ANP model WITHOUT any alternatives
* No alternatives cluster will appear in the model

* Do all the pairwise comparisons needed to evaluate the criteria

o Select the bottom level criteria to use in the ratings model

pairwise comparing

* Rate each alternative on each criterion by selecting the scale entry that best describes how
it performs

* Calculate each alternative’s total score by multiplying the selected scale entry’s priority on
each criterion times the weight of the criterion and summing.

o |dealize all results to find a performance score (out of 1.0) for each alternative and sort to

o For each criterion define a custom scale of performance and prioritize its entries through ]
get the order. A performance score of 1.0 would be a perfect score. ]

ICCCELLL

@ AHP 2018

Ratings scales

— One must be able, by having had experience, to pick the appropriate rating
intensity on a criterion for an alternative

— To do that you must have something in mind called an IDEAL so that you get the
feeling about how close or far the alternative is from the ideal and allocate it to
one of various intensity slots of ranking — we call them SCALES

— Scales

* Ascaleis a group of rating intensities that describe levels of performance on a
criterion. The rating intensities of the scale itself are pairwise compared to establish
priorities once and for all.

For an alternative pick the rating intensity that best describes its performance on that
criterion.

We have one scale for each decision criterion. Scales may have different numbers of
intensities

The same scale can be used for more than one criterion in the same model

The same scale can be re-used in different models

@ AHP 2018
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Ratings — Example: Best City to Live in

~

GOAL SELECT
o e Goan
s CRitee
F
CULTURAL FAMILY HOUSING JOBS TRANSPORTA-
195 394 325 TION
.030
.
- Extreme = <100 mi ~Own<35% Sal. [~ Excellent - Abundant
1.000 1.000 1.000 .906
L Great | 101-300 mi  |-Own>35% Sal. | Above Avg. | Considerable
417 521 363 664 %000
L Significant |- 301-750 mi  |-Rent<35% Sal. | average = t\gggageable
188 179 =27y 306 :
- Moderate L >750 mi _Rent>35% Sal. - Below Avg. L I\S%hglble
- 106 .079 126 :
L Tad ~ 0 P Poor
%2 v~ Sceies 065

Create a Ratings Model

1. Build a hierarchical model as shown below and enter judgments as before, but do
not include the alternatives in the main screen of the model. The model has 4
criteria and the Comfort criterion has subcriteria of Ride and Driving Performance.

2. Select Design>Ratings to open the Ratings screen where the Alternatives will be

evaluated.

T Mo tetwork: Twtorial 2 _Acura_Ratings_ FodeLsdmod: cutings

B  AddNode...

1Goal NGiteria ABO)
Goal Node (o} 1Prestige &
2Price 0]

4 Comfort \

©  AddNode.,

Comfort subcriteria EEE
Driving Perfor i@ (8

.". Ride aE

&—

8/21/18
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Startin g Ratin gs

» Click the Ratings tab to open the Ratings canvas

B Hain Network: Tatorial_2_Acura_ Ratings_ Modelsdmod

W Step 1: Select critene for rating stemstyves

Couble dok oeron to o3d 1t Currently choseny
ratings crieria In a hierarchical mode! alternatives are usually rated against the lowest leved of critenia
=] Knotallare selected the priorities of the criteria are re-normalized to sum to 1.0 in the ratings table
5 Current Model In a network model any of the nodes can be selected as raling cnteria (and re-normalized 10 1.0)
B 1608 Step 1. Select the criteria
Goal Node Step 2. Select a criterion and create names for its scale intensities
Ty To get the prorities for the intensities paimise compare.
e or load a pre-configured scale from a file
: Step 3. Enter the alternatives
ations Step 4. Rate an altemative by selecting the appeopriate infensity for each aitenon
G ¥ the step you want is not visible collapse some of the others by clicking the expansion arrow
Comfort
B Camfort mbortens
Drwing Performance »

Select critens tn removes

Remove Criers.

@ se0 2: A stwmavves

@ 510 3 Define ratrg seake for sach iterin
Ratrgs Table

¢ o z “'n G s Coor® Tabie s | Torate an alternative with respedt to a criterion, chick on a cell

- then click the down arrow to display the Raling scale intensities for that crtenon
Category Pricrises [V Totak Comn  Synhese whole model | Glear Ratings Adgmenits. Click to select the one you think appes
C o Column Prionties Rewert to Relatve Model Move to the next cell by clicking with the mouse:

Eummmvu

The 4 Rating steps

1. Select the covering criteria. Covering criteria are the lowest
level of criteria that connect to the alternatives. For example,
you should not include the Comfort criterion, but only its
subcriteria of Driving Performance and Ride.

2. Create scales of performance for each of the criteria you
selected.

3. Add the alternatives you wish to rate.

4. Rate each alternative as to its performance on each criterion
in the Ratings table.

* Note that you can more easily rate many alternatives than if you
were pairwise comparing them. It does take more experience and
expertise to rate alternatives on a criterion rather than pairwise

@ AHP 2
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Step 1 — Select the Covering Criteria

1. Double click a criterion to add it. Scroll with the scrolling
wheel on your mouse, or use the down and up arrows on the
keyboard. Criteria that have been added appear in the second
list and are colored blue in the first list.

2. To delete a criterion select it in the second list and click the
Remove Criterion button

B Hain Metwork: Tutorial_2_Acura_Ratiegs_Modelsdmod

Network Lt _ ——
W 5trp L Seect rteria for ing aterratves
Dot chck crtarens 5 s Currertty cosan
ratngs Ottesin In a hierarchical model alternatives are usually rated against the lowest level of critena

2] [Ifnot al are selected the prionties of the critena are re-nommalized to sum to 1.0 in the ratings tabie.
In & network moded any of the nodes can be selected as rating cndena (and re-nomakzed to 1.0)
Step 1. Select the criteria
Slep 2. Select a criterion and create names fof its scale intensities.
To get the priceities for the intensities pairwise compare.

or load a pre-corfigured scale from a file
Step 3. Enter the altematives
Step 4. Rate an aftemative by selecting the appropnate intensity for each critenon
If the step you want is not visible collapse some of the others by chcking the exparnsion anow

Step 2 — Add the alternatives

Type the alternative name in the left field

Click the Create Alternative button

To delete an alternative select it and click Delete Alternative
To edit an alternative double click it in the Current alternatives
list and make your edits, then Save Edited Alternative.

5. The Copy Alternatives and Paste Alternatives copy all

alternatives to the clipboard and Paste from there. Useful in
complex models that have many subnetworks.

O

€ © © Main Network: Tutorial 2 Acura_Ratings Model.sdmod // Ly

e Do R

@ steo 1: Select onteria for ratng alternatives

W Step 2: Add dternatives

New name:  Curent Double dick alternative to edit:
Create Alternative _"J Save Edited Altermative
Copy Alternatives
Faste Alternatives
Select alternatives to delete

21
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Step 3 — Create Rating Intensities

1. Select a criterion (here it is Prestige)

2. Click “Add New” button to create names of intensities for a rating
scale for Prestige.

3. Click the Compare button to pairwise compare the intensities to
establish their priorities. The resulting idealized priorities are used in
Ratings. The largest intensity thus receives a priority of 1.0. An

alternative that gets the top rating on every criterion gets 1.0 as its
overall score — it is perfect!

4. If you want to re-use these intensities and priorities click the “Save to
File” button and save the *.rcp file for use with other criteria.

=T
D Cemon Comulstrn teby +

co WWM%W U by
Network 1

@ o Select eve S ateg e

@ 5o Myt

W 51253 Dene g e S each ke

Saloct a crtenon and cick 4€mAdd Newd€ to create the scal intermsty names. Examples ate (Excollent, Above Average. Average, Poor). or (Very Dangerous, Dangerous. Safe)
Ciick ihe Compare bution 10 pairwese compare M infersities for preference

Clck Computations->ldealzed priocilies 1o see results. Clck the x at upper noh 10 save these Ideal Priceifies and close Me COMpansons window

- 5 : .
e :1 ai it e
k P e T |
; i P — e B G
o e " | ¢ e o
g TH

SAHP wio

Step 3 — Prioritize Rating Intensities

=imix]

1. Click the Compare button to bring up the pairwise :‘?"“"*"‘*“m’“""ﬂ

comparison screen  Importance
2. Click the white highlighted comparison word areg o retecs

€ Lielhood
change from Importange to Preferabl PR e
Ssveanddose | cancel

!( omparisons wrt "Criteria Compa &5 for 1Prestige” node In ™ duster =101 x|

Graphical | Verbl | atrix Questongaflt Drect|

Comparisons wrt "Criteria®Compares for 1Prestige” in Categories.

Excellent is moderately more important than Above Average

1. Exwll-ﬁlM,S ll7.l64 32 2|3|4|5|6|7]|8] 8| >+5.5 | No comp. | Above Averag™

2 Elam>=!,5581655312 2|3|a|sl6|7|a]8| >=85 |Nocomp | Average

3 Excellent >-',5ll|l 76 9|AIJ|2 2|3|4|6]|8|7|8 OI ’-S,Sllhm.laelowkvuq~

4 Excellent "O‘BIS l|7|6 5|‘|32 2|13|4)|5]6 7!9]>!95|Nom.lPoof

{alitslalla Al A Y 58 e ke
22| [2]a]<|=]<]z]s]
2] [z[s]2]s] <[]

& Above Averag~ >-ul.|cF & s|4 l»-e.sluom.la.«awmmr

5. Above Averag™ >-9.5|9|l|7l8|5l‘: 3|2
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Ratings — Make Judgments and show
Ideal Priorities

1.

Enter judgments — questionnaire mode appears but you can use any mode
(improve consistency in matrix mode if necessary)

Select Computations>ldeal Prioriti

File>Close to return to Steg@®here these priorities will appear as the intensity
priorities for Prestige

W prionties

=0l

The inconsstency rdex s 0,039, Itis
deseable to have a value of less than 0.1
Excelent 1000000 —

0.568857

Binpares for 1Prestige" in Categories 0.272453
EXC™ Mot e preferable than Below Average 0.077451
1 Other incon. methods s[ulal: zI |:|3|l|5|§|7|8|s|>=95|l|omIAbowAw io62es
2 Print matrix ¢ sla|al2]| |2|3]e|s]e]7|n]s] =55 |nocomp| Average
a Basic Inconsistency Report | 1[4l 5] [2]2] 4] 5] ] 7] ] o] s=0.5 Mo come J eiow aw |

Ful Inconsistency Report by

re Exndh«t»e,ﬁlsl|7l§l’.|2 2{3|a|s|e|7|e|9f 95 |Hocomp| Pace

0] Average »zsn'sla

[«
L]
3 Average >=Sﬂ]!l! 7]s 51‘[3
<]
[«

€!0 Below Averag™ M’S.ﬂ'!ll|7'6 542 ZI_'Z 3|a|n|e|r|8)e ”SQIMW.IPW

Step 3 — Save and Re-use Intensities

BUTTONS

1. Add new —Add a new intensity to the list

2. Move Up —Select an intensity and drag it up

3. Move Down - Select and intensity and drag it down

4. Load from file — Click to bring up a list of pre-defined intensities; double-
click to load the set of intensities for the current criterion. Intensity files
have a .rcp extension and are stored in the samples directory.

Save to file — Click the button and select a directory to store it in.
Currently the software does not allow you to save in the Samples
directory.

wn

Add New I Move Up
Loadfromﬁie..l

Move Down I
Save to file.. I Compare

@ SAHP 2018
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Evaluate Alternatives in Ratings Table

@ St 1: Sedect areris for reting ahernatives.

@ 5tep 2: AcS dtematves

@ stz 2 Define rating scale for exch arderan

Ratrge Tasle

|Deplay Ogbons. Srow fride Caladatons Mansge Ratrgs.

P P R > TR To rate an altemative with respect to a criterion, click ona cel
RSl 2 then click the down arrow to display the Rating scale intensities for that criterion

" Category Priores [V Totsls Colurm  Synthesize whole model | Cloar Ratings Judoments Click to select the one you think applies
2o ok Priovities Revirt 1o Relative Model Move 1o the next cell by clicking wath the mouse

l a5 Driving

.320%) 0.1569)
X oty fry). Excedert
22:3otyPray)... | Above Average
29-38 (atywy... | Average

ZToyoto Canvy | 0,269
3Honda Civic 0.4559

Mouse over a cell and when

the pen (edit icon) appears

click to display the intensities

for that criterion.

Click on the one that best

describes the alternative to
QPF(‘T it

BOCR

Benefits — Opportunities — Costs — Risk

@ SAHP 2018
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BOCR

* Benefits — Opportunities — Costs — Risks

* In most decisions it is possible to identify
the factors that offer benefits or
opportunities, or have to do with costs or
risks.

Short-term‘ Long-term

* The factors are best evaluated by groupin 2
those that influence benefits together, an 3
similarly grouping the others. ©
* This is done through a system of control
nodes. < >
* The BOCR nodes are control nodes with -
networks beneath them that contain their v .
control criteria nodes. '§
* Each of the control criteria nodes in turn
have a decision subnetwork containing the
alternatives of the decision. \ 4
@ CAHP 2018
—BOCR vs SWOT
I Helpful rmfu
’ Short term Long term to .thlﬂhgel: objective  to dﬂt‘ah.&ml
£l
gé
@ 5
5 —E ! Strengths Weaknesses
24
[ -
=i
EE
()
S
i % i
g Es Opportunities
i

@ “AHP 208
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Structuring Complex Decisions

Phase 1

* the subjective, personal, group or corporate values

Phase 2

¢ the interface-merits of the decision between the first (subjective) and
third (objective) phases: Benefits, Opportunities, Costs and Risks

Phase 3

* the objective hierarchies and/or networks used to represent the
influences that affect the ranking of the alternatives of the decision
with respect to each control criterion

@ SAHP 20

Phase 1 — Subjective values

* It provides the intensities on
which the BOCR merits are
rated one at a time during
the final step of the process

* Represent personal values
(similar to the ones in the
Maslow pyramid)

* There are similar values for
a group, corporation and for

the entire word as represente
for example by the United
Nations

Survival, health, security, family, friends and
basic religious beliefs

Career, education, productivity and lifestyle

Political and social beliefs and activities

Philosophical thoughts and ideas and things that

are changeable

@ SAHP 20
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Phase 2- BOCR & Phase 3 —AHP/ANP Sub
networks

* Each of the four BOCR has a hierarchy of control criteria
and sub-criteria with respect to which a decision
network of influences that includes the alternatives is
evaluated.

</

Market Trade Profit -.. Social  Security . Constituencies. ..

share margin equality values
\ tz P& z \ % e ] \
z) A .9 - . P

National

..Opportunities..Costs...Risks

SAHP 2018

Structuring complex decisions

Personal or group criteria for rating BOCR nodes

* Subjective values
 E.g. satisfaction, prosperity, security, growth, harmony, etc.

The BOCR merit control nodes

¢ link from subjective to objective values

* Benefits, Opportunities, Costs and Risks

* Several control criteria for each of the four BOCR whose priorities are obtained from a hierarchy or
anetwork

Feedback Networks

* Objective values

 Decision hierarchies/networks containing alternatives

* one for each BOCR control criterion

* e.g. economic benefits, political benefits, social benefits, technological benefits etc.

« identify the most general set of components including the component of alternatives that influence
each other with respect to any control criterion

 for each control criterion under the BOCR merits delete the unnecessary components and connect
corresponding nodes with directed arcs according to influence among the resulting components

SAHP 2018
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A complete BOCR model

* A complete model consists of the following parts:

1.

A Rating model of personal criteria to evaluate the importance of
Benefits, Opportunities, Costs and Risks in this decision;

A main control network containing the Merit control nodes:
Benefits, Opportunities, Costs and Risks, to which the importance
weights from the first model are applied;

Subnetworks of control criteria for each of the merits;

The decision subnetworks that contain other factors of the
problem and the alternatives. Each control criterion has a
decision subnetwork.

In some complex models it becomes clear that benefits
opportunities and costs, for example, do not have equai weights
in the decision. In this case it is possible to put strategic criteria
in the main network to weight the BOCR.

AHP 2018

Prioritization of complex decisions

Strategic
Criteria

control
nodes

N
¢ |dentify and prioritize personal or group criteria and sub-criteria applied to all the
decisions you make
J
)

Identify and prioritize the control criteria and sub-criteria for each of the four BOCR
merits

J
* Decision networks containing alternatives )
* One for each BOCR control criterion
e For each network corresponding to one of the several control criteria under each
merit derive priorities J

Bottom up approach

Synthesize from the lowest level to the BOCR levels

Rate the BOCR merits on the intensities of the strategic criteria
Synthesize at the top level to get the final results

AHP 2018
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BOCR Example

Amazon Delivery Service

@ AHP 2018

Decision problem

* The question here is whether Amazon should invest
towards entering the delivery industry in the US.

* If the trend of growing e-commerce and shipping
costs continues, their margins will begin to diminish.

* Currently, Amazon ships primarily through UPS, with
some volume being delivered by FedEx.

* With these trends and dependencies, Amazon is
trying to determine if entering the delivery industry
will provide revenues that will outweigh the entry ‘

costs. They want to decide which alternative will give
them the most gains.

@ AHP 2018
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Alternative solutions

do not enter the courier service industry

* This option would require FedEx missing out on the potential gains of entering a large and growing industry.
They would continue to pay shipping costs, and be dependent on UPS and FedEx to deliver on their
commitments. This option provides little to no benefits or opportunities, the costs are minimal, and risks
would be the costs of shipping become too exorbitant. This is the “do nothing” option.

create a courier service internally

* This option requires large investment into infrastructure, staffing, and knowledge. Amazon would continue to
rely on couriers while their service expanded. This option provides some benefits and opportunities in that it
enters the industry and can lead to reduced costs and increased revenues. Its costs are quite large and there is
the risk that the investment fails, or it delivery companies have a negative reaction to the entry.

purchase a small courier company

* This option requires a moderate upfront investment to acquire a small courier service. Amazon would
continue to rely on other couriers while the business is expanded. This option provides some benefits and
opportunities in that the intellectual property and infrastructure of the courier could be utilized, and it would
be a more significant entrance into the industry. This option has similar risks to creating their own courier
service, larger couriers could reduce service or increase costs.

purchase a large courier company

* This option requires a significant upfront investment to acquire a large courier service. Amazon would
immediately become a major player in the industry, they would acquire all of the intellectual property and
infrastructure of the large courier, and would also be able to have almost all of their volume delivered f—

! internally. The risks of this option would be Amazon’s focus may shift from their expertise, and have an

adverse effect on customer the customer experience.

STRATEGIC CRITERIA

GROWTH INNOVATION SYNERGIES REPUTATION TECHNOLOGY

DEL

BENEFITS OPPORTUNITIES | | RISKS

SAHP 2018
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We|g
Criteria Description

Gthh Potentlal growth of the company 0.106

Innovation New ways of providing services to customers 0.235 2

Inter market

S Synergies between the delivery industry and the

retail industry 0.054 5

Market
Attractiveness

Attractiveness of new markets 0.037 6

e Impact 9f the decision to the company's
reputation 0.360 1

{ Technology Early adoption of new technologies 0.205 3

ISAHP 220

BENEFITS

ECONOMIC OPERATIONAL ORGANIZATIONAL

Altematlves Altematlves Altemalives

Enter New Industry Courier Independence Integration

Increase Marketshare

¢

Pncmg Power Tralnmg

Increase Earnings Product Llfecycle Addltlonal Customers
Increase Shipping Sortation Systems Knowledgeable employees
Revenues

Tractor Fleet Delivery Network
Reduce Shipping Costs

@ CAHP 20
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OPPORTUNITIES

Increase Earnings

Increase Shipping
Revenues

Reduce Shipping Costs

@ ~AHP 2018

Home-to —supplier
Return Service

Warehouse-to-home
Service

ECONOMIC OPERATIONAL ORGANIZATIONAL
¢ $
| warkets | BN competitive Adv.
Enter New Industry Vertical Integration Delivery Date
Increase Marketshare Estimation
$

Cross Train Employees

Realign Job Positions

—Costs

ECONOMIC

Acquisition Costs
Capital
Goodwill

OPERATIONAL

Drivers
Maintenance

Package Handlers

Hubs & Stations
IT
Sortation System

Tractors

ORGANIZATIONAL

Hub & Station Managers
Hub & Station Support

Added Salaries
Employee Morale

Overlapping Job
Functions

@ ~AHP 2018
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Risks

RISKS

ECONOMIC OPERATIONAL ORGANIZATIONAL
[workets ~
Customer Reaction Capacity Constraints
Excess Overhead
E-com plateaus Legacy Systems
3 Forced Buyouts
o I
Acquisition Rejected Crosstraining
Overvalue Company
@ SAHP 2018
70 New synthesis for: Subnet under 1.Benefits: formulaic - a

| & New synthesis for: Subnet under 3.Costs: formulaic - a X
{

Here are the overall synthesized priorities for the
alternatives. You synthesized from the network Subnet

under 1.Benefits: formulaic

| Here are the overall synthesized priorities for the
alternatives. You synthesized from the network Subnet
under 3.Costs: formulaic

| Name  Graphic [ideals|Normals| Raw | Name Graphic [ideals [Normals| Raw
Crete CourerSevie | s oramis o | Cpte oS oasrao| asies lozerm)
DoNotEm-'lndlshyrﬂ- 00312053 0.129749 [0.295758 || 0.064021 |0.126728
! : | 0415793 0947 0|1 0505184’ §1,000000
74]/0205% ) 5467 0285655 0365467
© New synthesis for: Subnet under 2.0pportunities: formulaic = 8] X & New synthesis for: Subnet under 4.Risks: formulaic - o >

| Here are the overall synthesized priorities for the
alternatives. You synthesized from the network Subnet
| under 2.Opportunities: formulaic

Here are the overall synthesized priorities for the
alternatives. You synthesized from the network Subnet
under 4.Risks: formulaic

| MName | Graphic  [ideals|Nomals|Raw ||  Name | Graphic [ideals Nomais Raw |
e . (azse7 | orsszsh Jazeer| | e CounerServce |y a7 1063 0235135
Do Not Enter industry | [0.126501 | 0.063658 (0126501 [Do Not EnterIndustry [l 0120321 0080422 (0132882
mmwm;—hm 0503221 1000000 [Purchase Large Couries NN 0933712 0402052 0.884220
[Purchase Small Courer [ NEEENNENN [0.591962] 0.297887 10591962 [Purchase Small Courier NN 1000000 | 0430603 0.946988

W OARP =

8/21/18
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Results

Ratings: Keep the highest alternative for each merit in mind and perform ratings across the
corresponding row as to how it impacts the strategic criteria.

Prodties s Gronth [lovation — [Tectnclogy  [Reputation  [Market Atsactivendctermsket Synerg]
0108803 025587 0205065 0350852 0037083 0054700
1 Benefis 0.221343 0413127 Excelent Aversge Average Average Above Average | Above Average
2 0pportunities qumzs |0.4$170 Above Average Avelage Average Above Average Average Above Average
3Casts |&322m ]U.SOZHZ Excelent Average Above Aversge | Above Average Average Above Average
4 Risks |0.131539 Iussma Above Averags Avelage Average Average Above Average Average
1. Additive negative formula — generally best for long term results: bB+0O-cC-rR
2. Multiplicative formula — equivalent to marginal cost/benefit analysis and generally
best for short term results: BO/CR best for short term results: BO/CR
Name | Graphic ldeals Nomals Raw ||  Name Graphic Ideals Nommals| Raw
| Create Courier Service e o e Tnovana || Create Courer Senvice veeeaca MoRse® 11 25aac
Imemaly = 10242194 | 0.11559% {00148 temaly ._ 0.656854] 0265632 |1.459350
Do Not Enter industry (NN 0546605 | 0260887 [0.032517 |[Do Not Enter industry NN 1000000 | 040442 221727
Purchase Large Courier [ -0306379) -0.146230 -0.018226 | Purchase Large Courier | 0482455 0195149 [1,071884
‘PmchaseSmaIlCouriu I, 1 00000 | -0.477286 |-0.05%490) Purchase Small Courier [ 0.332926| 0.134666 0.739672
Additive (Negative) Model Multiplicative Model
Skeletal Outline of Networks in a BOCR
Model
BOCR (main
Level 1 - Main network network)
Level 2 - Control Criteria Hierarchies Benefits Opportunities
Level 3 - Alternative Subnets
* In this schematic there are 17 networks in all:
— a main network at the top that has a cluster containing the BOCR nodes,
— 4 control criteria networks each containing
— 3 control criteria nodes, and
‘ — 12 alternative subnets, one for each of these nodes.
- =

8/21/18
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The Wizard for Creating a Skeletal BOCR

Model

)

Start the wizard by selecting File>New from the main screen
and enter a name for the new file, for example: New Car
Decision.sdmod.

Double-click the BOCR Full Template icon

‘ Please choose a template
for your new model

e o B

Eun Small OperFiR  empie
Temglsie  Tempisie Networt

BOCR Wizard (cont’d)

1. Select the merits you want in your 2. Type in your control criteria

model, typically all four are
included for a BOCR model, and
click Next.

5 Welcome to the basic bocr s

lPlem select the merits you w-model to include.
| W Benefits

M Opportunities

F Costs

¥ Risks

<-Back | Next-> Cu\chHelp

(press Enter to add each one)
then click Done and Next

4"-° C s - b_!!_!!!-
 Youmay add control criteria now
(they will be put in the subnetworks under

each of the ments you have chosen),
Below is a fist of currently set up control critesia.

| Current control criteria(s)

[Economic -
| Political
|Social

& Add ancther control criteria: 4l
(" Done adding control criteria

| <-Back | Next-> I

Cancel | Help

)

S AHP 2018

8/21/18
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BOCR Wizard (cont’d)

3. Typein your alternative cars 4.  Click Finish and wait for the wizard
to build the BOCR structure.

(press Enter to add) and click
Done and Next

CL

[ You have finished the wizard
You may add alternatives now . g . .
{they will be put in the akematives for a simple bocr model. Please wait briefly while
‘ subnetworks under each of the control 1 create the outline of your new model.
critieria you have chosen),
Below is a list of cumrently setup alternatives, <-Back | Finish Cancel Héip
Current alternative(s)
| Car1 .
ice2 5. Choose close current model to
(Lar . .
1 keep on with the creation of the
> BOCR!

& Add another shtemative: 418 .
A e i 6.  Save as soon as the model is

[ <-Back Nm->| Cancel | Help created
@ SAHP 2018

BOCR Wizard Top Network

* Top level of the BOCR model produced by the wizard.

e The merit nodes are numbered because SuperDecisions arranges elements alphabetically in its
supermatrix data structure and formulas and we want BO and CR to be next to each other.
* The name of the model is New Car Decision model and the title bar shows it is formulaic indicating the

results from the subnets are combined using formulas.
|3 © © wainNetwork: Unnamed file & formuaic i

[ntormation Panel | T Fosgments | 22 ]
Net: 0 Goal =1
Node
Cluster: Moded Goal
Model Structure » "
— Tip: To manually create a
et The subnets here were created subnet for a node, right-click

by the wizard. Double-click to
get into the subnet.

Economic
Polizical
Social

¥ 2.0pportunities

it to get its node menu and
select Make/show

Ecanomic subnetwork.
Polnical Y
Socis!
*3.Costs \
Create/Edit Detalls L) odé B
S P o i OBE " Highight nodes connected tothisane 13
¢ ®| ||omnQEE Highlight nodes connected from this one 14
b o
e

g [S] AddNode...
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Control Criteria Hierarchies

| Subnet under 1.Benefits I

© @[ Man Network: BOCRSample.sdmod: formulaic J| 1.Benejits / |

¥ Main Network

Economic
Political
Social
¥ 2.0pportunities —l
Economic Control Criteria ©
Political
social conomic (3
¥ 3.Costs
Political (<110}
Create/Edit Details [ ]
o
Show Priorities ® Sociol o
Make/Show Connections »

S} AddNode...

Control Criteria Goal

| Information Panel |Wetwork Pudgments Jratings |
Net: 1

Node:

Cluster:

@ “AHP 2018

= 4 Control Criteria subnetworks are
created, one for each of the BOCR
nodes.

= They contain hierarchies prepared by
the Wizard with the control criteria you
entered in the process. You must enter
the pairwise comparisons.

=  The title bar has breadcrumbs that
specify which node the subnet belongs
to.

Control Criteria Hierarchies

Tip: When making the comparisons, for example, you ask “Which criterion can cause
more risk?“ The riskiest should end up with the highest priority.

» Costs
© © Men Network: BOORanpie sdned: Jormulen § 3Conts )
[amaian Panet | S Teigmes
Tt 3
Nade:
Custer
(Vod 5: ~]
e Dicl.e
© © Main Network: BOCRSample.sdmod: formudaic f 4isks
/' |ntormation Panet Ewk Pudgments Jeotings ]
Net 4
Node:
Cluster; Control Criteris Goal
Model Structure vl
VsrnSrow Con-ectont
Poltical
Social ;
¥3.Costs Memacies BEO|
econormic Control Crves [ (@) /
Polzical /
| Amis ) o /
Ecanomic pince 3 S /18 AddNode...
Polsical = W
Social
Social [+] 1]
< wate/Edit Details [ )
PESN 2018 Show Priorities ®
) Make/Snow Connections ®
- (e} AddNode..

8/21/18
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The Bottom Level Alternative Subnets

« Twelve third level (or bottom level) Alternative subnets are created by the
wizard, 3 for the control criteria nodes in the second level subnets.

* Each contains a cluster of the alternatives you entered in the wizard.

You must complete each subnet by adding appropriate clusters, nodes and links.

o 0 kmnNﬂwnrk: CarBOCR.sdmod: formulaic J/ Subnet under 3 Costs J/ Economic Jf | The title bar and the
information Panel |etwork Judgments Jeatings Model structure
Net: 11 .
Noda: section show you _the
Cluster: path from the main
Model Structure v| network to where you
are
Political Altematives 0] .
8 1.Costs>Economic
nom

Social

Economic

Political

Social
Create/Edit Detalls >
Show Priorities » ©] AddNode.

ad F W% 3

Formulas

» Additive:
—  bB+00-cC-rR (the wizard automatically assigns this one).
* Multiplicative:
- BOJCR
* Probabilistic:
—  bB+c(2-C) +00+r(1-R)
* User-defined formula
— the user can input their own formula
* If noformulais defined

— for each node that has a subnet, the vector of alternatives coming
fromits subnet is multiplied by the priority of the node. The vectors
for all the nodes with subsets are weighted, added and normalized.

* Thetermsb, o, cand r are the priorities of the merit nodes,
the B, O, C, R terms are priority vectors of the alternatives

!!\EH!”!P!! B00g e

8/21/18
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Which Formula Should | Use?

* Use the Additive (negative) formula for the best
long term alternative.

- It isc?utomatically assigned if the BOCR wizard was
used.

— Use this formula for sensitivity studies.

* Use the Multiplicative formula for the best short-
term alternative.

— ltis not possible to perform sensitivity studies with
this formula because of the way the constants are
combined. All the lines are straight.

In practice one usually looks at both. Often the same
alternative is ranked first, but not always.

* Use the Probabilistic formula in predictive models.

@ AHP 2018

Rules about Formulas

* Formulas can be changed from one to the other in any multi-level
model.

* Select the Design>Add/Edit Formula command and choose the one
you want.

* The only thing that changes are the synthesis results
(Computations>Synthesize) in the top network.

* You can try out as many different ones as you like —only the final
synthesis results will be affected.

* Asageneral rule formulas are used only in the main network. When
there is a formula in place, the word Formulaic appears in the title
bar of the network.

* The multiplicative formula gives only positive results; the Additive

(negative) and Probabilistic formula can end uggadth cnmea naaativa
Computations Test Help
values.
Make/Show Subnetwork
Remove Subnetwork IR.sdmod: formulaic [f Subnet u

Make Net Normal
Add/Edit Formula

Il Additive (negative)
Additive (probabilistic)

@ AHP 2018 Mulipicative

v User Defined

8/21/18

39



8/21/18

How Results are Passed up through the
Levels to the Top Network

* Results are synthesized for each of the bottom
level Alternative subnets resulting in a priority
vector for the alternatives in each case.

* The Ideal column from each of them is
multiplied by its control criterion priority in the
second level.

* The synthesis command sums them and
normalizes the sum.

* The Raw vectors from the synthesized
alternative vectors in the control criterion
subnets are combined in the main level using
the formula in place there

@ AHP 2018

Sample BOCR Mode!:
Outsourcing IT

* The following slides demonstrate a typical model:
BOCR_Outsourcing_IT.sdmod.

— The SuperDecisions software model, PowerPoint
slides and a report are also available.

* The first step in building any model is to decide
from whose perspective you are making the
decision.

— The decision makers here are the management of a
major US corporation deciding whether or not to
outsource the development of their Information
Technology (IT) to another country.

* The alternatives are:

— 1) Outsource all IT development,
— 2)Outsource the design and programming phases; ‘

— 3) Do not outsource.

@ AHP 2018
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BOCR Outsourcing IT Decision

* Open the sample model for the BOCR tutorial BOCR Outsourcing IT Model.sdmod.

* The main network and all the subnets are in the main window, and you access
them by

— double clicking their name in the Network

Strucigisarantion-or

© © MainNetworic Model_for_Tutorial_6_no strategic criteria.sdmod: formulaic

|information Panel Ve twork Jrudgments Formgx JResuits

—qi Net: 0
SI ngle Node:
Cluster: BOCR MERITS

COrreyglmecs smeue ~ Each of the

Merit nodes has
a starting priority
of 0.25
-~
BocRMERTS 1 [E 63|
18enefis 3
2.0ppoctunit QY

¥ Main Network
¥ 1.Benefits
1 Economic
2 Technological
¥ 2.0pportunities
1 Customer-related
2 Economic
v3Coss
1 Econamic
2 Sacial

Create/Edit Details

Show Priorities

Show C.

(o) AddNode...

‘A!

Customized Control Criteria

* Control criteria subnets created by the wizard in the
second level have a hierarchical structure and all
contain the same control criteria.

. ?(Eu can change the names, add and delete as you
ike.

* Remember to create an Alternative subnet if you
add new control criteria that has the same
Alternative cluster as the ones created by the
wizard.

* Remember to check that the links and comparisons
are complete in the hierarchy if you change
anything.

* In this model the control criteria have been
customized.

AHP 2018
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Benefits Control Hierarchy

Sithnot

= Double click the 1.Benefits merit node on the left to get into the subnet shown
here: Subnet under 1.Benefits.
= Pairwise compare the control criteria nodes to obtain the priorities shown
below the nodes.

|intormation Panel

Network

Pudgments

Jratings

Net: 1
Node:
Cluster: 2 Control Criteria

lModtd Structure

¥ Main Network
’ *1.8enefits

To return to the main,
screen:

Double Click Main
Network on the left side
section “Network

1 Economic

2 Technological
¥ 2.0pportunities

1 Customer-related

2 Economic
¥3Costs

1 Economic

2 Social

structure”

Cr dit Details

Show Priorities

1Control Criteria Goal

®) Add Node...

Make/Show Connections

@ <AHI

| .1667 |

©] Add Node...

Note: A subnet is always
labelled with the node it

is attached to in the

network above — in this

case it is 1.Benefits

Opportunities Control Hierarchy

* Double-click the
2.0pportunities
merit node in the
Model Structure to
get into its subnet
shown below.

¢ The Customer-
related node was
pairwise compared
with the Economic
node to determine
their priorities with
respect to
Opportunities.

e As you might expect
the Economic
opportunities were
most important
here.

Information Panel

Petwork

Ilougmrs

hama

Net: 4
Node:
Cluster: Control Criterla

Model Structure

¥ Main Network
¥1.Benefits
1 Economic
2 Technological
¥ 20pportunities
1 Customer-related
2 Economic
¥3Costs
1 Economic
2 Social

Create/Edit Details

Show Priorities

Make/Show Connections

@ <AHI

Control Criteria Coal [ 11 63

©] AddNode...

Control riteda [ [ ©3

:Custamrr—ven m}
2 Economic 8

Q AddNode...

Priorities established
through pairwise
comparing
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Costs Control Hierarchy

© © Main Network: Mode!_for_Tutorial_6_ tegic criteria.sdmod: formulaic Jf 3.Costs
|information Panel INetwork Prudgments Jeatings

Net: 7

Node:

Cluster: Control Criteria Goal

Control Criteria Goal |

IModtl Structure

v

2 Technological

¥ 2.0pportunities

1 Customer-related

2 Economic
¥3Costs
1 Economic
2 Social
¥ & Risks
1 Economic
2 Social

@] Add Node...

Create/Edit Details

Show Priorities

Make/Show Connections

1 Economic | .8333 |

e} Add Node...

Risks Control Hierarchy

Information Panel

© © Main Network: Modei_for_Tutorial_6_no strategic criteria.sdmod: formulaic /f 4.Risks I

Ve twork

Net: 10
Node:

Pudgments JRatings

Cluster: Control Criteria

Control Criteria Goal

Model Structure

Y How should <ompt

2 Technological
¥ 2.0pportunities
1 Customer-related
2 Economic
¥3Costs
1 Economic
2 Social
¥ 4 Risks
1 Economic
2 Social

S} Add Node...

Create/Edit Details

Show Priorities

Make/Show Connections

2 Social (<] | 25 |

|Q Add Node...
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Decision Subnets

* The Wizard will have created an Alternatives
subnet for each control criterion with a
cluster named Alternatives that contains the
alternative nodes, but is otherwise empty.

* Finish the structure by creatin% clusters and
nodes for relevant factors and linking them.

* The Alternative subnets are usually an ANP
structure with feedback (links from the
alternatives to the factors) and perhaps inner
dependence (links from a node in a cluster to
other nodes in the same cluster)

@ AHP 2018

ANP Versus AHP Structures

* The SuperDecisions software handles multiple networks structured of
nodes, organized into clusters, with links among the nodes.

* The data structure in each network is the supermatrix of priorities
(unweighted, weighted and limit).

* AHP hierarchical structures — The links go one way, from the top down,
with priorities being distributed downwards.

* ANP network structures — Links go from a parent node in a cluster to
its children nodes in another cluster (or in its own) to form a pairwise
comparison group. A parent node can have children in several different
clusters (forming different pairwise comparison groups.) It is called

Outer dependence if they are in another cluster, Inner dependence if in
the same cluster.

* Unlike in human families, a parent node can have children in different

clusters.
Tip: To make the links pick a parent node and go cluster by cluster to see
if the pairwise comparison questions make sense to link to children there.

@ AHP 2018
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Example of a Decision Subnet

* There are a total of 8 Alternative subnets in the bottom level.
* Initially they are all the same, containing only the cluster of Alternatives.

¢ Relevant clusters and factors must be added and linked.

* The Alternative subnet currently in view is the Benefits>Economic Alternative
subnet as indicated by the “breadcrumbs

l

" trail.

| (o)a) Main Network: Model_for_Tutorial_6_no strategic criteria.sdmod: formulaic

Information Panel

|Wetwork Yudgments | G

Net: 0
Node:
Cluster:

Model Structure

O

¥ Main Network
¥ 1.Benefits
1 Economic
2 Technological
¥ 2.0pportunities
1 Customer-related
2 Economic
¥3Costs
1 Economic
2 Social

0]

[ 1 Atematives 12 [ €|
7]

Add Node...

Add Clusters, Nodes and Links

© © MainNetwork: Model_for_Tutorial_6_no strategic criteria.sdmod: formulaic if Subnet under 1.8ene

Information Panel

| Yludgments

| |

Net: 2
Node:
Cluster: Operational

Model Structure v

1Altematives

¥ Main Network
¥ 1.Benefits
1 Economic
2 Technological
¥ 2.0pportunities
1 Customer-related

10utsource all ap,
20utsource the d:

2 Economic
¥3.Costs
1Economic a AddNods~.
2 Socisl
Create/Edit Detals ®
Show Priorities > —;‘
Finandal /jul+ Operational
Make/Show Connections . . . .
1T assets 1Time to finish prefld
2 Personnel 2Use o[pm]mm
3 Legal 3 Knowledge uun:
4 Control /influen i
©] Add Node... 9] Add Node...
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Pairwise Comparing in an ANP subnet

*  Making pairwise comparisons is the same as usual.

—  For example, in the Benefits>Economic subnet, the Outsource All alternative is linked to the criteria in the
Operational cluster.

* The question, is: “What is the more important economic benefit from Outsourcing All: ‘Control/influence’
or ‘Fast time to market’?

* It seems clear that Fast-time-to-market is the more important reason for Outsource All.

* The results are priority vectors (or profiles) of the importance of the criteria for each alternative.

Node |Cluster Graphical | Verbad Metro Questionoowe|Dwect
Choose Node _«|»| Comparisons wit *1 Qutsource all application development work” node in *Operabonal” clustel

ortant than 5 Fast me-lo

4 Control / Influence over human resources (s 0 3333 times
10wsewcesl- — e of , E Tsre
incomrsency | I‘!"r»hdq l» antrs I-.r... Sn
Cluster 1A
tmee- |22 JeB et [t A
Choose Cluster 4| **** 5 Jei -2
Opersticnal — | 3 koomtey « 3 2
cresal 1

< s L

@ A H P 2018 Mark Completed Comparison when finished

Synthesizing to get
Results

* Results for each Alternatives subnet are
obtained from the Limit Supermatrix. Its
values are the Raw Values in the Synthesize
command. (Computations>Synthesize)

* The Computations>Synthesize command .

@ AHP 2018
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Combining Decision Subnet Priorities

* Priorities in a BOCR model are computed from the bottom up.

* The two subnets belonging to the Benefits control hierarchy
are combined by weighting their Ideal synthesis values by their
respective control criteria priorities and adding.

Here are the overall synthesized priorities for the Here are the overall synthesized priorities for the
alternatives. You synthesized from the network alternatives. You synthesized from the network
Subnet under 1.Benefits -> 1 Economic Subnet under 1.Benefits -> 2 Technological

Name Graphic Ideals Normals| Raw Name Graphic Ideals Normais| Raw

1ovtoucadl 1Outsource ol ey
application development - 3000000/} 0596191 |0.342743 1000000 | 0441124 [0.218872

application development ~
2 Outsource the design

and programming phases I 0276642 0152595 00317 | | 2 Outsowce he devsn 1 000000 | 041124 (0218872

3 Do not outsource any N - erTe 3 Do not outsource any -
e ictios G | 0159746 0111214 0054752 - 0266934 | 0117751 |0.058425

@ SAHP 2018 B

Combined results in the

~ Benefits Decision Subnet

1.000000

1.000000 1.000000

» The Raw results for Benefits
shown frpm SD match our
combined results for Benefits
in the table on the left

» it happens that the Ideals are
the same as the Raw numbers
_ D2 LEDEEED | OSErAY in this model, but this is not
always the case.
0.159746 0.266934 0.177611
» Use the Raw numbers.

alternatives. You synthesized from the network
Subnet under 1.Benefits

Name Graphic ldeals Normals| Raw

10utsource sll o 1 000000 000000
application development ~ A 0534996 [

20 e the design | oy 0397201 0252221 0397201

N |~ 201 8 and programming phases
; ) A H P 3 Do not outsource any [ 0177611 | 0112782

application development ~

10177611
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Where do Synthesis Results come from?

Synthesis results are calculated for each network.

Overall results are calculated by starting from the bottom
and passing the results to networks above until you reach
the top where the results are combined using a formula.

Results are first synthesized for each of the bottom level
Alternative subnets.

The Raw values in the synthesis come from the Limit Matrix.
The Normals and Ideals are calculated from the Raw values.

To get the Normals sum the raw values and divide each by
the sum.

The Ideals are calculated by dividing each of the raw values
by the largest of them.

)

AHP 2018

Synthesizing Alternative Priority Vectors in a

BOCR model

For any network that contains a cluster of Alternatives, whether it be a
model with a single network, or a bottom level Alternatives subnet in a
complex model, Synthesis results are obtained from the raw values in
the supermatrix.

The Ideals and Normals are computed from the Raw values.

In a BOCR model the Ideal values are passed up from the bottom level
Alternative networks, multiplied by the control criteria priorities, added
and normalized for the control criterion network synthesis.

The raw values are passed up to the main network, weighted by the
priority of the node to which the subnet is attached and combined using
a formula.

Why use the Raw values instead of the Ideals? The Raw values maintain
more information about relative value when the same Alternative is not the
Ideal in the bottom level subnets.

)

AHP 2018
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Combined Alternative subnet synthesis
raw values for the 4 BOCR Subnets

Benefits Oppor Costs Risks

1 1 0.831251 1

0.397  0.827 0.746 1

0.177  0.490 0.975 0.356

@ AHP 20

Addlnq the Strategic Criteria

Build a hierarchy of strategic criteria in the main model
and obtain the priorities by pairwise comparing them.
* Weight the BOCR by rating the top alternative for each

merit against the Strategic Criteria

8/21/18
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Rating the BOCR

— What is the highest valued alternative for Benefits?
will rank the Alternatives under Benefits.
Benefits row as to how it impacts the strategic criteria.

alternative...and so on.

— To determine what it is synthesize in the Benefits control subnet which
— Keep that highest alternative in mind and perform ratings across the
— Repeat across the Opportunities row for Opportunities’ highest valued

* For Costs and Risks the highest valued alternative will be the
worst one so you will be rating by asking the question “"How does
this worst alternative for Costs (Risks) impact the strategic criteria?”

1 Financial 1 Availabiity of experts |2 Flexdbility 3 Time-o-market |1 Media perception 2 Shatehol
0.447600 0107013 0.053507 0.256212 0.033917 0101751
Pensfits High possibility to reduce costs Immediatel) Hi Fast Moderately unsupportive
Wiﬂ High possibility to reduce costs Immediatel Hi Fast Moderately unsupportive
LCosts Somewhat unlikely to reduce costs Moderately Med Avetage Modesately supportive
Risks High possibility to reduce costs Imenediated Hi Fast Moderately unsupportive
|

@ SAHP 2018

__Final Step is to Combine the BOCR Using a

Formula

1.  Additive negative formula — generally best for long

term results: bB+0oO-cC-rR

Name Graphic Ideals |Normals| Raw

W ]
sppication development = 1.000000 | 0913603 (0211591
2 Outsoutce the desipn .
and programming phases

3Do not outsource any -
anpbcaton deveiopman |1 0.042864| 0.039161 [0.009070

0.051703)| 0047236 | 0.010940:

2. Multiplicative formula — equivalent to marginal
cost/benefit analysis and generally best for short
term results: BO/CR

Name Graphic Ideais Normals' Raw
m‘,&;‘;"ﬁ;“m.‘_\m 063364 [1.200028

2 Outsource the design
okmeamchispoodl] 0365321 | 0232433 (0440213

3 Do not outsource any
P N | 0207%0| 0132143 0250206

e — Tt oSt e DT
@ - Pof i dHamand
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This is the Additive (negative) formula as

the software expresses it

Edit Network Formula

| Piaate enter the fomula
| and defaul valuss for this network.
iNet{B, : ; + $Noemal etfCosts]{-3S mantal{Costs]] +
N ormalNetRisksIT-$SmanaltfRisks))
Formula
Beefts = [0
Detorits o % ’0___
Opportuntties = |0
Risks = IO
Save| Tes | Cancel|

Performing Sensitivity on the

BOCR Nodes

* Select the Additive (negative) formula using the
Design>Sensitivity command

* Select Computations>Sensitivity
* Select Edit>Independent Variable

* You need to select the correct Independent
Variable (to do sensitivity for the Risks, for

example, choose Risks)

* Click on the node “Priority: 1 Availability of ...”
to select it, then select Edit to get to the Edit
Parameter dialogue box. Change the Wrt Node
to Risks.

@ AHP 2018

8/21/18

51



Parameter Settings for Risks Sensitivity

* In the Edit Parameter dialogue box set the
Parameter Type to o for priorities and the
Network to o for the top-level network (it is
the bottom position as shown below — there
is no name on it) and seIect Benefits for the

® ® © Sensitivity input selector

riority: Benefits

New

Remove

Move Down

Update Done

End:

Steps:

@ AHP 2018

Done

Moveup

= -t Parameter Type:
Network:
Wrt Node:

Start:

riorities

Benefits
0.0001
0.98990000000
7

Cancel

Display the Sensitivity Graph

* Click the Done button then the
Update button to display the graph

shown be

* Asthe pri| .
above abq -

QW

ses
btion
=« wro Do

changesf’?*w~<ltu

The “w

variable is
shown at the

bottom \

respNet Outs( |

Expaoimants

@ CAHPY

0 utscuice law&.mdvdwmemm : E
m 0k OUCACR ANy Ok nvuawlm ok ok 1 |
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Investigate Sensitivity for the other nodes:

~ Benefits and Costs shown below

Prosty Beneats [65 oy, Toss fos

0
0s
6 i : — B 't
o/ o
02 / — 0 :
/ — N\
Jja 02 13° T 1+ s 07 08 09 10 N 0 02, 03 a4 05 06 07 0e 03 10
o o~ v«'\\'
e 2 \
! NS  ——
o1 a4 \.\"*7 - e ———
: o
a6 08
a8
Erpemerts Ceommar:
1 Outaouace o xbcslion devekprent w1 B 1 Dutiowrce ol sppicaton devebpaent w1 I e
2 Outscuace the dengn and progismmng phases 2| 2 Dutsaurce the design and progiamming phases 2
1| 300k outsource oy sppication developmert work 3 - 20 R €4 ——
NI | _31 | J

The Analytical Hierarchy Process (AHP)

“The AHP has revolutionized how we
resolve complex decision problems.”

2008 Informs Impact Prize to
Thomas L. Saaty

Steven Graves — Massachusetts Institute
of Technology Committee Chair

@ “AHP 208
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