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ABSTRACT

This paper proposes a prediction model structured by the Analytic Hierarchy Process (hereafter referred
to as AHP), using a quantitative method for project assessment. Comparing the past performance values
with the predicted values obtained by this proposed model has enabled to construct a model where the
average of relative error between the values falls within the range of one percent, and the standard
deviation ranges six to seven percent. Assuming that various factors correlate to reflect the project status,
this model may be considered practically applicable.
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1. Introduction

Quantitative evaluation of a project is very important to the stakeholders, and the project management
office (hereafter referred to as PMO) is required to predict the project future based on the evaluation
values, to identify the risks involved in the project, and to promptly take necessary actions. In other
words, not only evaluating the current project status but predicting the future is effective to determine
which actions PMO should take. The authors have developed the quantitative Project Assessment
Indicator (hereafter referred to as PAI), and, with this architecture, have established a quantitative project
assessment method applying AHP (Yamato, 2005) (Yamato, Nakamura, 2006). This paper describes a
prediction model for project assessment applying AHP, which is constructed based on the above
achievements (Saaty, 1980). This model is called the PMO Action Model, and its validity is verified in
this paper. A series of actions including project assessment, decision making to take actions for a project,
appealing to the stakeholders, and project prediction are called PMO actions.

Chapter 2 describes relationship between the structure of PAI and PMO action model, and shows the
overall picture of PMO action model. The PAI allocated marks, structures of PAI evaluation functions,
and the variations given to the PAI evaluation values by PMO actions are illustrated, and the components
of three variations are described.
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Chapter 3 describes the variation vectors of each category, which indicates the priority of categories so
that PMO actions should be preferentially taken on the categories with a lower degree of achievement.

Chapter 4 describes the levels of actions which PMO takes on a project, and defines the types of PMO
actions to be taken according to the state of category.

Chapter 5 describes decision making on PMO actions, and examines new allocated marks of categories as
the criteria for decision making based on the interdependence among categories.

Chapter 6 evaluates the precision of PMO action model. The relative errors between the predicted values
obtained by PMO action model and the performance values obtained by PAI evaluation are defined, and
the average value and the standard deviation are employed as the criteria of assessment.

Chapter 7 gives a conclusion of this paper.

2. PAI and PMO Action Model

PAI the authors has established in PMO activities since 2005 monitors the state of a project, and assesses
it for 15 categories classified into eight process categories and seven result categories. Table 1 lists the
categories and allocated marks to these categories (Yamato, 2005) (Yamato, Nakamura, 2006) .

Table 1. Allocated Marks of 15 Categories

Process Categories Allocated Marks | Result Categories Allocated Marks
Financial process 3 Financial result 17
Customers process 3 Customers result 7
Review process 2 Review result 8
Progress process 8 Progress result 12
Performance process 4 Performance result 6
Quality process 5 Quality result 5
Human Resource process 5 Human Resource result 5
Risk process 10
Allocated Marks of Process 40 Allocated Marks of Result 60
Categories in total Categories in total

Total Allocated Marks 100

A project is assessed by the PAI evaluation function described below, and the allocated marks listed in the
above table are used. Suppose that f(x) is the evaluation function for process categories x;, (i =1, 2,...,8),
and g(x) is the evaluation function for the result categories y;, (i = 1, 2,..., 7). The PAI evaluation
function for an entire project is:

h(z) = f(x) + g(y) = f(x1, X2,...Xs) + g(y1, y2.---¥7) (1)
X; 1=1=8
where z;, = .
Vig 9=1=15

In the following expressions, the PAI evaluation values are obtained when time has elapsed from the time
t to the time At. Suppose that the values of the process categories and result categories have changed by
Ax and Ay, respectively, the entire evaluation function is as follows according to the Taylor expansion
(Abramowitz; Stegun, 1970).



S. Yamato, J.Nakamura, T.Honma /| PMO Action Model Using AHP

h(z + Az) = f(x + Ax) + g(y + Ay)

8 7

=f(X)+26—fAXi+---+g(y)+26—gAyi+~- o
& ox, Z ay,

= h(z) + Ah(z) + ---

The variation Ah of the evaluation function h is approximated by the following expression:

8 7 s
of 0 oh
. Ah(z) = Z—Axi + 3 Ay =Y Paz, (3)
~ X, &~ dy, &~ 0z,

The above definition corresponds to the extension of three-dimensional convective derivative to the
multi-dimensional space.

Based on the above expression (3), the authors have formulated the following expression as a PMO action
model of the variation Ah for the PAI evaluation function which changes on a monthly basis (Yamato,
Nakamura, and Honma, 2008b).

15

Ah =y Q (;)(Sgn); w,Az] (4)
T

where,

(Sgn), : Variation direction of category i (decision making on PMO action)

Q. (w,) : Magnitude of variation ratio of category i in function h (action level)

Az} : Variation of category i per unit time

w; : Weight of non-achievement ratio of category i

z'=7 -z : Maximum variation of category i

The following paragraph explains what the above expression (4) means from the viewpoint of project
assessment.

The increment or decrement of the evaluation value in each category is represented by the three variables:
Sgn,Q, and ®. (Sgn) indicates decision making on whether or not PMO takes actions for project
improvement based on the PAI values of each category. Q;indicates the strength level of the action PMO
takes for a project. o is the weight of non-achievement ratio to the allocated marks of each category.
Therefore, the expression (4) is a modeling for PMO to observe the PAI values of a project, to take
necessary PMO actions such as consultation and advice to relevant categories, to bring about
improvement, and to predict the effect.
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The following figure shows the overall picture of PMO action model (Yamato, Nakamura, and Honma,
2008Db)

Interdependence Model

among Categories
(Chapter 5)
y

Action Decision of PMO
y

A

PMO Action (sgn)

Decision Calculation of
Predicted Variation
Allocated Marks (Chapter_5) s
for Categories m
I Ah = E Q; (w;)(Sgn); w,Az;
1
Current Monthly Weight Calculation i Action Level |
Evaluation Data »> of Categories Action Level Q,
Predicted
h (Chapter 4) re. ICA ¢
(Chapter 3) Variation
Weight of Category € Ah
Variation per unit time o, Az;"

(Chapter 2)

h+O h

(H)—

Predicted values of Next Monthly Performance

Figure 1. PMO Action Model

3. Variation Vectors of Each Category

In the following expressions, the weight of non-achievement ratio is obtained by each category. (Yamato,
Nakamura, and Honma, 2008b). After evaluating a project, if the non-achievement ratio of a target
category (= ((allocated marks of category — evaluation value) / allocated marks of category) x 100) is

high, some sort of PMO actions are required to take preferentially to improve the state of the category.
The concrete expression to obtain Ah(z) is:

)= 3 Pz, = 3 o a2) )

1

Where, suppose that the allocated mark of category i is z], the maximum variation of Az is

m

z" =z —z,, then Az is given as follows:

o 0 0 0\ Az" w,Az,"
o, 0 0[[Az," w,Az,"” (6)
SO | A
0 0 0 wflAz" WAz,

Az = ®AZ™ =
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However, assume that the non-achievement ratio of category i is Az;" /z; , the weight of the non-
achievement ratio of category i is defined as follows and the value ranges 0 < w; <1.

o, = (8a' /2] I(3 8T 1) ™

Consequently, o is a diagonal matrix of the weight of the non-achievement ratio.

The weight of Non-achievement ratio of Category i
w; = (Az]" /z;)/(E Az} /z})
O<w =<1 -

Non- achievement ratio of Category i  Az[" /z]

Allocated Marks of Category i Z 1+

1 1

Max Variation of Az,

m +

> Evaluation Value of Category i z

J
Figure 2. The weight of Non-achievement ratio of Category i m,

4. Action Levels

The maximum variation Az;" of the evaluation function of category i is as follows:
Ah(Az) =z -z, = Az

Thus, the maximum variation ration of the evaluation value 1 is obtained by the following expression:

lim Ah(Az")/ Az = oh
Azl =0 9z

=1 ®)

Suppose that the magnitude €2. of the variation of category evaluation function is given not exceeding 1,

and when the variation Az; is expressed by the change Aw; of the weight w;, the tiny variation is
dz, = Az"dw, .

Consequently, the magnitude of the variation of the evaluation function value is as follows:
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[ohoz,| = [a(h/ Az")/ 9| =|oh” /ooy | = @, <1 )
where h” = h/Az" is a normalized evaluation function, and Q, =‘8h* / 8(1)i‘ is called PMO action

level . (Yamato, Nakamura, and Honma, 2008b)

Since the magnitude Q. of the action level is given by the derivative of the weight of non-
achievement ratio of category 1, assume the cases as PMO actions where the derivative value w,

is an increasing function, constant function, or decreasing function. The respective action level
Q; is called level-increasing type, constant-level type, or level decreasing type.

Each type corresponds to what action PMO should take for a project; e.g., for a project with fewer non-
achievement categories, for a project with no relationship with the number of non-achievement
categories, or for a project with a greater number of non-achievement categories.

The weight ®. of non-achievement ratio of category 1 is divided into five:

w=0,0<w, =0.20,020<w, =0.40,0.40 <w, =0.60,0.60 <1.00 based on the actual PAI
evaluation.
For the magnitude €. of action level, the value corresponding to the division of the weight . of non-

achievement ratio of category i is set applying the AHP absolute evaluation method (Saaty, 1980)
(Yamato, Nakamura, and Honma, 2008a).

4.1 What action to take for a project with a fewer number of non-achievement categories

There are a fewer number of non-achievement categories, which means there are a greater number of full-
mark categories, and it may be judged that there are several categories with higher non-achievement ratio.
In this case, PMO should take actions of higher levels for the limited categories. Namely, the action levels
of increasing function type are effective. Taking this type of actions is appropriate for a project with
higher maturity, that is, taking actions of level increasing type shown Figure 3 is suitable.

Action Level

Qi

0.629 O—.
0.387 Oo—e

0.237 O—.
0.150 O ‘ We{ght ofNon-’
achievement ratio of
Category i W,
[
0 0.20 0.40 0.60 1.00

Figure 3. Level Increasing Type Action Level Qi

4.2 What action to take for a project with a greater number of non-achievement categories

When there are a greater number of non-achievement categories, it is considered that there are a greater
number of categories with a lower weight of non-achievement ratio. In such cases as these projects, PMO
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should take actions of higher levels for the categories of lower non-achievement level. Namely, the action
levels of decreasing function type should be employed. When taking this type of actions, it is assumed
that taking actions of level decreasing type shown in Figure 4 is appropriate.

Action Level
Qi
0.629 (OH—o@
0.387 O——e9
0.237 O—,
0.150 O—. Weight of Non-
achievement ratio of
Category i W
® gory | i
0 0.20 0.40 0.60 1.00

Figure 4. Level Decreasing Type Action Level Qi

4.3 What action to take for a project with no relationship with the number of non-achievement categories
When there are non-achievement categories, actions with constant action levels should be taken. It may
be considered that PMO implements the action level on their stance with little relation with the project
state. Figure 5 shows the constant-level type action level Qi (Qi = 0.629).

Action Level
Qi
0.629 C ®
0.387
0.237
0.150 Weight of Non-
achievement ratio of
Categoryi W;
0.000 @ g0y L
0 0.20 0.40 0.60 1.00

Figure 5 Constant-level Type Action Level Qi (Qi = 0.629)
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5. Decision Making on PMO Action

Categories are interdependent. The interdependence model among categories the authors have plotted is
as shown in Figure 6 (Yamato, Nakamura, and Honma, 2008b).

: Il process A ,
k process
4]t

@Q’
(o S

g A A s ¥y
process res \"
-
(¢
result pr 0
&@ .Progress
roces) \eult

Figure 6. Interdependence Model among Categories

Q)

The above figure indicates, for example, the evaluation of Customers result category is affected not only
by the evaluation of Customer process but by the evaluations of Progress process, performance process,
quality process, Human Resource process, and Risk process.

To clarify the interdependence among categories based on Figure 6, pairwise comparison is made among
the categories as shown in Table 2.

To precisely measure the degree of influence, the affected categories (those with arrows directed to) and
affecting categories (those with arrow directing outward) are compared in pairs. Since the Consistency
Index (C.1.) in each pairwise comparison is less than 0.1, it may be determined that the comparison is
made consistently (Saaty, 1980).
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Table 2. Pairwise Comparison Matrixes of Interdependence Relation

A, =3-136

0.068

A 1 =2-000 C.I. = 0.000

fel:ir:cml Financial Fmalnclal Progress Performan Quality Risk Progress result Progress Progress Human-R Risk process
S process result result ce result result process process result result
il I 1/5 1/2 12 | 12 | 2 e 1 1/2 3 3
Financil 5 1 3 3 2 2 Progress result 2 1 5 3
Progress 2 1/3 1 2 1 2 Human-R 13 1/5 1 12
P |2 1/3 12 1 12 3 Riskprocess | 1/3 13 2 1
ay 2 12 1 2 1 2 A, =4.065 ClL = 0.022
poess | 112 172 172 1/3 172 1 | i | cemoce | e | o
A,,=6.302 Cl1. = 0.060 Review process 1 12 13 12
?lomers Cus‘lovfers Cnfsmmers Prf\gress l?erfo‘rman Ql}a]ﬂ) Ilum‘an- R|slf 3 Peri:()li@ance 2 1 12 1
result process result result ce result result R result process process
o 1 12 12 12 12 3 3 Pertormance 3 2 1 1
:?e:illxt)mers 2 1 2 2 2 3 3 Quality process 2 1 1 1
e |2 12 1 1 12 | 1 1 A, =4.046 CI = 0.015
w2 12| 1 1 2 [ 3] 4 Quityresut | |G | oo | Qultyren
w2 172 2 2 1 4 3 Review process | ] 12 | 12 173
HumanR 13 13 1 1 1/4 1 1 Review result 2 1 2 172
s 1/3 1/3 1 1 1/3 1 1 Quality process 2 12 1 2
A, =T7-469 CIL = 0.078 Quality result 3 2 12 1
ot | pocen |ttt | reat A pra=4.242 CIL = 0.081
rocen 1 172 3 | s | et
ot 2 1 2 o+ 1 173
Mk |30 |12 1 Human R 3 1




Proceedings of the International Symposium on the Analytic Hierarchy Process 2009

From the above pairwise comparison matrixes, a dependence comparison matrix M as shown in Table 3 is
obtained (Saaty, 1980) (Yamato, Nakamura, and Honma ,2008b).

Table 3. Dependence Matrix M

Financial Customers  |Review Progress Performance | Quality :uman Risk Financial Customers  |Review Progress Performance | Quality :uman
Process process process process process process D;S:el:sce 15K PIOCESS | esult result result result result result I:Si‘]):me

Financial
Process 1.000 0.091
Customers
process 1.000 0.120
Review
process 1.000 0.350 0.124 | 0.149
Progress
process 1.000 0.298
Performance
process 1.000 0.234

i
ualty 1.000 0278 | 0335
process
Human
Resource 1.000 0.250
process
Risk process 1.000 0.086 0.066 0.143
Financial
result 0.350
Customers
result 0.250
Review
result 0.478
Progress
result 0.169 0.120 0.473

rfc

- 0.136 | 0.197 0.365
result
Quality
result 0.169 0.180 0.314
Human
Resource 0.067 | 0.172 | 0.087 0.750
result

Using the dependence matrix M indicating the dependency among categories and the weight W, the
revised weight R (= MW), which is the true weight, is calculated as shown in Table 4.

Table 4 indicates that the weight should be increased if Ri - Wi > 0, and should be decreased if Ri - Wi <
0. Through the examination of the dependency, it has been found out that more marks should be allocated
for the process categories, and fewer marks should be allocated to the result categories. Conventional
allocation of marks was 40% for process categories and 60% for result categories, however, considering
the dependency among categories, it has been found out that the desirable allocation of marks is reverse;
60% for process categories and 40% for result categories (Yamato, Nakamura, and Honma, 2008a)
(Yamato, Nakamura, and Honma, 2008b).

10
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Table 4. Gap between Revised Value and Weight of Categories

. (R-W)/W New oud
Weight : W Wl:iegvl:ie:dR R-W ) Marke o] Marks
X100 (%) ! Z

Financial process 0.0267 0.0409 0.0141 52.9 4 3
Customers process 0.0267 0.0345 0.0078 29.2 3 3
Review process 0.0267 0.0663 0.0395 148.0 7 2
Progress process 0.0762 0.1149 0.0387 50.8 11 8
Performance 0.0267 0.0411 0.0144 53.7 4 4
process

Quality process 0.0566 0.0942 0.0377 66.6 9 5
Human-R process 0.0566 0.0719 0.0154 27.2 7 5
Risk process 0.1038 0.1399 0.0362 34.9 14 10
Financial result 0.1557 0.0545 -0.1012 -65.0 5 17
Customers result 0.0650 0.0163 -0.0487 -75.0 2 7
Review result 0.0650 0.0434 -0.0215 -33.2 4 8
Progress result 0.1300 0.0956 -0.0345 -26.5 10 12
Performance result 0.0614 0.0564 -0.0051 -8.3 6 6
Quality result 0.0614 0.0572 -0.0042 -6.8 6 5
Human- R result 0.0614 0.0729 0.0114 18.6 7 5
Process total 0.3999 0.6037 0.2037 50.9 60 40
Result total 0.6000 0.3963 -0.2037 -34.0 40 60

Assume h"™"(z™™") as the evaluation function of allocated marks between the process categories and

result categories considering the interdependence among categories. The difference between the new
mark (new allocated mark) and the actual value of the evaluation function (performance value) is
obtained by the following expression.

Ahnew (Z) = hl’leW (Z+neW) _ h(Z) (10)

Assume o as the threshold value, and the following is inferred.

When the difference (deviation value) between the performance value and new mark is greater than a,
take strong actions. In other words, if the deviation value is significantly different from the desirable
value, taking greater actions for improvement contributes to the improvement of the PAI evaluation in the
relevant category.

When the deviation value is within the range of a, take ordinary actions instead of special actions. That is,
the actions taken in this case are for general improvement, and they do not contribute to the improvement
of the PAI evaluation in the relevant category.

When the deviation value is less than —a, excessive evaluation is assumed and PMO does not take any
actions. In such a case, the PAI evaluation in the relevant category will deteriorate.

The above are summarized as follows:

(1) If A >, (Sgn), = +1

@) If ‘Ah;‘ew <a, (Sgn). =0 (11)
(3) If Ah{™ < -a, (Sgn), = -1

In the above expressions (11), the Sgn function indicates that PMO judges the state of a project and
whether or not they determine to take some actions by categories for stakeholders.

11
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6. Prediction Precision of Action Model and Trial
According to the PMO action model proposed by the authors, the relative error € between the prediction
value of the next month and the performance value of the month is defined by the following expression

(12),
Relative error € = {(Prediction value — Performance value) / Performance value} x 100 (12)

Using the average value p of the above relative error ¢ and the standard deviation o, the prediction
precision criteria of the PMO action model are defined as follows:

(1) The more the average value approximates to zero, the higher the precision is evaluated.
(2) The less the standard deviation is, the higher the precision is evaluated since there is little deviation
between prediction vale and performance value of each month.

Figure 7 shows the PAI evaluation performance values of 14 projects for the period from April 2006
through March 2007 (Yamato, 2005) (Yamato, Nakamura, 2006).
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Figure 7. PAI Evaluation Performance Value Graph (April 2006 — March 2007)
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To evaluate the precision of PMO action model, three types of action level functions are transformed into
seven cases, and the threshold value o is interchanged three times for each function. Table 5 lists the
result of calculating the relative errors between prediction values of the PMO action model and PAI
performance values (Kiefer,1977).

Table 5. Relative Errors between Prediction Values by Proposed Model and PAI Performance Values

Tdh\r,ZTSé’l Standard 68% Confidence| 95% Confidence

Type of Action of Average deviatio Interval Interval
Level Function | action H n 4 Lower | Upper | Lower | Upper

n limit limit limit limit

| N=3 | 079 | 653 | 733 | 574 | -13.86| 12.28
Level '{‘;;ejs'”g Nn-2 | -0.72 | 657 | -7.29 | 585 | -13.86| 12.42
Nn-1 | -0.81 | 659 | -7.40 | 578 | -13.99] 12.37
| n=3 | -081 | 6.44 | -7.24 | 5.63 | -13.68] 12.07
_Jootn=2 | -0.81 | 6.44 | -7.24 | 5.63 | -13.68] 12.07
N-1 | 081 | 6.44 | -7.24 | 563 | -13.68| 12.07
| n=3 | 072 | 6.47 | -7.19 | 5.79 | -13.66| 12.22
_o{n=2 | -065| 648 | 7.13 | 583 | -13.61] 12.30
N-1 | 063 | 648 | 7.11 | 584 | -13.58] 12.32
Level " | n=3 | 067 | 653 | -7.19 | 5.86 | -13.72] 12.39
Constant |_ol =2 | -0.56 | 6.55 | -7.12 | 5.99 | -13.67| 12.54
Type Nn=1 | -0.53 | 6.57 | -7.11 | 6.04 | -13.68| 12.62
" | n=3 | 058 | 6.69 | 727 | 6.11 | -13.96] 12.80
_dagln=2 | 041 | 677 | 718 | 6.36 | -13.94] 13.12
N-1 | -036 | 6.87 | -7.22 | 651 | -14.09] 13.37
| n=3 | 044 | 711 | -7.54 | 6.67 | -14.65| 13.77
oo N=2 | 016 | 7.31 | -7.47 | 7.15 | -14.78] 14.46
Nn-1 | -0.08 | 7.61 | -7.69 | 7.54 | -15.31] 15.15
~ | n=3 | 047 | 679 | -7.26 | 6.31 | -14.04]| 13.10
Level E%%fas'”g N-2 | -025 | 6.86 | -7.12 | 6.61 | -13.98] 13.47
N=1 | 004 | 7.03 | 707 | 699 | -14.1 | 14.03

13
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For example, a graph of relative errors (level increasing type Q;and threshold value o = 1.0 ) is given in

the following Figure 8.
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Figure 8. Relative Errors between Prediction Values by Proposed Model and PAI Performance Values
(level increasing type Q; and threshold value oo =1.0)

According to the statistical theory, it is known that, when the number of sampling data exceeds 30, no
great difference is observed if sample variance is assumed to be the variance of parent population. The
data used for plotting the above graph are those of 14 projects for 113 sampling times for the period of 12
months in each case. Therefore, it can be said that the standard deviation of sampling data may be used as
is for the standard deviation of the parent population (Sheldon, 2004).

The evaluation is made according to the prediction precision criteria of the proposed PMO action model.

(1) Threshold value and precision of model

When the threshold value is 1, the average value p of the relative error, which is the evaluation index of
this proposed model, tends to become lower. If only a little deviation between a new allocated mark and
performance value, the prediction value of a model to which actions are taken reflects well the
performance value. This agrees with the attitude to take actions and to improve a project if only a little
deviation is found between the desirable value and performance value. Meanwhile, the lower the
threshold value becomes, the greater the standard deviation o of the relative error becomes, which means
that the variance of the relative errors between prediction values and performance values becomes greater.

(2) Action level functions and precision of model

In the cases of the level-decreasing type action level Q; and level-constant type (Q; = 0.629), the similar
tendency is found, where the average value p of the relative errors become lower. In the cases of the
level-increasing type action level Q; and level-constant type (Q; = 0.0000), the similar tendency is also
found, where the standard deviation ¢ of the relative errors become lower. As shown in Figure 7, the
projects subject to investigation are divided into two groups: those having the PAI performance value of

14



S. Yamato, J.Nakamura, T.Honma /| PMO Action Model Using AHP

85 or more, and those having the PAI performance value of 50 or lower. The level-decreasing type seems
to suit for the model of relatively high group, and the level-increasing type seems to suit for the model of
relatively low group. The level-constant type may be regarded as an intermediate model between the
above models.

7. Conclusion

This paper has revealed the possibility to construct a prediction model for the state of a project, where the
average of the relative error between the prediction value of the next month and the performance value of
the month is 1% or fewer and the standard deviation is six to seven percent.

To apply this model in practical use, it must be taken in to consideration that various factors affect the
state of a project; however, the authors believe that this proposed model is sufficiently applicable.

By incorporating a mechanism enabling to choose a model type according to the maturity of a target
project, it is expected that the applicability and precision will be dramatically higher in the future.
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