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A B S"T RAe T 

One of the most important variant of the well-known 

Vehicle Routing Problem is Inventory Routing Problem. We 

are concerned with the stothastic aspects of this problem. 

Though a closed form for the stock9ut probability expression 

is not available for even simplest form of demand 

dis t rib uti a n s ~ pro b 1 e mi s . t r i e d. t a be solved by"u sin g a 

s imp 1 i fie d a p pro x i mat e d . ex p re s s i p·n. Wet est the val i d i t Y 

and reliability of the expressi6n with simulation methods~ 
then we deal with.the caus~s. of.the error resulting from the 

approximation. Finally by regression methods we estimate a 

multiplier which minimizes our ernor. 
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o Z E T 

TaS1t Yol Atama probleminin en onemli kollar1ndan biri 

SaY1~cal1 Yol Atama Problemidir. Bu cal1smada problemin 

rassal yonUyle ilgilenilmistir. En yal1n istem dag1l1mlar1 

icin bile stok kopma olasll1g1n1n kapal1 tan1ml olmad1g1ndan 

problem bir yaklaSlklama tanlm1 kullanllarak cozUlmeye call­

sll~lstlr. Benzetim yontemiyle bu tanlmln gecerlili"k ve 

gUvenilirli§i slnanllm1S, yaklaSlklamadan kaynaklanan yanll-

91n1n nedenleriyle ilgilenilmistir. Sonunda, yanllglYl enkU­

cUk1eyen bir katsaYl regresyon yontemi yard1mlyla kestirilmis­

tiro 
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I. INTRODUCTION 

Inventory Routing Problem is an important 'variant of 

the well-known Vehicle Routing Problem, where additional 

consideration is given to vehicle time constraints as well 

as to inventory fluctuations and stockouts. 

There are N demand nodes and a s'ingle supply node. The 

storage capacity SCi is given for all demand nodes i = 1, .. .,N. 

The daily requirements ~~ of demand node i in day q are 

independent and identically distributed random variables 
, i 

known expected valu~s Ri = E[~q] and variances O'i = 
for all i = 1, .•• ,N. 

with 
i 

Va r [~q] 

Let the planning horizon be Q del'ivery periods~ and let 

I. be the amount of goods left in inv~nto~y from day q to , , q 
day q+l at node i, for q = 0,1,. •• , Q-l. Assume that·deliveries 

to demand nodes replenish inventories up to their capacities 

and that deliveries made to node i in day q may be used to 

meet requirements of day q. Then, I. is a random variable , ,q 
dependent not only on daily demands, but al~o on the date of 

last"delivery, which we call ti~ Since last deliverj -must 

: .. : ~ ... : .-

". " ... 
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have occured before the start of the planning horizons, t. 
1 

must be less than zero. 

A stockout is said to occur on day q if the amount of 

goods available at node i on day q is not enough to satisfy 
i daily requirement ~q' A stockout implies certain penalties 

and an immediate emergency shipment to replenish the inventory 
.,\11. 

up to its capacity. 

Suppose the decision policy is to make deliveries to 

node i on day q df the planning horizon. Then· a stockout 

may occur on days 1,2, ... ,q-l and only if the event: 

q-l i 
{ L ~r > SC.} 

r=ti 1 
occurs: 

Furthermode the way parameter t. is defined implies 
1 

that event: 

a . 
1 

{L ~ r .:: SCi} has 0 c cur e d. at her wi s e, . the log i c 0 f the 
rat; 

model would imply an emer~~ncy ~hipment to n6de i at same 

time t (t.,a). However, that contradicts the assumption that 
1 

t. is the date of last replenishment to node~. Then stockout 
1 

probabil i ty is: 

q-l i a i 
P. = P { L ~ > SC. I L ~r < SC. } ( 1 ) lq r=t. r 1 r=t. - 1 

1 1 

There are .two types of costs in the system: 

a) Operating Costs: These are the cost associated with making 

deliveries to demand nodes. 

b) Stockout Costs: These are the costs associated with not 

making deliveries to demand nodes. A stock cost is- incurred 

if a stockout occurs .anytime during the planning horizon. 



The objective is to minimize total stockout and 

costs of all nodes over a fixed planning horizon of Q 
periods (days), while satisfying routi'ng constraints. 

also be assumed that the date of the last delivery to 

t., is known for all nodes i = 1, .•• ,N. , 

3 

delivery 

delivery 

It wi 11 

node i, 

In this research we will analyze the stochastic aspect 

of the problem, especially the stOG.k.out pr~babi1ities that 

were mentioned. 

Unfortunately, a closed form or simple and accurate 

approximations for the probability expres~ion in (1) is not 

available for most probability distributions for tie . " r 

On the other hand, if we compute expected stock level 
.., 

at the beginning of the planning horizon, e .. 
, " 

e. = E [I. / 
, 1 ,0 

where I. = SC. 

o i 
~ t < SC·1· 

r:ti r 1 

o i 
~ t , ,0 1 r=ti r 

. I 
(2 )' 

and redefine the probability of a stockout at node i befcire 

day q as; 

p. ,q 
p{ q~l t"i = L ~ >e.} 

r= 1 r , 

~~(b) = p{ ~ t
i 

< b} 
, r= 1 r 

Then it leads to 



..... 

4 

1 SC·-l 1 0 i 
= SC. -[ ] [ E P{U < E f; < SC.}] 

1 o . r -. 1 U=o r=ti 
p{ E f; 

1 
< SC.} 

r:ti r- 1 

1 SCi-l 
(SC.) cp -t i (SC.) - ECP~-ti{u) 

1 1 u-O 1 
= sc. 

1 

SCi -1 
E CP~-ti (u) 

u=o 1 
e. = 

1 

CP~-ti (SC.) 
1 1 

CP~-ti (SC.) 
1 1 

which"means that e. can easily be estimated in terms of R., 
1 1 

(J., t. and se .• 
1 1 1 

"Furthermore; 

P. = 1 - $~-l(e.) which can also be estimated in terms of 
1 q 1 1 

Examples: 

1. i) R. = 2 
1 

17 
E " 

" "u=O 
e. = 

R., (J., q and e .. 
111 

(si normally distributed) 
r 

d~ = 2 t. - -5 -1 1 

cP~ 
1 

(u) 

: 7 p. 
1 1 

CP~(18) 

1. i i) R. 
1 = 

23 
E 

u:O 

2 (J~ = 2 t.: -5 
1 1 

cP~ (u) 
1 

q = 5 SC. = 18 
: 1 

cP~ : 1 - (7) = .9099 
1 

q = 5 SC. = 24 
1 

" " e. - ------ = 13 
: 1 

;:cP ~ (24) 

Pi = 1 - CP~ (13) : .0901 

1 

~ ,> •• 

~ 
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Unfortunately, P. estimation (from now on we will call 
lq 

it table estimation) may lead us to ~rong conclus~ons especially 

in low stockout probability regions. The following figure 

shows us the relation between the real and table probabilities. 

Stockout probability 

1 

Figure 1.1 

Preal 

Piq 

SC 

Constant R
1
., 0., t., q. values 

111 

As it is seen from Figure 1.1 overestimation occurs at 

high stockout probability regions and underestimation occurs 

at low stockout probability regions. Fixing random variable 

I. into one specific point (e.) results in such errors. 
1 ,0 . . 1 

Figures 1.2a and 1.2b shows how overestimation and 

underestimation occurs. 
,-

We want to find the stockout probability (P. ) for known 
·lq 

values i and q at time ze~o. We don't have any.information 

about our stock level at· time zero, we only know the 
• • ... -4 _ 

replenismenttime (t i ), and that. any stockout has not 

occured till that time. I. is a random variable which shows 
1 ,0 

us the stock level of node i at the end of time zero. 

o 
1. = SC. - E ~ i > 0 
1,0 1 r=ti r 

," '." .' 
; t,' 
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Underestimation: 

Suppose the relation between random variable ~~ , 

r = 1 , ••• ,q and e i are such that P{ i ~~ > e.} ~ 0 
r=l 1 

whereas P{ i ~~ > I. } > 0 for at least some possible 
r= 1 1 ,0 

outcomes I. of random variable I. . Then the real stockout 
1,0 1 ,0 

p'tobabil.ity will be larger than the table estimator. 

that random ,~- - - __ _ 
Possible values ~ e; 

. ,-~~--
vanable' Ii,o "" 
can take ~__ " 

" ---::... " ~,------" "' ....... 
" " " .... , , 

.... , ' 

Figure 1.2a 

Overestimation: 

Suppose the relation between random 

j = l, ... ,q and e i are such that P{ t 

Distr~bution of Ii q 
assumlng ei ' 
initial inventory 
(notice that probability 
of a stockout is zero) 

Distr~but~on of Ii,q 
assumlng Ii 0 initial . , 
lnventory 
(notice that probability of 
a stockout is strictly 
positive) 

variable~ .. 
1 ,J 

i 
~ > e.} 'V 1. r 1 

Whereas 
q 

P{ l: 
_ r= 1 

r:l 
~i > 1. } <1 for at least some possible 

r 1 ,0 

1. f 1,0 0 
outcomes random variable I. . Then the real stockout 

1 ,0 

probability will be smaller than the table estimator. 



Possible values 
that random variable 
Ii,o can take 

Figure 1.2b 

........... " 
...... ' ...... 

7 

Distribution of I iq 
assuming Y. initlal , 0 . 
inventory , 
(Notice the probability 
of a stockout is strictly 
1 ess than 1) 

Distribution of Ii 
assuming ei initiatqinventory 
(Notice that probability 
of a stockout is equal 
to one) 

We try to rearrange the stockout probability by the 

help of relationships between our var.i.ables.(t i , qi' 

~and SCi) and error deviation. We will analyze'these 

relationships at the following chapters. 

R., cr., 
1 1 
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II. PROBLEM DEFINITION •• \00 

2.1 Statement of the Problem and Variance Approach 

In the previous section, we saw that, it is possible 

to estimate the stockout probability but the approximated 

estimation led us to overestimation or underestimation 

depending on values of parameters. We firstly deal.·with the 

err 0 r per c e n tag e 0 f the est i mat ion. By a s i m u 1 at i '0 n mod e 1 ,we 

check if the magnitude of the error is negligible .. Resu1~s of 

the simulation shows us that, especially for low stoc~out 
~ :. 

probabilities and high ti values the error percent-age',is 'not 

negligible. We will explain the simulation model we use, in 

the next chapter. Appendix 1 includes the results of thi~ 

simulation study. 

In this chapter first we try to solve the problem only 
....... 

by dealing with periodic variances. 
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Variance Approach 

We briefly mentioned the causes df the error in the 

introduction part. Now we shall look at our problem from a 

different point ow view (Variance Approach). Let us examine 

the structu~~of 2 normal distributions which have the same 

mean but different variances. 

f(x} 

Figure 2.1 
R· 1 

x 

------ 1st curve 

cr~ > cr~ 
1 

2nd curve 

Xl 
Assume F(x) ·the cumulative of f(x). Then F(X l ) = f f(x)dx. 

_00 

Plotting (l-F(x}) versus x we get the following figure for 

both distributions. 

. l-F(x} 

F-=-=-==-=-........ =-_ 
. ...... ..... , 

'\ 
\ 

I 
\ 
\ , 
" ' ... 

Figure 2.2 

1st curve 
------ 2nd curve 

.. x 
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The behavior of the 2nd curv~ with respect to the 1st 

one looks like the behavior of the table probability with 

respect to the real probability. So we can say that using 

table, affect our results in the direction of reducing the 

variance. 

In our study we will 

distributed with expected 
. " 

O'~ =Var[~~ for all nodes" i 
1 . 

first assume that demand is normally 

v"alues R. : E[~il and variances 
1 

= 1, ••• ,N. We will assume that 

planning horizon starti at time t = 0 and that the date of 

last replenishment date "of node i, the following statement is 

true for all nodes i = 1, .•• ,n { 0 i SC} 
L ~ < . • 

r= ti r 1 
We will call the time interval "[t,D) the first period and 

O,q-l the second period. 

If we use notations x and y for the demand distributions 

of first period [to ,0] and second period [1, q-1J respectively 
1 

we will see that (0'2 = 0'2 + O' 2 ) variance of the demand x+y x . y 
over the whole period t., q-l is equal to the sum of the 

" 1 

variances of the first and second periods. 

f(x} 

__________ ~~ __ --~SC 

"Figure 2.3 

f(x} shows the demand 

distribution of first period 



1 1 

of(y) 

fey) shows the demand 

distribution of second period 

----------~~------~=-SC 
'0 

Figure 2 A 

E(x) < (t. + 1) R. E(y) = (q. - 1) R. 
- 1 1 1 1 

(12(X) > 0 (12(y) = (q. 1 ) (12 
1 

(12 0= (1~x) x+y . + (12(y) because 

o~ 0 p (xy) = :p (x) . P (y ) 
° i 

(x ~ndo yare independent variables) 

Instead ~f ~(x), using the expected value of x, which 

is equal to a constant (SC. - ei) decreases the whole period 
° 1 

variance. 
0; 

F(x' ) 

1 

SCi-ei 
Figure 2.5 

(12(X') = (1~consta~t) = (1~SC - e.) =0 
1 

\ 

x' 

" '., 
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f(y') 

.h----------------~------------~ 
yl 

Figure 2.6 

(q. - 1) 0
2 

1 . 

where 0 2 
Xl = 0 

and 0 2 
yl = 0 2 

Y 

then 

because 

So 

Relation between table and real values does not possess 

the 'characteristics of the relation between two normal curves 

with same means and different variances. First we take two 

normal curves with same ~eans and different ~ariances.We 

can easily say that both of them are symmetric .and therefore 

the difference of the two symmetric curves around mean is 
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also symmetric. The difference of the two symmetric cu~ves 

around ~ean will be symmetric (Figure 2.2). Then we take our 

real distribution curve, which ·is the summation of the 

conditional first part with the normally distributed second 

pa rt. - Condi ti ona 1 fi rs t pa rt is non-symmetri c bu t norma 11 y 

distributed second part is sym~etric. Summation of one 

symmetric and one non-symmetric distribution will give u*a 

non-symmetric distribution. S~ our real values graphs a 

- non-symmetric curve. But when we look at our table values we 

see that they·are normally distributed with E(x~y) = E(x) ~ E(j) 

and cr2 = a2 in other words it is a symmetric curve. Then 
x~y y _ 

the -difference of the non-symmetric real values and symmetric _ 

table values around mean will also be non-symmetric. The 

difference of the symmetric and non-symmetric curves will be 

non-symmetric (Figure 1.2a). 

The practical conclusion is that; using table values 

will be underestimating the real variance, unfortunately, we 

can not solve the problem only by increasing the variance. 

Increasing the variance. will change its shape symmetrically 

but symmetric changes won't yield acceptable solution to our 

problem. 

2.2 Elimination of Parameters 

So far we deal with 5 parameters t., q., a~, R. 
111 1 

. From now on we will use PERl. instead of t .. 1' PER2. 
1 1 + 1 

and se .. 
1 

instead 

of q. 1. PERl. defines the number of days of the planning 
1 - 1 

horizon which we are trying to find the st~ckout ~robabi1ity. 

Dividing the other three terms (ai' Ri' SCi) by Ri we g~t 

cr~2 = -cr~/R~ , R~ = R./R. =,1 and SC~ = SC./R. and this 
1.11 1 11 111 

helps us to eliminate R. parameter from our analysis. 
1 
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.We know that probability of stockout for given n days 

at a given SCi is equal to 1 .. F(Z),.w~ere Z can be found from 

the following equation. 

Z = 

Ther'efore 

x .. E(X) 
a x 

x .. n R. 
1 Z = -----.-.;.-

am 

E(X) = n R. 
1 

a = rna x 

X R.(-R .. n) 
1 • 

1 = ------~------
R. (rna) 

1 R. 
1 

.. n X 
R. 

1 
=-~---

am 
.R. 

. 1 

This is equivalent to using random variable Y to measure 

demand in units of expected daily demand for given n days. 

X. E [X.] 
. Y. 1 

E [Y .] 
1 

= -- = = n 
1 R. 1 R. 

1 1 

a [X.] rna 
a I Y • I 1 

= R. = R. 1 
1 1 

By the help of this ,analyses we eliminate the v~riab1e Ri , 

and assume that daily demand for each day is distributed" 

normally for each node with a mean 1. 

2.3 P1P2T 

Now we define a new parameter P1P2T which will be used 

to measure the error percentage. 

'. :". ," 

= [ P1 .. PRT ± 
P1P2T 

P1 ± € 

€ ] 
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P1 is the real probability and PRT is the -table approximation 

probability. 

1 

a 

d 

In the light of the previous figure (Figure 1.1) 

Probability of stockout 

\ 
\ , , , -

-----------------------~--........ 

Pl 
PRT 

sc 

we will get the following scheme 

Pl P2T 

1 
I 
I 
I 
I 
I 
I 
I 

b ---I- -_-­
I 
I 
I 

o d a c 1 Pl 

Figure 2.7 

= [ Pl - PRT ± E ] P1P2T 
Pl ± E 

" :'. 

where e is a very small number: 
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We can divide Figure 2.7 into 3 regions. 

1 ) 0 < Pl < d 

When Pl is equal to zero, PRT must be zero also. PRT value 

starts to increase after Pl reaches a considerable value. So 

when PRT is equal to zero, then 1 
P ± I:: 

Pl P2T = [Pl ± 1::1 = 1 
.,~. 

PRT=O 

2) d < Pl < a 

When PRT value starts to increase, pip2T value decreases, 

the reasons for this decrease are: i. Since PRT value increases 

faster than Pl valu~.{Pl - ~RT} value decreases. (PRT curve 

has a smaller variance than Pl. curve.) This decreases the 

numerator part of P1P2T~ 

ii. Pl value increas~· and this increases the denomanator part. 

Increase in denomi~atortog~ther with decrease in the 

numerator continues to the! point where Pl curve intercepts 

with the PRT curve. This is the point where Pl equals to Ila" 

and P1P2T equals to·ie~o 

P1P2T _ [ Pl - Pl ± 1::'] _ 0 
- Pl ± I:: -

PRT + Pl 

3} a < Pl < 1 

After this interception point P1P2T curve shows the 

characteristics of 2nd degree polynomial. First, it increases 

and after reaching maximum point (let us defi"ne co'ordinates 

of th~s point by Pl = c and P1P2T = b) it begins to decrease 

u n til P 1 = 1 w her e P 1 P 2 T r·e a c h e s to va 1 u e z e r 0 • 



17 

Pl P2T = [ Pl - 1 ± E] ~ 0 
Pl ± £ 

Note: PRT curve reaches one 

before Pl curve. 

We can see from Figure 2.7 that especially for small 

stockout probability values the error percentage is very high. 

Increase in PERl value will have a direct effect on the 

variance of our Pl curve '&nd thi~. will increase the difference 

between our curves, in other words an increase of error will 

be observed. These statements are correct when PER2 is 

constant. Increase in PER2 will" lead to variance i~creases 

for both curves and probably this will decrease the difference 

between them. As we can conclud~" from here PER1/PER2 value is 

more effective on the system as compared ·to PERl and PER2 

values individually. 

Error percentage will inci~ase if we 
PER"l " " 

value. We can also say that PER2 value"is 
" I 

important factors of P1P2T function. " 

increase PERl 
PER2 

one of the most 

Variance of daily demand )~1mportant for our system. 

Comparing extreme cases for varia~ce will show us;the effect 
", 

of variance on the P1P2T curve~ If daily demand variance is 

very small, then 1st part,variance is equal to a "very small 

number also, ~nd this means that Pl curve has a v~ry small 

variance like PRT curve. (The difference between two small ,.. 
varianced curves (Pl and PRT) is very small so P1P2T'~ 0.)' 

But if we increase the daily demand variance P1P2T value 

increases or in another words P1P2T curve shifts upwards 

(increasing error). 

Variance is an effective factor of our P1P2T curve, but 

it"is more meaningful to take PER1/cr2 as a factor as a factor 
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and not 0
2 by itself. Because instead.of dealing with effect 

of variables alone it is more realistic' to analyze the effect 

of ratios. So we take PER1/02 as one of-our parameters. When 

we think of the effect of this ratio, it will be observed 

that increasing this ratio will decrease our P1P2T value. 

Taking PERl ~onstant and decreasing variance; or taking variance 

constant and increasing PERl value forces our (l-F(x» curve 

to have a narrower shape. 

PERl = a 

daily if = b 

Period 
std. dev. • lab 

Figure 2.Ba 

x - a 

lab 

PERl = a 
dailycr2 

Period Period 1 
std .. dev. = Ii< lab std. dev. = 

Figure 2.Bb 

x - a 

Figure 2.Bc 

kX - ka Z3 ------
Ii< lab 

Ii< (X - a) 

- lab 

Z2 and Z3 values are greater than ZI' and since Zi value 

(i = l, ••• ,n) is the only factor which determ.ines-theshape 

oft h e cur v e (F i g u r e lOa, b , c) (i ncr e a s e i·n Z. m a k est h e (1 - F ( x ) ) 
1 

. curve narrower) or P1P2T ~urve (Scheme 9) will shift downwards. 
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A question may come to our mind such that eventhou~h we 

increase PERl value how does the curve ~(1 - F(x), Figure 1) 

becomes narrower. Since we know that increase in PERl will 

lead us to an increase at the variance of 1st part of the 

curve. We can easily answer that we are not dealing with PERl 

value only by itself but we are concerned with the PER1/o 2 

ratio effect. PERl increase will lead us to an increase in 

P1P2T value but we take it into consideration by making one 

of the vari~bles equal to :~:~ value. Effect of the increase 

in PERl value can be shown at this part of the equation. 

We will ~ow define the most important parameter Ell 

which shows us the percentage expected stockout. Equation for 

that is: 

Ell = PER2 - EI 
EI 

If we subtract the expected inventory at the beginning of 

period 2 from expected demand over period 2, we will get an 

expected negative. inventory at the end of the period. 

q-.1 
L 

r=l 
E;.. ) - E I 

r 

= PER2 - EI 

Expected negative 
inventory at the end 
of period 

EI = Expected inventory at 
the beginning of. period 

If negative inventory value is greater than zero, we expect 

a stockout over that period·with a probability approximately 

greater than %50, and otherwise we expect a probability 

approximately less than %50. 
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So increase in negative inven~ory comes together with an­

increase in stockout probability. Oi~ision of 1-, by the 
q 

EI gives us t~e 'expected negative 
I 

inventory percentage. ' 

E II = --.;9,,---
EI 

and this ratio is more meaningful than 

I when we deal to find a variable in 
q 

order to express the characteristics of P1P2T curve. 

Example 2: let uscomp~re 2 situations: 

2.i) Ell = 3 

PER2} = 

2.;; ) E12 = 
PER2 2 

4 

103 

= 104 

4 - 3 = ---= 3 

104 - 103 
103 

1 
3 

1 = --=--::-::--103 

If £11 is positive," although I-'s are equal, first 
q 

point'will tell us a very high stockout probability when it 

is ~ompared with the second one. Second one (if denominator 

is v~ry large) will give us nearly %50 probability. 

If Ell < 0, second point will give us higher stockout 

probability than the first one. We can think Ell as Z value 

in normality table and EI as 0 2 value. Increasing EI is 

similar to increasing variance. 

What we have said for I is true also for an increase q. 
in stockout probability. 

P1P2T 

b 

_00 

I 
I 
I 

-.;:.-1-­
I , 
I 

I 
.d a c 

Figure 2.9 
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P1P2T = [ Pl - PRT ± E ] 

Pl ± E 

There'exists'4 regions. 

Ell = PER2- EI , 
EI 

i) When Ell is between - 00 and Itd lt value PRT equals zero. 

-co < PER2 - EI 
EI < d Pl P2T _ [ Pl - 0 ± E J :: l' 

PRT = 0 Pl ± E , 

ii) When Ell is between d and a P1P2T shows a decreasing 

characteristic~ 

d< PER2 - EI 
EI < a aP1P2T 

dElI < 0 

When' ElI is equal to Ita ll
, P1P2T equals to zero 

(Pl equals to PRT at that point)b 

, 21 

, . i Ell = a Pl ... PRT , Pl P2T = [ Pl - 1 Pl ± E 1 = 0 
PRT +, Pl P ± E 

.'ii-'ifWhen Ell is between Ita lt and lIe" P1P2T shows the 

characterist{cs of second degree polynomial. 

PER2 -, El aP1P2T 
> 0 a < EI < c aEII -

, , 

PER2 - EI aP1P2T o and al~o. P1P2T" = = c aElI = EI 

PER2 - EI aP1P2T 
< 0 c < EI < e aEII, 

:'.; . 
" ' " 

'b 
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iv) When Ell is greater or equal to e, P1P2T is equal to zero. 

PER2 - EI (lP1P2T [ 1- - 1 ± e: ] 
EI ~ e (lEII :: 0- P1P2T = 1 P2 + 1 ± e: ~' 

PRT + 1 

P1DP2T 

Now we defineP1DP2T which is an other form of function 

P1P2T. 

P1DP2T = Pl ± e: 
PRT ± e: 

PRT 

{ 

1 - Pl ± e: 
P1P2T = 

PRT 
Pl ± e: - 1 

2.4 P1DP2T 

P1P2T = [ Pl - PRT ± e: ] 
Pl ± e: 

Pl > PRT 

Pl < PRT 

We interprete P1P2T· as an error measuring function and 

it helps us to observe the high percentage error regions but 

because of its absolute character, we prefer to use P1DP2T 

function from now on. 

Pl 1 

= 

If Pl > PRT P1P2T = Pl - PRT 
eJ P1DP2T = = PRT 1 - P1P2T 

If Pl < PRT 

P1DP2T 

P1P2T = 

1 

PRT - Pl 
Pl 

={ 1 ~lP2T 

1 + 'P1P2T 

P1DP2T Pl 
= = PRT 

1 
P1P2T + 1 

Pl >_ PRT 

Pl < PRT 

0 



P1P2T 

We, try 

; ) -co 

i i ) d 

I 
I 
I 
I 

b ---\--­
I 
I 
I 
I 

d 

-co 

to plot P1DP2T 

< Ell < d -

< Ell < a -
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a c Ell 
\ 

Figure 2.9 

versus E I I. 

P1DP2T • 
1 1 

= = 00 1 P1P2T 1-1 

ap1DP2T 
0 

aE II 
< -

because P1P2T'is a decreasing function between these Ell limits, 
1 

then 1 - P1P2T must be increasing and 1 - P1P2T must be 

decreasin9 function. 

iii) a < Ell < c 
aP1DP2T - 0 

aEII < 

~ 

at Ell = a ---Pl :' PRT 

Because P1P2T is an increasing function, 1 + P1P2T must also 
1 

be an increasing function and ~1-+--P~1-P-2-T- must be decreasing 

- function. , 



iv) c < Ell aP1DP2T 
aElI 

24 

> 0 

Because P1P2T must be decreasing function, 1 ± P1P2T must be 

decreasing and 1 must be increasing function. 1 + P1 P2T 

v) lim P1DP2T + 1 

Ell + 00 

When we plot P1DP2T versus Ell a'curve with special' 

characteristics can be seen. 

t P1DP2T 

1 

1 
I 
I 
I 
I 
I 
I 

11 
----,----- I 

I 
I I 
I I 
1 I 
I I 
I : I I 

I d a 
I 

c 

Fi gu re 2. 10 

Ell 

., ...... 

From now on we will focus our attention only on this 

figure. First we will collect data by ~ simulation program and 

then using regression methods we will estimate critical points, 

in terms of the parameters which we mentioned before. Then by 

using.tab1e values and P1DP2T-function, which we obtained from 



regression analysis, we' will make another estimation for 

stockout probabilities.(we call it P1EST). 

P1EST = (PRT) x (P1DP2T) 

25 

Instead of PRT values, P1EST values will be used in Inventory 

Routing Problem. It will affect our results especially for 

problems with given high stockout costs or high daily variances . 

. I 

. ; 

BOGAZK\ UNlVERS\TES\ \(U1UPHAHFSi. 
: :, ...... " . 
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II 1. SIMULATION 

In previous chapters, we mentioned the characteristics 

of the system. Next, through a simulation model we will 

generate some quantitative results. 

3.1. Real Probability Value 

We defined in introduction part the stockout probability 

as; 

q-l . 0 
P. = P { L ~ 1 > SC. / . L ~ i <. SC. } 
·'1 q r=t; r 1 r~t; r - 1 

Then we changed it into 

Pi ,PER2 

PER2. o. 
= P {L ~ 1 > SC. / L ~ 1 <. 

r=-{PER1+l)r 1 rc-{PER1+l) r 
SC':: J 

1 

The daily requirements ~i of demand node i in day q are 
q 

independent and identically distributed random variables with 

expected values equaling to one.{mean = 1 =~.c~~]} and· 

variances cr 2

iq = qcr~. Therefore instead of dealing with daily 

demands we prefer to deal with the periodic. d~mands. Next, we 

" : . 

",r' 
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:use simulation technique and generate demand random variables 

for the first and second periods. 

Library random number generator of CDC which generates 

normally distributed random numbers with zero mean.and unit 

variance, is used for this purpose. This is a generator which 

gives us the deviation from mean value. So we will adjust the 

outcomes by multiplying them with lhe standard deviation of 

Qur periodic demand to obtain normally distributed random 

variables with our desired mean and variance. 

If Y is a normally distributed random variable with mean 

and standard deviation 

Then x = Y - II 
a 

where X is normally distributed ~~~dom ~ariable with mean 0 

and standard deviation 1. 
. I 

+ Y = II + aX 

In our case Y : PERi + a/PERi X 

{ll=PERi',a .d=a
d 

{PERi) perlo ay . , 

So we can generate periodic demands by a random number 

generator through normally distributed random variables with 

unit variance and zero. mean. At this point a new problem 

ari~es; some generated quantities may be negative. This will 

.happen when 

y = PER i + X a /p E R i < 0 
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+ x. < -

All we can say is that increase in PERi or decrease in daily 

variance, increases the probability of Y to be greater than 

zero. 

..~ 

= <1>( -/PERi) 
a 

P{ Y < O} 

What can we do, when we generate ~egative values? It is 

meaningless to acc~pt negative value of demand over some period. 

We have 2 alternatives. First one is not taking it into account 

and generating a new one. The second alternative is assuming 

. negative value as a zero demand. Following figures compare 

two alternatives. 

o -,. PERi 

Figure 3.la 

1----
I 
I 
I 
I 
I 

f(O) + <pCIPERi ) 
. a 

I 
I 
I 
I 
I 
1J.!l 

PERi 
Figure 3.lb 

First decision rule shifts the curve upwards by putting a 

conditional part. There is no such shift for the second one. 

Expected values increases for both of the situations but 

increase in the first one must be greater than the other. Our 

." .. 
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conclusion is, since second one increases our mean value less 

than the first one, it is more appropriate to use second 

decision rule in our analyses. So, when we g~nerate a negative 

value, we assume zero demand occuring over that period. 

The shape of our normal curve deteriorates for small 

values of PERi and large values of variance. and we can say 

that dealing \'/ith 'periodi'c'" demanc;\... instead of daily demand 

, decreases the deterioration of the normal curve. 

We generate two numbers which we will use as periodic 

demand for PERl and PER2. But for the first period demand we 

know it will be less or equal than storage capacity, which 

means that we won't use the genefated Y value if it is greater 

than SC value. We generate a secqnd one ~1 first value ,is less 

than or equal to storage capacity; and then 'by adding the two 

values and comparing with stori~~ cap~city we decide if 

stockout 0 c cur e d at that t ria i . We r e p~e a t t h i sm any times and 

dividing the number of trials in whi~~ stockou~~occured, to 
.' 

the total number of trials we get:stockout probability for 

gi ven PERl, PER2, 0'2 and SC va iues .. 

P{Stockout} = No of trials in which stocko'ut occured. 
Total no of trials 

. , 

...... 
Increasing the total number of trials will give us'a 

better estimation for stockout probability, but it also requires 

a larger computer time. We can determine the appropriate trial 

number which will give us a good estimation together with an 

economic usage of computer time by experimenti~g. We repeat 

this procedure for different values of PERl, PER2, 0 2 and SC. 
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By taking PERl, PER2 and cr2 constant and by changing SC 

value we develop a system which uses .the same random number 

with di·fferent SC values. Let us say that we try to estimate 

Pl for given PERl, PER2 and cr 2 values and SC from SCMIN to 

SCMAX in k increments. 

First we generate 

convert them to YI and 

V2. = PERl + Xl cr/PER2 • 

two random numbers Xl and X2 • Then we 

V2 where VI = PERl + Xl cr/PERl and 

We compare VI value with SC., if VI 
J 

fs greater; then we don't use this pair of random numbers in 

the estimation of Pl for that given SC., but if VI. is smaller 
J 

we then add VI and V2 up, and use it in our estimation, by 

comparihg the sum with SC
j

. Instead of comparing VI and 

VI +V2. with all SC. (j = l, .•. ,k) values, we use a boundary 
J 

approach. We rank SC
j 

values in an increasing order such that 

SCI ~ SC 2 ~ ••••• ~ SCk. First we d ef in ell., j = 1,2, ... , k 
J 

which gives us the total number of trials that we use in 

simulation for given storage capacity SC
j

. Define Il
j

, 

j =' ,2, ... ,k number of trials in which stockout oc~urs for 

given storage capacity SC
j

. Then we try to find "t" value 

which satisfies the following condition: 

SC
t

_
l < - VI (or VI :f: V 2.) ~.SCt 

'where SC 
0 

: 0 and - SC k + 1 = L ( very large numbe};,,~ 

First, we find boundary t for random number VI' and 

increment II. by one where j goes from "til to "k". (j = t, 
J 

t~l, ... , k). Th~s means that we increase total trial number 
-

by one, where VI is less than our storage ~apacity. And ~tore 

·this "t" value as tt. Then we find boundary "t" for random 
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number VI + V2 and increment 11. by one where j goes from tt 
J 

"to t-l, (j = tt, ••• ;t-1). 

These are the cases where the storage capacities are 

greater than V but also less than VI + V2 (In our problem 

this is the region where we satisfy demand till time zero 

but we don't satisfy demand between time zero and PER2, 

in other words, stockout region.) 

3.2 Table Probability Value 

Probability of a stockout during the p1an~ing horizon 

PER2~ can be expressed as following. 

q-l i 
P { 1: l; > se. i 

r= ti r 1 

o i 
1: l; < se.} 

r=ti r - 1 

o 

or 

P{ 
PER2 i 

1: ~ > SC. / 
r 1 

r=-PER1+1 

i· 
1: ~ < SC,.} r -

r=-PERl + 1 

And by usin~ the derivations in the introduction part we get; 

= 1 _ ",:ER2(e.] 
Pi ,PER2 ~l 1 

SCi -1 1 
1: </>~ER (u) 

1 

and e. = 
'</>~ER1(SC.} 

1 1 

where P. is the stockout probability· over PER2 days (inc1udes-
1 

the day PER2), and it is very easy to calculate Pi ,PER2 by 

using z table. 
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3.3 Pl DP2T 

We have PRT and Pl values in our hand. Dividing Pl values 

to PRT values, we can obtain P1DP2T values, we can obtain 

P1DP2T values. Plotting the simulation result gives us the 

following figure (Figure 3.2, ... 

I: 
I~ 
I~ 
I : 
I ~ 
I ~ 
I ~ 
I ~ 
I : . 
I ~ 
I ~ 
I ... . I •• 

P1DP2T 

{.f 

f.G 

f.5 

1.2 

i -.. 1.0 ------------1----·- ---- ------ -
. 

..~ - ............. -
. . ...... . 

•••• • 9 •••• e. . .. '. -.... 
-.6 -.5 -.. -.3 -.2. -.f • i .E .3 •• .5 .6 

Figure 3.2 

Since Ell is the most effective variable,we focus our 

attention on the curve where P1DP2T versus Ell is plotted. 

~rawing this cirve for differerit values of other variables 

Ell 

('pERl , P:~l) we observe" that there exists a point at which 
PER2 v 

the shape of the curve c~anges. Curve shows 

different characteristics before ~~~-after this critical polnt. 

The critical point moves when we change PERl, PER2 and 

0 2 values. So we try to express the coordinates of the 

critical point in terms of the variables rERl and PERl 
P_ER2 0"2 



P1DP2T 

t 
I 
I 

-1-- -- - ----

----------~r__.I----------------~EII 

+ 
Figure 3.3 

Ell = f(PER1/PER2, PER1/cr2) cr 

P1DP2T- = f(PER1/PER2, PER1/cr2) cr 

,-First ~e assume a simple linear relationship 

Ell . 
- crl 

P1D cr 

= (PERl) + 
a PER2 b (P!~ 1 ) + c 

d (PERl) (.PcrER2l ) + f = PER2 • + e 

We deal with the experimentation part as follows: 

33 

We take PERl, PER2 and cr 2 constant and change SC values, this 

will give us different Ell values (Ell is a function of EI 

and EI is a function of SC). 

We can find P1DP2T values which ~orresponds directly to 
Pl(EII) 

our Ell values. (We know that P1DP2T(EII) = ~RT{EII} .) We 

can easily observe where P1DP2T value reaches 

mini~um point and note the coordinates of this point ,as 

~lDCR and EIICR 1 • 
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The following data points can be seen at the Appendix 1. 

Example 3 PERl = 12 

sc Ell 

21.5 .3285 

21.75 .2934 

22. O. 2602 

22.25 .2286 

22.5 .1984 

22.75 .1693 

EI 

"~ 

9.0328 

9.2776 

9.5221 

9.7672 

10.0137 

10.2622 

PER2 = 12 

P1 

.6955 

.6771 

.6558 

.6359 

.6197 

.6025 

P1P2T 

.1536 

.1554 

. 1606 

.1619 

.1549 

. 1477 

P1DP2T 

.8667 

.8654 

.8615 

... 8605 

.8657 

.8712 

PRT 

.8023 

.7823 

.7611 

.7389 

.7157 

.6915 

We take P1DCR = .8605EJICR 1 = .2286 wh~ri PERl = 12, 

PER2 = 12 and 0 2 = 1. We m~ke thi~analyses for different 

va 1 ues of 0 2 , PERl, PER2. We put)i imi ts on:,the range of our 

variables for the purpose of a specific problem. 

Limits are chosen such as 

i ) ptR1 < 20 

i i ) PER2 < 20 -
iii) - .3 < 0

2 < 2 

Choosing a large range for parameters, results in lack of fit. 

We will make suggestions for. further research on this topic 

in the last chapter. 

We use a least square approximation technique to 

1 0 f ·· X t PER l Y t estimate a,b,c,d,e and f va ues. e 1n1ng . 0 PER2' 0 

PERl Zlto EIICR 1 and Z2 to P1DP2T, we get following equations. --or- , 



SSE 

We 

z 1 = aX + bY + e 

Z2 = ax + eY + f 

(Sum of square of error) = 

a SSE n 
= -2 .L

1 
( Zli - aX. 

. a a 1= 1 

aSSE -2 
n. 

( Zli --- L - aX. . 1 ab i=l 

aSSE 
-2 ~ (Z 1i a X. --- -

ae i.1 1 

get the following equations 

n n 
2: Zl X. = a 2: 

;=1 1 ;.1 
X: + b 

1 

n 
L 

i -1 

bY. 
1 

- bY i 

bY. .. 
1 

X. v . 
1 1 

+ b 

n 

( Z1 - aX. -
1 

- c)(X.) = 0 
. 1 ..... 

-c){ Y . ) 
1 

- c) = 

X.Y. + e 
1 1 

V: + e 
1 

= 0 

0 

n 
= a 2: 

i .. 1 
X. + b L V. + n e 

1 i.1 1 

bY. 

X. 
1 

1 

V. 1 . 

-

35 

~)2 

. I 

. Applying what we mention above, we first estimate a,b,c, 

d·,e and f va1ues,the'h we understand that we come to face with 

a lack of fit. This means that Z1 = aX + bV + e equation is 

inadequate for our data points. By trial and error we find an 

. equation which fits with our data points. (Appendix 2 includes 

linear regression result.) 
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Zl = aX + _b_ + cV + d _V_ + e X X 

n b V. 
TSE L ax. ev.-

... 1 
= - --- d --- a)2 ( Zll 

i=1 1 X. 1 X. 
1 . 1 

aTSE n b Vi 
-2 (Z 1. 

... -- - L - ax. - --- eYe d - e)(X.) : 

aa i.1 1 1 X. 1 X. 1 
1 1 

aTSE n b V.' 1 -2 L (Z 11 aX. ev.-
... 1 -- - - x.- - d-·- - e)(-X-. ) 

aD i = 1 1 1 X . 
1 1 1 

aTSE n b V. 
--: -2 L (Z 1- - aX. - -X-. - eYe - d _1_ - e)(V.) = 

ae i=1 1 . 1 1 X. 1 
1 1 

n ... V . V . dTSE b ... 1 e )( __ 1_) -- - -2 E (Z Ii . aX ... -- . eYe . d 
ad i=1 1 X . 1 X. X . 

1 1 1 

... V . aTSE n b ... 1 
= -2 E ( Zq - aX.- -- - eYe - d-- - e) = 0 

1 X. 1 X. de i=1 1 1 

And we get fo 11 ow; n9 equations. 

n n... n 
a E x ~ + i)". n + e E V. x. + d LV. 

;=1 1 1=1 1 1 ;=1 1 

....-
n Zli n 1 n V. n ... 1 ... 
E = a·n + b E + e E + d E x. 2 x. ;=1 1 ;=1 X. ;=1 1 ; = 1 

1 

n n n V. n 2 

6 1 
C d E Z 1; V; = a E X.V. + E + E V. + 

;=1 1=1 1 1 ;=1 x. ;::1 1 1 

n 
+ a E V. 

; = 1 . 1 

+ e 

V.-
1 
2 x. 
1 

n 
E 

;=1 

-n 
E X. 

. 1 1 1= 

+ e 

2 
V . 

1 

x. 
1 

0 

: 0 

0 

= 

n 
E 

; = 1 

0 

1 
x. , 
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Y. 2 
Y: n n n y. n Y . n 1 6 1 1 1 1: Zli -X-.- = a 1: Y. + 1: .. +-c 1: + d 1: --

i=l i .. 1 1 i .. l x: i .. 1 X . i .1 x: 1 1 
1 1 

n Y. 
e 1: 1 + 

X. i=l , 
n n 1 n n Y. 

:a 1:X.+b 1:--+C 1:Y.+ d 1:-'-+e·n 
i:l ' i=l X, i=l ' i=l Xi 

And by solving the linear equations above, we can estimate· 

the P1D and Ell coordinates of the critical point in terms 

of PERl, PER2 and cr 2 • 

The result is as follows: 

0.0221X -

Z2 : 0.00099X -

0.04073 
X 

0.0003 
X 

- 0.00045Y - 0.00135 

- 0.0021Y + 0.00076 
y 
X 

Y 
X 

+ 0.3148 

+ 0.85167 

Change it in terms of PERl, PER2,· cr 2 , EIICR l and P1D 
cr 

= 0 22 1 - PER 1 _ _0.-.. 0~4-:"0_7 3::--:::_ 
. PER2 PER1/PER2 

0.00045, PE~l 
cr 

PER1/ 
- 0.00135 ~PE~R~1~/~PE=R~2- + 0.3148 

0.0221 
_ PERl 

EllCR I = PER2 - 0.04073 PER2 
PERl 

0.00045 'p.E~l 
(J 

P1DCR = 

PER2 - O. 001 35 - ---2 - + O. 31 48 
(J 

099 PERl 0 0003 PER2 _ 0 .. 0021 PERl 
0.00 . PER2 -. PERl ~ 

+ 0.00076 PE~2 0.85167 
cr· 
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We obtain these results in five iterations {Appendix 2 

includes these results). We collect da~a for different values 

~f PERl, PER2 and a2 , then we made estimations and checked 

them for different PERl, PER2 and a 2 values; if results are 

unsatisfactory then we give more weight to. these regions by 

collecting more data points from these and we make estimations 

again, we repeat this kind of work until we get satisfactory 

results. 

As mentioned earlier the error curve (P1DP2T versus Ell) 

shows different characteristics before and. after the critical 

point determined above. Now we will analyze these two regions 

seperately. 

3.4 Approximation of the Error Curve in the Interval 

(Ell 1,00) cr 

Results obtained about the error curve in 'this region 

arid ~he general behavior are presented in Figure 3.4. 

P1DP2T 
r. 
I 

1 ------,----.---

P1DCR 

I 
I 

Ellcrl 

Figure 3.4 

Ell 

- . ,,' 
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That general behavior suggests fitting a curve from 
" " 

"5 curves" (Gombertz equation) family: (A few other types of" 

curves here also been ~onsidered but even early results were 

not satisfactory.) 

An 5 curve can simply be defined as 

x 
c y = .a.. b where b , c < 1 

5 curve lies between two horizontal assymptotes; y 

goes to a, b when x goes to zero an"d y goes to a when x goes 

infinity. 

00 

c" 0 
y = a·b "=" a·b =,a 

x-+-oo " I 

In our ana.1Ysis"- Ell." - EIlCR. corresponds to x variable, 
1 1 

P1DP2T corresponds to V variable, "a" value corresponds to 1 
-. ., 

and also P1DCR valuecorrespondl to "a-b"_ 

" ; 

a = 1 

P1DCR = a-b b = P1DCR 

50'we use 5 "function in such a form 

(Ell - EIICR ) 
P1DP2T = P1DCR

C 



C(EII - EIICR1) 
P1DP2T = P1DCR 

Figure 3.5 
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1 st curve 
2nd curve 

Second curve has a large~ "c" value than the first one. 

If "c" value is higher, we can see a faster reach of P1DP2T 

value to the upper assymptote. We now want to find appropriate 

c values corresponding to given PERl, PER2 and 0 2 values. We 

. again refer to our simulation results and gather P1DP2T. and 
. 1 

: Ell. values. (All data belongs to the rightside of the critic 
1 

; point.) We also note P1DCR and EIICR 1 values corresponding 

. ; 

to the given paramet~rs~ Then we use the sum of squ~~e error 

criteria . 

SSE = 
n c(EII. - EIICR.) 2 
r ( P lOP 2 T. - P 1 0 C R 1 . N .1 ) 

i = 1 1 

And we find the optimal "c" which makes the SSE value minimum, 

simply by making a one-dimensional search through the "c" 

values. At the end of this analyses, we obtain optimum c values 

corresponding to known PERl, PER2 and 0 2 values: 
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After obtaining optimal c. values for given .PER1. and 
.. 1. 1 

.PER2 i and a; valu~s, we try to estimate "CO as a function of 

these parameters. By using a technique -which we mention 

before, to estimate the coordinates of the critical point, 

we reach to the following result. 

c= 0.10709 (~~:~) - 0.02933 (:~:~) -.o.ooon~~(f~~l) ... 

Note: When we are searching optimal values for "c", we have 

PERl, PER2 and 0'2 values in our hand and by changing SC 

values we obtain P1DP2T. and EI I. values. We use these values 
1 1 

in our regression study, but we have two alternatives for 

the P1DCR and EIICR l values: we can use either estimation 

values or simulation data. We call these alternatives 

"estimation decision rule" and "simulation decision r.ule". 

Estimation decision rule takes the estimation errors int~ 

account and arranges "c" value. If P1DCR1.estimation value is 

less than (underestimation) its simulation value, it tries 

to shift the curve upwards by overestimating the c i va1~e, 

but this also causes an overestimation for high Ell values. 

Simulation decision rule does not consider the previous 
..... 

estimation errors, it only tries to find appropriate c. value 
1 

which shows the general slope of the data ~oints. 

If P1DCRl estimation is less than its simulation value 

we come to face with an underestimation for all values of Ell. 

Figure 3.6 compares. two rules. 
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•••• simulati'on result 
estlmation decision 
rule 

Figure 3.6 

. -- . simulation decision 
rule " 

We made some tests to compare the performance of the 

rules, one simulation rule came out to be more successful 

than the estimation rule. So, we used simulation rul"e 

afterwards. (Simulation rule came out to be %78 more : 

successful than estimation rule, estimation rule came otit 

to be %22 more successful than simulation rule.) 

We also add that,"c" 'value is between zero and one. If 

we estimate "C" less than zero, we change it to zero and if 

we estimate it larger-than one, we change it to one. 



3.5 Approximation of the Error Curve in the Interval 

(_00, Ell 1) 
. cr 

1 
I . 

I 
I 
I 
I 

)1 
--I-

I 

P1DP2T 

----------

Ell 

Figure 3.7 
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By looking to the region before the critical point we 

observe a vertical assymptote and call it EIICR2. When Ell. 
1 

value goes to EIICR 2 , P1DP2T value goes to infinity 

P1DP2T = Pl ± E 

PRT ± E 

- - -The above equation tells us that when PRT value goes to zero, 

P1DP2T value goes to infinity and we will assume EIICR 2 to be 

the Ell value obtained when PRT is appraximately equal t~ 0.01 • 

So we will now determine the corresponding Ell value when 

PRT equals 0.01. 



P r 

P r 

{ 

{ 

PERl 
~i L > EI} = 0.01 

r-1 r 

PER2 
~i < Ell t = 0.99 

r=l r -

E1 - PER2 

a /PER2 
= .2.326 

EI = 2.326 a/PER2 + PER2 

Ell = PER2 - EI 
= 

PER2 - (2.326 a /PER2 + PER2) 

E I 2.326 a /PER2 + PER2 

-2.326 a /PER2 EI I = ---~~----.--
PER2 + 2.326 a /PER2 

As mentioned before we will call this value EIICR 2 • Now we 

are dealing with the values where Ell lies between EIICR l 

and EIICR 2 • 

I 
I 
I 
I 
I 
I 

--1-----

I EIICR2 

"; ," - • >." 

P1DP2T 

Fi gu re 3.8 . 

I 
1 
I 
I 
I 

.. ' I 
I I EIICR l 

Ell 

44 
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If we look the intersection region of the ,inequalities, 

EIICR 2 ~ Ell ~ (IIeR l and P1DP2T > PlbCR we observe a curve 
-k 

which looklikes the shape of y = curve. 

y 

x 

Figure 3.9 

Where X. value can be defined as Ell. - EIICR 2 and y~, value , '. , 
can be defined as P1DP2T. - P1DCR. Now our equation is in the , , 

'. 

form : 

P1DP2T - P1DCR = k 

For the purpose of simplicity we will take orie of our 

decision variables (in this step eitler k .or 1) as constant 

and the other as a function of PERl, PER2, 0 2 • It is obvious 

that to assume both of them as a function of PERl, PER4 and 

0 2 will give us a better result, but it complicates our work 

considerably since it tries to define two dependent parameters 

as a function of common parameters (PERl, PER2 and 0 2 ). Also 

even if we find k and 1 values by making a two-dimensional 

search over different values of PERl, PER2 and 0 2 still a 



perfect fit can not be guaranteed since ~ and k values are 

not independent from each other (More ~ork must b~ done to 

solve this kind of problems.). So we prefer to keep one of 

the decision variables as a fixed value. 

The following analysis will help in deciding which 

variable to keep fixed 

i) k constant 

P1DP2T - P1DCR ': ___ k ___ _ 
[Ell - EIICR2J~ 

+ k ': (P1DP2T - P1DCR){EII - EIICR2)~ 

46 

First, we find the i value which causes least deviations 

in k value (when we change SC or Ell) under given PERl, PER2 

and 0 2 values. P1DCR and EIICR 2 does not depend 'on SC, P1DP2T 

and Ell values change according to SC value. Then we note the 

."~" value, which corresponds to the i value. We repeat these 

steps for different PERl, PER2 and 0 2 values. At the end we 

compare k'~ and we find SSE (Sum of square of error) for k 

values. 

Example 4: PERl = 5 PER2 ': 7 0 2 ': 1 Say that 

P1DCR ': 0.87 - EIICR2 ': -0.31 

~ ': 1. 1 $I; ': 1.3 ~ =1.4 ~ = 1.5 
SC Ell P1DP2T k k k k 

-0.23 4.2 .207 • 125 .096 .090 

-0.16 2.2 • 165 .113 .093 .077 

-0. 11 1.2 .048 .040 .034 .029 
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Among them we find " R, equal to 1. 4. 

" k' = _ (0.096 + 0.093 + ·0.034) R, = 1.4 
3 = 0.074 

k = 0.074 for PERl = 5 , PER2 = 7 , 0 2 = 1 

Finding different values for different PER1,PER2, 

values gives us k. values for i = 1, ••• ,n. Then we find SSE 
1 

for k. va 1 ues • 
1 

where 

Define a new criteria (Error percentage) (EP) 

ii) R, is constant 

Apply the same steps for the following model. 

k . 

[P1DP2T P1DCR] 

R, In[EII-EIICR 2 ] = lnk - In[P1DP2T - P1DCR] 

and find 

.•.. : 

1 nk - 1 n [P1 DP.-2T" - P1DCR] 
1 n [EII-EI ICR 2 ] 

EPR,-

- : .. " 

SSE 
R, 

-2 n R, 
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After comparing EP
i 

and EP k values (we get; EP
i 

< EP k). 

We decide to assume i as a constant ind k as a function of· 

PERl, PER2 and a 2 • We obtain 

following analyses. 

value equaling 1.22 from the 

n 
SSE. E W.(i. - i)2 

t i.1 1 1 

aSSE n 
-2 . E1 \'1. (L - i) = 

1. 1 1 

n 
E . w.i. 

" 
i = 1 1 1 

o -+ i = 
n 
E w. 

i·= 1 , 

Now we want to express k in terms of PERl, PER2 and a 2 

va1ues. Firstly we must find optimal k values corresponds to 

known PERl, PER2 and 0 2 values. For the purpose of our 

specific IRP we don't use the equal weighted SSE criteria 

to fin d 0 P t i rna 1 k fun c t ion for g i ve n PER 1, PER 2 and 0
2

• Sin c e 

correct estimation is considerably more important for some 

. specific r~gions, we give more weight to these regions when we 

try to estimate optimal k function. (We give more weigh~ to 

,the region.where stockout probability is less then %20, 
r 

because for h,~gh probability regions, the deviation from 'real 

~alue won't make a great change on res~lts. Stockout costs 

are assumed to be very high~ which causes a shipment to occur 

before stockout probability reaches %20~) 

Regression analyses gives us the following result' 

k = 0.0136 ~~~~ - 0.0289 :~:~ - 0.0006 ~ERl 

+ 0.000177 fE~2 + 0.0793 
o 

.'., 
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And, we equate k to 0.00001 when its estimation value is less 

than zero. 

The analysis is now almost c~mp1ete~ There exist one more 

deta 11 • 

Remember the following equation 

P10P2T = 
-.\0 k 

-------' .... -- + P 1 DC R 
[Ell - E II CR~] R, 

When Ell goes to EIICR 2 we obta ina very s,ma 11 number in 

the denominator and this leads us to a very large increase in 

P10P2T. We solve this problem by equating the denominator part 

to a constant m when [Ell - EtICR 2J value is less than some 

other constant n. Experimentation led to appropriate choosing 

m = 0.030 and n = 0.030. 

We can summarize the r~sults 6f our analyses. We obtain 

better estimates for stockout pro~~bilities:~y using PERl, 

PER2 and a 2 values togethe~with table estim~tton value. 

The f u 1 1 pro c e d u rei s 'a s ' f 0 1 low s : 

1) Find ElI 

2 ) COmpare 

3) POEST = 
4) Compare 

Ell = (fER2 - EI) 
EI 

Ell with EIICR l .. If Ell is 

[OPTKI [Ell - EIICRJ 1 .22 

Ell with EIICR 2 + 0.03 , 
set POEST = [OPTK/(0.03)1.22J + 

5) Go to 7 . (Ell - EIICR l ) 

6) POEST = P10CRC 

7) P1EST = (PRT)( POEST) 

greater; then go 

] +P1OCR 
' ; 

if Ell is smaller, 

P10CR 

to 6 • 

then 

where EIlCR l , P10CR, EllCR 2 , C, OPTK are the functions-of our 

parameters. '(PERl, PER2 and a 2
) 



We also know that· o < P10CR < l~ 

o < C < 1 

OPTK > 0 
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Note: Appendix 3.includes a computer program of our study . 

• ,\<0 
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IV. DISCUSSION OF THE ALGORITHM 

Firstly, we must stress that this analysis is made for 

the purpose of a specific Inventory Routing Problem, which 

possess high stockout costs and high variances. It is 

impossible to maintain exact fit for different values of 

our parameters. We try to avoid high percentage of error 

especially at low stockout probability regions, by giving 

more weight or taking more sample data from there. We also 

give more weight to high varianced cases, since table 

probability works fine to a certain extent for low varianced 

cases. For very. small values of PERl like as 1,2, or 3, it is 

more appropriate to use table probability if PER2 is greater 
PERl 1 

than 6. (Lack of fit can be seen where PER2 ~ ~) 

(We can see it in the Appendix 4.) 

Our aim is to minimize the estimation error in the 
. ..~ . -. ~ 

regions where table estimation shows a great lack of. fit. 

Simplicity of the estimation criteria is also very important, 

since it directly affects the computer time requirement. For 

examp1e,we deal basic1y with two different regions (not three 

because the region where EIICR 2 :I- Ell + EIICR 2 ·+ 0.03 is a 

narr9w re~ion.) but we can easily say that dealing with five 

'. regions will give us a better fit, but this causes more 

compar1so ns and more. consumption of computer time. 
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We try to balance, estimation fit criteria with the 

simplicity of the work. For example; ins~ead of equating i 

to 1.22, we may find t .t. 1 in terms of our parameters, . crl lea . 
then equate the t value differently at. the right and left 

side of this point. This will cost us mach more computer 

time since a larger number of comparisons is added into 

our work. 

Our study is based on two impo~tant assumption~~ 

normality assumption and the limited range of parameters 

assumption. However another analyses using poisonal1y 

~istribution demand showed similar characteristics. Here 

we assumed demand is poisonally distributed for periods 

and for also days. 

Especially the right part of the curve (P1DP2T versus 

Ell) lndicated a proper fit with the S curve. The left part 

can be improved by re-estimating the t value. 

In our analysis we considered the range of parameters 
. ; 

as follows: 

1 PERl 20 1 PERl 20 
< --- < 

2 - 0 2 0.3 20 ~ PER2 ~ -1-
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Throughout our study we collect data from the following 

regions: 

1 < PERl < 20 1 < PER2 < 20 0.3 < 0'2 < 2.0 

We can easily use the results of our analysis, out of these 

restricted regions by making small change~ on our parameters. 
-,\0 

Example : PERl = 40 PER2 = 36 0'2 = 1 

PERl' = 20 PER2' = 18 0"2- = 1/2 SC' = SC 1 /2 

PERl i 
Pl· r ~r ~ SCI} : 

'. ri. 1 

cpO ( ,SC I - PERl 
.' /PER1 

PERl' i 
p{r ~r ~ SC~} 

r=l 

cp (_sq - PERl') 
/PER l' CJ' 

SCI - 40 

40 , • ·1 .: 

(SC I /2)·.- 20 
= 

120 (1//2) 

SCI - 40. 

/fO 

= 1/2(SC 1 - 40) 

IiO 

As it can be seen above our estimations won't change 

when we make these kind of changes on our parameters ,. but we 

observe different real probabilities (where we get from 

simulation) so this causes the error of our estimation to 

increase. 
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V. COMPARISON OF ERRORS 

We compare percentage error of estimation and percentage 

error of table in the Appendix 4. 

. . '[ P1EST - Pl J Percentage error of estlmatlon = Pl 

Percentage error of table _ [ PRT - P 1 J 
- Pl 

FI(X) = P {% error of estimation, < l} 

F2 (x) = P {% error of table < X} 

We compare FI(x) and F2 (x) for different regions of real 

probability value. 
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.75 < P1 < 1.0 .• 5 < P1 < .75 

x FdX) F2 (X) x FdX) F2 (X) . 
! 

. 1 .98 .80 

.2 1 .94 

. 1 I .57 .10 
I .2 I .97 .69 

.. 
• 3 1 .98 .3 1 .98 

.4 1 i 1 I . 4 1 1 . .. 

.5 1 1 .5 1 1 

.6 . 1 1 
i 

.6 , 
1 1 I 

• 7 1 1 .7 I 1 1 

.8 1 1 .8 I 1 1 I 

.9 1 1 

1.0 1 1 

I I 

.9 1 i 1 

1.0 1 1 

.35 < Pl < .5 - .2 < P1 < .35 - - - -

X F dX) F2 (X) X F dX) F2( X) 
- .-

. 1 .50 i .59 . 1 I .81 .28 I 

.2 .85 .81 .2 .92 .59 
I 

.3 .93 .86 .3 .95 .78 

.4 1 .95 .4 .97 .92 
! 

.5 1 .98 .5 1 .96 -

.6 1 1 
..... 

.6 1 :98 I 
.7 1 1 .7 1 1 

.8 1 1 .8 1 1 

.9 1 1 .9 1 1 

1.0 1 

~ 
1.0 1 1 1 



x 

• 1 

.2 

.3 

.4 

.5 

.6 

. 7 

.8 

.9 

.1. 0 

• 1 < Pl < .2 

FdX) 

.69 

.. 83 

.89 

.98 

1 

1 

1 

1 

1 

1 

.. 

F:dX) 

.07 

. 16 

.31 

.45 

.64 

.75 

.82 

.87 

.99 

1 

i 
I 

56 

o < P1 < • 1 

X F dX) F2 (X) 

. 1 I .27 .07 
I 

.2 I .51 . 12 ! 
I 

.3 I .63 .22 

I .4 .78 .27 

.5 I .83 .37 

.6 .92 .46 

.7 .95 .55 

.8 \ .98 .75 I 

.91.99 .93 

~ --' ----'---' ----' 
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APPENDIX I 

Result of Simulation. 
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t:~J.-J.l..\.fU I: 11.7'. 

ase i: J I L I PI PIP2T P1OP2T PR T 
6. SOU I} • ~ 366 1.0746 • <} 94 l) • no 47 .99S,3 .94 R 
q. 100 ~.OI)~)6 1.6022 .CJH)lt .1)1't5 .9 .QC)() .997 

11.1nl) 3. 't <} U 4 ?. It 4 'j 3 .,}718 .023B • r} 767 .CJ94 
].'t. 3 no 1.Q118 1~ 177-' .'}3u7. .('SH '} • f} 't't J .9 0 9 
1 S. () O(J 1.3590 't. 6() 31 • H 9lJ 7 .n9J.? • q 1 f) It .9 -' J 
16.9"V • 9 334 3.bd95 .d /t88 .1.135 .B(7) • q't r.: 
18.2 nO .61111 6.'32(32 .7 8B 3 .1345 • d &13 .8<; 
19. 5 no .3665 B. (~5 () I) .tJ9 f)9 .1581 .863 It • 81 r 
20. 8 no I·18061 · 9. 317u • SQ84 • J. 5 S-' i!tltl'1zl .69 
22.100 .03'13 10. bUlt"! .491.3 .11l69 • f) n 3 3' .54 , 
23. 4 r)u -.0756 1 1. 9()()u .3 8(J 2 .0193 • I) tHY} .39 
24. 7 flU - .1666 13.1995 .2832 .lull I • ] 1 ~ (' .2~ 
27. :3 OU -.3038 lS.8002 .1350 .4452 I.BOU" .n7 
29.9 no -.4'022 1 tJ. ~ 99 ~ .V479 • 73 f) 7 3~6849' .nJ. 
32.50u -.4762 2 1). 9997 .0125 • 8962 8.9432 .ou 
35. 1 ()lJ -.5339 23 ·.6UOl .0033 1.00 r.cJ 32.6299 .nu 

PR OG RA'1 NORf'i2 : 
PER1=11.00 PER2=12.(j,1 SlGli~= 1. (: 0 

BSe t: I I L: 1 Pl P IP2 T PlOP 2 T P f·: 
6.500 10.1672 J.."746 1. U nl' n • () \.' () fl 1.I)Ou7 .99 
9.185 6.4425 1.6124 .9Qll .O(J76 .9924 .99 , 

11 • 8 70 3 • 759 <} 2.5211 .9 '758 .f)215 .i.J7 fVJ .99 
14.555 2. U 5() 3 3.9340 . .9495 .0425 • 9 ~92 .95 
15.89U 1.'t551 It. 8B 79 .92.40 .()604 .9 42'1 .97 
17. l4·(; 1.1) na 9 5.973',) • H 715 .099't • 9 (l (j 5 .95 
18.583 .6 7l' 6 7.1~32 .8'133 .lt~133 • R 262 .91 
19.925 • It 18 1 8. 1+ 623 .72-/2 .1635 .HS,)] • H't 
21.268 .2.273 9.7777 .6127 .1678 [.U~)6/J .73 · 
22.61U • u au 2 11.1G95 .:> 2bO • 1383 .ti7H4 .59 
23.953 -.0)65 1 ?. 't ~ 4 b .3997 .1217 • H 913 .44 
25.l.9~ -.13ul 1 ). "9 It l) .2963 .()l92 .971 J .30 
27.98u -.2719 lfJ • /t ·H22 .1367 .?794 1 • 3 363 ."9 
30. '065 -.3739 1.9. 16:) U .v 5u 3 • 6(1 ~j 4 2.541.14 • (\ i 
33.350 -.45'1) 8 21. a50] .ll J t) 9 ' .7tl97 Lt.55b2 • (' U 
3 b. v 35 -.5109 24.533£.: · .0 0 33 1.. no 0(1 3;'2 • 7 72 b • (l l' 

PR OG R/d1 N OP '12 : 
Pr:Rl=11.00 PER2=13.u() SIGnA= 1.UO 

f3SC E r I f:. I Pl PIP2T P 1 Of> 2T pc ,. 
6.5<'1.1 11.l>978 1.0746 .Q<.J37 • 0(.159 • '} 941. .94 
1./.27u 6.8990 1. 6 't 5 H .9963 .0(129 .~97r, .9 '} 

ll. U 40 4.0150 2.5922 .9897 • n () 13 It • IJ 916 .99 
14.810 2.1637 It. 1092 .9696 .0243 .9762 9 (' 

• 1 
16.195 1.5412 5. 115-1 .9 '.6 9 .0406 .96U9 .9tl 
17.580 1.t)722 6.2736 .9l53 .()583 . :'9 11 it R .9{} 
18.965 .7238 7.S41b .854't . '0937 .914 Z .93 
20. 3 5U • It 6't 6 8.8762 • 77u 5 • 13 30 .8825 • n -l 
21.735 L·26QQ] 10. 2 't43 .6676 • 16 3~1 G ~ 597T .77 
23.120 ,1188 11.6192 .5604 • 1~6 :~ .8 6 It 7 • f) '-1 
24.50')5 -.un03 · 13.nU45 • 4. 5<i 9 ,0895 .9176 .:-l 
25.890 -.'J966 l/i. 389li .3'ti5 ,0277 . ') 7 Z \:3 '") l ' · -' :) 
28. b 6U -.2424 17.160Lt .1 7~ 2 .2978 1 .423/) • 1 " 
31.430 -.3477 1 '}. 9 2 t~ 6 .U673 .5928 2 • Ii 47 i.' .f';: 
34.20U -.4213 27...6997 .1I177 • 796() 4 • 770 'i • in 
3b.970· -.4896 2'5.' .. 715 ·.l' () 33 • 909 l t H.Z737 • f ' , C. 

, I.' 
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~, .i. = .I. .t. 1..1 U I' l: K ~= 1. ( • V II ~IGIiIl.:: 1.uO 
BS C Ell I:: I P 1 PI P2 T P 1 DP 2T P I-~ T 

6.50U 14.8202 1.0746 1.OOuo. .o(jOU .9999 1. (1U"') 
9.6Il) B.8997 1.7172 .9983 .OU17 .9'182 1 • (\ll0.U 

12.72U 't. 8398 2.9111 .9976 .(lU?l .lJ978 .9lJ91. 
15.830 2.5151 't.8363 .9916 .I')U68 .9931 • 99fj /t 
1 -,. 385 ·1.7856 6.1U2U .9 8U 7 .03.55 .9 8't 6 .995'J 
18.94U 1.26U9 7.5192 .9598 .0.305 .9703 .9U9U 
20.495 .B853 9.017U .9256 .0515 .9509 .9732 
22.050 .bUO lO.552 /t .8735 .(\768 .92136 .94(16 
23.60.5 .4044 12. 1046 .7956 .1074 .9029 .8U10 
2 ~ .160 .2447 13.6575 .69b4 .1358 .13 8l' 3 ;. 791u 
26.715 [.lUzl 15.2162 .57'tS .1599 [.8620 I .666(, 
2 B. 270 .U139 16.7673 • 46(19 .1279 .8864 . • S19'l 
31.38u -.1449 19.8810 .2488 .0147 1.0145 .2451 
3 't. 49u . -.2606 22.9901 .10.64 .3090 1.'t'tS3 .0735 
37.60U -.3487 26.()997 .0388 .6416 2.7701 .()139 
it O. 71U -.4180 29.21{l2 .(J072 .7917 4.S014 .P()lS 

PROGRAM NOR~12 : 
~1=11.00 PER2=16.00 S I G/1A= 1.UO 

Bse ElI £: I Pl P 1P2 T P1DP2T PRT 
b.5110 15.7508 1..07'to 1.0000 .0.000 .999'~ 1.0(;01) 
9.695 9.2274 1.7600 1.00()O .0000 • 9 99'~ 1.0000 

12.89u 5.00.93 2.995'i .9968 • oC,3 2 .9967 1.flUn ij 
16.085 2.5813 5.0261 .9869 .0122 .9879 .9989 
17.6 R3 1.6288 6.3632 .9784 .0189 .9814 .9969 
19.280 1.2963 7.8386 .9593 .0336 .967't .991.6 
2 U. 8 78 .9J.56 9.396/t .93UO .0519 .95U5 .9783 
22. it 75 .6394 10.9797 .8868 .0718 .9329 .95115 
24. U 73 .4318 .12.5717 .8196 .0956 .9126 .89PoU 
25.670 [.2 7U 2 14. 17()9 • -1342 .1113 C. Ii :i 9 l I .815'-} 
27.268 .1.'i 1 7 15. 7666 .6321 .1051 • 9 C 't U .6985 . 
28.66!) .0365 17.3661 .5089 .092u .9156 .5~57 
32.. u 6U - .124 't 20.5575 .l786 .0154 1.U152 .2743 
3S.255 -.2422 23.7525 .1127 .2144 1.271S .0885 
38.45U -.3321 26 •. 9498 .0372 .5186 2.0656 • fl 179 
~ 1.645 -.4029 30.144U .u 14 4 .8545 6.558't .0U21 

PROGRMl N OP. t·' 2 : 
~!=ll.o.U PER2=19.00 S I GfiA= 1.UO 

BSC [II E I Pl PIP2T 
/" 

P1DP2T - PRT 
6.5(1) 16.6814 1.0746 t.OOOO .• OUf)O .9999 1.o.(j/)1I 
9.78U 1.J.7H13 1.7727 1.onoo • nulit) .9999 1.('(j()1,) 

13. U 60 5.2037 3.0627 .998S .0015 .9984 1.000U 
16.340 2.6364 5.225(l .99U6 .OU86 .9913 .9992 
17.980 1.8648 6.6323 .9831 .0149 .985-2 .9977 
19.620 1.3 269 8.1653 .9655 .02f39 .9718 .9934 
21.260 .9451 9.7683 .9376 .0478 .9543 .987.6 
22.9 no .6667 11.3995 .13 93 5 .0734 .931 'j .9591 
24.54U .4572 13.0387 .8286 .1020 .9074 .9131 
26.180 .2944 1' ... 6784 .7't82 .1212 .~918 .8389 
2 7.8 2U r.16/t 1J 16.3212 .6450 .1303 [.13 B/I O .7291 
29.460 .U579 17.9607 .5280 .1193 _ • i3 93 3 .591u 
32.740 -.1056 21.2425 .3128 .0250 1.025_3 .3U50 
3 b. 0 20 -.2750 2'te5173 .1331 .22()2 1.;~812 .J.U38 
39" 3 Ou -.3166 27.8002 .·0' .. 33 .4868 1.9400 .0222 
42.58U -.3887 31.0a119 .0133 .7897 4.5 9tJ 1 • ('lIZ U 



tD l. t; I 1 E I Pl P1P2 T PI DP 2T PP.T 
6. 5 ~'O J.7.612 n 1.117't6 1 .ll f1(Jf) • f'I(d,!(I • f~ qr}'.J ].IlUflij 
9.865 10.0529 1..8(J9~ 1.()nOO • (10(}0 .9999 1.nonU 

13.230 5.3371 3. 156(1 .997(3 .nU22 • 'J 977 1.(·Unu 
1 b. 595 2.6786 5. '13 68 .9936 • ()(IS8 .9941 .9494 
113.278 1.8987 6. B996 .90HZ • nl'l.~ .9 89 ~\ .9Y8Z 
19. <} 6u 1.3539 8.4964 .9771 .01H2 .9 eZl .994'-j 
21.643 .971) 4 10.15()3 .'-J 52 8 .(l35tJ .9661 .9(Jh1 
23.32? .0915 11.8238 .9122 .0585 .9446 .9656 
25. IJ ()8 • It flO 9 J.3.5U53 .8578 .oa fl 1 .9257 .9265 
26. b 90 d167 15.189b .7850 .• 0926 .9151 .H!J77 
28.373 1(,.0717 .6£139 • lu 3 g • '.Jf.~ ~ 8 .75't9 
30.l'5? 18.5526 .56(10 .11 71) G 8951] .(,255 
33.42() 21.9188 .3267 .0322 .96H5 .3372 
30.78~ 25.2853 .1517 .2154 1.2734 .1190 
40.15u -.3(HY 28.6478 .U567 .5271 2.1066 .P268 
4 J. 515 -.3753 32.0140 .01l2 .6973 3.2164 .(lU37 

PR DG RMI r··JORMZ: 
:R1=12.00 P ER2= 1.00 S I G/'IA= 1.00 

BSC EII E J PI PI P2 T PI DP 2T P ~~ T 
7.2 nu - .106 6 1. 119 j .4140 .lU21) .9073 .4562 
9. U 35 -.3123 1.4542 .3317 .0161 1.0160 .32 /)'t 

lO.87u -.4778 1.9151 .2850 .3634 1.5 7() 1 .181'1 
12.705 - .6113 2.572l) .ZlvO .7229 3.6022 .()~8Z 

13.h23 -.66','t 2.9799 .1809 • R6 51 7.3 8 5~' ,0244 
l't. 5 'to -.lnfJ6 3.4316 .15L6 .9509 20.0823 .n075; 
15.45H -.7486 3.9779 .1217 .9877 76.0417 • rl o1? 
lb.37) -.1815 'i. 5768 .0 R~ 3 1. 01.1 flU tl51.'JfJ26 • (1(;(\i) 

1.7.293 -.8n99 5.2613 .0606 1.0IJOO 605.',~56 • (~Onij 
18.210 -.8333 6.0()(HJ .0430 1. 00 0{j 429.7302 • (llJn!1 
19.128 -.853P 6.80 If) .0285 1.0UOI) 284.481{) .fI()OV 
2U.U'i5 -.81)91 7.6394 .uun 1.000U 102.74't5 .~H.lnlJ 
21.8(1) -.8937 9.4062 .0 OS 6 1.0(lOU 55.7587 • () l' f) li 
7.3.715 -.'Jlul) 11..22.07 .Ufl1l9 .9YQ9 9.2762 .nof'O 
25.55u -.9234 13.0517 .uooo 1.1; 50 .0005 .O(jnf) 

27.3/35 -.9328 1 't. 8835 • U 00 I) 1.1550 .00« 5 • qllOU 

PI{ OG P.At1 NOR 112 : 
Rl='12,.OU PER2= 2.00 S I GI'1A= 1.00 

I3SC E: I I I: I PI PIP2 T PI UP 2.T PRr 
7.2()1I .7868 1.1193 .5562 .3168 .7593· .7324 
9.120 .3477 1.48'tU .5318 • 211 't 7 .8300 .64(16 

11. U 40 .0177 J..9652 .4825" .052'3 .9497 .5081) 
12.96U -.2.5413 2.6837 .3836 .l773 1.2152 .3156 
13. \}20 -.3578 3.11',3 .3374 .35'.8 1.5491 .2177 
1 't. 8811 -.4481 3.6239 .2810" .5477 2.2(192 • ] 271 
15. B'tO -.57.64 4.2221:l .2178 .7328 3.7355 .nS82 
16.800 -.5908 4.8878 .1608' .8712 7.7293 .n20.7 
1 7.7 bO -.6 /t /fS 5.6301 .11Y4 .9565 22.5317 • PU 52 
1 U. 720 -.6896 6.4't33 .u 899 .9911 99.9240 .non8 
). 9.6 Bll -.7262 7.3043 .0542 1.non!) 541.8315 • (l (I (j:.i 
2lJ.64() -.7562 8.2045 .U336 1.0000 335.879t3 .0liOO 
22..560 -.OIl15 10.0747 .Of196 1.nO(1(1- fJ5.4616 .(Juno 
2 it. 4 8u -.8330 11.9782 .0010 .9999 9.5't20 ~Oll()O 
7. 6. It flU ~. 8 561 13.8999 • U nu 0 1.0950 .U005 .1)(:00 
28.3211 -.8736 15.8188 .0OllO 1.0950 .oouS .ooou 
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i't f: 1:: J 2.. I'U P H~ 2= 3.1)0 S 1 Glil\= 1 _I.' q 
BSC [; r I [ J P J, P1P2T PIOP2T PRT ".2 no 1.6 UI) 2 1.1193 • ., 7l. 3 .116't .i3957 .85(1 

9. Z 05 1. !J ~,3 6 1. 't899 .73'-i7 • (19 '~'t .9 (]f} '1 .1H17 
J.1.21u 1 • 't (j 7 Z 2.0172 .6J(JO .1677 [d~ 263 .712 
13. ~ l? .0785 2.7tH& .'t92.7 .1118 .1j1.J92 .547 
1't.2113 -.u 795 3.259u .4 'to 8 .0(j'78 .91.J2!l • "'t't 
15.220 -.21.75 3. R 3 4tl .3667 .1.394 1.1616 .315 
16.223 -.3)U 2 It. 4789 .31l.1' .36 't5 1.5729 • J. <.J 7 
17.225 - .'t 241 5.2094 .2 3U 1 .5567 2.2538 • ] (; ? 
18.£:28 -.5014 6.0174 .16U6 • 74 5't 3.9176 .O't(l 
J.9.211..1 -.56[.7 6.,c3924 .12(.12 • 09 6() 9.5 't 16 .',H2 
2U.~33 -. b 161 7.13150 .U829 .9662.' 28.5 9il '* .002 
21..235 -.6581 8.7742 .0512 .9922 102.'.n97 .(lU" 
2 3 • 2 'tl) -.7200 l(). 7463 .0180 1. flO Of.} 119.91u6 .00" 
25.2'i!; -.76't6 12.7'i39 .0nS 5 1.n{lOI) 5't.9't56 .,,{.(li 

27. Z 5U -.7966 14. "494 .0010 .9999 9. 91.}u 5 .f'ti'1, 
29.25~i -.8209 16.7544 .r;ooo 1.000U .'J('P5 • (\ II n, 

PROliRM1 ' NOR!'2 : 
) i:.P. 1'" 1 2. 00 PER 2= 'ftO(l S I Gr1A= 1.CO 

BS C I: r 1 E. J PI PIP2T PIOP2T PRT 
7. Z f1 0 2.5736 1.1.19::1 .U497 .nB87 .918 /• .925j 
9.290 1.6284 1.5218 .7635 • J.6 67 .8571 .89'1 i 

11.3fllj • <} 302 2,. ()7?.4 • 6 92. 6 • Zl.i r, 6 .13328 .831~ 
13.470 I·J1j1J5l 2.8974 .5855 .2105 I.B Z(1) • 7U8~ 
14.515 .1689 3. 't221 .54'19 • 120{) .0927 .61n~ 
15.5611 -.\)105 ' .. (1423 .'taon • ()2 50 .9754 .492,-
16.605 -.15"'7 ' .. 74H7 .3917 • nl.} 1£3 1.l(1C)8 .3~5l 
1 7.6 5u -.27tH 5.5411 .3228 • 3J. 66 1.'t626 • 22,f1( 
t 8.695 -.3768 6.'t1130 .2 'to 8 .5219 2.0099 .1151 
19.7'tO -.456't 7.3583 .1635 .• 709't 3.4341 .0'.75 
2u.735 -.5205 1l.3423 .1J.{)6 .06't4 7.3251 .nl!iti 
21. U 3U -.5724 9.3556 .U'766 .9504 19 .'J35C' • ('u 31.1 
? ].9 2u -.6't99 11.'t2'19 .0270 1.nUnU 209.4613 • Ov n(j 
26. I) lU -.703~ 13'. 5(189 .OflUO 1.0UOI) 79.84(17 • (1(H'U 
2!:l.lOlJ -.l'i36 15.5998 .onlO • '}9 99 9.'i 13(15 .(lOnU 
30.19U - • .,739 17.6896 • ull l) () 1.0UZO , 

.!J tHJ 5 .(IUOu 

P ROGRA "I t" () R" 2 : 
t R 1,= 1 2. (10 P I:R 2 = 5.UD SIGH"= 1.uO 

asc [ I I I:: J Pl PIP2 T PLOP Z T p~" T 
7.2 no 3.4670 1.1193 .8944· .0713 .'~ 333 .95Ri 
9.37) 2.;~698 1. 52'H .81,8 (, . .1475 .8713 • 93'} 't 

11.550 1.3496 2.128U .7867 .1436 .8743 .8997 
13.72~ .651) '} 3,0286 .68H(l .1782 .848l .81(16 
1'10 H13 I d 9:2 21 3.51330 .67.37 .1796 i .8't76 • -13 5l 
15. gnU • 1 7 't 7. 4.2581 • 5 't 1 'I .1623 .8602 .6293 
16.98B -.0067 5. ()337 .4600 .0.783 .9272 .496U 
18. (175 - .150 9 5.8883 .3768 .0756 1.0815 .34H3 
19.163 -.2681 6.8313 .2.861 .2695 1.3682 .2l190 
21.1.250 -.3616 7.8322 .Zn15 .4847 1.93139 .1.1J3B 
21.338 -. It 36 7 8.8761 .1395 • 7U 0 3. 3.3285 .0418' 
22.'t25 -.4970 9.9410 .!J 891 .8440 6.366't .(1139 
2 it. 6nu -.51368 12.1001 .0350· .9771 38.8861 .(lUnd 
2 h. 775 .... 6 't9 8 14.2759 .0082 l.n.ona 82.2651 .OU'lu 
2 O. 9 ~;U -. b 961 16.4516 • U ()21 1.('1000 2(.1.5667 .fllJqu 
31.125 -. l316 18.6255 • (j 'l() 5 .9998 5.1421 .01] ntj 



PI< C1G kA t·t f'lOR~12 : 
PfR1=12.0u PER2= 9.00 S I GI'IA= 1.uO 

BSC [II E1 Pl. PIP2T PIDP2T PRT' 
7.201) 7.0 LtO 5 1.1193 .9875' .QU82 .99113 .995j 
9.71:> 4.591]9 1.6074 .9713 .0225 .9779 .993: 

12. ~ )0 2.7597 2.393ti .lJ554 .0322 .lJ6ti7 .9ti6. 
14.745 1.5368 3.5478 .9011 .0708 .9338 .964' 
16.003 l.u 819 4.3229 .8517' .1029 .9066 .93g· 
17.26u ' .7187 5.2366 .7761' .1524 .8677 .094· 
1 H. 518 .4370 6.263U .6956' .1769 .8496 .818j 
19.775 [.2l.ze I 7.3901 .5914 ' .1869 1·8424 I .701' 
21. u 33 .0491 8.5784 .4916 .1303 .8 ti4 5 .555 
2 i.. 2 9u -.Oti22 9.8058 .3846 . .0332 .9676 .397, 
23.548 - .185 7 11.0524 .2775 .1053 1.1172 .248 
24.1305 -.2686 12.3055 .1965' .3093 1.4467 .135 1 

2'7. 32lJ -.3927 14.8188 .u827 .6758 3.0730 .026, 
29.835 -.4808 17.3354 .U247 .8866 8.5143 .002, 
32.35ll -.5466 19.tJ49U .0086 1.0U(lO 85.7977 .0UCiI 
34. d 65 -.5976 22.3646 .0016 .9999 16.0875 • nonl 

PROGRMI NORI12 : 
Pi:R1=12.00 PER2=1().uO SIGHA= 1.uO 

8S C tIl I: I PI P1P2 T PIDP2T P'k i' 
7.20U 7.9339 1. 1193 .9873' .1)102 .9898 .997 
9.8 \Il! S.1365 1.6296 .9726 .0239 .'1765 .995 

12. If Ou j • I) 752 2. LI?38 .9520 .1)413 .lJ 6U 2 .991; 
1 ~J. U Ou 1.1044 3.6977 .9090' .0744 .930b .976 
16.30u 1.2105 4.523tl • d68 8 .1028 .9066 .9~8 
1. 7.0 OU .ti1"!1 5.5U32 .dOb7 .1432 ./j747 .922: 
18.90u .5158 6.5970 • ·/389 .1608 .8614 .857 
2 v. 20v 1-'-'-8 .it il 7.7855 • b 5lJ 1 .1661 W.2.7,U .7581 
21. 5 ()O .1071 '). ~)3 28 .55.20 .1194 .8932 .617 
2 ~. 80u -.0 3() 2 • 10.3111 .4475 .0372 .9640 .464 1 

24.1 (1) -.1379- 11.5998 .3496 .11 7"7 - 1 .13·3(1 • 3u 81 

? 5. 4t)u -.27.48 12.8999 .2 51} 7 .2764 1.3812 .1 Ul1 

2,/j. u (Iv -.35't8 15.4997 aou l' .5822 2.3f:l79 .041 
3u.6nt; -.4475 1 fl. 1001 .0299 .8261 5.6429 .ous 
33.200 -.5169 20.6994 .U049 ' .9183 9.7880 • OO(~ 
35.80u -.5 7u 8 23.3u06 • u Ou 5 .9998 ~.43Zts .0uc.1 

PROGR41i NfJRH2: 
PI::Rl=12.0u rER.2=11.1I0 SIGHA= 1.uO 

BSC l I I t I Pl PIP2T P1DP2T PRT 
7.l'lu 8.t3273 1.1193 1.uOuO .0015 1.U014 .998 
9.885 ~.5U83 1.6696 .9816 .0162 .9840 .997 

12 • ~ 7v 3.3 7u 2 2.517li .9738 .0213 .9790 .994 
15.255 1.13531 3.8~54 .9363 .0511 .9512 .984 
16.596 1.3202 4.7~O9 .d975 • (l80ti .9253 .9f.J9 
17.941.1 .9028 5.7808 • U 549 .1017 .9076 .941 
19.283 .5851 6.939~ .71313 9 .1266 .8875 .886 
2iJ.b2? G3 Lt 29] 8.191u .6981 . .145;~ C. B 131 I .799 
21.96ii .1.S88 9. 't923 .5961 .1301 .8 B4ti .673 
Z 3. :no . .iJ170 11). 81hZ. .4836 .0750 .lI 3u 1 .519 
24.653 -.0<)48 12.1519 .3735 .0177 1.017"1 .306 
2 ~. 9 9~ -.1849 13.'t951 .2 btl 8 • 15 7() 1.1858 .226 

'Zd.6Hu - .32u 2 16.1812 .11;0 .'tll37 1.lJ336 .O?9 
31.365 -.4109 18.B652 .u 376 .7634 4.18U3 .OOB 
34. () 5u -.4!j95 21.54d1. .0147 .9525 18.4025 • () u (, 



-
\ 

, . 

, ' 
'. PkOGRAt,\ N (Jt{112 : 

12~nO PER2=12.00 SIGIiA= l.UO 
SC,' CJI E I Pl PIP2 T PIDP2T PRT 
'2 ill) 9 _ -, ?.O7 1.1193 1.uOO·0 • ()\..i()U 1 • (j (II) 7 .9992 
'97v b. 189 B 1. bu(lL; • IJ 9b 2 .OO')lt .9.99 !5 .9980 
'74(1 :., .6396 '2.''3864 .98~4 .0113 .9 U8 7 .9900 
511i 1.lJ.9() 0 It.(1U()t> .9567 .0:141 .907(} .9693 
i395· 1.4215 4.9557 .92-/8 ·.055u .947d .978Ci 
280 

.. 
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APPENDIX-2 

Result of Linear Regression 

PERl PERl 1 . 
PER2 or 

I 
P1DCR l 0.00107 -0.0025 0.8425 

EIICR l L_ 0.00581 -0.0017 0.2949 
------'--.-

5 Iterations in our Regression 

P1DCR PERl PER2 PERl PER2 1 1 

PER2 PERl err or 
1st It. 0.00115 -0.00014 -0.0009 0.00055 0.8397 

2nd It. 0.00145 0.00021 -0.0037 -0.00038 0.8402 

3rd It. 0.00114 0.00108 -0.0013 0.00023 0.8387 

4th IL 0.0012 -0.00034 -0.0016 0.00107 0.8329 

·5th It. 0.00099 -0.00030 -0.0021 0.00076 0.85167 

EnCR l PERl PER2 PERl PER2· 1 
PER2 PERl (i2 -c;r 

1st It. 0.01982 0.04148 0.00102 0.00113 0.2885 

2nd It. 0.01967 0.04218 0.00276 0.0009.2 0.2854 

3rd It. 0.02082 0~03960 0.00254 -0.00087 0.3115 

4th It. 0.02628 0.03911 -0.00103 . 0.00327 0.299 

5th It. 0.0221 0.04073 -0.00045 -0.00135 0.3148 

: .' 

. :", ; .~.'":'" . , .. " 
.' 

.. "", 
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1 n 1 F () H n t. T ( () y. ~ " [' S C" I' 9 X, "E J " , 'j (I X , " P'1 " , /.;'1. , " ~, 1 :. 5 T" I' q X , " P f.' 1 ") 

rJo 71 1u=1,16 ' 
E 1=8SC( ID)-i\f:PV{J [) 
Ell=(Pt:r:2-[I) ILl 
C ,., L L P il r: S T (P E R 1 " r r. f~ ~;", ~; 1. Gj'l ,\, [J I, f'r r S T, ;( Z ) 
r 1 () F. S T ( 1D ) = r r t: S T 
r .t 1 = 11 ( H·) 
PII:::II(Jfl,l 
r> I r= r 11 +.!,: • (10.(: 1 

, '.' 

, " 



p1E ST(10) =PRT (l D) *r1 t>EST( 10) 
p 1 () P 2 T< I D ) = p 1 <I D) I ( P In ( ][) ) + o. non 1 ) 
P 1 P 2 TOO) = (P1 (I D) •• p R T (I (» ) I r1 (I P) 
[) r:f~ 1 = X Z * ( P1 0 P 2T (I D) - P 1 DES T ( I I» ) 

C WRITf(6,906)OEN1 
C 905 FOP-I1AT(SX,"OEN=",F1S.8) 

IF(P1P2T(ID).LT.U)P1P2T(IP)=-P1p2T(ID) 
C \~ R I T E U" 1 (j 0 ) B S C (I D) , E II , t:. I , P 1 (l D) , P ~ 1l: S T (I D) , P 1 D P 2 T< I D ) , 
C $PRT(lO),P1{)EST(IO) 
C 1 OJ FOR '1 AT ( 3 X, f 7. 3, 1 x, 2 ( F 10. I., 1 X) ,5 (F 10 II I~ ,1 X) ) 

W IU T f. (6 ,1 nu ) B S C (I 0) , EI, P 1 (I () , p 1£. S T ( I 0) , P rn (l D) 
1 0) F OInt ',T ( 3 X, F 7 .. 1, 2X ,4 ( F 1 U II I., 1 X) ) 

71 C OIH INU E 
GO TO 999 

999"1 STOP 
END 
SUBROUTINE BULII(OSC,AA1,IND2) 
D.rr1ENSIOI~ 85C(16) 
IF(AA1.LT.BSC(11»THEN 

! r (IIA 1. GT liB SC (1 » T HI:N 
If(AA1.LT.RSC(6»THEN 

! F ( AA 1. L T .. 8 S C ( 4» Tit r. r~ 
I r c,\ A 1 • L r • rj S C (3 » T H r. r ~ 

IF(AA1.LT.8SC(2»THEN 
I NO 2= 1 

ELSE 
1 NO 2= 2 

[NO IF 
E LS r: 

I ND 2= 3 
[NO IF 

.E LS E 
!F(AA1.LT.BSC(5»TH~N 

ItID 2= 4 
t LS F. 

I NO 2= 5 
E. ND IF 

[NDIF 
ELSE 

I F( AA 1'. LT. B S C ( 8» Til r: N 
IF(AA1.LT.OSC(7»THE~ 

\ IN02=6 
E LS F. 

I NO 2= 7 
E. NO IF 

E LS E 
IF(AA1.LT.BSC(9»THEN 

I ND 2= 8 
E.LSF. 

IFCAA1 .. LT.BSC(1(l»THEN 
I ND 2= 9 

ELS E 
I NO 2= 1 0 

END IF 
E 1'10 IF 

E. NO IF 
END If 

ELSE 
IND2=O 

CIIOIF 
ELs E 

IF(AA1.LT.BSC (13) )THEN 
IFCAA1.LT.BSC(12»THEN 

IND2=11 . 



J. 1'11)":;- I c;. 

[NDIF 
F. L Sf: 

J F( AA 1. LT .. use (15) >THEN 
I r (,~~. 1. L T .. R SC (14) >T liEN 

IN02=13 
E LS F. 

HIt'2=14 
010 IF 

EL5 E 
IF(AA1.LT.Bsce16»THEN 

IN02=15 
E LS f: 

I ND 2= 1.6 
f NO IF 

tNDIF 
ENOl F 

ENDIF 
RETURN 
E r~D 
5 U 8 R 0 UTI NEB U L [; R V (N Z , S 5 C, T , ') I G rH" F. R V ) 
Dlll1 EN5ION NZ(350) 
I II =0 
SSC1=SSC 
FLUXT=O.ooooon001 

4 IFeSSC.LT.O.U)GO TO 2 
5 ZZ= (55(-T)/ (SIG:'~*5URT(T» 

IF(ZZ.LE.O.O)THEN 
IF (ZZ .GE.-3.'.9) THEN 

LL=-1 no.* ZZ +1 • 
FLUX=1.-NZ(LL)/1unoo.o 

ELSE 
FLU x=o. fJ110l)()1 

E t~ D I F 
ELse 

1 F ( Z Z • U:. 3.. It 9 >T 1\ E U 
lL=1()().fl*ZZ+1. . 
FLUX=NZ (LL> 11 OUOO.O 

ELSE • 
FLU X= 0."99 99 99 99 

r::r I [l IF 
E 110 If 
III=IIl+1 
IF<III.EU.1 >FLUX1=FLUX· 
fLUXT=FLUXl +FLUX 
SSC=5SC-1.U 
GO TO I. 

2 EI=(FLUXT-FLUX1)/FLUX1 
ERV=5SC1-EI 
SSC=SSC1 

. RET U RN 
E NO 
5 U B ~ 0 U T W F. B U L P R 2 (N Z , S C , E.r~ V , Q , S I G r, A , P R 2 ) 
DIMENSION NZ(350),Z(350) 
P R2 =U 
JJJ=U 

, SC=SC-ERV 
Z Z = ( S C - Q) 1 ( 5 I G "l A * S Q R T ( Q ) ) 

C \-IIHT(6,12f.l)SC,ZZ 
C 1 2 J . FOR r~ t. T ( 2 X , " 5 C =" , F 7. 4 , '~Z Z = " , F 9 • 6 ) 

tF(ZZ.LE.o.n)THEN 
IF(ZZ.GE.~3.4?)THEH 

LL=-1
'
)(l *Z Z+ 1. 

fLUX=1.-NzeLL)/10000 •. 0 
E L SF. 



EtlDIF 
E lS E 

I F ( Z Z .. L!: • 3 .. 49 H II E N 
ll= 100. 0* ZZ +1 " 
flUX=NZ (lL> 110000.0 

ELSE 
FlUX=O.9999999 

[NOIF 
E r~D IF 
PR2=1-FLUX 

C H R I T E (6 ,2 9) S C , [ R V , Q , £H' E I\tl , S I G "1" , P R 2 
C 2y FORr1AT(2X,"$C=",F5.2,2X,"FRV=",r5.2,2x.,"U=",f~ .. ?, 
C $2X,"13MEAN",f5.2,2X,"SIGMA=",rS.2,?'X,"PR2=",r9.6} 

~r:TURN 
C uo . 
SUO ROUTINE PREST(PER1,PER2,SlGMA,EII,POEST,OEN) 
EIICR1=O.0221*PFR1/PER2-0.04073*PER2/PER1-U.O n045*rrR1 1 

$ S I G N " * * 2. 0 - O. no 1 3 5 * PElt 2 1 S I G ~~ A * * 2 • I) + n .. 31 48 . 
P1DCR=O.00099*PER1/PER2-D.0003*PER2/PER1- n .0021*PFR1/ 
$SIGMA**2.0+0.00076*PlR2/SIGM~**2.n+O.R5167 
If(P1DCR.GT.1~O)P1DCP'=O.999? 
1 r ( P 10 CR. L T .. 0.0) P 1 0 C R=U • (J no 1 
IF(EII.GT.EIICR1)GO TO 117 
E II C R 2 = - 2 • 3 26 * S I G r t/, * P F. R 2 * * 0 or 5 1 ( PER c: + 2 • 3 26 * S I G n A .... P E H 2 * +' U .. 5 ) 
IfU:II.GT.EIICR2+0.02S)GO TO 120 
EII CR2=EI I-D. (l28 

1 2) 0 PT K =0. 01 36 (1* PL R 1 IP r= R 2- (l. n 2 89 0* PI: R21 P F.: f\ 1- o. 00 r. 61)U * P F R 1/ S 1 Gi: 1'. 
i**2.U+U.U00177*PER2/SIGMA**2.0+.0793 

C \HH T E (6, * HI PT K 
IF(OPTK.LT.O.O)OPTK=U.000001 

C X=EII-EIICR2 
C rr(X.GT •• 25)lAY=5*X-1.0 
c IF(X.GT.U.1.~ND.X.LT.n.3)rAY=X 
C IF(X.LT .. U.1)EAY=x**1.2 

PDEST=OPTK/(EII-EIICR2)**1.22+p1DCR 
C. PDEST=OPTK/EAY+P1()CR 

D~N = (Ell-El IC R2)* *1.22 
GO TO 118:' _ 

117 C =U .. 10709 *P ER 11 PE R2 - 0 .. 0 29 33 *p r: R ~ 1 PE n 1-1.1 .. U ilL! 78 * PER 11 
SSIGMA**2.0-0.0UQ96*PER2/SIGMA**2.0+0 .. 272 

IF(C.GT.1.0)C=O.9999 
IF(C.LT.U.Q)c=o.on01 
POE5T=P1oCR** (C** (EII-EPCR1» 

-118 CONTINUE 
H ET U RN 
E tJ() 
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APPENDIX IV 

Comparison of Estimation and Table Probabilities 



r' L: '1: ' ''' ~ .llU PERZ=1n.(lU s .t G ~~,\ = • Jwno 
sse EI r1 PH ST rr.T 

6.r) 1 .3945 .9986 .. 9 1,)97 It 9997 
6.6 ., .7039 .9968 ~9993 .9995 
7.2 2.U9/.1 .9936 .99gn " 9991 
7.8 2.5273 .. 99n1 .. 9 9/, P, .. 998/, 
B. 1 2.7672 .9873 .. 9921 .,9978 
8. It 3.0243 .. 9841 .. 9882 " 9970 
8. 7 3.2923 .9792 .. 9~3;? .. 99 f:,() 
9.0 3.561 4 .9736 .976 ? .. 99 If 5 
9.3 3.8364 .9696 .. 9692 .9925 
9.6 1 •• 12/.4 .9640 .960n .9898 
Q.9 ', .. /t1g6 .. 9565 .. 9"9fl .. Q8f>1 

1 n. 2 4 .. 711 /} .9462 .9368 .'J817 
10. ,IJ 5.3 OU 3 .9230 .9P68 . .967f< 
11.4 5 .. 9f1t) 4 .89(18 .. 87()O a9/~74 
12.0 6.4996 .85 n2 .~?'39 .9161 
12.6 7.fJ974 .7914 .7636 .8729 

PROGRI'lf.l NO RM 1 : 
P E~ 1 = S.OO PER2=10.00 S IG rIA = 1. nunu 

Bse EI P1 P 1£ 5T PRT 
6.0 1 .7272 .9858 .9952 .. 9955 
6.6 2.()159 .9813 .9931 .99 /.1 
7. 2 2 .. 3625 .. 9764 .. 9 R9 / • • fjlg 20 
7.8 ? .. 7523 .. 9661 .9iun .989n 
B.1 2.9759 .9593 .9782 .. 986~ 

! .' 
B.4 3.1 975 .9521 .9724 .98 1,2 
8. 7 3.4344 .. 9/. 24 .9650 .98 (Pi 
9.0 3.6 ~8 7 .9331 .956n .. 9767 
9. :; 3.9383 .9242 .9 /.5? .. 9719 
9 .. 6 4 .. 2025 .9112 .. 931. ) .96 f:,/, 
9.9 4.4691 .8983 .92U 5 .9591 

1 (1. 2 I, .7 Sid .8846 .. 9(1/,7 ~95fl5 
1 O. fl 5.3199 .8512 .8689 .~)r~')2 

11" If 5.907() .8176 ,,8?66 .0P15 
1 ?. r) 6.5022 .• 77ft7 .776 /, .8643 
1 2.6 7 .. 091'7 a 72 35 .7203 , 

,,~1 36 

PROGRAtt . NOlm1 : 
PER 1 = 5.00 PCR2=15.00 SIGrlA= .3t)(1(1 

usc EI P1 P1EST Pf?T 
8. n 2 .6908 .9997 .. 9999 1. (ltH1U 
8.8 3.3752 .9987 .. 9993 1.0UOI.I 
9 .. 6 4.12/,/. .9981 .9973 1.nUrJU 

10.4 4.9081 .996U .9925 it 999/ • 
1 n. 8 5.3 no 3 .9937 .98?n • ,}9~1 
11. 2 5.7027 .. 9916 .. 9R/.7 .9987 
11.6 6.0974 .98R9 .. 979 /, .9979 
12.0 6.497n ,,9871 .9732 .9969 
1 ~" 4 6.9004 • 98 26 .9661) .9955 
1 2. 8 7.2965 .9790 .9578 .,9934 
1 3. 2 7.7007 .9726 .. 9'.8 ~ .99 f1 6 
13.6 8.097'. ,,9634 .9)76· .9868 
14. 4 8.9004 .9/.32 .. 9114 • 97'511 
15. 2 9 .. 7Ot)? .9103 .8786· .9561. 
1 6. fJ 1f1.497rJ .8682 .~35~ .,1J265 
16.8 11 .2965 .8132 ,,7817 ,,8830 



P RO GrU'~1 NORf'11 : 
PER 1 = 6" 00 PE R2= 5. no SIGtiI'= .6Uf)0 

usc [1 P1 r1CST Pin 
7 .. 0 1.143 /, .969'. ..99U6 .. ','9 79 
7.6 1.',926 .9/-166 .. 9 7/t I. • '}9 ')) 
p,. 2 1.9L~n " 9U?7 .. 9 It I, " .. ':n~n 
8.R 2 .. 4 053 1I?1576 • g ~}(J r) t.)- -.', 

II .. ( .J •• 

9.1 2.662'. .8293 ~ 13 (, 7 ? • 9 5 91 
9.4 2.9/,64 .7872 .. R 2') 5 .. 937U 
9 .. 7 3.2253 .7/.1.2 .7865 . .. 9066 

10.0 3 .. 5152 .6979 " 7 3/. {, .)-1.6',3 
1 fl. 3 3 .8095 .6(,89 .. (:, 75 I. .. !; 1 "6 
10.6 4.1 OU 6 .5385 .7087 .. 7',86 
111.9 It .4 fl8 4 .5250 .65U/, .67(1) 
11. 2 4 • b 97 I, .1,630 .5361 • :; 871 
11 .. 13 5 • ~ 026 .3/,51 .. 4452 • i,1 29 
1 2" I, 5 .901.0 • 2/~ 39 • ·5 114 :5 " ?514 
13.0 6.5 nu f) .1592 ., 1 '}5 (, • 1 ~ 4 2 
13.6 7.0960 .(1975 .122 I) .11)?I+ 

PROGRAI'l NO RN 1 : 
rE~ 1 = 6.00 PE 1"12 = 5.0U SlGt~l\= .ZOOO 

sse E I p1 r H.. ST r rn 
7" 0 ,,5~~17 1. no flU 1.00Uf1 1" riO no 
... 7 
I •.. ' • 811J I, 1 .. 00f1O 1.()fIOP 1. nOP'J 
7.0 1 .1 no 7 1. nuno "9995 1 .. 'H\f11.l 
7.9 1 .399 oS 1.flUOO .9'167 1.l\tlr:(~ 

8. 1 1 .. 5S[1l. 1.0000 ... 9935 1.0(.11")0 
8.2 1 .6997 . 1. nOOG .. 988 '-' 1.nOt1I) 

8. '+ 1.8517 1. noou .9317 1 • r1(l fl(; 
8. 5 2.nnOI) .9997 .973[1 1. fl(Ir)I.: 
,g. 7 2.1/.~1 .9997 .9623 1.1.'1.' flU 
8.8 2 .. 3 nu 3 .. 9995 .9/.?3 1 .. [1(1'1(1 

9.0 2./.49(1 .. 99('? .. 93'.7 1.nUno 
',l. 1 2 .. 611U4 .. 9979 .9182 1 .. no '10 

9. I, 2.9006 .. 9929 .8813 1. ('(! !HI 
r) ... . .. ( 3.196 :3 II 9726 .f.41 n 1. flUIl(l 

10. (1 5 .5 Q(Jfl .. .. 9353 .. 7 97? ;99?6 . 
10. 3 3.8 03 ~ .8)13 .. 7 50 5 .. 996'2 

.' 
PHOGRM1 tW rm 1 : 

PER 1 = 6 .. 00 PE r~2 = J.OO SIGliA= 1.11()!lO 
OSC f. I P 1 P 11: ST rRT 

7 .. 0 1 .. 8 98 7 .. 84 31 .R76/. • ?162 
7.7 2 .. 7. 2·3 6 .131/~8 .~ 34 fl .c~9n7 

8.4 2 .. 6 30 1 .7677 .7771 • F.l5 31 
9.1 3 .. U 955 .7122 .. 7091 • 8(12::5 
9.5 3.3513 .6755 .. 6672 • U,7"'> 
9.8 3.612 /, .64 S2 .. 6268 • 7324 

1 fl. 2 3.893 n .. 6079 .. 6',32 .6f79 
10.5 4.1 868 .5652 ,,6(182 II 6/.116 
1 n. 9 4.1,873 .5285 .567? • 5>3 71 
11.7. 4. BIID 4 .4889 .5245 .. 5319 
11 .. 6 5 .. 121 /• .4'.66 .1+8[,8 • ',gn1 
11.9 5.4488 .4043 .. ld6f> .1.207 -
12. (, 6 .. 121 /• .. 32 73 ..3 /.35 • 3r.1.~5 
13.3 6 .. 8066 .2527 .261] 1 .. 2119 
14 .. 11 7.5 O? 3 .1937 .190 n .13 /,2 
1 /, .. 7 8.1 93 d .13 91 .1167 II (17 7.'3 

11,.5~.O/ .. UCLr, f\ f\ , PD I. , f). 678KLWi. 



.\ 

. 

. ,PROGRAt; NORX 1:', 
PERl= 9.00 '. eI!R2=9.0lf' ,S IGMA=. 5:,)00 : 

t3SCEl" p',- .', '·:P1EST PRT 
l7~Q7.$OOO· .6ti03 .• 7749 .8389 ' 
i7.8 -a.2521 .5429 '.666" w6379 

" 18.5, 9.-600'0 .4l,'82, • 51-f() ,. ,,5()Ob 
19~3907lt79.?.755 .. 357,7" .. 3121 
L9.6 10.1237 ... cZ,20v' ~--"-="';;El331'----;7ZfTb--' 
20.010~500n.168l .2155 .J5R7 
2 n. 4 10 • 8 76 3 • 1. 2 61 . l' 163 7 ' ' • 1. U :=; 6 

,20.8 '11.252i' .. n9,24 .1256 ~()6u8 
21."': ,111162,41,.. ,.f)650 ',,1037 en'tOY 
2 1. 5. . 12 • tI (; 0 (\ , . • ('Iii 47 ' .. (; 98 5 . on 2 2 S 
21.,,9 12.3759 .0313 .t1 527 ,0122, 
·2~.3 ~2~7479·.ni79 ~0277 .nU64 

23 •. 0 1305000 .• 0084 ~on56 ~0U13 
23.81~.2521 00029 .000n ~0unu 
24,,5,15.0000 .. 0005, eO,nOD .. 0(1)0 

'25.3 15.7479 i.000U '110000 ~~OOU 
, , ' 

, -. '. 

, '.,~ ~.: : -. 

PRO GRAM, ,NORH 1: '. 
P FR1= ,9" UO 

,I ' 

.' PER2= 9" nO SIGl1A=.70no 
B SC . 

'17.0 
,17.8 
l' 8",5 

, 19.3 
, 19.6 
',20. (\ . 

2 Q. It 

2fl,,8 
. 21.. 1 

21..5 
21;. 9 

, 27..3, 

23.0 • 
'23.8 

l:l' 
'}eSOOO 
8.2510 
9.0000:' 

." 9.7490 
10.1264 
1\).5000 
to.8736 

: 

11.2510 
11.6225 
12 ... OJ~OO 
12.3.775 
,12 ... 7 4~10 

: c:! .. 

13.::.11')00 
14 .. 2510 ., 
15~OOOf) 
15.7490 

" ~ 

PRO G R f .. I" NOR rll: 

PI PIEST' 
41·64'32, .718 It 
' .. 5455 ,,'6239 ' 
.4363 ~ 514 It 

",34 li~ .3993 
.100S .3421. 

.; '.25 iJ7 .2885 
.2232 . .2399 
.1895 .1976 
.1.63 /t ... 1645 
.1305 .1354\ 
o H:61 .1136 
.(\853 .0994 

" ."553 .1:791 
'o03,3( .0303,' ' 
• ~")i 84 e.O In 7 
• ()l 03 .01134 

PER1=, 9,,00 . PER2=.9.00 SIG~V\=' .9000 
Pl \. 'P1EST BSe' . 1:1 ' 

17.0 7.:)132 .6043 ~,67()6 
'17~8 8.249-/ ' .:5357 05912 ,. 

1 a. 5 .. 900000 .: • .455't .5065 
1 9. ~ 9.7555 

", 

.3763 .4187 
19~'6 10.1318, 'u 3376 " ",.3736 
21') .. 0 ')u,.5000 ,,3Q 37 .3299' 
2.0.4 , 10.8679,': .. 267't II 2885< 
2 "'. '8 11,,2442, • 2384 .2505 , 

11.6200 ~2i59 21,.1 • .2ti 66 
21.. 5' 12~ OOtH) . o 17q7 ,,1863 

,21.9. ' 12.3796 " "01550 ; .1586 
2 ?. 3 , J.2. 7 555' o13!"l5 ,,1361 

, 2. 3 .. 0., 'J.3. !)OOO ' \ 
'.0937 .1056 

23.8 14.2442 ' " ,.0689. .0945 " 
l4.5" 15" (),(iVO" • 0461 

.. .t) 67 5 
2 5~'3' ,15.7555 :' .. 0308 ' .', 0'0 31t7 

PRT 
c-76li, 

, ,,6368 
.50no 
~ 3632 
.. 2981 
.2389 
,,181,7 ' 
.. 1423, 
.1075 
c: 0 778 
it 0~ 48 
it 0375 
.016Z 
.O{}62 
.. 0022 
"OCi07 

P P. T 
.](;88 

, 'II 606't 
II 500u 
.3Y36 
4/'3409 
Ii 2912' 

'.2451 
.2033 
.1.660 
~l342 
.1056 
5(\823' 
.'1't85 
" 1'262. 
.013i: 
_ 0062 



P.RO·GRM'I'NO'IU-ll :. 
pr~Rl.= 9.00 'PIER2= 9~Ot'SjGNt.= J.. lUnO. 

IJ S C '..' '. E 1· '. P 1 ' PIE S T' 
· i7~O>7.!)·701·. 56ft3 ::6301" 
'17.8 ··8oZ.8,80.·:\,.:e50Al .5655 
13~5 9.0189<~; .'+'t /t9.5CHH'I 
1 9. j' .'9 07 56 4 . • 38 21 1/ 4 7. 6 9 
19.'6"','10.1301 . ~·35'40.· .. 43898 " 
2.0. 0 " . '.1 (l • 5 03(). .:." 3 2 r) 5·- . • 3 5 5 6 
2~').410.8754'·.2947 : .• 3223 

." 

" 

PRT 
".6664 
'. 5832 . 
.5{)00 . 
.. 4129. 
.3669 . 

-'-""';"""---'c:""\ lr--,,-nB ·~~l-+l-;-tztsT.G~-.. '--:". ~137 . ' --.-z8'-"7~2--

.• 3264 
.28Tl 
g"Zlf1f3-------,­
, ?J.48 

'. \ 

21~1 11.6208 .• 2439 .2575 
· 21~'511.9969:,:"?211 .2301 
21.9 12.372~ .' .2U42 .Zdr7 
22 .. 3' 12.7453:', '··~1821 .1789 

, '1' 

'23."· 13.4984 .1397' ,,1387 
2308 14.24{36 ,.. .1063.· .1096 
24'; 5 . 1.4. 9969 'II 07 55 .. (i 951 

,25.3! .15.7-453' ,. • 05,~7. ' •. 1017 .. 
'. I . 
~ ,: . I. 

. . ). . . 

i> RO GR AK ' NORHl~ 
PERI= 9.00 . PER2=9.00SIGNA= 1~3606' 

; B SC ." E I .. ' . PI . P lE.ST '.' 

•• 1841 
.15 ?i9 

.• 1292 

. "n869 
, ,,1)559 

• "351 
• 0207' 

PRT 
1 7.0 .7.6862..' ;'. 1/ 56'82·"" • 5 949'-- :: .• 6293 . 
17.8 8.-3625 "'.51.82' .• S-H3'c5636 
lS.'5, " 9.0680," ..• 46.46 .4915·.4.960 
19.3 \ 9.7887 .4152,'.4301' .4207' 
19.6 10.1509" .3889 · .•. 4017 .3859 
ZO.O 10.5200 ~3b13 .37j8 c352~ 
2 04j 4 . 10 II 8 B 3 2 " . '0 33 87 • 3 42 4 • 3156 
21').8 . 
2101 .. ' 

21.5, 
· 21,9 
,.22.3 

23" n 
2. 3" 8 • 

- 2't o.5· 
25.3 

.3112 11.2509' 
11.62't.8· 
11.9957 
12.3665 
·12.1422 

.... " ' .• 2885' 

,'13.4909 
.: .14.2344 

14.9863 
15.7381\ 

PROGRAM NORMI: 

,.2641'( 
, ".2417 

• 2253 
.• 18.54· 
;.1535 

.' ~ 1241 
• Iv 12 

... 

.3160 
. "287'1. 

' .. ",2631 
.2371 
.2162' 

<.1733' 
.. ',,1406 
..• 11,59 

.U994 

PERl= 9.UO ··PER2.= 9.:110 S,IGIIA= ro5U00 
BSC' £1 . PI.., PIEST 

...... 17.0, ",7.8631 ··.Sit24, .5666 
17~~·.8'.4871 .5(i2Z ' .• 5240 
18,5' . "'., 9.!594 ,,4568' .'t808,· 
19.3 9.8556·"·····7·· '.4099 · .. 4297·-
1 9. 6 10 0 1. 95 3. III 3914.4 07 9 

·.20oiO 10.5639.' .• 3,720 03830 , 
2'1 •. 4';' . 10·.·9158 >. ,·, •. 345~· -... .~3581 

· zo. 8,. J.1.2651'· .,3.233 .. 3339 
'. 21 .. 1 . '11 ~ 6436" . - " 3066 ... ~ 3109' 

21.5 .. I2.0009··.··· .2884 .;2882: 
21.9 .~·.'i2·.3569'·: ~2671' ".2664 
22.3 .. ,'12.7406':·:·,i,.2510 .243('1 . 

• 23';1') .-13.4857" ·;·".2145 .'20S 8 
'. 2 30 8 14. 2 13 6 C',; >. 18 35· II 173 2 

2 4.·5'14~· 96.11·" , ' .. .-1529 .1/t37 

" .• 2843 

• 2514 
.2236 
.1949 
.1711 
.1251 
~:r.\9/')1-

,,0630 
~n4?7 . 

PRT 
.5987 
-,543.8 
.: 48 80 
• LI2 4-; 
.3974 

,.'3669 
.3372 
413()85 

.2810 
,,2546· 
e?{~96 
.2033 

.. ' ... ~25.3' '15.71'74 .. '" ~13()4 .... 1202 .. 

• 3.611 . 
.:1.251 
.093'* . 
~ 06 :3J. 

lO.05 .. l19'.UCLP, AA,":'P03 ····.,·O.349KU"Sc:· 



PROGRAI'l / NORH1:' 
PERl:: 9.00 

5 SC 
PER 2 = 1 -, • () D-' ,',:-5IGHA= .8000 ," 

2 (l~ 0 
2 I)" 8 
21.5 
22.3' 
lZ.6 
23 .. 0,',' 
23 .. 4 ' 
23., 8 

, t:. 4c.1. 
24.,'5 
24" 9 
25u '3 
26 0 (; 

26« 8 

2 7" 5 
Z 8.3 

EI 
10.5.000 
J 1.2492, 
1200,(100' 
12.1508 
13.1288.' 
13.5 noc' . 
13087i2 , 

i'1402492 
14 e 6223, 
15.(JOOO 
15.377"1 
15'07508, 
16.5000 
1'7.2 Lt9 2 
18. ()QUO , 
1.8 .. 7508 ' 

, . 

Pl.: - 'PH,ST, 
,,93,26 , 

" ' ,,'9(; 37 
, • 8076 
,.' 8239 

1;1 7995 
;".7655 

, ,'''.7 41} 8 ','" 
, .. 7137' 

~: ,,,6766 ," 
' .. 6461 . 

•• 6129' 
" ~5745",', 

0,5lr6) 
" 4363 
,,'3639 
" 2961 

,,8873 , L 

:.8585 
.,82~ 1 
.'r197 

"",7556' 
'~7294'( 

, .6992 ; 
.'7228 
.6973, 
~6663 

'It 6358 
.5999 
.5299 
.. 4563 
.3787 
.3051 

'PP-OGRMi NORtH:," t,' , . , 

'PE~l= 9~On PER2=17~~D SIG!1Jl.=' 1.0000" 
BSC ',1:1 ,Pl '" PlEST 
2i).O 1,0.4996 " 8811 o 855f'1. 
2. 0" 8 11.25U9 .8466 ,,82tH 
21 .. 5 - 11.9992 OIl 8121 , .. 7 803-
Z 2.3 ,12,,7472 .7755 • ,073'19 
2206 '13.1244 07511 .. 7079 
t. 3 .. 0 13.4996 .7239 II 6 817 
2 3~ 4 13.8737 .. 698'4 ~ 65lt 4 
Z 3~ B 1402509 .671.8· 06756 
.::: 4" 1" 14.6228 ' i 6458 

' , 
065;1.8 

24 Co ~) .14'09992 
24' .. 9 15.3751 
L ~G 3 iSo7472 

" 26.,() 16,,4996 
2 6 e R 1.7. Z':?O ') 
27. :; '1709992 
2d" 3 .18.7472::. 

t, 

,! 

, I p~OGRMra NORnl: 
'; p r: R 1 = 1-1. 00 P r: R 2 =:: ,9.00' 

t3SC EI \ 
zoon 3.30·95 ',' 
ll).,H 3 0 8J.28 

'al,,5 'h3734, 
22<13 409847 
22.,,6 5.3093 
23 11 (1 .5.6393 
23 • .4 5.9778 ' 
23.S'1 '6.3215 
24 .. 1 '6.6796 
24,,5, 7.0407 
24",9 
I- 5,3 
Z 6. i'l 
Z 641 8 
27.5 

, 28 .. 3 

, 7 .. 4058 
7 .. 77()3 
13.5089 
9.2538 

10.0'(\'-'0. 
10.7503 

.. 6161 .6265' 

.588't .• 5999 

.5592 05722 

.5000 .5141 

.4371 II 453 9 
,,3832 " 3936 
.3279 43349, 

S IGJ~A= .7UOD 
P 1.' PIES'-> 

.. 94 0 , .9333 
II 9163 .• 9078, 
• 87,92. U 769 
,,8401 08394 
~el-47 .8167 
~7877 .7924 
c.7595'~763n, 
II 7244" '. ,7312' 
/I 69,24 ,6939 
.66r)1 ~.:, .:7589 
.. 61.96 .7259 
.;5808 <16891 

,,,,49 't4 
.. 4085' 
... 3355 ., 
.; 2646 

.5962 

.4881 

..3774, 

.2735 

, , 

" 

PRT' 
.9756 

" . ,;9591 
.. 93.45 

; .. 8997 
.879(;, 
.855 Lj. 
" 8264 
.7967 ' 
Cl76 /t2 
.. .7257 . 
.. 6a79 

,.6'tlt3 

• ~ 5596 
. ,," 4721 

.. 3821 
02981 

P P, or. '" 

~ 941.8 
c.9177 

.. 81369 
" 80i as 
" 8236 
,,799,' 
.. 7714 
.7454 
87157 
~ 6844 
.6517 
.. 6179 

,"" 5478' '-, 
~''4 7 61 
.; It052 

" 3372 

PRT 
.996, . 
09932· . 

," 9-tl61 
.9719 

. ,,9599 

• 9't 52 
.9236· 
, 8980 
.8643 ' 

, • B2 38 
" 7734 
* 71 9l) 
.5910 
( 4522, 
.3192 
.2033 

I '; 



. .. ..... ..... /1 ' ••••• ......... "" , go, 

o SC EI P1 pHST prn 
8.0 Z .9020 .9962 .9988 .9991 
8.8 3 .. 5161 .99 /.8 .. 9974 .99'15 
9.6 4.2025 .9912 .9938 .9973 

1f'1. 4 1 .. 9421 .986(1 .. 9871 • 9952 
10.8 5.3199 .9807 .9-?22 .99:)6 
11.2 5.7114 • 97 50 .9761 .9916 
11.6 6.1010 .97 f) 3 .9689 .9 B 91."1 
12. (] 6.1.892 .963/, .. 96U/, .°857 
12.4 6.8957 .9574 .. 95(1/. .9817 
12. B 7.29(16 • 9/.8/. .9392 .,'f767 
'1 3. 2 7.6919 .91.00 .. 9259 .9699 
13.6 8.0893 .9295 .911 R .. 96?5 
1 4. It 8.892fl .. 9035 .8774 .. 9/, H~ 
15. 2 9.6919 .8646 .837"2 .91/,7 
16.0 1().4825 .82119 .7882 ~577(l 
16.8 11 .2881 .7676 .. 7310 • g289 

PROGRAM NO RrO : 
P E~ 1 = 10.00 PE RZ = 5.00 S IG Nfl = .7(][10 

B SC EI P1 P1EST rp.T 
6.0 .4569 .9916 .998P .99R1 
6.7 .5492 .9919 .9973 .. 9977 
7.4 .. 6562 .981 () .996 f) .9972 
8.1 .7724 .9756 .9934 .7965 
8.5 .'8 6() 3 .9722 .9906 .9959 
8.8 .9443 .967(J .9872 .9952 
9.2 1.036 /, .9582 .9R27 .99 /,3 
9.5 1.1.378 • 9S 10 .9767 .993'1 
9.9 1 .2 4Sg .91.79 .9694 .9916 

10.2 1.3747 .92R6 .. 9597 .. 9896 
1 n. 6 1.5234 .91 87 .. 9472 .9868 
Fl. t 1 .. 6739 .9016 .9332 ~ 983U 
11.6 2.0101 .8632 .H992 .9719 
12.3 2.4242 .8136 .8509 .9/,95 
13.0 2.8972 • .7503 .788 n .9099 
13.7 3.4344 .668U .7035 .8413 

PROGR At: N()R~\1 : 
PER1=1U.OO PER2= 5.00 S I G ~~A = 1.0(IOU 

B SC E I r1 P1EST r~T 

6.0 1.0511 .8939 .9 /i91l .. 96 (~8 
6.7 1 .1 796 • 88/,6 .9379 .955/, 
7.4 1 .3231 .8719 .. 9247 .. 9495 
8.1 1 .. 4885 .8615 .9 1)78 .9418 
8.5 1.5780 .8518 .8979 .. 9.) 7f) 
8.8 1 .. 6 S4 5 .. 8396 .8':H3 /+ .9319 
9.2 1 .7604 .. 8266 .8756 .9251 
9.5 1 .8697 .8163 ~862n .9177 
9.9 1.9932 .8049 .8 1.73 .9099 

1 (1. 2 2.1359 .7923 .. 8?95 • 8997 
1 O. 6 2.2705 .7784 .8119 .R888 
10.9 2.4126 .7598 ... 791 (, .37 /,9 
11.6 2.7277 .7242 .7/+8n .8/.38 
12.3 3.0869 .6852 .6958 • ~O?3 
13.0 3.4929 .6349 .. 6348 .7/d\6 
13.7 3.9332 .. 5800 .649/, • M3· n8 



/ 

'p RO GR Ati· N(JIHll: ' 
'\P[Rl=124<~H"'i" ·P~R.2~10~t)(1:· SJGHA=t~ 0\)('10 

Bse, ,EI ~'·PJ. -', .P1EST 
20" () 7'.5999' .6599 
21 .• 0 ~.5397 ;5835 
22~0 9c~044 '.50.96 
2,1.0 HJ.4831, .'t186' 

.2.3 .. 5, 10.9713 .3793/' 
, 2 Ito 0,. J.l.4640~ 3367"" 

Z 4" ?' ". 11.9568 \, .. 29'.:)51 ,.< 
2~.(') .".' 12.4516. ; "e(.661" 
2 5. 4 " 1.2.9435 ", ,,'2276 ", 
25,,9··· 13 .. 4433" ',,1979 
26/4 
2. 6" 9 
2 7,9 
28" 9 
2.9~ 9. 

".30 .. 9 

13.9346 
llto't302· 
15.4212 
16.4127 
17.4002 

; .,18. 39U 7 
) . 

'. '017 flU 
, .1471 
.1097 
.. 07 53 . 
.,0479' 
,,1)297 .. 

. . ~ .. . ~ 

PROGRAK ~iORlll:,' ... 

~6 't90 
,,6 l .98 

'.,5 5BB' 
'.46.32" 

, •• 4'149. 
: .3637· 

.,3188, ' 

.2733 

'.1670 . 
.14U8 
,,1075 

" . .,1099 
"I) 538 
.0224 

" PFK1=1[3lJi.I(~· 
8.SC 

:PERZ=,5.0C! 
EI 

S 1 CHA =".1.0000 
Pl' PlfST 

Z (I .. 0_ 
'2()"B 
21 .. 5 
2 2.3 
22 .. 6 

, 23. () 
23.4 
2. 30 8 
24.1 
ZIt .. 5 
2. 4.9 
25.3 
26" (\ 
26,8 

, t:: 7.5 
. 28., 3 

prRl;:lH.~J() 

i:I SC 
20 .. n 
20.8 
21.5: 
22.3 

'" 
22.6 
23. () 
23" 4 
23; 8 
24.1 
241 5 
.2.'h 9 
L 5 .. ? 
26.0 
2 6 e 8 
27 .. 5 
28 .. 3 

3.,7't69 
'te1329 
4.5345 
4.9812 
5.2197 
5.4791 ~ 
5c7.321 
6 .'0001 
6.2755 
6.564,3 ' 
608613 
7.1718' 

,7.8001' 
13.4569. 
9,.1.437. 
9.8453 

PROGRAIi r,wRf:l: 
PER2= 5 .. f)(; 

E 1 
2.4737 
12~92118 
3.440tl 
4,,0217 
't.3313 
4.6547 
4 ,,'9 890 
. 503344 
5.6822 
6.0400 
604031 
6.7669 
7.5068 
8.Z5{t4 
9.;)000 
9",748/t 

: 

86\/83 ' .• 6815-
,,',610 .618'9 
~ 52 2't .5919 
.48(}8 05349 
.. 4573. .,51u5 i 

·.'t312· ~'473 8 
" 4())9 .4411 -

• 38 30 fo"'t 1?5 2 
.36l2 .3661 
.. 3376 ' .3339 
83142 .2958 
.2973 .012614 , 
.251.5. tiZ038 
.2147 c 1624" 

'.~ ?(13 .1443 
·Q1373.·· ;1351 

SIGNA = ',,6000 
Pl P 1.[: S T 

II 801,6 .7999 
.7403 .7484 
.673u ~6774 

• 58't4 " : ,,7064 
0'5338 •..• 

, " , 

.'6589 
.4876 '.' .5991 
• 't3 63 ~~5 282' 
.. 3929, . .It 5.61' 
.3432 (13797, 
02913 o3Q34 
.2474: ' ,,2379 . 
o Z() 67 ", '.1858 
• 1435 ,,;1355' . 
',;0865 eLI58!· 
o 05.'tl: .0104 
• D3f'iB "U()(;r.l ·, 

" 
.. ' 

I . 

PP,T 
" 7734 
c.6772 
II 5596 
.4404 
03821 
;.3228 
.. 27n9 
.22()6, 
.. 1762 
~ 14[11 
.1.1)75 
.. D8ns 
c 0416 
.. 02 J. 7 
.()U96 
fl' no 4v 

PRT 
,.7123 
16480 
• 5793 . 
01 ,000 
,,'i64:l 

.. a 4168 . 

~3745, 

.. 3300 
... 284'3 
.• 2451:' 

.. 20,33 
~ 166(; 
.1056 
.. 06 J.e 
,.0322: , 
'" 0154 

P RT 
It 9b99 

.• 9382 
.. ·87 7(1 
• 764t. 
.. 6879 
1\ 5987 
.5o'OlJ 
.4052 
03085 
c; 2206 
.1492 
~ 0.951 
.0314' 
" (lu!t! 
" 0014 
c no "l() 

.\ 
" 

! 

I ., 



P HO GR Mi NO R~~ 1 : 
r E~ 1 = 14 .. 00 P[ R2 = 8 .. OU 5 1 r.; riA = 1.ounu 

13 5 C E 1 r1 r1EST rrn 
16. n 3.3669 .8722 ., 8 ~I)t') .. 'lI, -;;; I. 
1 6. 8 3.7567 .8379 .. 85U7 .. 93:"2 
17. 5 4.1 872 .8019 ,,~13B .. 9{lqg 

18 • .3 4.6608 .. 76 S2 .7"121 .R81l! 
18.6 4.9169 .. 741/, ~.7'f77 .. >3621 
19 .. I) 5.1845 .. 7114 .7198 • f-.3H9 
19. " 5.4620 .6895 .69"5 .. 31 ?;3 
19. ,g 5.7495 .6664 .. 6596 .7852 
20.1 6.Cl43/. .64 no ,,6;~7 6) .. 7549 
20.5 6.3515 .6095 .0835 .'719(J 
20.9 6 .. 66R6 .57'17 .6565 II 68(!V 
21.3 6.9884 .5515 .. 623 r{ • 6_~ 68 
22.0 7.6584 • '.9 (15 .5572 r 5",78 
2 2 .. 8 8.3519 • 43 21 • 'tI~ 2 I, • I,)?2 
23.5 9.061 5 .38 no .. 4031 _.7,557 
24.3 9 If 7 84 9 .31 75 .3233 .. 26'.3 

PROGRMi NO rm1 : 
r- FR 1 = 14 .00 PE R2 = .3. 00 S .tG '·1/1 = • gO 00 

BSC EI P1 r 1F 5T PRT 
16.0 2.80/,9 .9223 .9393 c ?B?(J 
1 6 • .g 3 .. 2295 .89 /,/. .91ft1 • ?f; ~1 
17. 5 3.7032 .8616 .. 8~27 .97(16 
18.3 4 .. 2 33 3 .8216 .8/+34 .. 9515 
18.6 '.'; 520 n .7947 .. 8194 .9.HU 
19.0 4.8144 .. 7705 " 7931 "Q1f)2 
1 9. 4, 5.1 261 .74.~2· .. 7643 .g9~W 
19. 8 5.4l,89 • 7169 .. 7292 .36'% 
~O.1 5.7751 .6890 .6929 " ~365 
20.5 6.116'1 .6567 .6513 " 7967 
2n.9 6.4672 .. 6241 .71U3 .7'+~.~6 
21.3 6.8125 .5889 ,,6752 • (,935 
22.0 7.5341 .5048 .5866 .5793 
22.8 [5.27UO .'.24/+ ,,'+ 91 (1 .4562 
23.5 • ,9.110f.O .3/,51 .3851 , .33nc' 
2/ .. 3 9.7505 .2772 .. 2 877 • (,2"6-

PROGRM'I NO RM 1 : 
/' 

rE~1=10.un PER2=10.00, S IG i'lf\ = .80 no 
B SC E I 1'1 r1EST PIlT 
12. (1 2.4553 .9839 .. 9909 .. 99~6 
12.8 2.9202 .9751 .9~1 5 .997 /, 
13. 5 3.431 9 .9612 .9671 .9952 
14.3 4 .. 0123 .9436 .9 /.61 .99"9 
14.6 1,.3296 .93 n4 .9330 .91375 
15.0 4.6505 .9161 .9HHl .98 c6 
1 5. 4 1,.9830 .9016 .901 n .. ~.)7 61 
.15 .. 8 5.3 32.~ .88 It 7 .8313 .9b71 
1 6. 1 5.6750 .8622 .. 81)97 .. 9554 
16.5 6.0385 .8394 .8351 .94£16 
16.9 6.',(164 .81 24 .8n77 .. 9222 
17.3 6.7627 " 7870 .776 /t .P.9~tl 

1 .g. 0 7 .. 506,'3 .. 71 21 .. 7!1/, 5,' ... 'US5 
18. B 8.2568 .. 6345 .7np.6 ,,7517 
19.5 9 ~ () (10 n .56n5 .6331 .1)517 
20 .. 3 9.7468 .'.734 .54',6 ~ .. 5398 



I· f\VUl\, .. ,.. I,V r, I i I " 

r F..R 1 = 1 " " Or) PER2=14.()O S IGfM= • ~l\n() 
BSC E I P1 P 11: ST PIn 
1 6. (l 2 .. 8049 • ?9:, 6 .9075 1. nnnfJ 
16.8 3.2295 .9939 .9 ',ut 6 1 .. rlJ.I fl !.I 
17. 5 3 .. 70:~ 2 .. 9911 .9,'195 .. 99?7 
18.3 4 .. 2 33 3 .9868 .93'17 • 99'H. 
18.6 4 .. 520 I) .. 9852 .9707 n ?99~ 

19.0 4.81 /• 1• .. 9829 .9709 • (!9~9 
19.4 S.1261 .9782 .96 /.2 .. 99:3) 
19.8 5.4 1.89 .9732 . .9506 .9973 
2 0.1 5.7751 .9672 - .9 /,33 .9969 
2 0.5 6.116 11 .9625 .939 ? .99~;7 

20.9 6. 1.672 .9519 .929() .. ~'9 /.1.\ 
2'1.3 . 6.8125 .. 9412 .9185 .9918 
22. fJ 7.53 /.1 .91 57 .. 8939 .. ') g 1,6 

22.8 8.270 (l .8842 .86/,5 .. 971lJ 
23.5 9.un80 • 8/.87 .8 ?91 ,,0,515 
24.3 9 • 7 SUS • 8U 38 .7861 .92117 

PRO GR Af4 rW!m1 : 
PER1=12.uO PE R2 = 7.rJ!) SIGrtA= .Hl:OU 

n SC EI P1 P1EST PP-T 
1 2. C) 1 .. 740 (1 .94/.5 .9759 .99:':1. 
12. R 2. 03l! g .93111) .9616 ' ~ ?9 '1 4 
13.5 2.372 /• .91 n6 • 9413 • q~; I • 
1 I,. ~~ 2.769 I) .803 1.3 .. 9138 .. f?l67 
1 I,. 6 2.9 9? 3 .8665 .. 8 96 '} .. 97f1l) 
1 5" r) 3.226 ? .8/.60 .878 I) .. 96;>5 
1 5.4 3.4829 .8229 .F5S65 .9515 
15.8 3. 7 4~ 3 • ~o 25 .. 831 0 • ':J3 7f.1 
1 6. 1 I •• 0261. .7793 .. 80/,2 .91 f.)2 
1 6. 5 4.318'1 .7517 .. 7 7? 7 .. l?'}fJ2 
1 6.9 1,.6289 .7162 .77>78 • ,~6 36' 
17 .. 3 4 .. 943fJ .67 R2 .6983 " 83 4IJ 
18.0 5.6103 .5972 .71143 .. '11.22 
18.8 6.3085 .. 51 75 .6198 .. (J255 
19.5 7.0295 .1.374 .5 ~O7 ./t 96U 
20.3 • 7.7632 .3543 .. 4081 

~ 

.3594 

PHOGR,M1 flO r.ll1 : 
PCR1=13.IJO PER2=11.00 51Glif,= 1.5DIlO 

BSC E 1 r1 P 1 r;: ST PRT 
1 5. a 4.6698 .8391. .8/.72 ~ P;9~!) 
15 .. 8 4.9925 .8233 .8268 .8849 
16 .. 5 5" 3 747 .8021 .M".2 " :37np, 
17.3 5.7865 .7751 .. 7759 .~5n8 
17.6 6.0016 .7624 .7622 .. 0 /, 13 
18.0 6 .. 2 2U 4 .. 7/.92 .. 7 /.34 .:~315 
1 8. It 6 .. " 35? .7353 .. 732" • 81 ~16 
18.8 6 .. 6 711 .7187 .. 717~ .. ~H'78 
19.1 6.921 ? .7022 .. 6972 .. 7910 
19.5 7.1 76'] .691 U .679:' .. '17 (II • 
19.9 7. 1,376 • 6776 .. boLO .. 7(,11 
20.3 7.7129 .6621 .6 /.2/,' .. 7/,5/1 " 
21.0 8 .. 281 5 .. 63115 .. 5986 • 7(15 /, 
21.8 8.8534 .5976 .6267 • t,(J (II • 

22. 5 9.4736 .. 5593 .. 5f.9? .1)179 
23.'3 1U.1175 .. 5237 .. 5514 .5675 



-'--.'--------.-.'--~~~~;-;:--------,.----:----=--,----..,---
. , ... PRO GRAil . :NOR~\l: .'; ..-/' 

, .... 

i PERl = 17'. 00 >:: "" 'Pt:R2'= 9,,00 S I G ~\A = 1 .. 1'000 . 
BSC'. . ,EI' Pl Plt5r 
20 o'n'" ·4.{734 '/riQ406 1).8586 
20 4 8 4.6046 t6134 .B?82 
i.l.'5 '~e0612 c.7824 0'79.34 
22.3 5.5754 ••. 7459 ~7508 
22.6, 5.8440 ,II 72't7 ~7268 

t, , 
,'23.:Q ' .. ' 00·1246 ... ,',.7005 .6995' 

23.4 6 .. 4J.56':· "'.67,79' \. a6)29 
23.8 6. 71J7' ;. • 6411Z ) .6428 

, 2't.l' 7~0213' .62'14' .7020 
24 ... 5 ,1.3328. '.,5989 .. 6791' , 
24*9 ,7.6526 .. 5732 .6512' 

; Z, 5" 3 -, II 9 811 0 54 61: 'c 6 214 
26.0 1>."6556 '.'189't .o5~73 

'26.8 9.3512,' ,,4383, .4896 
27.~ 10.0653 ~.3809 ~41~O 
28.3 10~7928 .. , •. 3254: .3398 

PRO GRAf.I NO fUn: 
PER 1= 17 $,00;', , P E R2 = , 9,,;00 

. B SC ' . 'EJ 
S IG~\A= 1., oono' 
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