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“ABSTRACT

One of the mdst impoftant variant of the welli-known
Vehicle Routing Problem is Inventory Routing Problem. We
are concernéd with the s£OChastic aspects of this problem.
Though a closed form for the stockout probability expression
is not available for eVen'simpleét form of demand
distributions, problem iﬁ;{riedﬁto be solved by using a
simplified approximated'eXpreSSiQh. We test the validity
and reliability of the expressibn with sihd]ation methods,
then we deal with the cauéesjof_the error»resulting from the
approximation. Finally by:?égreésfon methods;we estimate a

multiplier which minimizes our erner.



OZET

-Tasit Yol Atama brobleminin’en onemli kollarindan biri
Say1¢¢a]1 Yol Atama Problemidir. Bu calismada prbb]emin
rrassalvyﬁnUyle ilgilenilmistir. En yalin istem da§i11m1ar1
icin bile stok kopma olasiliginin kapali tanimi olmadigindan
problem bir yaklasiklama tanim1 kullanilarak coziilmeye cali-

- s1lmistir. Benzetim yontemiyle bu tanimin gecerlilik ve
giivenilirligdi sinanilmis, yaklasiklamadan kaynaklanan yanil-
ainin nedenleriyle ilgilenilmistir. Sonunda, yanilgiyi enkii-
;ﬁk]eyen bir katsayi regfesyon yontemi yardimiyla kestirilmis-

tir.
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[ 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 single supply node. The
storage capacity;SC% is given for all demand nodes 1 = 1,...,N.
The daily requirements g; of demand node i in day q are
independent and identically distributed random variables with
known expected values R, = E[gg] and‘variances:oi = Var[gé]
for a]]vi = 1,...,N.

Let the planning hof{zonvbe Q delivery periods, and let
Ii,q be the amount of goods left jn invenxqry from day q to
day q+1 at node i, for q = 0,1,..., Q-1. 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, Ii, is a random variable

dependent not only on daily demands, but also on the date of

last delivery, which we‘cdll.ti; Since last delivery ‘must




N

have occured before the start of the planning horizons, ti

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
daily requirement g;. A stockout implies certain penalties
and an immediate emergency shipment to replenish the inventory

4%a.

up to its capacity.

Suppose the decision policy is to make deliveries to
node i on day q of the planning horizon. Then-a stockout

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

1

r q

{ E; > SCi} occurs.’

L
it o™

A Furthermode the way parameter fi is defined implies
that event: |

0 . B . ‘
{ =z g; 5.sci} has occured. wtherwise,'the logic of the

Y‘zti

model would imply an emergéndy shipment to node i at same
time (t;,0). However, that contradicts the assumption that
ti is the date of Tast replenishment to node i. Then stockout
probability is: |
q-1 .

P.:P{Zg:,>SC./ £

_i

Mo

<S¢ ) (1)

There are .two types of costs in the system:

a) Operatihg Costs: These are the cost éssociated 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.
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The objective is to minimize total stockout and deiivery
costs of all nodes over a fixed plann1ng horizon of Q de11very
,per1ods (days), while satisfying routing constraints. It will
also be assumed that the date of the last delivery to node 1,4

ti’ is known for all nodes i = 1,...,N.

In this research we will analyze the stochastic aspect
of the‘probTem, especially the stockout prgbabi]ities that

were mentioned.

Uﬁfortunately, a closed form or simple and accurate
approximations for the probability expression in (1) is not

available for most probab111ty d1str1but10ns for E

On the other hand, if we compute expected stock 1eve1

at the beg1nn1ng of the planning horizon, e,l

0 i
ei = E[I1,o / rftigr < SCiJ
(2)
0 i ‘ :
where I, =SC, - ¥ ¢
1’0 1 Y‘:ti r

and redefine the probability of a stockout at node i befdre;

~day q as;

1

0

~—
™M !
'
-5 ede
v

1]

-]

iq | P:]
m
¢?(b) =P{ I ¢

Then it leads to
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1 SC;-1 0

.i .
= SC, -[ T P{u <z & <SC.1}]
! 0 I u=0 r=ty T 70 0
P{ & < SC.} - ‘
r:ti r- 1
- SCi-1 4.
(s€.) 6% (sc.y - & e Fiu)
1 1 u=0 1
= SC_i -
1-t.
¢i i (SCi)
SCi -1
oo (u)
u=0 1

1-t,
¢i i (sci)

which means that e, can easily be estimated in terms of Ri,
., t. and SC..

i i i
-Furthermore;

Piq =1 - ¢?_](ei) which can also be éstimated in terms of

Ri’ 0:s 9 and eif

Examples: (51 normally distributed)

1.i) R, = 2 &2 =z 2 t., = -5 g=5 SC. = 18
i : i i i
17
6
- ¢, (u) |
u:o 1 - 4 -
ei = =7 Pi =1 - ¢i (7) = .9099
6 ' .
C e, 018)
+ = - - 2_ - - ,_‘ ‘ -
1.41) Ri = 2 o; = 2_ ti' 5 qQ =5 SCi = 24‘
23 :
6
z . (u
u=0 ¢1 ( ) _ : A )
e = . = 13 P_i = ) - ¢i (13)_: .0901
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Unfortunately, P].q estimation (from now on we will call
it table estimation) may lead us to wrong conclusions especially
in low stockout probability regions. The following figure

shows us the relation between the real and table probabilities.

Stoc
A

out probability

SC

A 4

Figure 1.1 Constant Ry 0os oy ay values

As it is seen from Figure 1.1 overestimation occurs at
high stockout probabi]ity regions and underestimation occurs
at low stockout probability regions. Fixing random variable

Ii o into one specific point (ei) results in such errors.
9’ .

Figures 1.2a and 1.2b shows how overestimation and

~underestimation occurs.

We want to find the stoékqut probability (Piq) for known
values i and q at time zero. We don't have any .information
about our stock level at time zero, we only know the
replenisment time (t;i: and that_any stockoui has not _
occured till that time. Ii is a random variable which shows

]

us the stock level of node i ét the end of time zero.
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Underestimation:

SupposeAthe relation between random variable E; >

r =1,...,q9 and e. q i
: q ; are such that P{ % g; >e.} =0
q. . Y‘:] 1

i
whereas P{ RIS 0'} > 0 for at least some possible
outcomes ii _of random variable I. . Then the real stockout

] 1,

pFobability will be larger than the table estimator.

Possibfe values 1 ’ Distribution of I

e . ing ej 19
that random J<:~-n-___ assuming €
. ‘ ~ S ——— initial inventory
variable S S e ‘v
can take ° ] ~ (notice that probability
. . .
T —=a__ of a stockout is zero)
~ N T .
~ ~ = —
\\ . \\
~ ~
\\ \\
~ ~

N Distribution of Ii,q
K : v f/// assuming Ii,o initial
o o : inventory

' ‘ (notice that probability of
a stockout is strictly
positive)

Figure 1.2a

\ Overestimation:

Suppose the relation between random variab]e'gi

t]

o o q )
J=1,...,9 and e, are such that Pl 3 €1 > e},
: =1 r 1
q j - r=
Whereas P{ Z] gr > Ii O} <1 for at least some possible
- = ? .

outcomes Ii,o of random variable I, o Then the real stockout

b ]

probability will be smaller than the table estima;or.
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Possible values e _ Distribution of I;

N>~ assuming I. initial
that random variable] a5 N ~o inventory °’
I; , can take IR N ~~_ | (Notice the probability
’ : ~ . . . )
\\:\\\Q of a stockout is strictly

~ X less than 1)

N Distribution of I q

3 assuming e; initial inventory
(Notice that probability

of a stockout is equal

to one)

Figure 1.2b

We try to rearrange the stockout probabi]ity by the

help of re]ationShips between our varﬁéb]es;(t., a5 Ri’ S

~and SCi) and error deviation. We wiT1.ana1yzg‘these

relationships at the following chapters. '
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1. PROBLEM DEFINITION

2.1 Statement of the Problem and Variance Approach

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

to estimate the stockout probability but the approximated
estimation led us to overestimation or underestfmation |
depending on values of parameters. We ffrst]y dea]yWith the
error percentage of the estimation. By a simulation mode]Ewe
check if the magnitude of the error is negligible. Resulﬁ; of
the simulation shows us that, especially for low stockout _
probab111t1es and high ti values the error percentage is not

negligible. We will explain the simulation model we use, in
fhe next chapter._Appendix 1 includes the results'of this

‘simulation study.'

In this chapter first we try to solve the problem on]y

by dealing with per1od1c variances.



o

Variance Approach

We briefly mentioned the causes of 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 structuré.of 2 normal distributions which have -the same

mean but different variances.

1£(x)

1st curve
_______ 2nd curve
of > o}
X R]:R2
Figure 2.1
X

. 1
Assume F(x)-the cumulative of f(x). Then F(x]) = f f(x)dx.

Plotting (1-F(x)) versus x we get the fo]]oﬂing figure for
both distributions. | | |

1-F(x) ]

Ist curve
2nd curve

Figure 2.2




10

 The behavior of the 2nd curve 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 wil] first asSume that demand is normally
distributed with expected values R, <E[£1]and variances
of = Var[gﬂfor all nodes i = 1,...,N. We will assume that
planning horizon starts at time t = 0 and that the date of
last repTenishment daté‘of node i, the following statement is

t i = . ' 0 i
rue for all nodes i 1,...,0 { zt E; < SC }
We will call the time interval- [t.0] the f1rst period and

0,g-1 the second period.

_ If we use notations x and y for the demand distributions
of first period [t. 0] and second period [1, q-1] respectively
‘we will see that (o2 = o2 + g2) variance of the demand
X+y %x y
over the whole period tx’ q-1 1is equal to the sum of the

variances of the first and se€cond periods.

1 f(x)

‘\W ~ f(x) shows the demand

distribution of first period

» SC

Figure 2.3




d?'f(y)

f(y) shows the demand

distribution of second per1od

o] /qi-l

SC
T~ (q5-1) &
F1gure 2.4 _
E(x) < (t{ * 1) R, E(y) = (a; = 1) R,
o%(x) > 0 | o*(y) = (q; - 1) o
x+y.= ofx) + o%(y) because

SP(xy) #;P(X)'P(Y)

-
(x and'y are independent'variables)

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

is equa] to a constant (SC - e,) decreases the whole period
var1ance ' ' |
F(x') 4
il
sCi-e; - x'
Figure 2.5 ‘ .

02(x') = o¥constant) = ¢¥SC - e ) ;"0 :




t f(y'.) |

Figure 2.6
o*(y') = 0*(y) = (q; - 1) o
2 w2 4 .2
o x'+y"";0 x‘,+ o y' where
and
then
2 2
c X|+:/l =0 y‘ll": 0,2(y)
2 BN e 2 2,
ey =T x)o (y) 2 o (y)
because:  o%(x) 3'0‘
2 2
So Y x'.x.y' .-<— 0 X+y

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 means and different;yariances}'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 curves
around mean will be symmetric (Figuke 2.2). Then we take our
real distribution curve, which is the_suﬁmation of the
conditional first part with the normally distributed second
part. Conditional first part is non-symmetric but normally
distributed second part is symﬁetric. Summation of one
. symmetric and one non-symmetric distribution wi]l‘give ug a
non-symmetric distribution. Sd 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(xty) = E(x) f'E(y)

Xy .
the ‘difference of the non-symmetric real values and symmetric . .

and ¢? = czy in other words it is a symmetric curve. Then

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 variancé.
Increasing the variance will change its shape symmetrically
but symmetric changes won't yiefd acceptable solution to our

problem.

2.2 E]iminatidn of Parameters

So far we deal with 5 parameters ti’ a5 o?, Ri and SCi'
1 PERZi instead
PER]i defines the number of days of the planning

“From now on we will use PER]i instead of ti
of 91
horizon which we are trying to find the stbck¢ut probability.

Dividing the other fhree terms (ci, Ri,,SCi) By Ri we get :
' 2 _ '

2 2 |__' e .
o .=‘°i/Ri . Ri = Ri/Ri = 1 and SCi = SCJ./Ri and this

- helps us to eliminate Ri harameter from our analysis.:
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',Ne’know that probability of stockout for given n days
at a given SC, is equal to 1 - F(Z), where Z can be found from °
the following equation. | ' |

X -E
‘<Z=-'—"'.-—OJ& v E(X):nR__i
. X o
o =+/no
X
Therefore
: R (—Ji— - n) I S
. X - n R, i* R, R. .
z'-'- 1"-‘- 1 - = 1
o /n R, ( /no ) o /n
YR, TR,

This is equivalent to using random variable Y to measure

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

X; » EfX.]
Y= xo Bl e = m
1 1
UlY l - o [Xi] - /ﬁ-O'
it - Ri - Ri

By the help of thisjahalyses we eliminate the variable Ri’
and assume that daily demand for each day is distributed

normally for each node with a mean 1.

Lo

2.3 P1pP2T

Now we define a new parameter PI1P2T which will be used

to measure the error percentage.

P1P2T = [ _
- Pl % ¢

e+0



P1 is the real probability and PRT is the table approximation
- probability. '

In the light of the previous figure (Figure 1.1)
s Probability of stockout

1
— Pl
a [T, . e PRT
d
" sC
©we will get-the following scheme
pipet |
! !
|
!
l
|
I
|
b |--+
i
|
l - >
0 - d a - 1 . Pl
Figure 2.7 |
PIP2T = | Pl - PRT = e ]} where € is a very small number:

Pl ¢




He can divide Figure 2.7 into 3 regions.

1) 0< Pl <d

When P1 is equal to zero, PRT must be zero also. PRT value
starts to increase after Pl reaches a tonsiderab]e value. So

when PRT is equal to zero, then

P1 €
PRT=0

+ |+

4%

2) d<Plc<a

When PRT value starts to increase, P1P2T value decreases,
“the reasons for this.decrease are: i. Since PRT value increases
faster than.Pl va]ﬁé‘(Pl.- PRT) value decreases. (PRT curve
has a smaller Variance than Pl.curve.) This decreases the

"~ numerator part of PIP2T. -

'ii. P1 value 1ncrease and this increases the denomanator part.
Increase in denom1nator together w1th decrease in the
numerator cont1nues to thexpo1nt where P1 curve intercepts
with the PRT curve. Th1s is the point where P1 equals to "a" -

and P1P2T equals to- zero o

P1 - P1 ¢
PIP2T = [ T T & ] = 0
>0
PRT -+ P1

3) a<Pl<l

: After‘this interception point PI1P2T curve shows the
characteristics of 2nd degree polynomial. First, it increases'
‘and after reaching maximum point (let us define coordinates
of this point by P1 = ¢ and P1P2T = b) it begins to decrease

until P1 = 1 where P1P2T reaches to value zero.
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1

Pl + . R '
P1P2T =[ P : =]= 0 Note: PRT curve reaches one

D [

before P1 curve.

We can see from Figure 2.7 that especially for small

- stockout probability values the error percentage is very high.

Increase in PER1 value will have a direct effect @nAthe

variance of our P}>curve'éhd this will increase tﬁe 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 increases
for both curves and probably thfs will decrease the difference
between them. As we can conc]ﬁdg.from here PER1/PER2 value is
more effective on the system as compared -to PER1 and PER2
values individually. -

Error percentage will incféase if we increase igg;
value. We can also say that %%%% value is one of the most

important factors of P1P2T function. -

Variance of daily demand jﬁ:imﬁortant for our system.
Comparing extreme cases for vgriancé will show‘usﬁthe effect
of variance on the P1P2T curve. If daily demanquériance is

~ very small, then 1st part variance is equal to a‘vefy small
number also, and this means that Pl curve has a'véry small
‘yariance Tike PRT curve. (The difference between two small
varianéed curves (P1 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/o2 as a factor as a factor
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and not o2 by itself. Because instead of dealing with effect

of variables alone it is more realistic to ahélyze 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 PER1 constant and decreasing varianée; or taking variance
constant and increasing PER] value forces our (1-F(x)) curve

to have a narrower shape.

PER] = a PERT = a PER1 = ka
. Sy w2 o D o
daily o?= b daily ¢ = e daily o= b
Period - Period 1 Period
std. dev. = /3ab . - |std. dev. = a /ab std. dev. =
. i vk vab
Figure 2.8a Figure 2.8b Figure 2.8c
7, = X - a - Z, = ']X - a Z, = kX - ka
/ab L . /K /ab
7 YK (X - a)
N 3=
: | ~ /ab
Z, = 4

Z, and Z; values are greater than Z,, and since Z, value
(i = 1,...,n) is the only factor which determines- the shape
~of the curve (Figure 10a,b,c) (increase in Z. makes the (1-F(x))

-curvé narrower) or P1P2T curve (Scheme 9) will shift downwards.
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———

A question may come to our mind such that eventhough we
increase PER1 value how does the curve (1 - F(x), Figure 1)
becomes narrower. Since we know that increase in PER1 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 PERI]
value only by‘itSelf but we are concerned with the PER1/¢2
ratio effect. PER1 increase will lead us to an increase in

P1P2T value but we take it into consideration by making one
PERT
PER2
in PERT value can be shown at this part of the equation.

of the variebles equal to value. Effect of the increase

We will now define the most important parameter EII
which shows us the percentage expected stockout. Equation for
that is:

PER2 - EI

EII = =i

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.

_ - g-1 : o
E(I ) = E( =z Ef) - EI - E(I_ ) = Expected negative
q r=1 S q inventory at the end
- PER2 - EI ' of period

v o EI = Expected inventory at
e . ' 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 probab111ty

>approx1mate1y less than %50
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‘So increase in negative inventory comes together with an-
increase in stockout probability. Division of I;. by the

EI gives us the expected negative inventory percentage. .
‘ I : ' .
EIT = —9—  4nd this ratio is more meaningful than

El I; wheh_we deal to find a variable in

order to express the characteristics of P1P2T curve.

Example 2: Let us compare 2 situations:

2.1) EI, = 3 |

PERZ, = 4 3 A
2.ii) EI, = 103 L

PERZ, = 104 ern, « 0108 L L

If EIT is positive, although I;‘s are equal, first
~point'wi11 tell us a very high stockout probability when it
is compared with the second one. Second one (if denominator

is very large) will give us nearly %50 probability.

If EIl < 0, second point will give us higher stockout
probability than the first one. We can think EII as Z value
“in normality table and EI as o2 value. Increasing EI is

similar to increasing variance.
What we have said for Iq‘ is true also for an increase
in stockout probability.

P1P2T

|
l
!
1
1
¢ e : EII
Figure 2.9 :

=00
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Pl - PRT ¢ & , PER2 - EI.
P1P2T = [ Tt ] EIL - e

There exists 4 regions.

1) When EII is between -« and "d" value PRT equals zero.

. _PER2 - EI Pl - 0+
N < d PIP2T = [ —py——

PRT =0

E].-:. 1

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

characteristic,

 PER2 - EI. | 3P1P2T
i L eI S

When EII is equal to "a", PI1P2T equals to zero
(P1 equals to PRT at that point)b

P1 - P1 1
[

o EIL = o PV BRT, PIP2T = [—pyy—

PRT +P1

€]=0

l111) When EII 1s between "a" and "e" P1P2T shows the

character1st1cs of second degree polynom1a1

PER2 - EI o __8P1P2T

a < (T =€ 3E11 0
PER2 - EI o apiP2T o
E = C SETI = 0 and g]so,PlPZT = b
PER2 - EI © ab1P2T .
< —_— <0

¢ < El ¢ B




iv) When EII is greater or equal to e, PIP2T is equal to zero.

PER2 - EI _opipT
EI = " REII

P1DP2T

" Now we define PI1DP2T which is an other form of function

= 0- P1P2T

P2 +1
PRT +

1

=

=]

I+ |—
™|+

o 4%

P1P2T.
P1DP2T - e ~ prper - B IR
| - P1 > PRT
PIP2T =
'ﬁ?lée_- P1 < PRT
2.4 PIDP2T

~ We interprete PIP2T - as an error measuring function and

it helps us to observe the high percentage error regions but ‘

because of its abso]ute-charactér, we prefer to use P1DP2T

~ function from now on.

IF Pl PRT  PIP2T = <y
If Pl < PRT  P1P2T = —3513{—51—
" .
T - pipeT
P1DP2T = :
.

1 + P1P2T

P1 - PRT

PIOP2T = For = < s1rT
Piop2T - T
P1 > PRT .
P1‘<_PRT
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. P1P2T

-00

Figure 2.9

We. try to plot P1DP2T versus EII.

1

. | - 1
i) -~ < EIl <d PIDP2T = w—57p27 = 1.1 = %
i1) d < EII < a oP10P2T .

- - OEII -

because P1P2T is a decreasing function between these EII limits,
PRI Must be

then 1 - P1P2T must be increasing and

decreasing function.

.-

oP1DP2T _ - _ -
SETI < 0 at EII = a P1 =-PRT

iii) a < EIl <c
Because P1P2T is an increasing function, 1.+ P1P2T must also

. . . 1 : )
be an increasing function and —4— PTP2T must be decreas1ng

“function. .
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iv) ¢ < EII —33%2%%1— >0

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

. 1 .. . L
decreasing and T+ PIP2T must be increasing function.

v)  Tim P1DP2T + 1
EI] » "
€490
When we plot PI1DP2T versus EIiAa'curve with special’

characteristics can be seen.

P1DP2T
!

EII
Figure 2.10 .
- | _ , -

From now on we will focus our attention only on this
figure. First we will collect data by a simulation program and
then using regression methods we will estimate critical points,
in terms of the parameters which we mentioned before. Then by

using table values and P1DP2T function, which we-obtained from



regression analysis, we will make another estimation for

stockout_prdbabi]ities.(we call it PI1EST).
PIEST = (PRT) x (P1DP2T)
Instead of PRvaalues, 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.

SOGALI) DNVERSITES KUTOPHAHEST.
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[II. SIMULATION

In previous chapters, we mentioned the characteristics
- of the system. Next, thrbugh a simulation model we will

generate some quantitative results.

3.1_ Real Probability Value

We defined in 1ntroduct1on part the stockout probability

as;
o -l 0
Riq = P {rztigr > SCi / }Eti Er < SCi }
Then we changed it into
PER2 ; 0 ;
P. = P{ I £ > SC. / z E < SC= }
1,PERZ r=-(PERT+1)T ] r=-(PER1+1) ro=

The daily requirements g of demand node i in day q are
1ndependent and 1dent1ca11y d1str1buted random var1ab1es with
expected values equaling to one. {mean = 1= E[g ]} and -
variances Gziq = qo,. Therefore instead of deal1ng with daily

demahds we prefer to deal with the per19d1e.demands. Next, we




use simulation technique and generate demand random variables
for the f1rst 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 1is a generator which
g1ves us the deviation from mean value. So we will adJust the
outcomes by mu]t1p1y1ng them with the standard deviation of

our 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 -u

where X is normally distributed nandom variable with mean O

~and standard deviation 1.
+ Y =+ oX
In our case Y = PERi + o/PERi X

(uw= PERi ", 0 _ = o, . /PERi)

period  day

So we can generate periodic demands by a random number
generator threugh normally distributed random variables with
Vunit variance and zero. mean. At this point a new problem

arises; some generated qnantities may be negative. This will

.happen when

Y = PERi + Xo/PERT < 0



A1l we can say is that increase in PERi or decrease in daily

variance, increases the probability of Y to be greater than
zero. |

)%

PLY < 0} = ¢(—LFPERT

g ) .

What can we do, when we generatelnegafive values? It is
meaningless to accept negative value of demand over some period.
We have 2 alternatives. First one is not taking it into account
and generating a néw'onéﬂ The second alternative is assuming

"negative value as a zero demand. Following figures compare
two alternatives. | ' '

.1':.: . ————- f(O) + q)("VPER'i )

. g

N\

0 "> PERi : | | R*psm‘ »
Figure 3.1a Figure 3.1b

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 generate a negative

value, we assume zero demand occuring'OVer that period

) The shape of our normal curve deter1orates for sma]]
values of PERi and large values of variance.and we can say
5 that dealing with per10d1d‘demanq”jnstead of daily demand

. decreases the deterioration of the normal curve.

We generate two numbers which we will use as periodic
demand for PER1 and PER2. But for the first period demand we
know it will belless or equal than storage capacity, which
means that we won't use the geherated Y value if it is greater
than SC value. We generate a second ohe if first value-is less
‘than or equal to storage capacity;'and»then'by adding the two
values and comparing with'storééé capacity we decidevif
stotkout occured at that trial. We repeat this many times and
dividing the number of trials 1n which stockout occured to
Athe total number of trials we get stockout probab111ty for
given PER1, PERZ, g2 and SC values.

No of trials in which stockout bccured
Total no of trials

p{Stockout} =

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 experimenting. We repeat

this prbcedure for different values of PERI,’PERZ, o? and SC.
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By taking PER1, PER2 and g2 constant and by changing SC .
value we develop a system which uses.the same random number
with different SC values. Let us say that wé try to estimate

P1 for given PER1, PER2 and g2 va]ues and SC from SCMIN to
SCMAX in k increments.

First we generate two random numbers X, and Xz. Then we
convert them to Y, and Y, where Y, = PER1 + X, ov/PER] and

. Y, = PERY + X,0/PER2 . We compare Y, value with SC , 1f Yl

.1s greater; then we don't use this pair of random numbers in
the estimation of P1 for that given scj, but if Y, is smaller
we then add Y, and Y, up, and use it in our estimation, by
comparing the sum with SCJ Instead of comparing Y, and

Y, +Y, with all SCj (i =1,

vapproach. We rank SCj values in an increasing order such that
SC, < SC, < ..., < SC . First we define}IIj, Jg=1,2,...,k

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

..>k) values, we use a boundary

simulation for given storage capacity SCj. Define I]j,

j =1,2,...,k number of trials in which stockout occurs for
given ;torage capacity SCS. Then we try to find "t" value
which satisfies_the‘fol]owing“condition:

sC (or ¥, +Y¥,) < SC

g1 SN t

‘where SCo =0 and ‘,-SCk+] = L (very large numbew)

First, we find boundary t for kandom number Y,, and
increment IIj by one where j goes from "t" to "k". (j = t,
t+1,..., k). This means that we increase total trial number
by one, where Yl'is less than our storageféapacity.‘And'store

. <'this "t" value as tt. Then we find boundary “"t" for random



number Y, * Y, and increment I] by one where j goes from tt
to t-1, (§ = tt,...;t-1). : o

These are the cases where the storage capacities are
greater than Y but also less than Y, + Y, (In our probTem
this is the region where we satiéfy 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 plahning horizon

PERZ, can be expressed as following.

q-1 3 ) 0 i o
P{ = & > SC. 7/ T £ < SC.} or
r=t; r 1 r=t, r = 1
P{ )3 g > SC. / )} g < SC.}
r i e = 7T
r=-PERT+1] =-PERT+1 :

And by using the derivations in the introduction part we get;

SC;-1
 PERT,
I 9. (u)

1

" PER2 |
P. ccpo = 1 = 0. [e.] and ‘e, = —
i,PER2 , i i ' ' 1v - PERl(SC )

where P. is the stockout probabi]ity‘over'PERZ days (inc]udeS-

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

~using z table.



3.3 pipp2r

We‘have PRT and P1 values in our hand. Dividing P1 values

to PRT values, we can obtain PIDP2T values

‘ , we can obtain
P1DP2T values.

Plotting the simulation result gives us the
following figure (Figure 3.2).

A pipp2T

H

13 . i

3

|5 16

(R

| I {5

I3

i ... 1.4

H *

. 13

Y

l Ky 12

| )

i K 14

____________ +___i~mmn___________*_
o Wle e
! . oot
- . a - . A
-6 -5 -4 -3 -z -1 1 2 3 -4 5

Y

EII
Figure 3.2
Since EII is the most effective variable’we focus our
~attention on the curve where P1DP2T versus EII is plotted.

Drawing this curve for different values of other variables
(PERI PERl)
PER2 * o*

we observe that thgre eXIStS a point at which
the shape of the curve changes. Curve shows
different characteristics before and after this critical point

The critical point moves when we change PERI

, PER2 and
values.

So we try to express the coordinates of the
critical po1nt jn terms of the variables PERI

PERZ

.02

and PERI
o2




. EII

Figure 3.3
EIT = f(PER1/PER2, PER1/c?)
_P]DPZTér = f(PER1/PER2, PER1/0?)

First we assume a simple linear relationship

. ,i

| | PERT PER]
Elle,, =2 ) * P ez ) 7 ¢

o PER] PER]
PID = d ()t e )+ f

We deal with the'expgrimentation part as follows:.

:We"take PER1, PER2 and o? constant and Change SC values, this
will give us different EII values (EIT is a function of EI
and EI is a function of SC). '

We can find PI1DP2T values wh1ch corresponds directly to
‘our EII values. (We know that PIDP2T(EII) = g%%%%%%T .) We
can easily observe where PI1DP2T value reaches
minimum point and note the coord1nates of this po1nt as

PI1DCR and EIICR,.

\




The following data points can be seen at the Appehdix 1.

Example 3 : PERI! = 12 PER2 = 12 g2 = 1

SC EIT EI P1 P1P2T P1DP2T PRT

4%

21.5 .3285

19.0328 .6955  .1536  .8667 .8023
21.75 .2934  9.2776 .6771  .1554 .8654 .7823
22.0 .2602 9.5221 .6558  .1606 .8615 L7611
22.25 .2286 9.7672 .6359  .1619 .8605 .7389
22.5 .1984 10.0137 .6197  .1549 .8657  .7157
22.75 .1693 10 '

.2622 .6025  .1477 .8712  .6915

We take PIDCR = .8605 EIICR, - .2286 when PER1 = 12,
PER2 =12 and o2 = 1. We make thi§_ana1yses for different
values of ¢ , PER1, PER2. We put, limits on the range of our

variables for the purpose of a specific problem.

Limits are chosen such as

i) PER1 < 20
ii) PERZ < 20
iii) .3 < o*«< 2

Chbosing a large range for parameters, results in lack of fit.
We will make suggestions for. further research on this topic -
in the last chahter;

We use a least square approx1mat1on techn1que to
PER1 Y to

PER2
Z,to EIICR, and Z, to P1DP2T, we get following equations.

estimate a,b,c,d,e and f values. Defining X to
PER1

0_2 .9




Z, = aX + by + ¢
Z'z = aX + éY + ;" | N
. ' n |
SSE (Sum of square of error) = _Z] (z, - 5xi - BYi - é)z
1=
3SSE o 3 .
222 . -2 %, (Zy; - X, - - & =
" i (Z,5 aX; - by, .c)(Xi).l'O
oSSE n. &
—— = =2 I (Zy; - aX, - by, -&)(Y.) = 0"
B_b, i=1 7 ! ! lﬂ ! ‘
9SSE
=2 % (Z,; - aX, - bY, - ¢) = 0
ae inl ! !

We get the following equations

n _ n . n

Lo Z, X, =4& I X2+b 3z X
i=1 1 i=1 1 ial

n  ', n . n

_Z Zl Y- - 5 Z X Y. + b .Z

i=1 1 i=1 1 i=l
n n _n

L L, =8 L X, +b z vy, +
1-1 1:] 1

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

d,e and f values,thénh we understand that we come to face with

a lack ofAfit. This means that Z, =

X + bY + & 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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9TSE
L

oTSE
ab

H ™~M3
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o

b .
= ak + —— + V¥ + d ; + e |
n Y,
= z (Zl.i' - aX, - "—XE'— -tY.- d —— - é)z
h b .'Yi'
= =2 Z,. - —_— - d -
ifl (Zy; ax. - 8 ey, d 8 e)(Xi)
, i i
n P B
- b . - i 1
= =2 - —_—_ - -d — -
(I (B - B ey - e d 5 - e) (e
i A i
n b Y1.
= -2 1_5] (Zl1 - 5Xi T CYi - d-T - e)(Yi) = |
i i
n P oY
= -2 if] (Zl'i - aX.| X. = CY.i - d X . - e)(_x
i . i
= -2 % (Z,5 - aX.- b ey - LI &) = 0
- . i X, i X.
i=1 i |
get following equations.
no. o . n n
th1 = & ii]xi + ben + € iEIY].X1+d iE]Yi + @ .E
Zy4 .y n Yi _n Yi‘
— z&'n+ b I te L +d T — +
i ' izl X. i=1 'i i=1 X_i
n n Y, n , _ n Y,
Z,;Y a I X.Y. + z +¢ Y, +d &
T iz1 11 iz1 X i1 ' a1



2 2
n Y'| _ N . N Y‘i n Y-i ~ N Y-l
Zyy—~— = a IV, *b 2 — v+t T —S—+d I
1=] 1 'i::] ]a] x: .‘B] 'i 1-] X2
v
n -
+ & I —)‘(-]—-
i=1 i
n : n . Ny n . n Yi
L Zyi =a IX +b f—o—+t Y.+ d I + esn
i=1 izl i1 % ia1 1 i=1 %

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

the P1D and EII coordinates of the critical point in terms
of PER1, PER2 and ¢2.

The result is as follows:

Z, = 0.0221X - —949%913— - 0.00045Y - 0.00135 -3— + 0.3148
Z, = 0.00099% - —=2303 - 0.0021Y + 0.00076 + 0.85167

Change it in terms of PER1, PER2, o? , EIICR, and PID .

"+

0.00076

ETICR, = 0;221'£E§; - 2g2?3§§R2 - 0.00045,PE§]
- 0.00135 PEE?}éER? + 0.3148
EI;CR; = 0.0221 -%%%%— - 0.04073 —%%%%— - 0.00045,3551
- 0.00135 -3552 + 0.3148
PIDCR = 0.00099‘§%%% - 0.0003 %%%% - 0.0021 PE§1
PER2 0.85167
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wevobtain these results in five iteretions (Appendix 2
incTudes these results). We collect data for different values
;of PERT, PER2 and o?, then we made estimations and checked
}them for different PER1, PER2 and o2 vaiues, if results are
unsatlsfactory 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 EII)
shows different characteristics before and after the critical

point determined aboVe. Now we will analyze these two regions
seperately. |

3.4‘ Approximation of the Efror Curve in the Interval
(EIIcr1 > )

‘Results obtained about the error curve in this region

aﬁd the general behavior are presented in Figure 3.4.

P1DP2T

A A

P1DCR

EI
Ellcy, .

~ Figure 3.4



That general behavior suggestS‘fitting a curve from
“S curves" (Gombertz equation) family. (A few other types of

~curves here also been considered but even early results were
not satisfactory.)

An S curve can simply be defined as
Yy =.3-b B where b ; c <1

S curve lies between two horizontal assymptotes; y

goes to a, b when x goes to'zero_and y goes to a when x goes
infinity. ‘

Yy = a bc = a-b] = a-b
x--0

Yy = a-bc = a pr: a
x>

~In our ana]isfsf EiIi~- EI{CR{ corresponds to x variable,
P1DP2T corresponds to Y vafiab]e, "a" value corresponds to 1

and'also P1DCR va]he'corresponds to "a-b".

PIDCR = a*b =+ b = PIDCR

So we use S "function in such a form

| ¢(EIT - ETICR )
P1DP2T = P1DCR




(EII - EIICR
p1oP2T = PIDCRE 2

1st curve
~-=<= 2nd curve

Y

Figure 3.5

Second curve has a larger "c" value than the first one.
CUIf "c" value is higher, we can see a faster reach of P1DP2T
va]ue to the upper assymptote. We now want tb find appropriate
¢ values corresponding to given PER1, PER2 and o? values. We
~again refer to our simulation results and gather PlDP2Ti and
.LEIIi values. (A11 data belongs to the rightside of the critic
{vpoint.) We also note PIDCR and EIICR, values corresponding

" to the given parameters. Then we use the sum of square error
'ériteria. . |

c(EIT, - EIICR,) ,

n
SSE = T (P1DP2T, - P1DCR oo
1=

And we find the optimal "c" which makes the SSE value minimum,
's1mp1y by making a one-dimensional search through the "c*
values. At the end of th1s ana]yses, we obtain optimum ¢ values

corresponding to .known 'PER1, PER2 and o? values:
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After obtaining opt1ma] s values for g1ven PER] and
'PER2 and o] values, we try to estimate "c" as a funct1on of
these parameters. By usxng a technique wh1ch we mention
before, to estimate the coord1nates of the critical point,
we reach to the fo]10w1ng result,

¢ = 0.10709 (552;) - 0.02933 (Eggf 0. 000789(35§l)

- 0. ooogs(fﬁﬁg) + 0.272

Note: When we are searching opt1ma1 values for "c", we have
PER1, PER2 and ¢? values in our hand and by changing SC
values we obtain P]DPZT and EII values. We use these va]ueé
in our regression study, but we have two alternatives for
the P1DCR and ETICR, values: we can use either est1mat1on
values or simulation data. We call these alternatives
Mestimation decision rule" and "simulation decision rule".
Estimation decision rule takes the estimatfon errors ihib[ 4
account and arranges "c" value. If PlDCR].estimatibn value is
less than (underestimation) its simulation value, it tries

to shift the curve upwardg by qverestimating the“ci value,
but this also causes an overestimation for high EII values.
Simu]ation‘dec1Sion rule does not consider the previous
estimation errors, it 531y tries to find appropriate}ci-va1ue

which shows the general slope of the data points.

If P1DCR1 estimation is less than its simulation value
we come to face with an underestimation for all values of EII.

Figure 3.6 compares two rules.
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4%

: simulation result

: estimation decision
rule

: simulation decision
rule

Figure 3.6

We made Spme tests to compare the performance of the
rules, one simulation rule came out to be more sudcessfﬁ1 ‘T
than the estimation rule. So, we used simulation rule ’
afterwards. (Simulation rule came out to be %78 moré_f»  .
successful than estimation rule, estimation ru]é came out

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
: (-°° 3 EIICY‘])

4 P1DP2T

" e e v e — ——— —— —— —— —

Figure 3.7

By looking to the region before the critical point we
observe a vertical assymptote and call it EIICR2. When EIT,
value goes to EIICR,, PIDP2T value goes to infinity

Pl e
PRT z ¢

PIDP2T =
" The above equation tells us that when PRT value goé; to zero,
P1DP2T value goes to infinity and we will assume EIICR, to be
the EII value obtained when PRT is approximately equal to 0.01.
So we will now determine the correspond{ng EITI value when
PRT equals 0.01. |



P { z €& > EI} = 0.01
r r=1 ¥ .
PER2 i
P { £ & <EI} =0.99
r » r=1 r -
EI - PER2 . 2.326
o /PER2

" EI = 2.326 6 /PER2 + PER2

PER2 - EI = PER2 - (2.326 o /PER2 + PER2)
EI 2.326 o /PER2 + PER2

EIT =

-2.326 g /PER2
" PER2 + 2.326 o /PER2

EII

AS mentioned before we will call thié value EIICR,. Now we

are dealing with the values where EII lies between EIICR,
and EIICR,. |

F p1DP2T -

IEIICRz o o ‘EIICRI _
Figure 3.8 ' ‘
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If we look the intersection region of the inequalities,
EITCR, < EII < EIIEGR, and PIDP2T > PIDCR we observe a curve

which Tooklikes the shape of y = _k curve.
. ' . xg’ ‘
y 4
y--= k 145
&

1N
”

X

Figure_3.9

Wherebxi value can be defined as EIIi - EIICR, and Yi.va1ue
can be defined as P]DP2T1 - PIDCR. Now our equation is in fhe
form : .
k
‘ L
[EIT - EIICR,]”

P1DP2T - PI1DCR =

For the purpose of simplicity we will take one of our
decision variab]es (in this'step'eitler k.or 2) as constént
and the other as a function of PER1, PERZ, 2. It is obvious
that to assume both ;} them as a function of PER1, PER2 and
o? will give us a better result, but it complicates our work
considerably since it tries to define two dependent parameters
as a funétion of common parameters (PER1, PER2 and o2). Also
even if we find k and & values by‘making a two-dimensional

search over diffe}ent values of PER1, PER2 and o2 still a ,



perfect fit can not bé guaranteed since £ and k valués are
not independent from each other (More work must be done to
solve this kind of problems.). Sb we prefer to keep onélof
the decision variables as a fixed value.\ o

The following analysis will help in deciding which
variable to keep fixed |

i) k constant

P1DP2T - PIDCR = k -
[EIT - EIICR,]

4
=~
"

(P1DP2T - PIDCR)(EII - EIICR,)*

'?irst, we find the % value which causes least deviatiohs
in k value (when we change SC or EII) under given PER1, PER2
and ¢® values. PIDCR and EIICR, does not depend on SC, P1DP2T
“and EII values chahge according to SC value. Then we note the
k" value, which corresponds to the % value. We repeat these
étéps for different PERT, PER2 and o2 va]ues.‘At the end we
compaée k's and we find SSE (Sum of square of error) for k

values.

Example 4: PER1 =5  PERZ = 7 o =1 Say that

e PIDCR = 0.87 - EIICR, = -0.31 =
2 =11 £ =13 ¢ =1.4 ¢ =1.5
sC EII_ PIDP2T k kK kK
-0.23 4.2 .207  .125  .096  .090
-0.16 2.2 165 113 .093 ~ .077

-0.11 1.2 .048 .040 .034  .029



Among them we find equal to 1.4.

2 . 1.4 o (0.096 + 0.293 + 0.034) - 0.074

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

Finding different values for different PER1,PER2,

values gives us ki valpeé for i = 1,...,n. Then we find SSE
for ﬁi values. -

n T - 1 n .
SSE, = T (k, - k) where k = — I k,
k ial LI . =

Define a new criteria (Error percentage) (EP)

SSEk

n k

-EPk z 5

ii) & is constant
Apply the same steps for the following model.

k .

L
[ETI-ETICR,]™ = ~T57ppz7 = pioCR]

g In[EII-EIICR,] = Tnk - In[PIDP2T - PIDCR]

Ink - 1n[P1DRP2T - PIDCR] ]
Tn[EIT-EIICR,]

“and find




a8~

After comparing EPQ and EPk values (we get; EPQ < EPk).
We decide to assume % as a constant and k as a function of-

PERT, PER2 and o?. We obtain value equaling 1.22 from the
‘following analyses. |

. n o
- - 2
SsEz .Z] wi(gi L)

Now we want to express k in terms of PER1, PER2 and o2

“ values. Firsi]y we must find optimal k values corresponds to
known PERT, PER2 and o? values. For the purpose of our
specific IRP we don't use the equal weighted SSE criteria

to find optimal k function for given PER1, PER2 and o?. Since
‘ égrrect estimation is considerably more important for some
-éﬁecific régions, we give more weight to these regions when we
_try to est1mate optimal k function. (We givelmore weight to
;the reg1on where stockout probab111ty is less then %20,
because for high probability regions, the deviation from real
Vaiue won't make a great change'on results. 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’

PERT PER?2 PER1

K = 0.0136 k=81 - 0.0289 P—Eﬁ _ 0.0006 PER1
+ 0.000177 EERZ + 0.0793




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

than zero.

The analysis is now almost complete;there exist one more
detai]. |

Remember the following equation

.. N k
PIDP2T = = + P1DCR

[EIT - EIICR;]"

When EIl goes to EIICR, we obtain a very small number in
the denominator and this leads us to a very large increase in
P1DP2T. We solve this problem by equating the denominator part
"to a constant m when [EII - EIICR,] value is less than some

other constant n. Experimentation-]ed\to_appkopriate choosing

m = 0.030 and n = 0.030.

We can summarize the réSu]ts'bf our analyses. We obtain
- better estimates for stockout pfoQébi]itiesfpy using PER1,

PER2 and o? values together with table estimation value.

The full procedure.is9aé‘fo]TOWS;‘

PER2 -4515
El |

2) Compare EII with EIICR,.. If EII is greater;‘then go to 6.

3) PDEST = [0PTK/[EII - EIICR,] %% ]+ PIDCR "

4) Compare EII with EIICR, *+ 0.03 , if EII is smaller, then
set PDEST = [OPTK/(0.03)'"%%] + pincR '

°) Go to 7 (EII - EIICR,)

6) PDEST = PIDCR

7) P1EST = (PRT)(PDEST)

1) Find EIT  EII =

where EIICR,, P1DCR, EIfCRz, C, OPTK are thé‘functions~of our
}paraméters.-(PERi, PER2 and a?)



We also know that - | 0 < PIDCR < 1
0<C<
0PTK >0
Note: Appendix 3 .includes a combuter; program of our study.

4%



IV. DISCUSSION OF THE ALGORITHM

Firstly, we must stress that this analysis is‘madé for
the purpose of a specific Inventory Routing Prob]em,'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 regiohs, 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 Tow varianced
cases. For very small values of PER1 like as 1,2,.6r 3, it is
- more appropriate to use table probability if PER2 is greater

" than 6. (Lack of fit can be seen where PERL l )

PERZ -

- (We can see it in thekAppendix 4.)

Our aim is to minimize the estiﬁation error in the
regibﬁg 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
example, we deal basicly with two different régions (not three
bécause the region where EIICR, + EII + EIICR, + 0.03 is a
‘narrow region.) but we can easily say that dealing with five
regions will give us a better fit, but this causes more

comparisons 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; instead of equating 2

to 1.22, we may find o in terms of our parameters,

critical
then equate the ¢ 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 important assumptions;
normality assumption and the limited range of parameters

assumption. However another analyses using poisonally

-~ distribution demand showed similar characteristics. Here

we assumed demand is poisonally distributed for periods

~and for also days.

Especially the right part of the curve (PI1DP2T versus
EIT) indicated a proper fit with the S curve. The Teft part

.Ean be improved by re-estimating the g value.

In our analysis we considered the range of parameters

 és‘fo11ows:

1 PER1 _ _ 20 1 _ PER1 _ 20
2 =62 270.3 20 < PERZ = "1




Throughout our study we co]]ect daté from the following
. regions:

1 < PER1 < 20 1 < PER2 <20 0.3 < o® < 2.0

—

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

restricted regions by making small changes on our parameters.

480 .

Example :  PER] = 40 PER2 = 36 o2 =1 SC = SC,
PER1' = 20  PER2' = 18 ¢'%= 1/2 SC' = SC,/2
PERT PERY' ;.
PL T £l <SC)l =Pl T £ < SCI)
Y‘II] r r=1 r
- .SC, - PER] SC} - PERI'
¢ (—2 —) = ¢ (—2 )

/PERT - - /PERT" o

SC, - 40  (C,/2) - 20 _SC, - 40 _ 1/2(SC, - 40)

40.--1. . /20 (1/V2)) 2 /10 | /10
sc, - 40.  SC, - 40
/10 /10 -

“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.

Percentage error of estimation = | PlES;]— P1 ]

Percentage error of‘tab1e  = [ PRTP; P1 ]
Fi(x) = P {% error of estimation.i X}

P {% error of table < X}

-
N
—

X
—

"

We compare F,(x) and F,(x) for different regions of real

probability value.
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1<Pl< .2 0 <Pl <.l
X F1(X) Fa(X) X Fi(X) Fao(X)
a0 .69 .07 . .27 .07
.2 .83 .16 .2 7 .51 12
.3 .89 .31 3 1 63 .22
.4 .98 .45 4 .78 .27
5 RE .64 .5 .83 .37
.6 1 .75 .6 .92 .46
.7 1 .82 .7 .95 .55
.8 1 .87 .8 .98 .75
.9 B .99 .9 .99 .93

1.0 1 1 1.0 1 1
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nNATAL Le VY

BSC
650U
94610

126720
154830
176385
184940
2Ue 495
224050
23,605
254160
26e 715
286270
31.380L

344490 .

374600
h e ? 10

A1=11.,00

85C
e HNY
F¢695
] 24890
16085
174683
194280

(Ue878
22475

244073
? 54670
27268
2 Be 865
306U
354255
384450
11eb45

QL=11000

BSC
G500
9.780

13060
16340
174980
194620
216260
2249 N0
244540
264180
2 7e82V
29« 460
324740
360020
394300
424580

FAnae= 1l et}

~+3887

ETI k1
1448202 1. 0746
848997 1.7172
448398 2.9111
245151 448363
- 1.7856 6e1028
142609 7.5192
8853 9.,0170
6110 10,5524
44 4 12.1046
2447 13.6575
1542162
0139 1667673
~el449 19,8810
-s2606 22,9901
~e3487 2640997
~e4180 29,2102
PROGRAH NORMZ2:
PER2=18.00
ETI EI
1547508 1.0746
942274 1le 7600
5.0093 2.9954
245813 540261
1.8288 be3632
12963 7.8386
9156 94 3964
6394 10,9797
4318 12.5717
2702 1441709
el4L7 154 7666
0365 17.3661
—el244 20,5575
—-e2422 23,7525
-e3321 2649498
=e4029 304144y
PROGRAM NORMZ:
PER2=19400
ETL Bl
166814 1e 0746
9,7183 1.7727
542037 3.0627
2+6364 5¢ 2250
1L.8648 6.6323
143269 Be1l653
09451 9. 7683
6667 11,3995
4572 13,0387
02944 14,6784
'01641l 16-3212
0579 17,9607
~e1056 2142425
-a2250 2445173
*03166 27.8002
31,0809

2L 6HA= Lelr()

Pl
L0000
«9983
«93976
+9916
9807
«9598
09256
«8735
e 7956
eH96 4
«5745
4609
«2488
21064
«0388
0072

SIGHA= 1.00

Pl
1.00C0
L.0nu0

+ 53968
«9869
«9784
+9593
9300
«8863
«8196
07342
6321
«5089
+ 2786
«1127
0372

- eU0144

SIGHA= 100

Pl
L0000
Leuneo
«9985
»9906
+9831
«9655
«9378
«8935
«8286
$7482
<6450
45280
03128
«1331
<0433
$0133

PIP2T
« NGOG
0017
0021
«NV6B
«0155
«N305
N515
0768
«l074
1358
« 1599
1279
e 0147
«3090
6416
« 7917

P1P2T
«NO0O
0000
o NG32
«0122
« 0189
« 0336
«1519
«N718

. «N956
«1113
«1051
«0920
o N154
« 2144
« 5186
e 8545

P1P2T
20000
e U0y
«NOL5
« 00U 86
+ 0149
«eN289
«0478
«eN734
¢ 1020
«1212
«1303

01193 -
40250
02202

» 4868
« 7897

PLDPZ2T

«9993
«99382
«9978
«9931
«9846
«7703
«350%9
e286
29029
« 3803
«3620
«83864
1.0145
lLe4453
207701
445014

:

P1DP2T

¢ 9999
«7999
«9967
29879
+98Ll4
«93674
«93505
«9329
«9126
[B997]
« 9043
«7156
140152
142715
200656
65584

PLDP 2T

«7999
+79399
" «9984
9913
«9852
e9718
e9543
«9315
e9074
«JG1l8

«39333
l.0253
l.2812

. 19400

H
t

445901

PHT
1.0000
I EATRI V)

e 9997
« 9984
¢ 3959
« 2870
« 9732
« 9406
"« 8810
« 7910
e 6664%
«5199
2451
«N735
«(139
o 1U15

PRT
Le02C0O0
. Je000Y
1 . f,)UnU

« 3989

¢ 9969

29916
«2783
3515
'BQBU |
«8159

« 6985,
+5557
2743

<0885

0179
0u21

PKT
1,0000 |
1060y
1.0000

c9992 |
« 9977
«9934
« 9826
9591
09131‘
« 8389
« 7291
«5910 .
3050
«J1033
0222
028



oYL

6e 50U

9.865
13,230
lbe595
18.278
19960
214643
234325
25.008
264690
284373
30055
33.420
36,785
404150
43,515

R1=12.00
B8SC
76200
9,035
lueB70
12705
134623
L4540
15458
166375
174273
LBes210
19,128
cUeU 45
21880
234715
25550
27.385%

R1=124 00
BSC
7200
94120
1leU40
12.960
13,920
14,880
15,840
16800
17.760
184720
194680
2Ue 640
225560
24¢48U
264400
28432V

b1l
17.6120
lu.0529
543371
2eH786
L.8987
13539
#2704
«b915
809
«3167
« 135
D780
“00875
-e2090
“'03()19

—e3753

PROGRAM
PER2=

ETI

"llnb()
_03123
"'010778
~e6113
—~e6644
AR
"'07‘086
~e 7815
-¢8099
"‘08333
"-853“
"‘08()‘)1
—eB3937
-e'210:9
—~e9234
"09328

PROGRAM
PERZ=

ETI

« 7868

03477

0177
"'o2.548
~e3578
~-e4481
"05?611
"'05908
~ehH44 8
—-e0896
bt | 72()2
"'07562
~e8015
"08330
5085(31
~e8 736

NORMZ ¢
2400

k1
Le 0746
L. 8095
3¢ L560
54368
He 8996
8. 4964
10,1503
11.8238
13,5053
151890
1(). 8717
1845526
21.9L188
2542853
28.6478
32:0140

HORMZ ¢
1.00

ET
11193

1e4542

l1.9151
205726
249799
344316
349779
445768
520613
6o NOOL
6. 8010
7.6394
V44062
11.2207
13,0517
1448835

-

ET
1,1193
1. 484y
1e9652
2. 6837
341143
346239
442228
44,8878
546301
6¢ 4433
703043
B4 2045

LN D747
11,9782
13,8999
15.8188

P
LelUNUN
LeONGO

«e3978
+9936
3882
e9771
«7528
9122
«H8578
« 7850
«6H839
e 5600
«3267
«1517
oUﬁf)?
0122

SIGHA= 1.00 -

Pl
e4140
«3317
+2850
2100
«1809
L5226
01217
VAR5 3
JHUG
U430

00285

«0183
s 0056
UNL I
«00GO
SUO0UND

CSIGHAZ 1400

P1
5562

7 45318
W 4825

+3836
+3374

2178

e1608°

«1194
U899

UH4 2
0336

«UNYH6
0010

UOUN’

w0000

PLP2T
s NG
(1000
0022
«N(538
.f)]_(‘.,z
«N182
¢ 1350
+ 0585
0B8N

- 1926
« 1039
1170
322
e 2154
«5271
06973

P1P2T
1020
«0161
v 3634
07229
« 8651
« 3509
« 9877

100Ny

L.0U0U

10000

L. UG
1.00600
L 000

« 3999
1.1559

14,1550

P1P2T
«3168
e 2047
0529
«1773
« 3548
e 5477
« 7328
8712
+ 3565
+ 9911

L.NGOY

1.0000

L. 0000 -

« 9999

1. 0950
1.0950

PLDPZT
«1999
29999
1977
«3941
+9898
«9821
19 ()(Jl
e 446
«9257
«9151
«412538

e 9685
142734
2e1066
32164

PLOP2T
© 49073
140160
145701
346022
743850
20,0823
76,0417
B51.9826
605.4556
42947302
28444810
182.7445
5547587
942762
<0005
L0005

P1UOP 2T

e 7593

«8300
«9497
1.2152
1e5491
242092
347355
747293
2245317
9949240
54148315
335.8793
754616
945420
005
D0US

PRT
J00000
l.00G0Y
lerontu

<9994
«9932
« 9949
« 9861
9656
092()5
w8577
e 7549
.(’255
«3372
«1190
268
0037

PRT
«4562
e32h4
«1814
0582
0244
U757
015
AT HEATY]
Q00U
AT HIALT]
« 0N
2NY
UV
e NN}
00
OO0

PRT
e 7324
«eH4 00
« 508U
«3156
« 2177
e1271
«N582
NZ2N7
0052
«00N3
ATERO IV
G0N0
NTIATY)
NUNY
«NENY
(00U
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‘el L= 240

35C

74200

9,205
1l.210
13.215
14,218
l5.220
166223
17.225
18.228
]‘—).270
204233
21.235
234240
25%.245
274250
294255

tR1=12400

BSC
7200
9¢270

11.38u
13.470
14.515
15,560
164605
17.650
180()95
19.7"’0
20U 785
21830
234920
2640 1U
284100
30190

Y

ERL=12. 00

35C

74200

9«37H
Li«550
13725
L4.813
15,900
164988
18,075
19,163
204250
21.338
224425
2440600
26775
28495V
314125

PERZL= 3401

- S1GliA=

SIGHA=

SIGHA=

BTl £l
le68032 1.1193
l.02136 1.4899
X NFA 240172
«0785 247810
~-40795 32590
~-e2175 3.8340
~e¢3302 4e¢ 4789
-2 241 5.2094
-«5014 6beD174 -
-+5647 648924
-sblHl 7 BL5G
~e6H0h81 B8e 7742
~-e 7208 1067463
- 7646 12.7439
"‘.7906 14.’494
-.8209 Lb6.7544
PROGRAHM - NORHZ2:
PER2= 4400
EII 1
25736 1,1193
Le6284 15218
e9302 2.N724
2.8974
<1639 3.4221
~e105 40423
—~es1577 - 44 7487
—e2781 505411
—e3768 644180
—e45064 73583
~eH205 8.3423
~eDH724 943556
—~eH 439 1le4249
—e 7039 13. 5089
-e?7436 |, .15.5998
""0’739 - 17.689()
PROGRANM  MNMOPM2:
PER2= 5,00
E11 ET
344670 1,1193
2.2698 1. 5291
H509 3.0286
-loiQEZ! 3.5838
1742 4,258l
-0067 5.0337
-+1l509 5.8883
~e2681 6e3313
-«3616 7.8322
-e4367 8.8761
-e4970 9.9410
~e¢5868 12.1401
~eHh498 L442759
—« 7316 18.6255

Lagn
Pl

7703
e (347

«e6H100°
4927

44U 8
«3667

«311 01

«2301
e lHUIG
012G:2
sUBZ9
20512
+U180
()55
D010
«HOUN

l.00"

Pl
3497
« 7635
« 0926
«5855
5449
¢4 800
«39L7
«3228
02408
«1635
01106
7606
270
QN8O
010
20000

1.00
Pl

e 3944
«8186°

e 7867
« 6880
« 6237
«541 4
e 4600
«3768
«2861

2015

«1395
«891

0350

(0082
UN21
UNUs

PLPZT
e 1164
« 1994
21677
«1118
078
1394
e 30645
« 5567
. 71.1515
e« 8960

. 9()()& ’

«9922
1e 0000
L. 000Ny

« 9999
L. 0000

PLP2T
«NB37
e 106H7
« 2UN6
« 2105
e 1200
« 0250
«NG18
¢« 3166
«5219
e 1094
8644
« 9504
le.0000
1. 0000
e 9999

1e0020

P1P2T

+0713
1475
«1436
«1782
« 1796
L] 16 23
« 0783
« 2695
4847
e 7003
« 8440
69771
1.0000
1.0000
« 9998

PLOP2T
3957
.9094

8563 1

« 8992
2924
l.10616
15729
242538
3e917hH
95416
28e5G014
102.4097
179491006
54¢9456
FeIGU5
S X ALY

P1OPZT
«9 184

- 8571
33238

‘ 8260 ]

« 8927

29754
l.1008
le4626
20899
3¢4341
743251
1946350

26F44CL3

798407

T 947805

«DBUS

PLOPZT
«3333
«87173
«8743
8487

i.8476 1

8602
«9272
1.0815
1.3682
19389

T 3.3285
6.36(_3"1
38.8861

B242651

2065667
541421

PRT
« 8549
RO
e712
« 547
« 144
«315
«197
«1C7?
L (140
12
«OU2
0G0
JOun
ATRESY
AT
o (1N

PRT
«225]
« 8907
«831°F
« 7U 8%
NGCPRLE
0492t
e3557
22006
«1151
« 0475
s L5
e DL 3E
ey
PATVIAR
ALY
PRAIVERTY

PET
« 758,
« 9391
« 8977
«HLN¢

s 735

e HZ9:
¢ 496¢
e 348"
e 2L
e 103
« 041
o113
e 00O
e NUNYL
V0N
s DO



PER1=12.00
BSC

Te 20U

9e715
12230
l4e745
164003
17.260
184518
19.775
21033
2ie29U
23¢548
244805
274320
29.835
324350
34,865

PER1=12.00
8S5C

74200

Qe EOU
12400
1%.0ilu
164390
17600
184900
2ue 2V
21le 50
224800
244100
254 4y
284Uy
Jue 60U
33,200
354800

PERL=12.00
B8SC
720
F.885
124570
154255 .
164598
17.940
19283
20625
2Le768
234310
2440653
254995
1250630
3Lle365
3‘1.“5'\)

PROGRAH

PROGRAHM

PROGRAH

SIGHA=

SIGHA=

SIGHA=

1

Le00
Pl

09875

«2713
09554

9011
8517
7761
«6956°
«591 4"

s4916

«3846

2775

U827
0247
<0036
0016

l.u0
Pl

« 9873

09726
«e9520

s 090"

«8688
«3067
« 7389
eb65U1
«5520
04475
+3496
2507

s100L

0299

U049

«U005

LU0
Pl

«00OUO
«9816
«9738
+9363
«8975
+ 8549

L7889

MORM2
PEKZ2= 9400
ETI EI
740405 l1.1193
445989 1. 6074
T 247597 243938
le5368 3.5478
L.uBlY 443229
e 7187 542366
4370 662630
73901
<0491 845784
~«0822 9. 8058
~e1857 11.0524
~el2 686 1243055
“03927 L4.81868
~es48U8 173354
~e9466 19,8490
~e5976 2243646
NOENZ ¢ -
PERZ2=10,U0
Ell EI
7+9339 le1193
Yel365 le 6296
340752 244538
Le7044 346977
L.2205 4,5238
«8171 55032
«5158 6465970
[22844]  7.7855
1071 9,0328
-«U302 ., ) 1043111
"01379‘ 1105998
~el2248 12,8999
~e3543 1544997
-e447b 1841001
-+5169 2046994
"‘057U8 23 300()
MORHZ
PER2=11400
ETI £l
B.8273 1.1193
Ye5U83 1.6696
3.37U2 245170
L.8531 3.8554
l.3202 4e 7409
09028 5. 7808
5851 be 9395
8,191y
1588 Fe4923
170 17.8162 .
-~+0948 12,1519
-+l 849 134951
~e3202 1641812
".‘flb() 18‘ 8652
~e4895 21,5481

06)981

+5961
4836
«3735
«26838
1150
U376
0147

P1P2T
«NUB2
0225
0322
#0708
« 1029
e 1524
« 1769
« 1869
«1303
«+N332
+ 1053
+ 3093
« 6758
« 8866

1.0000
+ 9999

P1P2T
«N102
«0239
«0413
« Q744
«1028
e1432
«1608
« 1661
«1104
«0372
1177
« 2764
«5822
« 8261
«9183
e 9998

PLP2T
« 0015
« 0162

«0213
« 0511
« (0806
«1017
1266
«1452
« 1301
« 0750
W 0L77
« 1570
s 4837
o 7634
« 9525

P1DP2T
© «9918
«9779

L e9687
«9338
«90066
«B8677

¢ 8496
«8424

« 3845

" e9676
1.,1172
le4467
3,0730
845143
8547977
16.0875

PLOP2T
+ 93898
«9765
s 9602

«93006

e 9066
«8747

29640

1.,1330
1.3812
23879
566429
9.7880
Ye4328

P1DOP2T

l.0014
«2840
e 9790
«3512
«9253
«90706
« 8875

«8848
«9301
le0177
l.1858
l.9336
441803

1844025

PRT
«995
«993
<986
« 964
+ 933
+ 894
.818
« 701
«555
«397
«248
«135
026
002
QU0
« (100N

PKT
«997
«995
«991
976
«95H8
922
857
«758

‘ 061_7‘

464
03\}8i
181
041
«OUS
« QO
s OUQ

PRT
«9938
e 997
« 994
« 984
« 969
941
J888
« 799
«673
«519
e 3G G
« 2246
059
W08
JNUN



1 2 OU

SC
200,

uss

ERIVE

765
193
524
u4ag

475

903
33v
758
1385
U4y
599
750

&0y

L2.00u

5C
00
1 40
0 8u
D 2u
49U
F 60
430
90U
376
B4y,
310
78y
720
b6l .
£ D

PER2=124G0
eT1 ET -
9e7207 1.1193
HelBYY la 669U
346396 245864
Le9996 4,005
1.4215% 449557
e9BUYG ba 1594
6465 '7.2381
v 3963 B.5942
9e 9493
U598 11.324y
~eU5%4 12.7043
~el 484 14,0913
—-e2832 Lbe BHAE
—.3887 L9.6309
—~e4643 22,4002
~45233 2541713
PROGRAH NORH2:
S PER2=13.00
£11 2
lueblal Le 1193
646297 le 7039
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APPENDIX.2

Result of Linear Regression

PERT

~ PERI 1.
PER2 o2
P1DCR;. 0.00107 | -0.0025 0.8425
EIICR, 0.00581 -0.0017 0.2949

~0.00115

0.00145
0.00114
0.0012

-0.00099

PER1

PER2
0.01982
0.01967
0.02082
0.02628

" 0.0221

Iterations in our Regression

PER2
PERT
-0.00014
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| PER2
PERT
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 PERI1
g

-0.0009

-0.0037
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 -0.0021

PER]
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0.00276
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PER2
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PER2.
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. l-!\lUI’l,lVrf-‘l\l\JIII(L\ PEAC LN S A R A L W
aPRT(16)rZ(JQU);IJ(10),T1(16)IB>C(10),NIuv(16),P1r 3T (14)
¥=1 '

Jh0 33 14=1,35
RFAD(8;1)(NZ(JJ)/JJ—K,K 9)
T K=EK+|0
N t.rnRHAT(1014)
“O3% COMTINUEG
093 "F/H.)(‘)I*IL”D ey IvIrent,pr "?/SC/SIG:-.‘\IQ/‘
TF(PERT aEWL 99060 TO 0990
SC=5C~5AYSC~ )
, WRITECO ,66) L
CU65 FORUATC// 212X, "PROGRAN MORMY ")
: TSC=5C
00 67 1C=1,16.
IFC(ICaEQ,5)S5AYST
STFCICaEQ 13)SAYSE
‘II(LC)zﬂ ‘
TT11(1C)=
TSC=TS C+§AYSC
BSC(IC)=TSC
ASS5C=B5C(IC)
APERI=PER] : . )
CALL. ﬂuLLPv(WZ,A’§L,PF?1,RIUH«,FRV)
PERT=3PERT
67 AFRV(IC)=ERV , ‘
HRITL(OLTO3IPERT,,PERZ,STGHA , '
103 Fq’?f”T(?X)"PLR1""'/r';.(ISXr"Prp?"" 5.?'/5)(’"51(3?'?/&:."‘1}'7.
DO 4D L=1,16
FRV=ALFRV(L)
SC=0SC(L) ! :
CALL BULPRZ (”115(./[' Vrprp 'r 511G ”’/PH?)
PRT (L)=PRZ2
43 COMTINUE
0% CALL RANIOR (A ,0) _ '
‘ A1—(n*alcbﬁ*s;h1(nfr1)+PLP1) ‘ .
A= (BXSTGHANSQRT(PERZ)+PERS) -
ITFCATLLT AL M AT =00
TFCAZLLT. e D) A2=0 0
CALL BULLIICBST, AL, 14D1)
IFCIRDTE9.16060°T0 68 C -
IIND=INDT +1
DO 6% 1L=INDT+1,16
II(IL)-IJ(IL)*I e
67 CONTINUT
A2=A2+nd
CALL BULLI(UJC’\L’I“D1)
DO 70 IH=T1IND, T80
I1CI)= I1(IH)+1
7} CONTINUY : :
IFCII(7)ulT & ;&un)uo TO 6H8

(/)
)

=SAYSC/2.0
=2, U%SAYSC

s CWRITE(6,101) :
C 101 FORMAT(OX,"ES5C 6%, :11"'ox,"z1",10x,"P1",7x,"p1us1",sx,
C . 3‘”[\10"\*"- {x,llpr? r"IIXI’,P1D’cT") N N

SHRITECG,101)
1071, F()R"}/‘T(l',}’,"r“L",t})(,"}7",|5|)’,"P[",/J¥,"”1 CT" N UPRTY)
DO 71 Ib=1,16 | o - ‘ :

ET=8SCCID)=ARPV(ID) -~
EII=(PER2=-LI) /L]
CALL PRESTC(PERT PERE,SIGHALLTII,PPFS T/KZ)

o PIDEST(ID)I=PPREST C . .
PI1=11¢10)
"TI”’I(Y“
PIT=FIL 46,0001



o

PIESTCLD) =PRTC(ID)*P1DESTCID)
PIOPATCID)I=P1CID)/C(PRTCID)+O,00NT)
PIP2TCID) =(PTCID)~PRTCIND)I/PY(LID)
DERT=XZ*(P1DP2T(ID)~PIDESTC(ID))
WRITEC6,906)DENT
FORNAT(SX,"DEN=",F15.8)
IF(PIPETCID) LT OIPIP2TCID)==P1P2TCID)

WRITECH,100)BSCAID) FEIX,ET,PTCID) ,PIEST(ID),PIDP2TCID),

$PRT(C1D),PIDESTC(ID)
FORMATCIX#F7a3,1X,2CF10eb,1X),5CF10, 4,1)())

WRITEC6,1NUIBSC(ID) ,EI,PTCID),PILSTC(ID) ,PRT(ID)

FORMATC(3X,F7ua1,2X24 CFI1ULGL,1X))
CONTINUE
GO TC 999
STOP
EHD
SUBROUT INE BULITI(BSC,AAT,IND2)
DIMENSION BSC(16)
IFCAMI LT &BSCC11))THEN
IF(AAT1.6T-BSC (1)) THEN
IFCAATLLT«BSC(6))THEN
IFCAATLLT.BSCCA))THEN
IFCAATL LT ABSC(3)) THEN
IFCAAT . LT BSC(2))THEN
IND2=1
ELSFE
IND2=2
EHDIF
"ELSE
JHD2=73
ENDIF
ELSE
IF(AAT. LT BSC(5)) THEN
1ND2=4
ELSFE
IND2=5
ENDIF
ENDIF
ELSE . C
IFCAATLLT.BSC(8))THEN
JFCAATL LT «BSCC(7)) THEN
© IND2=6 -
ELSE
IMD2=7
ENDIF
ELSE
IFCAATLLT BSC(9))THFN
INDR=8
ELSE
IFCAAT.LTWABSCCINM))THEN
INDR=9
ELSE
IMD2=10
ENDIF
EMDIF
ENDIF
ENDIF
ELSE
1ND2=0
ENDIF
FLSE
1F(AAT. LT, BSC(1%))THFN
IF(AAT. LT BSC(1?))THEN
IND2=11

ol B o8 od



ETY

P

¢ 123

END IF
ELSE
JFCAATLLTABSC(15))THEN
IFCAATLLTABSCC14))THEN
IND2=13
ELSE
THD 2=14
ENDIF
ELSE
_IF(AA1.LT.BSC(16))THEN
IND2=15
ELSE
IND2=16
FNDIF
ENDIF
EHDIF
ENDIF
RETURN
EHD . .
SUBROUTINE BULERV(NZ,SSC,T,SIGHA,FRV)
DIMENSION NZ(350)
ITI=0
SSC1=S5¢C
FLUXT=0 000000001
IF(SSC.LTL0.0)G0 TO 2
LZ=(SSC~T)/ (SIGUA*SURT(T))
IFCZZLLEL.NLD)THEN
IF(I74GEL=~3.49) THEN
LL==100 %22 +1 .
FLUX=1.=NZ(LL)/710unQ0. 0
ELSE
FLUX=0.000001
ENDIF
ELSE
IF(IZ.LEa349)THEN
LL=100.0%x27 +1, .
FLUX=NZ (LL) /10000.0
ELSE
FLUX= 0‘09999999
. EUHDIF
EHDIF :
I1I=I1I14#1
IF(IJI.EU. 1)FLUX1‘FLUX
FLUXT=FLUXT +FLUX
SSC=535C~1.0
GO TO 4
EI=(FLUXT-FLUXT)/FLUXT
ERV=SSC1-EI -
SS5C=SSC1

.RETURHM

END

SUBROUTINE BULPR2(NZ,SC,ERV,Q,S5IGHA,PRZ)

DIMENSION MZ(350),Z2(350)
PRZ2=0
JJJ=0

« SC=SC~ERV

22=(S5C~Q)/(SIGMAxSQART(Q))
WRITE(6,120)SCr 22
"FORBAT(Z2X,"S c—"IF{.IOI"ZZ—"IFg 6)
TFC(ZZLEuDla ) THEN
IF(ILl. Gr ~3.49) THEN
LL==100%*22+1,
FLUX= 1.~N2(Ll)/1uuon 0
ELSE



C

C
C

[ o i)

ENDIF
ELSE
IF(ZZ W LEa3,49)THEM
LL=100.0%x22+1, ’
FLUX=NZ (LL) /10000.0
ELSE
FLUX=0.9999999
LNDIF '
FNDIF
=1-FLUX
HRlTE(01?9)SC;ERV/Q,BNEANISIQHA,PRZ

2?7 FORMATC(Z2X A" SC=" sFRur2Xr"ERV=",F5.2,2X,"0=",F5.7,

12]

117

32X, "BREAN", F5, Z,cxl"'iIGP’A“',rS 2,P2Xs"PR2=",F9.0)
RETURN

END

SUBROUTIHF PFFST(PLR1IPER fSleArrII'PDFST/DLN)
EIICR1=0.0221 *PFR1/PERZ2=0.UAOT3*PER2/PERI~0 w ONO&5*PERT/
FSIGMA** 2, (= 0. NO135xPER2/STIGNHA**2 . N+0 3148
PIDCR=(,00099+PERT/PER2=00N0OZ+PER2/PERT=O,021*PERT/
PSIGMA**x 2 0+ 0. QN7 A*PERZ2/SIGHA*%x2,0+0,85167
IF(P1DCR.GT-1.U)P1DCR=U.9999

IT(PIDCRLLT «O.0)PIDCR=0L00U1

IFCEIL.GTAEJICRT)GO TO 117

EILICR2=~2 326 +*SIGNA*PER2* %) o5/ (PERC+22a326*SIGHAXPERZ2**11,5)
IFCEIILGTAEIICR2¢0,025)G0 10O 120

EIICR2=EII-0,028 v ’
OPTK=N,01360*PLRT/PERZ=D.N2390*PERZ/PERT=D, DUQONU*PERT/ S16GH
Bx#*2  (+0 00017 7*xPER2/SIGHA**2,0+,0793
WRITE(O,*)OPTK

IFCOPTK LT Da M OPTK =1, 000001

X=EII-EXI1CRZ2

IF(XaGT na25)EAY=5*X=1,0

IJF(XaGT wllwt aAND « X wL TuNu 3)EAY= X
IF(XelTulal)EAY=X#*%],2

PDEST=0PTK/ (EI1I~ETICR2)*%x1_ 22+P1DCR
PDEST=0PTK/EAY*+P1DCR

DEN=(ELI-EIICRZ2)**1,2°2 )
GO To 118 ." - ‘
C=0af07NY9*»PERT/PER2~(x0N2933+PER2/PERT~[), UﬂU?S*PFP1/
BSIGHMA»»x 2, (0=-0,QUNYA*PER2/SIGHA**x2,N+0, 272

IF(C.GT « 1 D)C=0.9999 ‘
IF(C.LTL0.0)C=0,0N01
PDEST=PIDCRA*x (C** (EII~-EXICRT))

CONTINUE

RETURN

END
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UK IE D o LY PERZ=10,0U SIGMA=  B00N0

BSC EI ' r1 P1EST PRT
640 13945 « 7926 « 9997 2997
6a b © 1a7039 79268 9993 « 9995
742 2.0941 . a993%6 9980 « 2991
7«8 245273 « 99011 #9948 " 7984
8a1 2.7672 « 9873 . L9921 . 5973
8t 3.0243 « 92341 <9882 X 9970
Ba? 342923 9792 «9RID . 9950
9.0 3.5614 « 9736 9769 e 9945
2.3 3.8364 9696 . w9692 . 9925

S 9.6 hal2h4 « 9640 « 600 . 9898
9,9 hat186 « 9565 9490 - 2861

10.2 4:7119 ) .9462 '9368 -9817

10.8 5.3003 « 9230 «9068" «P67R

114 549004 « 3908 8700 W GLTh

12.0 6646996 <8502 <8239 2162

12.6

7«0974 « 7914 « 7636 8729

PROGRAM  HORM1:

PERT1= 5,00 PERZ=10.,00 SIGHA= 1.0000

BSC EX P1 P1EST PRT
6o 17272 «9858 w9752 » 7955
6.6 2.015% « 9813 « 9931 « 92941
7a? 23625 « 9764 « 7824 « 7920
a8 2.7523 « 7661 . 9330 « 78090
Bal 2a9759 «9593 9732 « 7868
& & 341975 « 9521 7724 « 2842
8. 7 344344 e 9424 w7650 « 7808
9.0 36837 « 9331 «756N s 7767
9a 3 3.9383 9262 «945% «2719
9.6 4-2025 .9112 ’ p9343 .9664
9«9 444691 « 8983 «2205 - 7591

10,2 4,754 « 3846 " 9047 . 7505

10.8 53199 " «8512 « 83689 « 9292

11a4 592070 = 8176 w8266 « 2015

12,0 645022 7707 « (764 « 80643

12-6 * '7n0917 : c?235 17203 - 13136

' ‘ PROGRAM - NORMT:
PER1= 5,00 PCRZ=15.,00 SIGHA= L ’uD(

B5cC El B PIEST PRT
8.0 246908 . 9997 L9999 1, nang
8.8 3.3752 - 9987 79793 1. 0000
9.6 441284 « 9981 «7973 1. 0090

10,4 4.,9031 « 9960 «?7925 « 9994

1.8 53003 « 9937 «9390 « 77221

11.2 57027 7916 w2847 « 9937

116 640974 7889 w9794 9979

12.0 626970 «9871 9732 « 9969

12. 4 6«9004 «982¢ « 7661 7955

1248 702?65 « 9790 w9578 » 9934

13,2 747007 L9726 49483 <9906

1346 840974 9634 . W9376- | 9868

1444 819004 « 94732 w2114 . 7754

15.2 9470067 2103 «2786 - « 7564

1660 104970 « 8682 - 8358 e 7265

1628 112965 = = 8132 7817 e 8320



PROGRAM HORM1T:

PER1= 6,00 PER2= 5,00 SIGHA= L6000
BSC 1 P1 PICST PRT
7.0 11434 . 9694 BOTTIP . 2979
7.6 14926 . 94066 WO74H4 . 7955
5.2 1.9130 « 027 S WOhN G . 7807
Se 8 204053 w3576 5969 T 37
91 26624 8293 WBOT2 . 9591
A 2a9464 7872 n5295 L P37
9.7 3.2253 THG2 «7865 . U606
1040 3.5152 6979 W7346 « 2043
10,3 3.8095 6689 L6754 " 3106
10.6 41006 . 5885 L7087 e THhB6
1.9 Y <5250 6504 670D
11.8 5.2026 o 3451 W 445D c 4129
12e b 549040 « 2439 30473 <2514
13.0 645000 <1592 .1756 1342
13.6

70960 « (1975 «1220 « 11524

PROGRAM NORK1:

PERT= 6400 PER2= 5.00 SIGHA= L2000

3SC El P1 © PALST PRt
7.0 w5317 1. 0000 10000 1. 0000
Tal «RAUA 1.0000 1.0000 1. 000001
7.6 1.1007 1.00006 "9995 GG
7«9 1.2994 1. MO0 9967 100000
8a 1 145504 1. 0000 w9935 1. 00M
8 2 1.6997 - 1. P0G .98%6 10 NN
A 18517 1. NGOV $ 9317 1, nene
8«5 2..0000 « 9997 Q73D 1. 0000
87 221481 « 9997 09623 10000
8.8 2.3003 . 9995 L0407 1,000
9.0 2ab 496 «9992 Z9347 1 NMUND
%1 26004 9979 9182 1.0000
9.4 2.9006 9929  .8813 16 0000
2.7 3.1963 L9726 8410 1, 0000

10,0 35000 « 9353 w7972 _e99%6

10,3 3.8032 « 83513 - w7505 «9962

PROGRAM  HORH1:

PERT= 6400 PER2= 5,00 ° SIGHA= 1,.,0000
BSC EI P1 PALST PRT
7.0 1.8987 « 8431 8764 - 2162
Ta? 2ul286 « 3148 v « B340 « 2907
dut 2a6301 « (677 - & 1771 « 5531
a1 3.0955 « 7122 « 7091 - 8023
9«5 «3513 « 6755 w6672 7673
98 346124 6452 0268 « 7324
1ha2 3.893N « 6079 nb6422 « 5879
1045 46,1868 «5652 -6082 s CHN0
112 bLe8NUA4 « 4889 w5245 « 3319
11.6 S5«1214 b4 66 «hB68 LAHE0T
1149 546438 « 4043 0366 «h207 -
1206 61214 w3273 " w3435 - 3135
13.3 680606 - w2527 PR 10 s I
1447 841933 « 1391 1367 L0773

115604 UCLP, AA, PD4 ’ Ny 67BKLHS
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~PROGRAR * NORHL: R S
Pfkl—-9 00 . pER2= 174007 CCSIGHA= ¢ BOOG R
BSC EI- PV PIEST, PRT - -
2060 105000 © 9326 . - - +8873 L. 9756
20, 8 1le2492  © L9037 0 48585 0 . 49591
2145 - 1290(‘@0 Soite 8676 8231 89345
2243 1247508 48239 . . . 47797 T« 8997
‘ 224 b . 13e1285 37995 S f?':',s-)()' ) - c879[)
23,07 13450000 07,7655 1 U ,7294 8554,
2304 0 1348712 .. G748 $6992. - . .. B264
2308 " "1402492° 7 T WTL3T 07228 0 0 L7967
ehel 0 14662230 0 W HT66 T 46973 (7042
2465 . 15400000 0 Le46L " G663 T (7257
2449 1543777 0 4 6L29. - 6358 0 . L6879 .
2543 157508 v 5745 ¢ 65999 - S 6443
2660 1 1645000 - 45063 25299 45596
2608 1762492 « 4363 045630 L4721
27.5 1860000 .. «3639 .~ . L3787 . . .3821
2843 18,7508 - 22961 Ce3051 02981
. CPROGRAM - NORHL:. — o oo e
PERL= 9400 PERZ 17.no  STIGHA= Y 00ND L
BSC- ET . . PL L PIEST o PRT
. 20,0 1044996 ‘8811 08550 e 9418
278 T LLe25U9 1 L8465 e 8201 . T =,9177
21.5 119992 * ' - o812L #7803~ L8369
2243 0 127472 7755 o 47349 28485
2246 "13e1244 S e THLL 0, TO79 i 8236
23.0 1304996 . 7239 0 L6817 . 7995
234 136B737 " 5 ,6984 T (6544 0 7734
2308 C 1462509 . (6718 L6756 - « 7454
24:17 7 l4.6228 " 6458 6518 o 7L57
2445 21469992 . WbLOL | . «6265 . ¢ 6844
2449 1563751 5884 45999 W 6517
253 1507472 -+ 45592 65722, - 46L79
26,0 164996 e 5000 « 5141 5478
2668 . 1742509 . e 437L. . «4539 $ 4761
27.5 1749992 . 0 ,3832 w3936 - - 4052
2363 .,18.7«723‘ L3279 - a3349. . 337z
o PDUGRAP‘ CNORRBL:. SRR
PERL=17.00.. ' PLER2=.9, 00~ SIGHA= «7000 - .- . =
85C ET P1 CPLEST Y 7 PRT
2000 3.3095 « 9405, w9333 - 9965,
20,8 3.8128 Cw9L63 T .9078 . .9937.
270 403734 - 0 48792 - 8769 9861
226 409847 o B4NL C 28394 . 9719
2266 543093 7 oB8L4T - J8L67 « 9599
23¢0 546393 07877 7924 $ 9452 -
234 S 509778 o 07595 R 5763{} e ‘89236
2348 L 663275 T G 724470 teT3L20, (898G
2461 666796 7 0 66924 . 46939 e B643
2445 S 7.0407 0 W66RL 0 7589 T L 8238
24,9 " 744058 w6196 « 7259 .. 7734
2563 7.7703 5808 6891 . L7190
264 " 845089 w4944 . 5962 . L5910
2668 02533‘. Te4B85 L «48BL (4522
2745 100000 - o3355 . . ,3774, . ¢3192
28e 107503 -+ w2646 .2735 - ,2033




w e Frey b e

BSEH-> 'Ei“ o P1

P1LST PRT
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e 3H0
11.025
11.863
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134538
14,375
1542133
NG RoT))
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L9+ 400
2Ls075
22750
24425

LRL=18,00
3S5C
64OV
7e 760
9520
1l.280
12.160
S 13.040
13,920
L4430y -
15.()8(,’
].()05(30
174440
18320
204,080
2) e840
23600
25+360

ERL=10,00

RS C
6.0 NY
7845
9e 690
11.535
124458
13.380
14,303
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l().l4‘3
17.070
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240450
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