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ABSTRACT

The purpose of the Air Force freight distribution system is to meet

spare parts demand requirements at minimum cost. Bud getary constraints

t~a.~v-~~suggest~Ithat total expected backorder level for items at user in-

stallations be minirnized,subject to a given dolla r expenditure level for

inventory investment. LOGAIR (a dedicated Air Force air transport ser-

vice) is a major transportation sub - system to support spare parts delivery

requirements of users of high priority items . A two-echelon inventory

system for spare parts delivery exists with centralized, specialized in-

ventories at~th~e Air Logis tics Center s (A LCs) and decentrali zed , broad

profile inventories located at user installations. LOGAIB. provides trans-

port with low order and ship time to reduce resupply time in the mainten-

ance of inventory safety levels at user bases. -) A systems appr oach is

used to formulate a cost/benefi.t mode1j~~hi~h recognizes the impact of

the Air Force resupply system upon~thItotal spare parts distribution

-sys.te~?4In terms of total inventory investment level, total system cost ,

and backorder level. Given a total expenditure level available for alloca-

tion between inventory investment and transportation, the problem is to

determine the optimal fractional allocation to be made to transportation

(the remaining fraction to be allocated to inventory investment) such that

total expected backorder level is minimized. IAA conc eptual f ramewo rk

for trade-off analysis for minimizing total system cost in terms of inven-

tory investment level and resupply time level for a given backorder level

is presented. This conceptual framework also allows for the minimization

of backorder level in terms of inventory investment level and resupply

time level for a given total dollar expenditure level. Queueing models

exhibiting various demand and resupply processes are exp lored and corn-

pared to determine the impact of inventory investment level and resupply

time level upon backorder level. Specific solution procedures are developed

for and are applied to the trade-off analyses mentioned above.

1.11
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SECTION 1

INTRODUC TION

The purpose of the Air Force freight distribution system is to meet

spare parts demand requirements of user installations at minimum cost.

Budgetary constraints have suggested that total expected backorder level

for items at user installations be minimized subject to a given dollar ex-

penditure level for inventory investment. LOGAIR (a dedicated Air Force

air transport service) is a major transportation sub-system to support

spare parts delivery requirements to users of high priority items. A

two-echelon inventory support system for spare parts delivery exists with

centralized, specialized inventories at the Air Logistics Centers (ALCs)

and decentralized, broad profile inventories located at user installations.

LOGAIR provides transport with low order and ship time to reduce resup-

ply time in the maintenance of inventory safety levels at the user bases.

The total systems problem is to determine an optimal logistics

support system considering the cost trades-off which are possible among

inventory, repair and maintenance , and transportation sub-systems as

well as management policies regarding procurement and level of service.

Within this framework, the transportation system is to be developed to

utilize available transportation modes in servicing requirements in a

timely, cost- effective manner. Any mode which is dedicated to Air Force

needs (LOGAIR, truck) must be defined in detail to include route specifi-

cation , vehicle schedu les , and managerial procedures. Thus, a systems

approach is proposed to explore formulation of a cost/benefit model which

recognizes the impact of the Air Force resupply system upon the total

spare parts distribution system in terms of total inventory investment

level , total system cost , and backorder level. This approach recognizes

that the purpose of expenditures for transportation is to reduce resupply

time in the support of inventory policy designed to meet user needs.

1— 1  
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Implicit in the approach taken by any inventory model is the assump-

tion of the existence of a transportation system capable of delivery of an

order and ship time (O&ST) profile which makes up part of the resupply

time required for input to the model. The Air Force freight transportation

system is supposed to provide timely delive ry of inventory items to user s

from the supply depots and to ship items from the user installations back

to the depots for repair. A transportation system with low average order

and ship time levels should yield co r res pondingly low levels of r equired

inventory investment at a cost which is small compared to any resultant

savings in inventory investment. Another purpose of the transportation

system is to minimize resupply time in the event of a stockout .

The problem then becomes:

Given a total expenditure level available for allocation

between inventory investment and transportation, what

is the optimal fractional allocation to be made to trans-

portation (the remaining frac tion to be allocated to

inventory investment ) such that the total expected back-

order level at the user installations is minimized?

In this allocation , it is assumed that expenditures are to be expended in

an optimal fashion. Inventory models which can treat consumable as well

as recoverable items are to optimally allocate total inventory inves tment

among supply depots and user installations subject to a given input O&ST

profile. A transportation network and mode selection model can be re-

quired to optimally utilize a given transportation expenditure level to

yield an optimum O&ST profile that minimizes average O&ST level experi-

enced within the network. Or , convers ely, a transportation network and

optimal mode selection model might be designed to meet specifi c O&ST

standards for all shipments in such a fashion as to minimize total trans-

portation cost.

The above approach ignores maintenance and repair costs and other

costs associated with other .~egments in the resupply cycle. Expenditure

1-2
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levels in these areas are assumed to be optimal in relation to the total

expenditure level allocated for inventory inve stment and transportation.

In principle, a methodology could be developed to include optimal alloca-

tion of resources to other segments of the resupply cycle.

1-3
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SECTION 2

GENERAL MATHEMATICAL STATEMENT OF PROBLEM

Let [NB
] be the expected number of backorders for a given sing le

investment (recoverable ) item. [NB
] can be written

(N B] = (N B(N
~

P)I ‘ (2 .1 )

wher e

N total number of recove rable items including those installed,

p X/~ = = ratio of item demand rate to item resupply rate ,
1X — = item demand rate,
Ii

TX = mean time between demand s,

= resupply rate ,

mean resupply time.

The total cost associated with maintaining the inventory/resupply sys tem

can be written

C = C(N,p)  . ( 2 . 2 )

Suppose it is desired to maintain a given u safe tT backorde r level so that

[NBI = N B~
°
~ 

(2. 3)

wher e ~~~~ is a specified constant , and the objective is to minimize sys-

tem cost. Then the problem becomes

minimize
C = C ( N , p )

subject to

(N B(N .p )] N~
0) 

(2 . 4 )

2- 1
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To facilitate discussion, assume N and p to be continuous variables; the

generalization to the case vher e N is discrete can be achieved through

usa ge of first difference operations for discrete variables. Thus ,

8c = (
~~) 

~N + 
(~~ )N 

6~ - 0 (2 .5 )

_____  

(a CNBf~— 

~3N ) 
~ 

+ \~ —J ~P 0 ; (2 .6 )

• 
(~ [N3]~
\~ap /N

~5N — 6P (2. 7)

~~N J~

• For physical systems > o, 

~ 
< 0 , (

~
) > 0, and (

~
) < 0.

Note that
(a[N B]

• ~N ‘~ P N
(
~~ )[N3] 

- > 0 (2. 8)

\3N /~ -

and

— (2. 9)

2 -2
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Thus ,
~SN — + I !~!.~) (2. 10)

and

— + 
‘ 

(2. 11)

which implies

£(N ,p) — (
~

) 
[N 3] 

— 0 (2. 12)

If equation (2. 12) and equation (2. 4) are solved simultaneously, then solu-

tion values of (N, p) are obtained which minimize system cost C(N , p). If ,

on the other hand, backorder level is to be minimized subject to a given

total dollar inves tment level so that

C(N ,p )  = C (2. 13)

then equation (2. 12) and equation (2. 13) are solved simultaneously to ob-

tain the desired values of (N, p).

In order to determine the optimal (minimum) system expenditure

level to be allocated between inventory inves tment level (N) and resupply

time level (T = p T
~

), the following functions must be determined:

fNB] — [NB (N ,p)j > 0 , (2. 14)

f 3[N )\
g.1(N ,p) — 

~~~~~~~~~~~~~ 

1 < 0 , 
- (2. 15)

g2(N ,p) — > 0 , (2. 16)

2-3
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g3(N,p) — 

• 

> 0 ; (2. 17)

C — C(N,p) > o , (2. 18)

g~(N,p) -(
~~) 

> 0 , (2. 19)

g5~~~~~ 0~ , 
(2 .20)

• g6 (N,p) — 0 (2 .2 1)

The determination of relations (2. 14) through (2. 17) (STUDY NO. 1) is a

study of the impact of inventory investment level (N) and resupply time

level (T = p T~ ) upon backorder level. The determination of relations

(2. 18) through ~2. 21) (STUDY NO. 2 ) i s  a study of the impact of inventory

investment level and resupply time level upon total system cost. The

results of STUDY NO. 1 and STUDY NO. 2 can be used to determine

optimum allocation of resources between inventory investment level and

resupply time level as outlined above. • 
-

Note that the resupply time ¶ is given by

= (repair  t ime) + (transportation time ) + ( administrative time for
processing shi pments).

If the subject of interest is the impact of transportation time upon total

system cost and required inventory investment level, then the cost function

2-4

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~ __~- _ _ _ _ _ _ _ _ _ _ _ _ _



C(N, p) need only include costs associated with inventory Investment level

• and transportation ship time level , where a differential change in

p (6p = X 61 ) is considered to be due to a differential change in transporta-
U.

• - tion ship time level.

- The above problem formulation is generalized to include base level

- repair and depot level repair (which results in the inclusion of transporta-

tion time as part of the resupply time), the interaction of more than one

- base with a single depot , and can be modified to include the interactions

due to movement of many investment and consumable items in the trans-

• portation pipelines among user bases and supply depots . If desired , the

impact of administrative processing time and/or of repair time upon tota l

system cost in relation to resulting required inventory investment level

can also be determined using the conceptual procedure outlined above.

ii,.
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SECTION 3

DEMAND AND RESUPPLY PROCESSES IN INVENTORY MODELING

When dealing with failures of units in operation it is reasonable to

assume that

1. The probability for a given unit in operation to fail in any parti-

cular operational time interval of arbitrary size is the same for

all identical operational units;

2. The fact that a given unit in operation has failed in a given opera-

tional time interval does not affect the probability that other

identical units in operation may fail in the same operational

time interval (independence of failures);

3. The probability for a given unit in operation to fail during a

given operational time interval is the same for all operational

time intervals of equal arbitrary size (the mean operational

time to failure is long compared to the total operational

time period of observation) no matter when in time the failure

take s place (time independence of failure rate).

The above conditions are necessary and sufficient to define the probability

for failure of a given unit in operation during a given finite operational

time interval t. Thus for small ~t , let

X~ t = probability for failur e of an item in operation during (3 1)
the operational time interval ~t

and

1 - Xt ~t = probability of a given unit in operation for not failing (3 2)
during the operational time interval ~t .

If P(t) is the probability that a given unit in operation does not fail during

a finite operational time interval t , then

P(t + ~t) = (1 — X~ t) P(t)  (3 .3 )

3—1
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so that

_____  — u r n  
P(t + ~t) — P(t) 

— — AP(t) ; (3.4)
. dt

- 

dP (t) 
— — ; (3 .5)

P (t) — 
.Xt (3 6)

The above results apply to a single unit in operation and are independent
• of the number of units in operation in the system. If , in addition , one

requires that
• 4. The total number of units in operation and the tota l number of

equal arbitrarily chosen operational time intervals are larg e

(making statistical averages significant),

. then the failure process is Poisson. If the probability for observing m

failures in an operational time t is given by P (t), then

P (t + ~t) 
- • P (t) (]. — X~t) + P , a ~ 1 ; (3. 7)

a a a-

+ ~t) 
— P 0 (t) (1 — X~ t) , 

a 0 (3.8)

Thus when ~ t -, 0, one obtains

ap (c)
— — — , a — 0 ; (3 .9)

_ _ _ _ _  - - XPm(t) + XPa-1(t) , ~ > a 1 . (3. 10)

3-2
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Application of standard techniques obtains

a -At
• P (t) — 

(At) ~ 0 < a (3. 11)a ml

It is observed that the Poisson process only applies if the number

of units in operation is very lar ge , or if as soon as a unit fails , it is

immediately replaced (resupply time 0) by an operational unit. If no

backorders occur (I. e., there always exists sufficient servicable units

• in stock available for necessary immediate replacement of failed units),

then the Poisson failure p rocess applies; when backo rder s ar e allowed to

exist for time intervals of significant duration , or if replacement time is

significant, then the Poisson fa ilure process does not apply. Thus while

exponential operational failure times may be assumed, in general a

Poisson failure process cannot be assumed without careful investigation

into the nature of actual resupply times.

• Assume that probability to complete a service on a given unit satis-

fies the following conditions.

1. The probability for a given unit in service to complete service

in a particular time interval is the same for all identical units

in se rvice being ser ved by identical servers;

2. The fact that a given unit In service has comple ted service in a

given time interval does not aff ect the probability that othe r

units in service in other servers may complete service in the

same time interval (independenc e of service completion times);

3. The probability for a given unit in service to comp lete se rvice

during a given time interval is the same for all time intervals

of equal size (the mean time to complete service is long corn-

pared to the total period of observation) no matter when the

service completion takes place (time independence of service

rate);

4. The number of units in service does not affect the probability

for completion of service for an item in service.

3-3
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The above conditions are necessary and sufficient to define the probability

for completion of service for an item in service during an arbitrary given

time interval t. Thus , for small ~ t let

• ~~t = probability for completing service for an item in (3 12 )
service during ~t

1 - ~~t = probability f or not completing service for an item 3 13)
in se rvice during ~t.

An argument simila r to that given above for failures obtains exponentially

distributed service times. (Note that if the number of units awaiting ser-

vice for a given single server were always non-zero, then the number

completing service in an arbitrary time interval would be Poisson distri-

buted. )

In applying servers with exponential service times in modeling the

resupply pr ocess , the nature of the server confi guration is extreme ly

• important. A few possible models for resupply are given below.

• If a sing le level resupply system function is assumed, then resupply

can be described by a singly indexed resupply state so that

= ~~~~~ , 0 ~ n � n , (3. 14)

p . f l  ~ , N � n~~~~ n , (3 15)
n max max

l � n  � N  , (3 16)
max

where
= resupply rate when n units are in resupply,

Ii. = constant = re suppl y rate when a single unit is in resupply,

• ~rnax = number of identical parallel servers assumed ,

N = total number of units in the system (including installed,

stock, and resuppl y items).

3-4
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The sing le index for resupply is n, the number of units in resupply.

Note that when n = 1, then a sing le se rver model is ass umed, andmax
when n > 1, then a multiple server model is assumed. If n ismax max
chosen so that n = N, then no service queue is formed; if n < N,max max
then service queues do form.

For a dual level resupply system (two level resupply; e. g .,  base

level and depot level) two server models may be postulated. The first

is described by a resupply state with a single index so that

= n~ , 0 � n � ~ , (3. 17)

= n 
~~, n ~ n ~ N , (3. 18)n max max

1 �n  �N  ; (3. 19)max

• ~~~~~~ + f ~~ ; ( 3 .20)
1 1  2 2

where

• = probability for level 1 resuppl y (e. g . ,  base level resuppl y),

2 
= probability for level 2 resupply (e. g., depot level resuppl y),

~ 
+ f 2 = 1,

= resuppl y rate for one unit in level 1 resupply,

= resuppl y rate for one unit in level 2 resupply.

Again the single index for resupply is n, the total number of units in re-

supply. The form for the above dual level resupply is identical to that

for single level resupply except that the effective service rate U. is given

in te rms of a weight ed co mbination of i.~ and U.2 .

A seco nd appr oach to model a dual level resupply system is to use

a two index resupply state. The description of resupp ly rates is given by

1.L
(1

~~~~ ~1.L1 ~~~~~~~~~~~~ ,

(3. 21)
(1) 

- ~~~~~~~~ 
, N ;

3-5
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(2)
— ,

— 
~rnaz11z p ~ ~ N (3. 21)

• ; p E  f 1p1 + f 2p2 , f 1 + f 2 — 1

where

= resuppl y rate for level 1 resuppl y when C. units are in
C. resuppl y at level 1,

= resuppl y rate for level 2 resupply when ~ units are in
resupply at level 2 ,

a. = number of units in resupply at level 1,

= number of units in resuppl y at level 2 ,

a. + ~ = ii = total number of units in resuppl y, 0 � a. + 3 = n � N ,

= probability for level 1 resuppl y,

2 = probability for level 2 resupply,

• a. = assigned number of identical parallel servers at level 1,
max 1 �a .tna.x

3 = assigned number of identical parallel servers at level 2 ,
max

max
= resuppl y rate at level 1 when one unit is in resuppl y at level 1,

= resupply rate at level 2 when one unit is in resuppl y at level 2 ,

N = total number of units in the system (including installed items
as well as items in resuppl y and in stock) .

The two index resupply state is labeled by (
~, 3), the numbe r of resupply

• items at level 1 and the number of resupply items at level 2 , respectively.

In the single index resupply state models given above , the arr ival

rate for resupply (failure rate) can be modeled by

Am — , a0 a ~ N ; (3. 22)

3-6
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A aA , 0~~~ m~~~m0 ; (3 .23)

or equivalently by

A — m0 A , 0~~~n~~~N — m 0 ; (3. 24)

A — (N — n) A , N — r n 0 + 1~~~n~~~N ; (3 .25)

where

n = number of units in resuppl y,

= resupply arrival rate when there are m units installed,

A = resuppl y arrival rate when there is one unit installed,

= minimum number of installed items resulting in meeting total
operational requirements with installed units operating at
full capability (when m >  in 0, then total operational require-
ments are met with installed items operating at less than
full capability; when m < in ,3 total ope rational requirements are
not met with installed items operating at ful l capability) ,

N = total number of units in system.

In the two index resuppl y state model, the arrival process can be

described by

— f ia0 A , a0 a ~ N

— f 2m0 A , a0 a N ,

— f 1aA , 0 ~ a ~ a0, (3 .26 )

— 0 ~ a ~ a0,

f 1 + i 2 — 1

3-7
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where

• 
~

- . A = failure rate when one unit is installed,

(1)
= resupply arrival rate for level 1 when m units are installed,

( 2 )A m = resupply arrival rate for level 2 when m units are installed,

= pr obability for level 1 resupply,

f 2 = probability for level 2 resupply,

m = number of installed units ,

a 0 = minimum number of installed units resulting in meeting

total operational requirements.

Define ii~~
1) 

to be the resupply arrival rate at level 1 when the total num-.
(2)

ber in resupply is n and to be the resupply ar rival rate at level 2

when the total number in resupply is n, 0 � n ~ + 3 � N. Then

— f 1m0 X , o ~~~~~N — m 0 (3 27)

— f m0 X , 0 ~, n < N — a0 (3. 28)
2

f1~N — n) A , N — a0 + 1 ~ n ~ N ; (3. 29)

(z) 
— — n)X , N — a0 + 1 ~ £ N (3. 30)

The state transition probabi lities for a singly indexed resupply

state are given for n = N and U. = n~ , 0 < ri < N  (to first order in ~t) bymax n —

+ ~t) — P0(t)(1 — m0 A~t] + P 1(t) [p~t] , U — 0 ; ( 3 . 3 1 )
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P ( t  + At) — P
~

(t) [3. — m0 A~t — u p A t] + P~~ 1 (t )E (n  + 1)1.LAt~ + P 1(t) [m0 XAt)

0 < n ~~~N — m 0 ; (3.32)

P(t + At) — P (t) [1 — ( N —  n)AAt — n iAt] + P~~ 1(t) [(n +

N — m 0 + 1 < n < N  ; (3.33)

PN (t + At) — PN (t)[1 — NpAt] + PN 1 (t ) [XAt] , n — N . (3. 34)

The differential equations which result when ~t 0 and the corresponding
steady-state solution are given in the section eutitled “Conservative
Parallel Serve r Inventory Model. ”

When P. = U. for n � 1 and 0 for n = 0, the s tate transition pr oba-
bili ties f or a singly indexed resupply state are given (to first order in ~t ) b y

P0 (t + At) — P 0 (t) [1 — rn0 AAt] + P 1(t) [pAt~ , n — 0 ; (3. 35)

P~ (t + At) — Pn (t)[1 — rn0 AAt — ~i.At~ + P~+1(t) [pAt] + P~_ 1(t) E m0 XAt]

; (3. 36)

P (t  + At) — P~ (t)C 1 — (N — n) XAt — 1.LAt] + P~~ 1 (t) [pA~t]

+ P~_ 1 (t)[(N — n + 1)XAt) ,

N — r n0 + 1 < n < N  ; (3.37)

3-9
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PN (t + At) — PN (t) [1 — pAt] + PN 1 (t) [AAt] , n — N • (3.38)

The differential equations which result when i~ t 0 and the cor responding

steady-state solution are given in the section entitled “Conservative Single

Server Inventory Model. ”

The two index resupply state model is described (to first order in

A t )  by

+ At) — P~~8 (t) [1 -n~~ At — At — i.&~~~ At —

+ P~~~~~ (t)~p~~~ At3 +

+ P~~8~ 1 (t)[P~~.~At] + P~,3_1 (t)[n~.~~_ 1AtJ , (3.39)

where

P
a. 3

(t) 0 when ~ < 0 or when 3<  0.

The differential equations obtained when ~ -
~~ 0 are

- - + + (p~~1) + (2)
) ]  P

3
(t) + ~~~~ P~~ 1~~ (t)

(2) (1)+ i~ ÷~ 
P
~ ,8~ 1 (t) + ~~~3 1 P~_ 1,8 (t) + n~~ 8 1 P~~ 3 1

(t)

(3.40)

O < a . +~~ n < N .

3-10



The two index resupply state system described above is one that

most closely describes the two-echelon inventory system currently adopted

by Air Force management [88 , 89, 104] and is of major usefulness in the

trade-off analysis desc ribed earlier in this document. Below is diagram-

med the conservative two level parallel server inventory model , and a

mathematical treatment showing the equivalenc e of this model to the

singly indexed parallel server model follows.

> Resupply 2 ‘Pa

( 8 )  
_ _ _ _

Resupply 1 
1-’ i

( a )

1 Eied * -

CONSERVATIVE TWO LEVEL PARALLEL SERVER

INVENTORY MODEL

Define

P~ (t) ~~ P~~~~~
(t) ( 3 .41)

ct-0

and obs erve that

p (t) fczf n—a ~~— 

~ 2 ~~j P (t) , 0 ~ a ~ n , 0 ~~ n ,~~~ N , (3.42)

3 — 1 1
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where ~~(t) 
= the probability that there are n units in resupply at time t,

n — a + ~, and(~ ) — (n—ct) !ctl

Further ,

— rn0 x~~~x
fl 

, 0~~~n~~~N—m0 ,

(3 .43)

+ = (N—n)A E A , N—ni0 + 1 ~ n ~ N

Therefore,

+ xn , 0 ~ it < N , (3. 44)
n

wher e A = resupply arrival ra te when a total of n items are in resupply.

Also note that

- ap1 , 0~~~a~~~n , Q~~~n~~N ,

( 3 . 4 5 )

= (n-a)’P2 , 0~~~a~~~n , 0~~~n~~N ,

when a = N = S (infinite number of parallel servers in resupply atmax max
level 1 and at level 2). Observe that

= (a+L) ’Pl f~~
1f~~~~~~~ )P + (t)  ~

~3 46)

- (n+I ) ’Pi f l ( f l ) f ~ fraP + (t)  ;
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~~ P .~
P
~+1~~ _a.(t) — (n 1)u 1f 1P

~+1 t (3 .47)

Similarl y,

— (n_a÷ 1)’Pz f i fr ~~1(u1+1)

(3.48)
(n+1)~2 f 2(fl ) f~f~

”
~ P~~ 1(t)

and

• ~~~P .~+t Pa,n_a+i (t) = (n+z) ’P2 P~+1(t) ; ( 3.49)

- 

~
g1)p

8
(t) = C.’PiPa n...a(t)  —

( 3 . 5 0 )

= ‘ Pf l f (fl= 1)f~
_ 1

f
fl_C.P ( t )

~~~ 1~
1
~~

’) P
a,n....a( t )  — n’P1f 1P~ (t)  ; (3. 51)

— (n_a.) M 2(~ )f ~f t
~~

aP~ (t)

(3. 52)

— fl’P 2 f 2(t~~ ) f ~ f~~a i P~ (t)  ;

• ~ Mt . ~?a ,n_ci( t )  = nii 2 f
2

P~~(t )  . (3 .53)
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Continuing,

- n~~~P~_ 1 (t) (3.54)

and

~~~ 
n~~~P~ ,~ _a._ 1(t) — n~~~P~~1(t) (3.55)

so that

~~~~~~~~~~~~~~~~~~~ 
+ n ~~~P~~~~~~~ (t)] - A~_ 1P~_ 1 (t) . (3.56)

• Therefore, sum ming equation (3. 40) over a with .5 n-ct obtains
/ .

3p (t) 
- - A P ( t )  - uvP~ (t) + (n+1)’PP~~ 1(t) + X~~ 1P~_ 1(t)

(3. 57)

0~~~n~~~N

(t)where P = 0 for n < 0 and for n >  N.
n

Thus, the two index resupply state model described by equation (3. 40) re-

duces to the one index resupply state model given by equation (3. 57), and

is represented by the model described in the section entitled “Conservative

Parallel Server Inventory Model” and by equations (3.31)  through (3. 34)

in this section.
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SECTION 4

CONSERVATIVE PARALLEL SERVER INVENTORY MODEL

Consider the system for resupply of recoverable items that is dia-

grammed below.

Resupply 
________________ 

Stock
(a) (s)

a

________ 
Installed 

______

(a)

The parameters are given as follows:

N = total number of items in the system,

n = number of items in resupply,

rn = number of items installed ,

s = number of items in stock ,

A = f ailure r ate fo r a single item while installed,

A = failure rate of installed items when number of items installed
in

i s m,

a = minimum number of serviceable installed items required to

accomplish mission objectives ( m > m 0 implies that service

performance level is being met; m <  m 0 implies that the in-

stalled serviceable items are working at full capacity and

are not fully meeting mission requirements),

in minimum number of installed serviceable items resulting in

4- 1
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no backorder ( rn < a1 implies that a backorder exists , N >

a > a  > 1),
1 1 0~~

P. = = resupply rate for a single item in resupply,
U.

P. 
= mean resupply time for one item in resupply,

p = = ratio of failure rate to resupply rate for one item in

resupply,

= resupply rate when n items are in resupply.

For a conservative system observe that

N t n + S + f l  , (4.1)

and require that

A — m0 A , 0 < n ~~~N — m 0 ; (4.2)

— (N-n ) A , N — m 0 + 1  ~~n ,~~N ; (4.3)

- U’P 0 ~ a ~~ N , 
(4 4 )

Thus, it is assumed that there are N parallel servers in resupply. The

state transition pr obabili ties are given by :
_______  — —a0XP 0 (t) + pP 1(t) n — 0 ; (4.5)

aP~~~Ct
_ _ _ _ _ _ _  — m A P (t) + (~i + 1) pP

~+1
(t) — n~P~ (t) + rn 0 AP~~ 1(t)~ 

(4. 6)

0 < n ~~~N - r n 0 ;

4-2 
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(t)
_ _ _ _ _ _ _  — — (N— a)AP~ (t) + (a + l)pP~~ 1(t) — npP~(t) + (N—a+lP2~_ 1 (t)1 (4.7)

N - r n0 + 1~~~n < N ;

ap~~ (t)N 
— — NVPN

(t) + >.P~~ 1(t) , a — N . (4. 8)

In the above , P~~~~(t) is the probability that n items are in resupply at

time t. Using standard techniques, one obtains the following stead- state

solution (t = cc).

(N) (a0p)~ (N)
— - a! ‘ 0 < n < N — r n 0 ; 

(4. 9)

N-rn0(ni p) a !
~L1J 0 0 n— N_rn ) (N)Pa — 

nRN— n )!~~ 
P0 , N — a 0 +l~~~n~~~N; (4.10)

~(N) (mo~~~~+ ( ~~P)
N_m

o 
_ _ _ _ _ _  

(4.11)

Equation (4. 9) and equation (4. 10) can be written

N—rn
(N) (m0

p) (N)
• 

~N—z 
— 

(N - x)T P0 , a0 < a ~~ N , (4. 12)

• 
• 

(N) 
— (m0 p ) N (a0 (N ~~~~ ~ 

~(N) , 0 ~ a ~ a0 — 1 , (4. 13)
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and equation (4. 11) can be written

~

(N) _ [~~ (m p)~ 
+ (a0 p) N (m 0 !a; °) 

~~~~~~ 

x ::xj . 
(4. 14)

The resupply states corresponding to 0 ~ fl < N - a (states having full capa-
0

bility to fulfill mission objectives) would be described by a Poisson distri-

• . (N)
bution tf P0 were given by

m A t
~~(N) 

= e 
0 

= e 
0 U (4. 15)

However , the Poisson pr ocess applies only if N - mo ~~~, a condi tion which

implie s that the probability to fail to meet mission objectives is zero. Also

observe that the resupply states for N ? it � N - m~ + 1 (those states having

less than full capability to meet mission objectives) are not described by a

Poisson distribution , resulting from the fac t that N - m 0 is fini te.

As observed above , the numbe r of backorders is zero for N � x � ~~
(0~~~n~~~N -  m~ ), and the number Of baCkOrderS is m i - x t n 1 -(N - n) for

0~~~x~~~m 1 - l ( N - t f l 1 + l ~~~n~~~N) . Thus , the expected number Of back-
(N) .orders [NB J is given by

— (a1 — x) ~~~ ~ 
(4. 16)

~~~~~ 
(~ 1—z) (lt—ZY!xI ÷ ~~~~~~~~~ 

(4. 17)
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Inspection of equation (4. 12) and equation (4. 13) obtains

~~(N) a ~ ~ (N)
_ _ _  = 

~~~~~~ 
, 0�x ~~N - l ;  (4.18)

(N) ( N )P a p P

~~( N -1) = n l~~~n~~ N . (4. 19)

The expected number of units in resupply is giv’~n by

[
(N) ] = it , (4 .20)

so that

• ~ (N)

[n (N) ] = m 0p  ( N — l )  , (4 .2 1)

or

~~(N) (N)N-x [n I
~ ( N - l )  

— 

N-x . ~4. 22)

N-l-x

No-w, the probability for stoc kout is given by

m l - ’

~ (N) 
= :~ii ~i~~x ‘ (4 .23)

x 0
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and therefore

• 
[N~~

’1
~] = [n~~~] ~( N - l )  

- (N-rn ) ~ (N) (4 24)

Thus ,

a[N (N)
1 (N)

B 
= 

[it i 
{[N~~

N -n ] - [N~~~~] 
} 

. (4. 25)

Define

A[N~~~~] [N~~
’
~~

1
~ I - [N~~

’
~ ] (4 26)

and

AP (N) ~~(N+l)  
- ~~(N) 

(4 .27)

to obtain

a rN (N)
1 (N)

B = - 
[n I 

~~[N ( N- i )
1 , 

(4. 28)
P B

and

• 

- 
[n~~~] ~ ~(N-1)  

. (4 .29)

Also observe that equation (4. 12) and equation (4. 13) yield

f (N)\ ,i ~~(N)\
1. (~~w~~J — 

N — r n  + 2. ( 0 
, 0 < x ~~~N

• P~~~~.Y” )N 
p ~(N) \~

p 
J N  (4.30)

f ap~~~\ (N)
1 0 

— _ [~ I ‘4 31)
~ (N)~~~p JN 

p
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It is observed that when a 0 = 1, then X~ = A for aIi m >0 , corre-

sponding to the situation where the failure rate is constant and independent

of the number of installed serviceable units ( except for a = 0). Thus ,

~~N) 
— ~~ ~(N) , a3 — 1, 0~.n~~N ; (4.32)

~ N —l

~(N) 
~~~~~~~~ 

Li.. 1 (4.33)

and

(Np ] — (N — :)! 
~(N) 

‘ ~~o — 1 (4. 34)

Note that

• l~~ ~(N) 
— e~~ — 

—Ar~ 
, (4. 35)

a —Ar
jim P” — 2—e ~ (4 .36)

U a!

and

- r n - i

lii [Np ] — h a  £ (a1— a) 
~~~~~~~~ 

?~~~ — 0 for a — 1 and
N~~~cc x 0

p <  1. (4.37)

Thus , a Po isson demand process occur s fo r lar ge N , and for  lar g e N and

p < 1 the expected number of backorders is zero.

When a0 m 1 = 1, then

[NB 
] — 

~r ~ 0 — 

~N 
a0 — a1 — 1 ; (4. 38)

4-7 
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[n~~~] - 41 
- 

QN~~
(N) 

; (4.39)

V 

(

~~~ (N)

3) 
N 

- 

N-~~~(N) 
N - p + ; (4.40)

C ~(N+i) )

[N~~~
1)
] — [14N)) — — 

~~ 
~(N)~ ~ — (W-~ ~) ~(N) . (4.41)

If  N = a 0 = a 1 = 1, then

— 1+ p  ‘ 
(4 .42)

V 

CN~
1)
] — [

(1)
] — 1 p (4.43)

(a[N ~
1) ] \ 1

‘a I — 2 ( 4.44)
/N  (l+p)

[142)
] — [141)] — — 

0(2 + 
2 • (4 . 4 5 )

(1. + p) (2 + 2p + p )
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When N = a 0 = a 1 = p = 1, then

______  
1• / N — 

~~~ 

(4 .46)  -
•

[Np ] - [Np ] - - ; (4.47)

[141)] — . . (4.4 8)

A case of particular interest occurs when N =m 3 a1 . This is the

case when there are no extra spares and when one or more units in re-

• supply results in system performance degradation. When N = a 3 a 1,

then

~
.t .

~~~~CN) — 
N a0 — N ; (4.49 )

(1 + p)

~(N) 
— 

p~N 1 , a0 — N ; (4.50)
(1 + p) u !(N — a) !

EN
(N)
] — [~ 

(N)
] 

Np a 1 a0 — N ; (4. 51)

When there is one extra spare , then

~~~~(N +i)  
— 

N + 1 ~~~ , m 3 — N ; (4. 52)
1+ N ( 1 + p)
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V. 

~~~~~~~~~

I

a
~~~~(N+ i)  — N (N + 1)! • 

____ Q 
— 2. < a  < N  + 1, a0 — N ; (4.53)

l + N ( 1 + p)~~ ’ n!(N + 1—n ) I

• 
[N~~

’
~
1
~] — 

N f l  — (N — ~)( 1 + ~)N3 
, a1 — a0 — N ; (4.54)

l + N ( l + p)

______  
N

~a —i — , a1 — a0 N ; (4.55~
/N (l+ p)

— — N 
{ 

(1 + p)~~~1 1 } N - (4.56- •
(l + p)[1 + N(1 + p) ]

Thus,

- • tS[N~~~] — 
N 

2 for N — constant , N — a0 — a1 (4. 57
(l + p)

1

S[N~~~ ] — — N ~~ 
(1 + 0) — l  

~ ÔN , ~N —  1, for p — constant , (4 .58
B L 1 + 0 [ 1 + N 1 + 0 1

]J
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SECTION 5
POISSON MODEL

In the Poisson Model the demand process described in the section

entitled “Conservative Parallel Server Inventory Model” is replaced by a

Poisson process as was done by Sherbrooke [104] in the development of

“Metric: A Multi-Echelon Technique for Recoverable Item Control” and

by Muckstadt [88 , 89] in the development of “Mod-Metric : A Multi-Item,

Multi-Echelon , Multi-Indenture Inventory Model. ” The following for-

mulae apply when this approach is taken.

= e~~~o~ 
(rn p) ~ 

, 0 � n < c c  ; (5.1)

[N ~~
N) I = (n-N+ rn ) P ; ( 5 . 2 )

n =N -tn ] +l

[N~~~~~~~] - [N~,~~~] ~~~~~~~~ - P ~~~ ; (5.3)

(N)
P - ; ( 5 .4)

0 S

a p (N)

a; = in O PN + l  
( 5 .5 )

= ~~(N+1) - 
(N) 

~N-m 1+l (5.6)

[N~~~~1 = [
(N)

] 
( N - i )  

- (N -m1) P ~~~ ; ( 5 . 7 ) *
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[
(N+l)

] = m 0 p ; (5 .8)

(N + l)
~n+l = [

(N+1)
1 - 

*
~~(N) n+i . ‘ (5 . 9 )

~ (N+ l)
0 

= 1 ; (5 .10)
~~(N)
~~0

~~(N) 
= e

in
o P ; (5.11)

‘N’1 n n [n ’ ‘]
= — - (5.l2)*

~(N) ap p P ; -

_ _ _ _ _ _  = - 
[n~~~] A[N~~~~~~] ; (5. l3)*

s 
= - 

[n J ~~ ( N — 1)  
. (5.14)*a p p

Note that each of the equations whose identifying numbers are starred (*)
has a form identical to that obtained for the finite population model

( parallel server inventory model). The fundamental differences between

the two models arise from the fact that one model assume s a finite popu-

lation , while the other assume s an infinite population. In particular , note

that the P~ for the Poisson Model corresponding to those states where

total mission requirements cannot be fu lfilled (n >  N - m + 1) have de-

rivatives and magnitudes which are very different from those given by 

-V.- 
-- -V- V --V. ~~~~~~~~~~~~~~~~~~~~~~~~~~ V—V -f l -  --



the Parallel Server Model. Also , the Poisson Model define s an infinite

number of states associated with the backorder condition, while the

Parallel Server Model defines a finite number of states (a 1 in number).
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SECTION 6

CONSERVATIVE SINGLE SERVER INVENTORY MODEL

The queueing model for recoverable items diagrammed below has
been investigated , and the steady-s tate solution has been obtained.

Installed _______I
(a)

The parameters for the system diagrammed above are given as follows:

• 

. 

N = total numbe r of items in the system,
n = number of item s in resupply,

a = number of items in stalled ,
s number of items in stock,

A = failure rate for a single item while installed ,
A = failure rate of installed items when number of items installeda

is a,
a 3 = minimum number of serviceable installed items r equired to

accomplis h mission objective s (a ~ in 0 implies that se rvice

performance level is being met; in <rn 0 implies that the in-
stalled serviceable items are workin g at full capacity and are
not fully meeting mission requirements),  

-

a 1 minimum number of installed serviceable items resulting in

- - 
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no backorder (a < in 1 implies that a backorde r exists,

1
= resupply rate for a single item in r esupply,

= mean resupply time for one item in resupply,

p = AT = ratio of failure rate to resuppl y ra te fo r one item in

resupply,

= resupply ra te when n items are in resupply.

In the following development , a sing le server model is assumed so that

= p~ fo r n � l  ( 6 . 1 )

and

= 0 for n 0  (6.2)n

Note that when a >  a 0, mission requirements are being met with installed

serviceable items operating at less than full capacity with failure rate

= a 0 A ; when a < a 0, mission requirements are not being met and items

are opera tin g at full capaci ty with failur e ra te = m A .

Observe that for a conservative system

N = m + s + z i  , (6.3)

and require that

A — mA , 0~~~m~~~a0 , (6.4)

— rn0A , a0 a ~ N (6 .5 )
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The above requirement for demand rate is equivalent to

Am 
— O1—n )A , N — r n0 + l~~~n S N , (6.6)

A — rn3 X 0~~~n~~~N — m 0 (6 . 7 )

The state transition probabilities are given by

I ap~~ (t )~) — —a0 AP~~~(t) +’Pp~~~(t) (6.8)

) 
-

(at~ 

t) 
- m0AP Ct) + ~P~~~(t) - ‘Pp

(N) (t) +

0< n~~~N — a 0 ; (6.9)

(3P~~~~
t) 

- (N~~)~~ (N) (t) + ~P~~~(t) - ~p (t) + (N-a+1 ) AP~~9(t) ,

N > n ~~~N — a 0 +1 (6. 10)

(a~~
) 
(t)) 

- - ~~(N) Ct) + AP~~~ (t)

n — N .  (6. 11)

• In the above, (t) is the probability that n items are in resuppl y at

time t. Using standard techniques , one obtains the following steady-state

solut ion ( t =

6-3 
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• 
. 

~(N) 
— (rn0p)~ ~

(N) 
0 ~ a ~~~~ N — a0 (6. 12)

(N) N—a0 a0 ! a—(N— a0 )
— (m0 p) (N a) ’  p , N — a0 + 1 < a < N . (6. 13)

Equation (6. 13) can be rewritten

— (a0 p) N a0
0 

a0 ! , o ~ a ~ a0 — 1 , (6. 14)

where x N - it. The probability that there are zero units in resupply is

(N’ 
. 1 — a 0 p

P
a 

— N—a +1 —a0 
(6. 15)

— 
~~ 

p) 0 
+ (1 — a0p) (~0p)N a3 m0 !G (p)

0 a0

where

rn — i

G (p) a ~~
‘ 2

~j . (6. 16)

Note that the backorder level is zero for 0~ n~ , N - a 1 and is equal to

a 1 - x z - (N - it) for N - m ÷ 1 < n <  N. Thus , the expected backorder

level is

—1I (N)
~~ (a1 — ~ ~14—x (6. 17)

6-4
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so that

[N~~~] — (a1 — a) (a00) N (ao ?a~~0 )P~~ .ç + — a) (a0p) ~~~~~ (6. 18)

Solving for N = N( [N~~~~I, p~ obtain s

{~Ln(m 0P)} {N( P~[N~~~~]))

a -1  a -i

—ent14~~ + (1—map) (a
~—x)a~~! ~~~ 

.2-..
~ 
+ ~~~ (mi_x)(mo P)~]X— 0 a—a

+ ~14N) 3 (a0 ~~~~~ 
+1 

—(1 — a0 p)rn 0 
0
a0 ! G ( p  . 

(6. 19)

If m 0 in
1
, then

(%
~) 

(m0 0) N a0
0 

a0 1(1 — a0p ) f rn0 G ( p ) — 

~~~~ 

G i (P)}
[w3~ ] — 

N—a + 1 —a 
, a0 — a1, (6. 20) 

-

1. — (m00) + (2. — a0 p) (a0p) 1’
~ a0 

~ mo !Gm (P)

and

~ Zj t (m0 p)~ [N(P ,[N~ o]~~ - Zn[N~~~ ] — ~en[ mo
mQ
mo l(1 — rnop )Ga(p) {rn —

-rn +1
+ [N N) ]( p) 0

• ( 6 .21)

1 -rno
— ~ a0 mo t (1_mo P)Gm i (P)J ‘
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For a given fixed value of [N
B 

, equation (6. 19) give s the relationship

of N and p. Thus , all value s of (N, p) that yield a particular value of

[N ’
~ ] may be obtained fo r comparison of inventor y investment level to

resupply time level for purposes of trade-off analysis desc ribed earlier

in this document.

Note that when a0 = 1, then Am = A for  all m > 0 , correspondin g to the

situation where the failure rate is cons tant and independent of the number

of installed serviceable units (except for a = 0). Returning to equation
(6. 15) and equation (6. 18), one obtain s

~ (N) 
— 

pfl (1 0) , a0 — 1 , 0 ~ a ~ N ; (6. 22)

• 
~ (N) 1 — p  a3 — 1 ; (6 .23)

1 — 0

‘
I.

and

— 

(1 p )(1 p~~~l ) { 1 — p 
1
[a1(l — 0) + 1]~~ ~ a0 - 1 . (6.24)

Further ,

(5) (~ .4)Lit~ + e~ta.—ø) — £~t ( 1 —0 1 
~1. (1—0) (m1—ti4~ ~]}i(~,C.~3 1) — (6 .25 )

,1 1.
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Thus , when a~ = m 1 1

• [ 14~
] — 

( 1— ) N 
a0 — a1 — 1; (6. 26)

N (p,[N~~~]) 
- 

~n[N3 ] - £ nh l  0(1 - [$~~~])} 
‘ a0 - a1 - 1; (6.27)

(
~~
)[Nr 

- 
N/p - [(1 _ 0 N) / ( 1 - - m 1 - 1~ 

(6 .28 )

(ac14N)]) — _______ 
(l _ p) pN 

a — a — ( 6 . 2 9 )

_ _ _ _ _  - 

~~~- ~~ : 
• 

(1- a - a -1. ( 6 . 3 0 )
IN  l — p ~~~ 1 — p ~~ 

-

, - 0 1

Now consider p = a 1 = a 3 1. Then

1 (a[N
(N)

j\ 1 (a[N~~~)~) N 
-

[N~~~] — N+2. 
— — 

(14+1)
2 ~ 

— 2 (14+1) ~

(~~f~ 
_ N N +~~ .

\~Pj [ 14(N)] 2

6-7
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and

514 — NkN+1) 
~p 

for [14N)] — constant . (6 .31 )

When N = p = a 1 a 3 = 1, then

- ; _ _ _ _ _  - —~~~ ; -

(aN \
— 1

Thus , if [N~~
1)

] = constant , then

8N = X6 ~r ; (6 .32 )

if p = constant , then

6[14
1)

] — — 514 ; (6. 33)

if N = constant, then

— 1X&r.~ . 
(6.34)

(N)

It is interesting to calculate [NB 
] - [N B

’ ) and 
N 

in

a fashion similar to that used in the case of the conservative parallel

server model. Inspection of equation (7. 12) and equation (7. 13) obtains



- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- I

(14+1)
V 

— (m 0 p) 
~~N) 14

14) , 0 x N (6. 35)

and returning to equation (7. 17) leads to

— [14~N+ 1)] ~ (N+1) (6 .36)
— 1 — m0p (N) > 0

~0

Equation (6. 12) and equation (6. 13) y ield

2. ~~~N—x~ 

N 
- 

N + 
~(N) - , 0 ~ a I N ; (6. 37)

1 (ap~’~ ~ 
(N)

1
~(N) (.~ap IN — — - I ( 6 .38)

Thu s,

• (~~
{N B~~~ ]\ ~~~~~ - + 

B
(Nr ~~> 0 ‘ (6. 39)

~ IN 
I [NB

an expression which is identical in form to that obtained for the parallel

server case.

Other formulae which apply are given below.

- [N (N) ] ~[N~~
’
~] = ~~(N+1) [N~~

’T
~] ; (~ .40)

6-9
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~ (N+ 1) 
- ~~(N) AP ~~~ = ~~(N+1) ~(N) (6.41)

~~~(N)

(N) = a
0p , 0�n~~ N -  a0

~~~(N)

N - l� x �m 0 (6.42)

~~(N)

(N) = p (N-n)  , N - a 3 + 1 ~ it ~~~ N - 1

(N) (6.43)

1~~~x�m 0 - l  ; J

(N+l) -
•

0 
= 1 - ~ 

( N + l )  (6 .44)
(N)P0
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SECTION 7

• EXAMPLE COST FUNC TION

The total system cost is given by

C = C(N , p )  , (7.1)

where

N = number of inventory inves tment items ,

p = = = ratio of mean resupp ly time to mean time
A between demands.

Total system cost is expected to increase linearly with increasing N and

to incr ease with dec r easin g p (dec reasin g ¶ ) .  For pu rposes of exposition,

assume a simple cost f unction of the form

c 2 N
C(N , p )  = cN -i- , (7.2)

where
- .;.-

V C 1 = cost per inve stment item,

C 2 cost per investment item per unit p.

Thus,
inventory investment cost = c1 N

c2N
cost for resupply system —

~~
-- .

Define

z(N , p )  C ( N , P )  
= N (i +

~~
) ‘ (7.3)

and

p 0 = . (7 .4 )

_ _ _ _ _ _ _ _ _ _ _ _ _  
_ _ _ _ _ _ _ _ _ _ _  •
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Thus ,

z(N ,p)  = N f i + !.~_ _ )  . (7.5)

z(N , p)  is a unitless cost function expressed in terms of n umber of equiva-

lent investment items.

z = z + z , (7.6)
1 2

z 1 = N = number of investment items

Np0
= —~~— = cost of resupp ly system in terms

of equivalent investment items

p 0
If -

~~
- = 1, then for every dolla r spent for inventory investment an equal

amount is spent fo r the resu pply sys tem.

7-2

• —k— .— - ~~~~..- -V. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- - V. - - - V - V . - — - -  - ——~~—- - • - .- - - - -

SECTION 8
PROBLEM FORMULA TION

The mathematical statement of the problem take s on two possible

fo rms.

PROBLEM 1

Minimize

z = z(N , p )  ( 8 .1 )

Subject to

[N B
(N , p ) ]  = N~~

0 )  
= constant

N = integer > 0 (8.2)

~~0~~• 
p > 0

PROBLEM 2

Minimize

[NB
] = [N B

(N . p)] (8. 3)

Subject to

z(N , p )  = z0 = cons tant

N = integer > 0  , (8.4)

p > 0

8- 1 
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SECTION 9

PROBLEM SOLUTION

- 

V

~ In thi s sec tion are presented the procedures to be followed for

problem solution. PROB LEM 1 and PROBLEM 2 are restated below, and

associated optimality conditions are given.

PROBLEM 1

Minimize

z z(N, p) , (9 . 1 )

Subjec t to

p = p(N ~~~~
0 )

, N) = p(N), with N~~
0 

fixed. (9.2)

• z = N 1 + 
~~ ) 

, ( 9 . 3 )
P(N B ,N)

~0
z = N 1 + p( N)  

( 9 .4)

Sinc e N is an integer ,

• z[N+1, p(N+l)) - z[N, p(N)3 ~ 0 
(9.5)

and

z(N-l, p (N-1)3 - z(N, p (N)J > 0 , (9 . 6)

when z is a minimum.

9- 1
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PROBLEM 2

Minimize

[NB
] = [N B

(NJP )] , (9 .7 )

Subject to

p = p(N , z 0 ) p (N)  , with z0 fixed. (9.8)

• p(N) = 
Np0 N < z 0 ; (9 .9 )
z0 -N

[N B
(N

~ 
P )]  = [N B CN , p ( N ) J ]  . (9. 10)

if N is an integer , then

[N B
[N+l , p ( N + l) ) ]  > [N~~CN, P (N) 1] (9 .11 )

and

[NB ~~~ l , ~~~ 1)3 ]  > [N
B 

[N , ~ N ) 3 ]  , (9 . 12)

when [NB
] is a minimum.

Both of the above integer programming problems are solved by a

simple search utilizing a gradient technique (described in Section 10) tha t

obtain s solutions in two to six interactions. A similar technique is

utilized to obtain solutions to the equation

= p(N~~
0 )

, N) ,

where p is to be determined when N and the backorder level N~
°
~ are

9-2
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- specified. In general, PROBLEM 1 requires more computing time than

- that required for PROBLEM 2. The solution to p = p(N~
0) , N) requires a 

V

great deal more time to obtain than that required for the solution of

Np

The mathematical programming problems desc ribed above have

been thoroughly investigated fo r the backorder f unction desc r ibed by

(1) the Parallel Server Model and for (2)  the Poisson Model. Compari-

son s and conclusions are given in Section 12.

9-3
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SECTION 10

A GRADIENT TECHN IQUE TO SOLVE A SET OF C OUPLED EQUATIONS

Let

/e1

( X 2

r =

~~~~~~~~ 

and e 
= (

\
\ 

(10.1)

be it component column vectors and the gradient operator V be defined to

be the row vector

V E i— , i— , . - . , . (10 .2 )
1 2 it

It is desired to find a solution to the set of n simultaneous equations

= 0 , I = 1, 2 , 3, - . . ,  n (10.3)  I:

in n unknowns represented by the column vector x. The f irs t  order Tay lor

expansion about a given point~~ Is

+ !) = !g.~. + gi(!o
) (10.4)

where ~ g. = !g.(r ) ; i. e. ,  the f irs t  derivatives are evaluated at the point

and is assumed to be an approximate solution to equations ( 10. 3).

If = + e is to be a solution to equation (10 .3) ,  then

g.(r  + c) = 0, i = 1, 2 , - . . , it (10 .5)

10- 1
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and

v g e  = -g .(r ) , I = 1, 2 , . . . ,  it . (10 .6)

Restating equation (10.6) leads to

it
(10. 7)

L (~~g1
) e . = -g1(.~

- j=l j  ~ °

Now define the square it x n matrix G by

- . (
~

) \\.~ !~ l(io)~ ’

\ L
r— 

~~~

— . - . ~g 
~~~~1

0 
2 0 

it 0 L

C = (10 .8 )
—

(
~

) (~
)
~ / 

!g~
(E

~~)/

and the it component column vector g(~~ ) by

/~ 1(Io \
/ g2

(~ 0
) \

a(
~~

) = : ) . ( 10.9)

10-2
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~g.
In the above it is understood that all derivatives —

~~
- and all functions

~ x.
J o

• g.(r ) are evaluated at the point r r .  It is observed that

[~ :(~ 0)]~j 
= [v~~~0 ]~ arid [g(r )J . = g .(r ) . (10. 10)

V Therefore ,

G. .( r ) C . =

= 
~
(!

~~
) . (10. 11)

The above implies that

s = ...Q~~ ( r ) g ( r ) , (10. 12)

or

e = (10. 13)

If the matr ix C 1 
exists (i.e., if det~ 21 �0). The individual components

of .~~. are given by

= - ~~~~~~ , j  = 1, 2 , - - . ,  n. ( 10. 14)

A s long as r is “reasonably close ” to the particular solution desired and

no pathologic conditions exist (forcing de t I C I 0), then equation (10.13)

can be used to successive arrive at values of r which satisf y equation

(10. 3) as precisely as desired.

The procedure s imply stated is as follows:

(I)  select an initial trial solution value r = r ., where i the iteration

number (i = 0 initially);

10-3 
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(ii) apply equation (10. 13) to determine the correction vector C ;

(iii) check to see if € . satisfie s I c . 1< C , where the (e ) . =—i —max —max j

(c .) > 0 represent upper limit values on the errors to bej max

tolerated in the solution value s for  each of the va r iables x .;
3

V (iv) (a) if e~ > c , then set r. = r . + e . ( i .e. , calculate a new
i max —t+l —i ~1

trial solution to the system of equation s g(r) = 0) and return to

step (ii) above with I i + 1; (b) if e . < C , then stop and
—i —max

calculate r. = r . + e ., where r . repr esents the desired solu-
—i+l —1 —t

tion to g( r )  = 0.

As an example, consider the problem

2 2
g 1(x

,y) = x - y  - 4 0

g2
(x,y) = x + y - 1 0

The solution to the above problem is readily obtained by convent ional te ch-
-
I,. nique s:

x + y  = 1

x - y  = 4

2x = 5

x = 5 /2  and y = -3/2

To illustrate the techn ique developed above proceed as follows:

2g 1 = (Zx , -2y)
Zx -Z y

2g 2 = ( 1 , 1) ; 2. =

1 1

det ic I = 2(x + y)

-1 1 
(1 2y~~ (2 - 

2 
- 4\

= 
2(x + y) 

~~
l 2x) 

~ g 
~~~~~~~ + -

~~ 
- 1

,)

10-4 
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x 1
C hoose r = = as the initial trial solution.

0 V

y 1

1 1 2  -4
= ; g(~ 0 ) =

-1 2 +1

I ! !
4 2 -4 2

C = - = � 0-o 1 3
~4 2 2

Iteration No. 1 proceeds as follows:

3
2

r = r + c  =—1 —o —o

2

= (~ ~ 
(iz

)

2 2

Iteration No. 2 proceeds as follows:

1

:~~~ 

- 

+ ( 
1)  

= 

- 
3 

0
= V = ; £(~~

) =

-1 5 1 5 0
2 2

10-5
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•‘~ c~ = 0 and r3 
= is a solution.

3
2

Note that it is not necessary that the first  approximation~~0 be

terribly good; what is required is that the r chosen be ‘closer” to the

• solution of interest than to any other possible solution (thus preventing

the possibility of moving along in the wrong direc tion) and that in succes-

sive calculations no patho logical conditions causin g de tio !  to be zero

occur [such as encountering a saddle point or a relative minimum or

maximum for any of the g.(x)]. If such a condition doe s ar ise , however ,

it is still possible to appl y the technique by “ skippin g ove r ” the critical

point encountered [Note that d e t ic t  = 0 for any x which is a critical point

for any of the g .(x) in g(x).] .  A “good” value fo r r eliminates suc h a

possibility from occurring, and in gene ral no such pr oblem occur s in

practical app lications.

The one dimensional case of the solution technique is a special case

of the development presented above. To obtain a solution to the equation

g(x) = 0 (10.15)

note that

~g(x)
g(x + ~~~~ 

= 

~~~ 

c + g(x ) (10. 16)

and

= -g(x ) (10. 17)

if x x + C is to be a solution to equation (10. 15). The procedure to

determine the solution is precisely the same as that given in steps (I)

through (iv) above.

10-6
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An example illustration of the one dimensional case is given below.

In order to solve

x + £nx = 0

for x, one proceeds as follows:

g(x) = x + .tnx

= 1 + x

x(x + Lnx)
C = -

1 + x

Try x = 1 as a trial solution. Then

= -0.500.
0

Iteration No. 1 pr oceeds as follows:

x = x + c  = 0.5
1 o o

= 
-0 .5 (0 .5  - 0. 693 147) 

= +0.0643824
1 1.5

- 
V Iteration No. 2 proceeds as follows:

x2 = x1 + c
~ 

0. 5 + 0. 0643824 = 0. 5643824

— 
-(0. 5643824) (0. 5643824 - 0.5720233)

C
2 

— 1. 5643824

C
a 

= +0.00275659

Iteration No. 3 proceeds as follows:

x3 = x2 + C
~ 

0.5671389835

- 
-(0.  567 1389835) (0. 5671389835 - 0. 567 1508844)

V 

€ 3 
— 1.5671390 ‘

€
3 

= +0.0000043069

10-7
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Iteration No. 4 proceeds as follows:

V 

• 
x4 

= x
3 + €

~ 
= 0. 5671432904

— 
(0. 5671432904) (0. 5671432904 - 0.5671432904 ) 

-£ 4 
— 1. 5671432904

€
~ 

0

.~ . x = 0. 5671432904 to nin e significan t fi gures

If a solution value to the equation g(x) = 0 is desired when x is con-

str ained to be an integer , then the above procedure is modified as follows.

g(x + e)  = g(x0) + ~g(x )c ‘

~~ 0 , (10. 18)

~g(x ) g(x + 1) - g(x ) , (10. 19)

f g(x ) )
C = 1— ~ I , ( 10. 20)

L ~g(x )

where the subscript Tmearis set € = integer = truncated value of the numeri-

cal quantity enclosed in the brackets. The iterative procedure is then that

given by steps (i) through (iv) given earlier in this section with equation

(10. 20) being substituted for equation (10. 17) and the initia l value for x

being set equal to an integer. If no solution to g(x) 0 exists (this is possi-

ble since x = integer), then the above procedure may be utilized in finding

the value of x~~O that minimizes I g(x)I and the value of x < 0 (if allowed)

that minimizes I g(x) I .
In the solution proc edure for PROBLEM 1, the gradient technique is

applied to determine p in equation (9. 2) and is used to aid in the search for

the optimal value of N which satisfies the conditions expressed in relations

(9. 5) and (9. 6). The search for (N, p) is conducted along a curve of constant

[N B
). In the solution procedur e for PROB LEM 2, the gradient technique is

I
10-8
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used to aid in the search for the optimal value of N which satisfies the

conditions expressed in relations (9. 11) and (9. 12). Here, the search

for (N,p) is conducted along a curve of constant z.

The solution pr ocedur e developed here for PROBLEM 1 and PROB-

LEM 2 is easily adapted to any cost function of the form C = C(N, p) and

for any backorder function of the form [N
B

] = [NB
(N, p) ].  In this study,

PROBLEM 1 and PROBLEM 2 have been investigated with the backorder

functions described by the Poisson Model (Section 5) and the Parallel

Server Model (Section 4) and with z = z(N, p) as described in Section 7.
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SECTION 11

SENSITIVITY ANALYSIS

It is of interest to determine the range of p for which the optimum
- 

V value of N remains unchanged. For PROBLEM 1, application of the opti-

mality condit ion and the cor r espondin g cons tr aint yields values for (p 0 )

and (p ) - such that when
0mm

( P  ) - I P  < ( p  ) ( 11 .1 )
0 m m  o max

the current optimal value obtained for the (N, p) ordered pair remains un-

changed; i. e., the optimal solution to PROBLEM 1 is independent of the

choice of p 0 within the interval ( P
o

)
m

i
~~~~~ 

P 0 ~ o~max 
Similarly, appli-

cation of the optimality condition for PROBLEM 2 and the corresponding

con straint yields values for (p ) and (p ) . such that when
0 max 0 mm

( p  ) . ~~~ P ~~ ( P  ) ( 1 1 . 2 )
~ mm 0 0 max

-S..--

the current optimal value of N remain s unchanged; i. e . ,  the opt imal solu-

tion value for N for PROB LEM 2 is independent of the choice of p 0 within

the interval (p ) ? p ~ ( P  ) • However, in the case for PROBLEM 2 ,
0 max 0 0

if p 0 is allowed to vary and the optimum value of N remains fixed, then

the optimum value of p must change to keep z = constant.

Let (N, p) be an optimal solution to PROBLEM 1. Define ~p 1 ~ 0 and - •

~p 2~~~0 b y

[N B(N j + 1, p
1 + ~ p )J = N~~

°
~ , ( 1 1 . 3 )

EN B
(N — 1, p

1 
— ~p )] = N~ ,

0 )  
. (11 .4)

1 1— 1  
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• Condition (9. 5) in Section 9 becomes

(N1 + 1) ( 1 + -  °

~~ 
) � N 1 (1 + p / p ) (11 .5)

and yields

p / p  
~ 

. (1 1.6)

N ~~~~~~1 p
1

Condition ( 9 . 6 )  in Section 9 becomes

(N 1 - 1) ( 1 + ° 
~~~~ ) > N1 (1 + p0 / p 1 ) (11 .7)

and yields

- 
1 — ~ p / p

1 (11.8)

~~~~~~~~~1 p 1

Thus, any P0 satisfying the condition

~ 
p2

1 — —p 1 + ~ p / p
! P 0 / P 1 

~ 

1 1 
, (11 .9 )

N — - l
‘ p 1 

1 p
1

will yield an optimal solution (N1 , p ) for PROBLEM 1.

Let (N,, p ,) now be an optimum solution to PROBLEM 2. Define

~p, �0 a n d ~~p
2~~~ 0 b y

[N (N + 1, p ÷ ~p )] [N (N , p )) , (11. 10)B 1 1 1 B 1 1
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[N B
(NI — 1, p 1 — ~ p 2 )] = N B

(N l~ 
p 1 ) . (1 1. 1 1)

Equation (9 .9 )  yields
(N + 1) p ’

+ 
~~ 1 = 

z 0 
— (N , ~~

- 1) ‘ 
( 11. 12)

= ( 1 + ~ p , / p , ) 
(N 1~~ 1 - 1) , (11.13)

where is the uppe r limit for p 0 such that the optimal value for N re-

main s N 1. Equation (9 .9 )  also yields

(N, — 1) p’~
P t — = 

z — (N — 1) 
(11.14)

p 0 ~P 2 
______= (l 

~
) (N  - 1~~ 

‘ 
(11.15)

where p~
’ is the lowe r limit for p 0 such that the optimal value for N re-

mains N, - Thus , any p 0 sa t isf yin g the condition

~~p 2 
z 0 p

0 z
O

1 — p 1 N 1 — 1 — ~~ 
— < 

~ ~ 1 “
~~1 N , + 1 — 1 (1 1. 16)

will yield a value of N, in the optimal solution for  PROBLEM 2. Note

that the optimal value of p , varies according to

Np 0
P = (11.17)

- N

as the value of p 0 is va ried.
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Conditions (11 .9) and (11. 16) can be utilized to study the sensitivity

of the optimal fractional investment level to the relative unit cost associ-

ated with the r esupply system. Results of comparing the Poisson Model

to the Parallel Server Model are given in Section 12.
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SECTION 12

RESULTS AND CONCLUSIONS

Computer programs have been written and executed for

1) The Conservative Parallel Server Inventory Model

described in Section 4,

2) The Poisson Model described in Section 5,

3) The Conservative Sing le Server Inventory Model des-

cribed in Section 6.

Programs have also been written and executed for solving PROBLEM 1

and PROBLEM 2 described in Sections 8 and 9 utilizing the gradient

technique described in Section 10 and procedures outlined in Section 9.

Included in these programs are the sensitivity analyses given in Section 11.

Program listings are found in Appendix A.

Ref erence material developed during the course of this projec t is

given in the “Reference List and Bibliography ” and in “Documents

Internal to AFLC”.

Various inputs were assumed to execute the computer programs to

perform a detailed analysis and comparison of the behavior of the parallel

server model (finite population ) and the Poisson model (infinite popula-

tion). Below are listed the major results.

• The Poisson demand process overestimates the backorder level

for a given (N,p) specification.

• In general, the Poisson Model obtains a lower value for the

optimum value of inventory investment than does the finite popu-

lation model; as the system requirement tn~ increases, the

difference between the optimum levels of inventory investment

given by the two models becomes increasingly larger. Thus,
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use of the Poisson Model underestimates optimum inventory

investment level and results in a hi gher backorder level and a

higher stockout probability than does the finite population level.

• If the relative unit cost ( p 0 ) for resupply increases , then the

difference between the optimum levels of inventory investment

given by the two models become s increasing ly larger , approach-

ing levels o~ 15-50%.

• In general , the finite population model given an optimum level

for inventory investment which is less sensitive to a change in

- • unit resupply cost than that suggested by the Poisson Model;

i. e., the range for p 0 where the optimal solution remains invari-

ent is larger for the finite population model than for the infinite

population model.

• As the system requirement in become s larger , the optimum

level for inventory investment become s more sensitive to a

change in unit resupply cost.

Some numerical outputs are tabulated in Appendix B.

The above results conclude that if the relative cost for  resupply

(manpower, equipment, administration , transportation, etc. ) compared

to inventory investment increases, then it becomes increasingly impor-

tant that demand and resupply processes be acc~irately described to

obtain cost effective allocations of expenditures between inventory

investment levels (capital intensive ) and r esupply time levels (labor

intensive). In addition , if the variance (uncertainty ) of costs increases,

then it is also important that correct descriptions of the demand and

resupply processes be utilized in the decision making process. It is

noted that inventory investment costs for recoverable items are well-

known in comparison to projected costs for resupply during the life

• cycle of a typical weapons system. Thus , the fact that the finite popu-

lation model tends to allocate a greater fraction of total expenditures to

inventory investment than does the infinite population model makes the
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finite population model even more attractive for adoption in the decision

making process.

Non-optimal allocations that result when incorrect demand and

resupply processes are assumed suggest the following areas for future

investigation.

• Study resupply processes which allow for non-zero queue lengths

• (finite number of parallel servers).

• Generalize the trade-off analysis procedure developed in this

report (resupply time level versus inventory investment level

to minimize total system cost) to include interactions due to

movement of many inve stment items in the transportation pipe-

lines among user bases and supply depots.

• Further investigate demand and resupply modeling for recoverable

items for purposes of determining transportation flows and optimal

allocating of resources to inventory investment level and resupply

time level.

• Investigate and compare the utility of the f ini t e popula tion model

developed in this report with that of the Poisson model currently

adopted by Air Force management [88 , 89 , 104] when inco rporated

into the METRIC and MOD-METRIC recoverable item control

and alloca tion models.

• Investigate and compare the finite population model with the

Poisson model in determining impacts on output of the Compre-

hensive Engine Management System (CEMS ) being develop ed by

the U.S. Air Force [D-l1J.

The above areas of investigation and those described in this report should

contribute to a better understanding of certain problems of immediate

concern to the U. S. Air Force. The questions dealt with here are very

important for considerations that must be made when an integrated design

effort is made to develop any proposed weapon system.
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The work reported in this document was presented at two technical

conferences which took place during the months of January and February

of 1978. Particulars are given below.

1) “Analysis of Inventory/Resupply Models in Optimal Inventory

Investment Allocation,” ORSA /TIMS Special Interest Conference

on Capital Budgeting,” January 30, 31 , and February 1, 1978,
Phoenix, Arizona.

2) “Analysis of Inventory/Resupply Models in Optimal Materiel

Distribution System Design, “ ORSA/TIMS/AIIE Special Interest

Conference of Distribution Models , February 20-22 , 1978.

Hilton Head Island , South Carolina.

The above conferences were sponsored by the Operations Research

Society of America (ORSA), The Institute of Management Sciences (TIMS),

and the American Institute of Industrial Engineers (AXlE).
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APPENDIX A

PROGRAM LISTINGS

CONSERVATIVE PARALLEL SERVER INVENTORY MODEL
(FINITE POPULATION) PROGRAM LISTING A-2

POISSON MODEL (INFINITE POPULATION) PROGRA M
LISTING A-l7

CONSERVA TIVE SINGLE SERVER INVENTORY MODEL
(FINITE POPULATION) PROGRA M LISTING A-2 7

PROBLEM 1 PROGRAM LISTING A-45

PROBLEM 2 PROGRAM LISTING A-52
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/LO~ Ot~ WC.’

/DO RUN.UATFIV 
_ _ _ _  _ _ _ _ _ _ _  _____________________

SJOB (L8NTJQQ ) KOVACS 
____  _ _ _ _ _ _ _ _ _ _ _ _ _  ___

DOUSJE PRECISiON P(1O1),PA(101),DER2(101),NS,NE1,PO,PO 1,Z,NTObf~

IM1,M0 .ANS 19. DEB t, DER3, VAR,, VAR.A..NBSQ. VABN .RESPSQ. VARS , ~4,MN, VAF*~a4J

255Q,NNSQ, T 
___________  ____ ____________

PRINT5 
___________

5 ~OBMATC ’1’.5X.’.*~KQVAC S FININITE SERVER I*4V~~JT0RY HOD~~*~*’) -- - - -  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ H
___ 

READC 5,*) NTOT.R0.MO.I41 
____  ___  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

PRINTIO,NTOT,RO,MO ,M 1 
____  ____  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

10 FOBMAT( ’, NTOT ,D20.14g V R O ~~ ,D20.14., V M O ’9D20.14J V M L ’aD20, 14)

ZTOT NTOT

PRINT 15O 
____  ____  

________________________________________

p..- I x—I Y— 0 
________  _____  _________ ___________________

rEV
. 

CALL NINE CNT0T MO P PO.RO IX IY) 
- - -  - - -___ _  — I

____ 
CALL TENCNTOT,MO . P. P0, RO. IX., iT) 

____ ________  __________

C 1X AND IT ARE TOTAL.S FOR OVERfl.OWS AND UN DER FLOWS IN 1HE P~~~~RAZ4.

PRINT22O. IX, IT 
________  ______

150 FORMAT( ’~~PC?J) IS 7~1E_PROBABILITY ThAT N I TE24S ARE IN F~ESUP~LY AST

lIME WEARS IN F IN1 TY ) 
______________

C T I S ThE TO TAL OF ThE PROBABIL iTI ES ~~IOU,D EQUAL 1.00. . 
_ _ _ _ _ _

T— PO 
_____  _______  ____ _______________________

DC 100 I 1.1TO T ____

100 T T+P(I)

140 FOBMATC’OTHE EXPECTED NUMBER OF BACKORDER S iS ‘.D20. 14) V 

-
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- _____

160 FORMATC ’OTRE TOTAL OF AU. ThE P VALUES IS ‘,D20.14)

PRINT 1 60j T _____

CALL. SIXTENCWTOT.M1.P.NB) 
_____  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _

PRINTI4O,NB- _ _ _ _ _ _ _

16.NTOT ”Ml +l _ _ _ _ _

_____

IF(16.LE.O)Z PO 
_____  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _

IFC 16.LE.0)16 1 
______ ____________

DO 300 17 16.ITOT 
___ ___  ______

~3qp Z.’
t!~~~~~~~~~!~~~~~~~~~~ _ V, ~~~~~~~~~~~~~~ _ V _ ~~~ _~~~~~~~~~~~~~~ _V

C ~ IS ThE TOTAL OF ALL ThE PROBABILITIES FROM I NTOT M1 + 1 70 I NTOT.-

____ 
PRINT3O1,Z ___________

301 FO RMA TC • OTH E PROSABWI TY FOR STOCK OUT I S - ‘.D20. 14) 
_______________

I X I Y O  __________  -

CALL NINECWTOT+l.MO.PA ,P01.RO. X.IY) _ _ _ _ _ _ _ _

CALL TENCNTOT+1,MO ,PA,PO1,RO.IX .IY)

179 1T0T+ 1 _____

PRINT22O. lx, 1? ______

220 FORMATC OIBERE WERE •,I3. .~~J DERFL OWS AND •,13,’,OVERFLO WS~ )_____ 
-

-

T.PO1

DO 102 I 1.179 _______

102 T—T+PACI) _ _ _ _ _ _ _ _ _ _ _ _ _ _

PRINT1 6O,T _ _ _ _ _ _ _ _  ___

CALL SIXTENCNTOT,1.M1,PA ,NB1) _ _ _ _ _ _ _ _ _ _ _ _ _

PRINT 1 40,r49 1 
____ _______________

PRINT 1 42,NB-’NBl ____________

1 42 FORI’IATC’. Da.TA N8~~~.D20. 14) -

PRINT400. I TOT, I TOT+ I • I TQT,.CNB~ N8 1) /WB _______
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400 FORZ4AT(’OHS( ,13,’) — NBC’.13.) / C .13.) .~,D29.14)__~~_

CALL SUB2I(NTOT,P. DER1) _____

PRINT3IO.DERI 
______  ____  ___________________

3 10 FORMATC ’OThE EXPECTED NUMBER OF UNITS iN RESUPPLY IS .D20.14) 
_ _ _ _

PRI?1T320,DERI/ ( 0.0—BC ) _________________

320 FORMATC’OIBE RESULT OF FORM .LA 21 IS ‘.D24. 14) -, — — 
-

~ 

-

V - V 
-

CALL SUB2CCNTOT, RO, DER1,DEB2) ____  _ _ _ _ _ _ _

PRIN T333 
____ _____  _____________

PRINT33O,0. DEBt IC 0.~~RO) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

PRDJT33O,( I. DER2C I). 1—1. ITO?) ____ ____ ______

333  FORMATC • OANSWERS FOR FORMULA 20$ ) 
____ _____________________

330 FORMATC ’.PC ’,13.’) GIVES •,D24.14) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

V CALl. VAR1(PO,M1,NTOT,VAB,P,tJB) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

C ALL. VAB1CPO1,M1,NTOT+1.VARA,PA,NB1) -

PRIWT35O,ITO’,VAR 
___  ___  ____  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

350 FORMATC ’.lBE VARIANCE OF tIE FOR NTOT.”,13.’V Z S •,D20.14) _ _ _ _ _ _ _ _

PRINT35O, 1 TOT+ 1,VABA _______

DER3 O.0_________ ________________________

CALL. VAR 1C PO ,~41, NTO TaN BSQ. P. DER3) 
____________

CALL SUB22CNTOT,tll,tIB. DER1, DER3 ,RO,NBSQ) __________

PEIWT36O. DER3 
____ 

________________________________

360 FORMA SW~ R TO_FO~~l~LA 22J~~’ ,~~~O.14)_ _ _ _ _ _ _ _ _ _ _ _

PRIWT352,NBSQ ___________

CALL VAR2C DER1 ,P VAEN ,PO,NTOT) ____________________

3 52 FORMAT (’OThE EXPECTED VALUE OF ThE SQUARE OF ThE BACKO RDER LEVEL!

15$ .D20.14) _______  -

PRINT4IO,VARN 
___
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410 _FORMATC ’OIBE VARiANCE OF THE EXPECTED NUMBER OF UN ITS IN RE SUPR.I Y

1ISt .D20,1V4) 
____

— 
. 

DEfi3 0.0
____  _____  ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

CALL_VAR2C DER3 . P,RESPSQ, PO,NTOT) 
___________________

PRZNT42O.RESPSQ 
_____  ________

420 FOEMATC OTdE EXP ECTED VALUE OF THE SQUARE OF iRE NUMBER OF UN ITS!

10 RESUPPL Y ISI ’.C20.14) _ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _

CALL SNAVECNTOT,M1 ,P,PO,SN) -

PRINT43O,SN _____________ _____________________________________

430 FORMATC OIBE EXPECTED STOCK LEVEL iS .D20.14) 
_ _ _ _ _ _ _ _

CALL VAR3CNTOT,M1,P,PO,VARS ,SpJ) 
____  ______  ______

PRINT44O,VARS 
V

440 FORM ATC • GIBE VARIANCE OF THE STOCK LEVEL IS .1)20.14) 
_______

(1—0.0 
____  _ _ _ _ _ _ _ _

CALL_VAR 3(t4TOT,M1,P,PO,S5Q,U) 
___  ___________________________

- 
V~ 425 FORMATC •O1BE EXPECTED VALUE OF IRE SQUARE OF iRE STO CK LEVEL I S t J  -

11)20.14) 
_____ ____

PRIt1T425,SSQ 
_________  _____  ____ _______________________

CALL MNAVE(NTOT,M1.P, PQ,t4N) 
_____

PRflJTA35,Mbj 
____

435 FOR MATC ‘GIBE ExPEç Ju~~~~~~4 ERvz ç o.u)_____________

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _  _ _ _ _ _

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _

444 FO R M ATC ’OTH E VAR IANCE OF THE EXPECTED NUMBER ZN SER ViCE IS •.D20~

14) 
- _ ___

- 
CALL VAR4(tfTQT,M1 ,U,P,MHSQ.,PO) 

- - -

PRI11T446,MNSQ
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~ ~~~~iTL~~~

446 
- 

FORMATC ‘DIRE EXPECTED VALUE OF THE SQUARE OF iRE NUMBER IN SE~~~~~_

1 IS1 •D20 .14) 
___________

STOP 
_________________ _____-

~~~~~ 

——______________

END 
____  _____  ___

SUBROUTINE NINE (NTOT,MO , P. POi RO, IX.! Y) 
____  ___________

C FINDS THE PROBABILITIES FOR 3 0  TO ~3 NTOT-MO_(FINDS _P(J))..

C USES NATURAL LOBS AOl) EXPONENTS TO ALLOW FOR LARGER SYSTEM S

P 9 ! _!~!cisJpN~~!c a .tlO O,A,3,C, D, E F,Is,H,Z, Y 
_ _ _ _ _ _

V DOUBLE PRECISION ELOG.DEX P

1TEST—NTOT-M0.1 __________ _____  ______  _____  _ _ _ _ _ _ _ _ _

_____
DO 10 ~J 1 l,1TEST 

_ _ _ _ _ _ _ _ _ _ _ _ _  ________________

— 
Y—z— 0.O

,3-~1 1-1 
______  ____  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

_____
DO 20 N1 1,ITEST 

____  ____  ____  ______________ 
V

NRESUP—N 1—1 
___  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _

____
A C 0RESUP-

~

3)*ILOGC MO*RO) 
____________  ___ ___________

C D”O.O

ZF C J. LE. 1)GO TO 35 V

DC 30 K2,3 
______

30 C C+ UL OGCB ) 
_____  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _

35 IFCNRESUP.LE .1)GOTO 45 
___  ___  _ _ _ _

DO 40 K 2.NRESUP 
____  

______

______  ______  _ _ _ _ _ _ _ _ _  ______  _____

40 D D E L O G C B )  
_ _ _ _

45 E A+C -D

CALL FLOW(E,,J,IX,Zy) 
_ _ _ _ _ _ _

• ~~Z+DEXPCE)

A-7
-

~~~~~~ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~
-
~~~~

-
~~~~~~~~ - ---- - -—- -~~~~~~



- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

20 
- 

CONTiNUE 
- - 

-

I TOT NTOT ___ ________

1)0 50 NRESUP— ITEST.ZTOT

• C D O . O  ____

M.MO ______________________ ____ __________________ __________

ZF (M.L E. 1 )GOTO 65 
_ _ _ _ _ _  ____  _ _ _ _ _ _ _

DO 60 iC—2,M -

B K  
_________  

- 
_______  _______  _______________

60 C—C+~~..OGCB) __________ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _

65 IFCJ.LE.1)130T0 “ V

DO 70 K 2.J 
V 

B K ________________________

70  D D+DLOGC E~ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _

75 Aa F O .O __________________________________________

___  
IFC NRESUP.LE.1 )GOTO 85 

_ _ _ _  _ _ _ _ _ _ _ _ _ _ _

-— ___ pO~~~Q 2.NRE !p! ._. _ _ _  _ _ _ _ _ _ _ _-

B K  
________  

__________________________________

80 A—A+ ILOGCB) 
____  

_ _ _ _ _ _ _ _ _ _ _

8 5 N—NTOT ’NRESUP 
____ ____

IF CN.LE. 1 )GOTO 95 
_ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _  _____________________

DO 90 K 2,N 
_____  ____ V

B K  
____  ____  ___________

90 F— F PIL O G C B)

95 G— (NT OT —M O— ,J )*IL OGC MO )

___
_ H CNR tJP .

~

3)*LtO8CRO) -   ~~~~~~ f l V .  — --

E C.Di e+H-A— F ______  _______________

CALL FLOW CE ,J . ZX . IY ) 
- -

Y Y+DEX PC E)
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50 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ---V—V.-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_____-

IFCJ.EQ.0 P0—1.O/ Y+Z _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _

____ 
I F(q3. EQ.O)PRINT5O3,J. PG _____  ____ _________  ________

V 

IF(,3.EQ.0)GOTO 10 
-

PC J)— 1.ICY+Z) _____ -

PRINT5O3eJ.PC ,j) 
_ _ _ _ _ _ _ _ _ _ _ _ _ _  __________

503 FORMATC ’.PC’,13i’) — ‘.1)20.14) ______________________________

1 C CONTINUE ____ ______________________________

RET _ _ _ _ _  _ _ _  _ _~~~~~ V. - — _____

_____
END 

_____ ______ ______ ____________

SUBROUTINE TENCNTOT, MO , P. P0, RO, IX. IT) _____ ___________

C FINDS THE PROBABILITIES FOR JwWTOT~ M0-I 1 TO IJ.’NTOT (USES NA TU RALI1,OriST

0 ALLOW FOR LARGER NTOT).. 
_ _ _ _ _ _ _ _ _ _ _ _ _  ____  ____  _ _ _ _ _ _ _ _ _ _

_____DOUBLE PRECISION PC 101 ),NTOT,?O.MO.RO.A,B.C. D.E, F,GaH,Zp Y 
_ _ _ _ _ _ _

DOUBLE PRECISION LLOG.DEXP 
_ _ _ _ _ _ _

IN! TAL NTOT-MO+ 1 
___________  _______________

I TOT NTOT 
_____  ___ ________

DO 10 ,J—INITAL.. ITOT 
____  ____

Y~~~~O.0 -

DO 20 N1 1,INI TAL 
______  ________________________

NRESUP N1- 1 ____  __________ ____

A C—H—G.O.0_____ _____  ____ -_________________________________

- - - 
I~~~~~~~~~~.~ G J .9~~~~~_ _~~
DO 100 K2 ,J ___

B K  ____

100 G.B+ILOGCF) 
--  

- - - - -

A-9  
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1 05 M I1TOT~ J

IFCN.LE.LR4OTO 115 1 2:~4S
DO 110 K 2.N

B-Ic
110 H—H+ELOGCB) ________ _ _ _ _  ________________

115 IFCNRESUP .LE.1)GOTO 35 _ _ _ _ _ _ _ _  _ _ _ _ _

00 30 K 2eDJRESUP ____

B-C ______________ 
______________________________________________

30 A A.ELO(iCB) - _ _ _ _ _  _ _ _ _ _ _ _ _

35 N—MO

IFCN.LE.1)GOTO 45 
____  ___  ____  ___  _ _ _ _ _ _ _ _ _ _ _

DO 40 K 2.N 
_____  

____ ____

8K 
_ _ _ _ _

40 C—C+tLO~ CB) 
_____  _________________  ___________________

45 D-(MRESUP .J)*ILOGC RO)

E—CNRESUP- C~JTOT ’M0 ) )*a,o6cHo) 
____

F— D+E.G.~I-A-C ____________________________

CALL FLOW( F,J, 1X.IY) _______

Y Y+DEXP( F)

20 CONTINUE ________

00 50 NRESUP INITAL. I TOT _ _ _ _ _ _ _

A C 0 ” E F O. 0 ________

IFCJ.LE. 1 )00T065 
____  ____  _______  ____________________

00 60 K 2aJ 
____ 

________  _______

B K

60 A API1.0OCB)

A- 10
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65 I sWIOT.J

IFCI.L.E. 1)GQTO 75 
_ _ _ _ _ _ _

00 70 K—2,I 
_ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _

_____ B-K 
_ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _

70 C—C.I1OGCB) 
_ _ _ _ _ _   _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

75 X—N TOT ’NRESUP 
--_____________________

_____ IFCI.LE. 1)G0T0 85 
____  _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _

_____  
00 80 K—2.I 

____  
_____

B—K

ao E E+~~0GCE) _ _ _ _

85 ZFCNRESUP .L Z.17GOTO 95 
_ _ _ _ _

1)0 90 K 2 N R E S U P  
___ ____  __________________________

____  B—K 
_______  ________________

90 P F+U.OGCB) 
_ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

95 0—CNRZSU?~-J)*1L0oCRO ____  _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _

S—D+ A4C-E.F 
____  ______

C~1LL FLOWC B,3,IXaIY)

ZZ+DEXPCB) 
____ __________

50 CONTINUE 
________

PCJ)— 1.0/CY+Z ) 
____

PRINTSO6, 3. PC J) 
___ ____  ____________

506 FORMAT( ’. P(’,13,’) ‘.1)20.14) 
____

1 0 CONTINUE

RETURN

A - I l

__________ 

__________________________________________________________________

~~~- 
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_ _ _ _  
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SUBROUTINE SIXTEN(NTOT.M1.P .NB)

C FINDS THE DEXPECTED NUMBER OF BACKORDERS. 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  __________

DOUBLE PRECISION PCIO 1),NB , PO.NTOTaM1,B

ZTOT NTOT

• NB-0. . _________________________

IN! TAL—NTO T-M1. 1 
____  ___________

DO 10 NRESUP INITALaITO T 
____  ____  _ _ _ _ _ _ _ _ _

B-C Ml -‘CNTOT ’HRESUP ) )* PC NRE SUP) _____________________________________

_____ PRDfl2O.NRESUP.B 
______  _ _ _ _ _ _ _ _ _ _ _ _ _ _  ___________

20 FORMAT( ’ NBC ’.13. ’) — •.D20.14) 
_ _ _ _

10 NB~~IS+B ______________________________

RETURN 
___________  ____ ____ __________

END _ _ _ _ _

______SUBROUTINE_SUB2OCNTOT. ROj DER1.DER2) __________________

C FINDS THE RESULTS FOR PORI4ULA 20. . 
_ _ _ _ _ _ _ _ _ _ _

DOUa.,E PRECI SION NTOT,R0. DER 1. DER2C 101) 
_________

ZTOT NTOT 7 235 1
00 10 PJRESUP Ij IT O T ____

10 DER2CNRESUP) NRESUP/RO— DER1/RO _ _ _

PO1)ER DER 1~ C O.O RO) 
_____  ____  _ _ _ _ _ _ _ _ _ _

RETURN _ _ _ _ _ _ _

END __________

SUBROUTINE SUB2 1CNTOT, P.DERI )  
____  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _

C FiNDS THE DEXPECTED NUMBER OF UNITS IN RESUPPLY . ______

DOUBLE PRECISION NTOT. PC1O1) .DER1

DER 1—0. 0

ITOT NTOT

00 10 NRESUP—1 aITOT

A -12



- -

10 DER1 NRESUP*P(PIRESUP)+DER1 _ _ _ _ _ _ _ _ _

RETU RN _________

END _ _ _ _ _ _ _ _ _ _ _ _ _  

-

SUBROUTINE SUB22( NTO r,M l.NE. DER 1. DER2a RO. HBSQ) 
___________________

C FINDS TIlE RESULTS FOR FORMULA 22. . 
_ _ _ _ _ _ _ _ _ _ _ _

DOUBLE PREC I SI ON N TOT, H laNE, DEE 1, DER2. RO.NBSQ _____  _______

DER2 NB/RO *CCNTOT ’Ml )-‘DERl+NBSQ/NE) ____________________________

RETURN ____________

END_______ ___________  ___________

SUBROUTINE VAR3C NTOT,M 1, P. P0, VAR, SN) _______________________

DOUBLE PRECISiON NTOT .M 1,PCIO1),PO . VAR, SN 
_ _ _ _ _ _ _

• ITEST NTOT”Ml ______  _ _ _ _ _ _ _ _ _ _ _ _ _ _

VAR—PO*CNTOT.P11~~SN)**2 ______  _ _ _ _ _ _ _ _ _ _ _ _ _ _

DO 10 NRESUP I,ITEST 
___ _ _ _ _ _ _ _ _ _ _ _

1 O VAR VAR+PCNRESU?)*CNT OT~ M 1~ NRESUP SN)**2 _ _ _ _ _

RETURN 
___________  ______  _____  ____  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

END ____________

SUBROUTINE SNAVECNTOT,M1. P. P0, SN) ___

DOUBLE PRECISION !ITOT,M%aPC 101),PO.SN ______________

I TEST NTOT M 1 ____

5N P0*C NTOT~ t4 1)

DO 10 rJRESUP~ l,iTEST

Sb1 SN+ PC NEE SUP )*C NTOT”M 1 ‘.NRE SUP)

1 0 CONTINUE 
/

RETURN

END

A- 13
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SUBROUTINE I4HAVECNTOT.M 1. P. P0.101)

DOUBLE PRECISION NTOT,Mlj PC 1Ol)j PO,MN 
_ _ _ _ _

INITAL~.NTOT-’M 1

M N O

IFCIN1TAL.EQ.O)MN PO*CNTOT) ____  ____________________________

ITOT NTOT _____  
_______________

IFC iNITAL.E~ .O)INI TAL 1 __________

DO 10 NRESUP INITAL. I TOT _______________________

1 0 MN MN,CHTOT .NRESUP)*PCNEESUP)

MN MN.M1*PO _________

• ITEST INITAL—l 
____  

_____________________________

tO 20 NRESUP 1aITEST ____  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

20 MN..MN.M1*P(NRESUP) 
_ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _

RETURN ______ _ _ _ _ _ _ _  _ _ __ _ _ _ _ _

END 
____ ______  

______________

-— -- - —— —- --—- -—  ~——--•———- -—. 
~~
--- -- —

SUBROUTINE VAR4(NTOT,M1.MN.P.VAR,PO) _ _ _ _ _ _ _ _ _ _ _

DOUBLE PRECISION PJTOT,M1,NN.PC 101). VAR, P0 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

ZNITM. NTOT411

ITEST”INI TAL + 1 _________

VAR PO 
____ ______ ________  

________________________

1)0 20 NRESU? 1.ITEST _ _ _ _ _ _ _

20 ___VAR.’ VAR+PC NEESUP)

VAR VAR*(M1’tlN)**2 
___ _________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

IFC IMITAL.EQ.0)VAR VAR+PO*CNT0T’MN)*~2

IFC iNIT~L.EQ.O)iHITAL 1

ITOT NTOT - __________

DO 10 NRESUP INITPL,ITOT

A- 14
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- -, --- -_ _ _ _ _ _ _ _ _

1 0 
- - 

VAR—VAR.PC NRESUP)*CNT OT NRESUP~.MN)**2 
- ____

• RETURN - - - ‘
~~

END 
_____

SUBROUTINE PLOWCX,J.IX,IY) 
_ _ _ _ _

C CHECKS FOR OVERFLOW AND t1IDERPLOW “.“PRINTS_WARNIN8 MESSA(3E IF ONE 1SF

OUND. - 
_ _ _ _ _ _ _ _

DOUBLE PRECISION X 
_ _ _ _ _  ____  _ _ _ _ _ _ _

______IFCX.LT.’.174.)IX !X. 1 
______  _______________________________

IFCX.GT. 174.)IY IY+ 1 
____  _______

ZFCX.LT.*174.)PRINT5a J

5 FORMAT( ’. ****’P UNDERFLOW’rnp**’p J”,13) 
_ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _

IF(X.LT..174.)X—-174.. 
___ ____

IFCX.GT.174.)PRINT1O.J 
_____

10 FORMATC’ .*s~*OVERFLOW**~*. 1— ’. 13) 
______  _ _ _ _ _ _ _ _ _ _ _ _ _ _

_ _ ! C f~~~~~~~~ ±’~~. .  
- ~~~~~~ .. -~~ - - --

C SETS X EQUA1~ TO MAX OR M IN VALUE SO OVERFLOW OR UNDERPLO W DOE~~J ’T 0CC

R IN D~XPONENT. 
____  ___  _____  _ _ _ _ _ _ _ _

RETURN 
_ _  _ _ _ _

END 
______ ____

___SUBROUTINE VARIC PO.M1.NTOT,VAB,P,NB) _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

C FINDS THE VABIENCE OF NB OR IF NE IS SET EQUAL TO 0. THE SUM OF THE 8

UARES OF THE NB SUBVALUES IS FOUND. . 
_ _ _ _ _

DOUBLE PRECiSiON PC lO1).POjM1,NTOT.VAR,NB 
_ _ _ _ _ _ _ _ _ _ _ _ _ _

ITOT NTOT 
_________

- 
INITAL•NTOT”Ml• l 

- -

VAB-O.O 
-

A- 15
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____  
IFCINITAL.EQ.0)VARI.VAR+PO*CM11PNTOTt NB)**2

IFC INITAL.EQ .0)IMITAL 1

DO 10 NRESUP’.INITAL,ITOT ___________________________

1 0 VAB- VAR+PCNRESUP)*CM 1 .NTOT.NRESUP N9)**2 ____________________

RETURN____

END _________________

SUBROUTINE_VAR2C DEE 1, P, VAR. PO,NTOT) 
_____  ___________

____  
DOUBLE PRECI SION PC 1Ol). DERI.VAR. PO.NTOT _ _ _ _ _

ITOT.IITOT

VAR”PO*DER1**2
- DO 10 NRESUP 1.ITOT

10 VAR.’VAR.PCNRESUP).(NHESUP”DERI)**2 _ _ _ _ _ _ _

RETURN

END

S ENTRY _ _ _ _  ___  ~~~~.

20 .5 15 17

/LOGOFF

A-16
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POISSON MODEL

(INFINITE POPULATION)

PROGRAM LISTING
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~~~~~~~~~~~~~~~~~

~ LO8ON “NC” _____________

/D O RUN.WATF1V 
_ _ _ _ _  ___  _ _ _ _ _  _ _ _ _ _

SJOB CLSN TJ QQ) KOVAC S 
-

DOUBLE PRECISION P(1O1),PACIO1),DER2C 10l),NB,NB1,PQ,PO1,STOCX.STO

1Z1.NT3T,RO,M1,MO.ANS19, DER1, DER3.VAR,VAEA,NBSQ, VAR4, RES?SQ, VARS.S

2.MN,VARN.U, SSQ,MNSQ, T 
____ 

-

___  
READ.NTOT,RO,HO,M 1 

____  ____  _ _ _ _ _ _ _ _ _ _ _ _ _

I TOT NTO T 
_____  ____ ____

CALL PVALC P.NTQT,MQ, RO, PO) 
____  ______

CALL NBSTHC NB. STOC K,NTOT. Z4 1 ,M O,RO,PO ) __________________ ____

CALl. PVALC PA,NTOT+ 1,MO, RO.PO 1)

CALL NESTXCNE1,STOCX1.NTOT+l.M1aMO,RO.PO1) 
____  ___

PRINTI42,tJBu.NB1 
____  ______ ______________

CALL NI1JTENCNTQT,~41.NB1,NBs P01, PO,AN S 1 9,MO, PA, RO) -

142 FORNATC • DEL TA NE—~,D2O.14) _ _ _ _ _ _

- 
PRINT40O, 1T0T,~~TOT+~~~~~OT,ANS19 

____  _____________-

400 FORMATC’0NBC~ ,I3j ) — NBC ’.13. ) / NEC .13, ’) — ,D 20.14)

PRINT3O4,.CNE-NE 1 )/NB 
______

304 FORMATC ’ . THE LEFT SI DE OF THE EQUATiON GI VES •. D2 0. 14) 
________

CALL SUB21CNTOT.P DER1) 
_ _ _ _ _ _ _

PRINT 3 10. DEE 1

3 10 FORMATC ’OTH E EXPECTED NtJIvIEER OF UNITS_ IN RESUPPLY IS’. D20. 14)

PRI NT32O , DER I /C i RO) 
______

320 FORMATC OTHE RESUL T OF FORMULA 21 IS ,D2 4.14)

CALL SUE2OCNTQT,RO,DER1,DER2) -

- - 
PR 1NT333 

- - -

PRZNT33O.O.DERI/c—Ro)

A-18 



333 FORMATC •OANSWERS FOR FORMULA 20$ I) 
______  ________

330 FO}UfAT( ’. P(’,13.~~) DI VES ‘.D24.14)

- 
PR1tJT33O,(J6iDEE2CJ6)iqJ6 1~ ITOT) 

___

CALL VAR 1CPO.M1,NTOT. VAR, P,NB) 
_ _ _ _ _  _________________________

_____CALL VARLCPO 1.14 1.NTOT+ 1.VARA,PAaNB1) 
_ _ _ _ _ _ _ _ _ _ _

PRINT35O,ZTOT+1,VAHA

350 FOEMATC ’ THE VARIANCE OF NB FOR NT QT—’.I3o ’.1S~~.D20.14)

PRINT35O, I TOT. 1, VARA 
_______________

DER3 0.0 
_ _ _ _ _ _  ____  _ _ _ _ _

CALL VARICPO .M1,NTOT,NBSQ. P.DER3) 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

CALL 5UB22C?JTOT,H1.NB. DER1.DER3.R0.NBSQ) 
____

PRINT36O, DER3 
_________  _____  _____

360 FORMATC ’ THE_ANSWER TO FORM ULA 22 1 S ‘.D2C. 14)

PR1t1T352,1IBSQ 
_________

CALL VAR2C DER3, P. VARN, PQ,NTQT) 
_______

352 FORMAT( • OTHE EXPECTED VALUE OF THE DQUARE OF THE BACKORDER _LEVEL!

LS$’,D2O.14) 
_____

PRINT41 0,VAEN

410 FORMATC ’OTHE VARIANCE OF TIlE EXPECTED NUMBER OF UNI TS_IN RESUPPLY

1IS1_‘,D20. 14)

DER3—0.O

______ 
CALL. VAR2C DER3, P. RESPSQ, P0, NTOT) 

___________________ ______

PRItJT42O,RESPSQ____ ____ ____

420 FORMATC’OT1IE EXPECTED VALUE OF NE SQUARE OF TIlE NUMBER OF W ITS !

iN RESUPPLY 151 .D20.14) 
—

CALL SNAVECNTOT,M1.P,PO,SN)

PEIrIT43O,SN 
—

A -19
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430 FORMATC •ONE EXPECTED STOCK LEVEL IS’.D2 1.14) 
_ _ _ _ _ _ _ _ _ _ _ _ _ _  —

_____CALL. VAfi3(NTOT,M 1, P. P0, VARS, SN) 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

PRINT44O. VAR S 
____

440 FORMATC ’ONE VARiANCE OF THE STOCK LEVEL IS -  .D20.14)

U— 0•0 ___

CALL VAR3CNTOT,M1.P, PO, SSQ U)

425 FORMATC ’OTHE EXPECTED VALUE OF THE SQ~JARE OF THE STO CK LEVEL IS’S -

11)20.14) 
______

_____  
PRINT425.SSQ 

____  ____  

—

CALL MNAVEOJTOT,M1,P,PO,HN) 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

PRINT435.MN 
_____ _____ ____________

£a35 FORMATC ’OTH E EXPECTED NUMBER IN SERVICE IS ‘.D20 . 14)  
_ _ _ _ _

CALL VAR4CNIOT.M1,MN, P, VAEM. P0) 
_ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

PRINT444,VABM 
______

4~~~~~~~~~~~~ TC~~~~~~~~~~~ zANcE~ OF THE EXPECTED NUMBER IN SERVI CE ! S ’,D2O~ -

_ _ _ _  _  _ -

~~~

__ _ _

CALL VAR4CMTQT,M1,U,P,IINSQ,PO)

PRI NT446.MNS Q

446 FORMATC•0rdE EXPECTED VALUE OF TIlE SQUARE OF TilE N~1’iEER IN SERVIE

1 IS$ .D20.14)

STOP 
-

____ 
END 

________  __________

SUBROUTINE MIIJTEN (NT OT,M 1,NB 1,NB. P01, PO,AN S I 9,MO. PA. RO)

DOUBLE PRECI SION NTOT.NBSQ,M 1,NBa NB1. P0. PO 1,ANS19,MO, PAC 1 01), RO

AN SI9 O.O 
______  _____

CALL VAR I(PO1,141,NTQT,1,NESQ.PA,AN SI9) 
-

ANS19 I .—C 1./CN TOT— M 1+ 1 ) ) *CCCMO *RO) *PO 1/PO).NBS Q/NB )

A-Z0 
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- 1

___RETURN 
_ _ _ _ _  __ ________________

END _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

SUBROUTINE SUB2OCNTOT, RO.DER1,DER2) 
- -

C FINDS_ THE RESULTS_FOR_FORMULA 20. -

DOUBLE PRECISiON NTOT, RO, DEE1,DEfl2C 101) 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I TOT.NTOT _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

DO 10 NRESUP.’1.ITOT

1 0 DER2CNRESUP) NRESUP~ RO- DER 1/RO _______________________

PODER DER 1/C 0.0—RO ) 
____  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

RETU RN 7 ~~~~~~~~~~~~~~~ 4

END 
_ _ _  _ _ _ _ _

SUBROUTINE SUB21CNTOT. P,DER 1) 
_ _ _ _ _  _ _ _ _ _ _ _ _

C FINDS THE EXPECTED NUMBER OF UNI TS IN RESUPPLY. .

DOUBLE PRECISION NTOT, PCIOI ) ,DE B I 
_ _ _ _ _ _

DER1 O.0 
_____

ITOT NTOT ____ ___________________________

DO 10 NRESUP I,1TOT 
_ _ _ _ _ _

10 DER 1 NRESUP*PCNRESUP) .DER 1

RETURN 
________

_____END 
____________  _____  ____

SUBROUTINE SUB22CNTQT,H1,1JB, DER 1,DER2, RQ,NBSQ) 
______

C FINDS THE RESULTS FOR FORMULA 22. . 
______  __________________

DOUBLE PRECI SI ON NTOT.M 1,NB, DEE 1. DER2.RO,NBSQ_______ _ _ _ _ _ _ _ _ _ _ _ _ _

DER2 NB/RO*( C NTOT—M 1)— DER 1+NBSQ/NB) 
____ ________

RETURN 
_______

END
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SUBROUTINE VAE3(NTOT.M1.P.PO,VAB, ~J)

DOUBLE PRECISION UTOT.M1.PCIOI).PO.VAR,SN

ITEST.NTOT—M 1 _____  ____ ___________  

-

~

____  
VAR.’ PO*( NTOT—il 1- SNTh *2 ______

DO 10 NRESUP”l.ITEST ___________________________

1 0 VAR — VAR. PC NRESUP)~ C NTOT-M 1 -NRESUP— SN )~ * 2 
________

I TOT NTOT _____

IN! TPL ITEST+ 1 
____  ____  _____  ____  _____  ____________

___ DO 30_HRESUP IN!TAL. I TOT ____

30 VAR- VAR,PCNRESUP)*S1I.*2 _ _ _ _  -

RETU RN 
_ _ _ _ _ _ _ _ _ _ _ _ _  _________________________

END 
_ _  _ _ _  _ _ _ _ _ _

_____ SUBROUTINE SNAVECNTOT ,M 1, P. P0. SN) _____________

DOUBLE_PRECISION NTQT,MI,PC 1C1).PO. SN_____ ___________________

I TEST—NTOT-M 1 
_____  

_ _ _ _ _ _ _ _ _ _ _ _ _

SN PO*CIJTOT-M1)

IFCITE ST.LT. 1)GOTO 20

DO 10 NRESUP I,ITEST

SN SN,PC NRESUP) ’~CNTOT -M 1-NRE SUP)

10 CONTINUE _______ ___  _ _ _ _

20 RETURN

END ____ _______

SUBROUTINE HHAVE(NTOT,Ml, P,PO.MN) ____  _____  __________  -

_~~ POUBLE RECISION NTOT,Mi, C101).PO.MN -— _____

INI TAL .’NT OT”Ml+l

M N O  

— -  
ZF(INITAL .LE.O)MN PO*NTOT -

A- 22 
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‘1

ITOT NTOT

IFC 1NITAL.LE.0)INITM. 1 ____________________________

DO 10 NRESUP INI TAL. I TOT ____  ____  _ _ _ _ _ _

-‘ 1 0 MN.MN.CNTOT-NRESUP)*P(NRESUP) - -

____  
MN MN+M1*PO _______________________________ _________________

ITEST INITAL- 1 
____  ____  _________________________

IF (ITEST .LT. l)~~OTO 30 _ _ _ _ _  _ _ _ _ _ _

DO 20 NRESUP.’1,ITEST 
____  

______________________________________

20 ___ MN—MN.r41*?CNRESUP) 
____  ______

30 RETURN 
_ _ _ _  _ _ _ _

END __________________________________________

SUBROUTINE VAR4CNTOT,M1.~4N.P.VAR, PO) 
______________________

DOUBLE PRECISION NTOT.M1,MN. PC 1O 1) . VAR. PO 
_ _ _ _ _ _ _ _ _ _ _

INZTAL NTOT—M 1 ____________ _ _ _ _ _ _ _ _ _ _ _ _ _ _

•1. ITEST INITAL+ 1 
____  ____ ____________________________ ____  —-~~~~~~~~~ —--- _ —

VAR PO 
____  _____  ______  ____

DO 20 NRESUP .’1.ITEST ____________________________

20 VAR—VAR+P(NRESUP) 
_ _ _ ____  ___________________

VAR— VAR*C Ml -MN )~ * 2 _____

I F( INI TAL .E Q .O ) VAR” VAR.PO *CNTO T-14N)**2 ________________

IFC INI TAL .E Q .O )IN1TA L I 
____  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _

I TOT NTO T 
____ ____ _______

DO 10 PIRESUP INITAL.ITOT -
~~

1 0 VAR—VAR+PCNRESUP)*CNTOT-NRESUP-MN)**2

RETURN 
____

END

A-2 3
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SUBROUTINE FLOWCX,,.).IX,1Y) 

- —-

C CHECKS FOR OVERFLOW AND UNDERFLOW --PRINTS WARNING MESSA(~E I F ONE 1 SF -

OUND. - 
_ _ _ _  _ _ _ _ _ _  ___ ______________

DOUBLE PRECiSION K __________

IF CX.LT..174.9)IX.IX~~1 
____

I FC X.GT. 174.9)IY 1Y+ 1 
_ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

IF CX.LT.e 174.9)P RZNT 5.4 
_ _ _ _ _ _ _ _ _ _ _ _ _ _

I FCX.LT. — 174.9)X—— 174.9 
____ ________________

5 FORMATC ’- *****UNDERFLOW***.* J ’ ,I 3) 
_____________

I FCX.GT. 174.9)PR I NT 1 0.3 
______

10  FORMATC ’ . .**~ *OVERFL OW~~ **. J— ’ , I 3 )  
_ _ _ _ _

~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _-

RETURN

RID 
____

SUBROUTZNE VAR1CPO,M1,NT3T . VAR. !.NB) . - ____ _ _ _ _ _ _ _ _ _ _  

-

DOUBLE PRECIS ION PC 1OI) .PO,M1,NTOT, VAE,NB 
_ _ _ _  _ _ _ _ _  ___

I TONNTOT 
-

INITAL N TOT—M 1+1

VAR O.O

IFC INITAL .EQ.0)VAB VAR+PO’,sCM1-NTOT-NB)*.2 
___ ______

IFCINITAL .EQ .0)INI TAL— l 
___ ___  ____  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

___  
1)0 10 NRESUP INITAL. 1TOT _________ ___________

1 0 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ___

I TEST —rI TOT —M I 
____

DO 20 NRE SUP— I ,I TEST
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20 
- 

VAR-VAR+NB*.2*P(NRESUP) ____—- 

-

VAR&JAR.PO*NS**2 
_ _ _ _ _ _ _ _ _  ____  __________________-

R ETURN 
____ ___________

END 
______  _______

SUBROUTINE VAR2(DERI,?, VAR, PO,NTOT)

____  
DOUBLE PRECISION PC 101), DER1, VAR , PO,NTOT 

____

I TOT NTOT 
____ ________

_____VAR PO*DER1**2 ______  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _

___  
DO 10 NRESUP”l,ITOT 

-

10 VAB’.VAR+PCNRESUP)*CNRESUP-DER1)**2 _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _

RETURN

____ 
END ____ ____ _____ ____ _____________________________

SUBROUTINE PVALC P,NTQT,MO, RO. P0) 
_______  __________

DOUBLE PRECISION £1.08, DEXP, PO,MO.RO,X. C,E,A, PC 101 ),N TQT

ITEST.NTOT 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

PO DEXPC-MO*RO) 
_ _ _ _ _ _ _ _ _ _ _ _ _ _

X- P0 
____ _____________________

DO_1O NRESUP”i,ITEST 
- -  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _-

- __ ______

DO 30 .3 1,NRESUP 
____  ____  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

A J  -

30 B— B LLOGCA) 
_ _ _ _ _ _ _

PCNRESUP).’CMO*RO)**NRESUP*DEXPC -MO*RO)/DEXPC B) 
____  _ _ _ _ _ _ _ _ _ _ _ _

____  

X X+PC NRESUP)

PRINT2O.NRESLJP . PCIJEESUP) 
- - - -

10 CONTINU E

~

- - ---

~ 

~~~~
—- --

~~~~ - - - ~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _



20 FORI4AT( ’. PC’.13, ) .‘ .D20.14)

PRINT4O,X ____

40 FORMATC•OTHE TOTAL OF NE POSSION PROBABiLITIES 1S’.D20. 14)

- 
R _~~~~~ __ •~~~~~~~~~~~~~~~~~~~~~ - -------- —-- -~~~~~~~~~~-----— -_

END
— 

SUBROUTINE bJBSTICC NB , STOcIC.HTOT. MO ,M 1. RO. P0) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

- -  ___ p~~~~~~~~!ipN~~~~pG.~~~cP. noT.Li1. N13.STOCK.D.C.M0.RO.~~ __________

M NTOT—M1+1 ___ _______

ITEST_100 
_ _ _ _ _ _ _  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

NB STOCX O.O __________  ____

IFCM.LE.O)NB PO --- -— - -- --—~~~~~~~~~~~~~~~~~~~~~~ - ____________

IFCM .LE.O)M 1 —

—‘3’-
DO 50 NRESUP M. I TEST _ _ _ _ _ _

C—O. O

IFCNRESUP.LE. I )GOTO_65 
_ _ _ _ _ _ _  ___  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

____  
DO 60 J—2,NEESUP - ____  ____  _______

- 

_
i _ _

- 

- 60 C C+LLOGCD) 
____  ___  _ _ _ _ _ _ _ _ _ _ _ _ _

F 65 1FC NRESU~~~~.Ot~CN O *R O ) C M O * R0.LT..1OO)GOTO 1 11

50 NE JB+CM1~ NT0T+NRESUP)*DEXPCNRESUP*UL OGCMO* RO) C)*DEX ?C MO~~ 0)

1 1 1  CONTINUE 
_____ 

______________

PRINT100,NB __________ -~ 

-

- 
100 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -_______

RETURN 
____  

________________________

_____END _______

SENTRY _ _ _ _ _ _

20 .2 15 17

/LOGOFF
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CONSERVATIVE SINGLE SERVER -

INVENTORY MODEL

(FINITE POPULATION)

PROGRAM LISTING

I

I

A — 2 7
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1

-

/L000N “NC”

/DO RUN.WATF IV

SJQB CLaNTJQQ) iCOVACS 
_________

DOUBLE PRECISION PC101).PAC101).DER2C101).HE,N5 1,PO,?O1.~ ,NTO T.FQ

— 
IMI,140,AtJ536,DER1,DER3. VAR, VABA,HBSQ, VAEN, RESFSQ, VARS, U,SSQ,HN SQ,j

2ANSI9 
___ ______  __________

z—0.O _____

PRINT5 
_____  ______  __________  __________  ____________

READ.iCl,X2,K3.K4 
_____  _ _ _ _ _ _ _ _ _ _ _ _ _ _

5 F O R M A T C I , 5 X , ** CONSERVATIVE SIN(L.E SERVER iNVENTORY MODEL *1P) - 
-

PRINT 1O,MIN, MAX, RO,MO,L41

_ 10___ !°~M~ .4 .  ~~‘.l4. p J ~~~~~~~~~~~~~ p20.l ~~. 4~

1’M1~~ ,D2O.14) ____ ____ ______________________

1)0 1000 ITOT MIN.MA2( 
_ _ _ _ _ _ _ _ _

NTOT I TOT 
____ ___________

IFCK4 .EQ.1)?RINT 15O 
____  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _

Ix.IY—O 
____ ________

IFCMO~RO.LE. ii 0)CALL. PVM.C P.NTOT.MO, RO, PO.K2) 
_________

IFCMO.RO.t3T.t.O)CALJ.. PVAL.IA (P,NTQT.!40,RO,PQ.IX,ZY,A2)

C IX AND IT ARE TOTALS FOR UNDER AND OVERFLOWS ZN THE PRO iRAM. 
______

150 FORMATC ’OP(N) IS THE PROBABILITY THAT N ITENS ARE IN RESU PPLY AST

_____
lIME NEARS INFINITY.’) 

_ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

C T IS THE TOTAL OF THE PROBABILITIES —— SHOUL D_EQUAL 1.0CC. 
_____

T”O.

DO 100 I 1.lTOT 
_ _ _ _ _ _ _  

-
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______ - -~~~ ~-~ --~~
-_-,-,_ - - - --- -_

~~-~~
,- ._- —

~~
_--—

~~~
- —

~
--- --,--—-

~~~
-—

~
-

~~
—-——- 

~ —~~
.----w -

— - - - - ——--—-——-~~~~ -------- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

100 T—T.PCI) 
-

T—T.PO 
____ ________  ______

IFCX2.EQ. 1)PRINT16C,T

160 FORMATC ’OTIIE TOTAL OF ALL NE P VALUES IS ‘.1)20.14) 
- _____-

CALL SUBI7(NTOT .M1 ,P.K1)

CALL_SUB12CNTOT,M1.MO,RQ ,NB ,K1) 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I6 NTOT—M1 .1

DO 300 17 I6.ITOT 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

300 Z—Z+P617)____ -

C ZIS TIlE TOTAL OF ALL THE PROBABILITIES PROM I—NTOT-M1.1 TO I NTO T

IFCK1.EQ. 1 )PBINT3O1,Z ______________________________________

3 01 FORMATC •OTIIE PROBABILITY FOR STOCKOU T IS’,D20. 14) 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

CALL STQCK (MO .RO.141.NTOT,K1) 
_____  ____ _____

____  
IX—IY O 

____  ______  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

V iC5 O 
____ _________  ___________

!FCMOPRO.L.E.l.)CALL PVAL (PA,NTOT+I,MO.RO,POI,K5) 
_ _ _ _ _ _

I F(MQ*RO.UT. 1 .0)CALL PVM. IAC PA.NTQT.1,MQ. RQ, PQ 1. IX, I Y.K5)

____  
179 1T0T+1 

________

PRItJT22O, IX. IT 
______

220 FORMATC • OTIIERE WERE ‘.13. UNDERPLOWS_AND_‘.13,’ - 0 VERFL.3 W S )

T O.0 
____  ____  _____  ______

DO 102 I l.179 
____

102 T”T+PAC1) ____ ___ _______ ________________

CALL SUB1~~CNT3T.1,z41,MO, RO,r4B1,M5) 
___ _____

CALL SU336(MO. RO, PO.PO1 1ANS36) 
- -

I FCK4.EQ. 1 )PRINT400, I TOT.! TOT. 1.1 TOT,ANS36 
_____

I - -
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___________________ - _—_ ._ - — -— -------_- -

400 FORMAT(’ONBC ’.I 3.’) —N BC ’.13.’) / NB( ’.I 3. ’) .D20. 14)

I FCi14.EQ. 1 )PRINT3O4. .CNB—N B1 ) /NB 
_ _ _ _ _ _ _ _ _ _ _

304 FORMATC ’OTH E LEFT SI DE OF THE EQUATION GI VES .D20.14)

CALL. sUs3ac NTOT. P. DEE 1) 
____________

____  
IFCK3.EQ. 1)PRZNT3IO.DER1 

_______

3 10 FORMATC ‘ONE_EXPECTED NUMBER OF UNITS IN RESUPPLY IS’. DEC. 14)

___17CX4.EQ. 1)PRINT32O. — DER I /RQ 
____  ____  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

320 FORMATC ’ClHE RE SULT OF FORM ULA 3~ IS ‘,D20.14) ______________

CALL SUB37(NTOT. RO, DER 1,DER2) -
~
‘ -

. - -

ZFCK4 .EQ. Z)PRZNT333 
_______

333 FORMATC • ONE ANSWERS FOR FORMULA 37$’) 
_____  ____

I FCX4.EQ. 1 )PRINT33O. 0.— DEE 1 /RO 
_____  ____ _____________________  

-

ZFC IC4.EQ.1)PRINT33O.CJ5.DER2CJ5).45.’l.ITOT) 
_ _ _ _ _ _ _ _  -

330 FORMA T( ’-P( ,13, 7 GIVES ‘.1)20.14) 
_ _ _ _ _ _ _  

-

- - -- 
C A L V 1 PO.M1.NTOT. 

~~~~~~~~~~~~~ —- - 
______________ -

~~~

_______________ 
-

IF(K3.EQ.l)PRINT35O.ITOT,VAR 
______  -

350 FORNATC ’.mE VARIENCE OF NB FOR NTOT~’.13.’.IS ~~D29.~~~)~~~~~~~~_ ~

DER3 O. 0 
____ _____ ______________

CALL VAR1(PO.M1.NTOT. NBSQ, P,DEE3) 
_____

CALL SUB39(NTOT,M 1,NB. DEE I. DER3, RO,NSSQ) 
______

IFCK4.EQ. I )PR1NT360, DER3 
_____________  ____________

360 FORMATC ’OrilE ANSWER TO FORMULA 39 15 ‘.1)20.14)

IFCK3.EQ. 1 )PRINr352,NBSQ 
____

CALL. VAR2C DER1.P. VARN. PO,NT OT) 
___ _ _ _ _ _ _ _ _ _

352 FORMATC ’OTdE EXPECTED VALUE OF TilE SQUARE OF THE BACKORDER LEVEL Z

IS$ .D20. 14) 
- - 

1FCX3.E Q. 1)PRINT41C.VARN

A -3 0
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- 

—--  
~~~~~~~ —‘-

410 FQRMATC ’OTH E VARIANCE OF TIlE EXPECTED NUMBER OF UIITS IN RESUPPLY

IISS .D20.14) 
_________

DER3—C. 
_______  ____ ____ ____ ______ ___________

• CALL VAR2( DER3. P,RESPSQ.PO,NTOT) 
____  _ _ _ _ _ _ _ _ _ _ _ _

- — 
cx Q.1)PRINT42O ~ RESPSQ 

- -  --

420 FOIIMATC’OTiI E EXPECTED VALUE OF THE SPUARE OF lilE N tI4SER OF UNITSI

iN RESUPPLY ISt ’.,D20.14) 
_________________ 

-

-

CALL SNAVECNTOT.M1,P, PQ, 5N)

____ 
I FCIC3.EQ. 1 )PR I NT43O. SN

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ STOCK LEVEL I S ’. D4C. l~~~~~ _~~_____________

_____ 
CALL VAR3( N!OT.t4 1. P. P0. VARS, SN) 

____ __________

IFCK3.EQ.i)PRINT440, VARS ___ ______________

440 FOEMATC ’OTHE VARIAN CE OF NE SToç ‘.D20. 14) 
-

U— 0• 
________

CALL VAR3CNTOT,M1,P. PO.SSQ.U)

425 FORNATC ‘ONE EXPECTED VALUE OF TilE SQUARE OF THE STQC~C LEVEL I 513 -

11)20.14) 
_ _ _ _ _

- ___ FCK3.EQ.1 5.S5Q _ _~~_ ____ 
___  _ _ _ _ _ _ _

CALL MNAVEC NTOT.M 1.?, PO,MN ) 
_____

1F(K3.EQ.1)PRINT4i35.MN 
______

435 FORMATC OTHE EXPECTED NUMBER ZN SERViCE is ‘.1)20.14)

CALL. VAR4(NTOT .Mi.M1~J,P.VARM ,PO)

IFCK3.EQ. 1)PRINT444 .VARZ ’i ________________-

444 FORMATC ’ ONE VARIANCE OF TilE EXPECTED NUMBER IN SERVICE I SI ‘, D2C I

14) 
____  ______

CALL VARA(NTOT,M1,tJ,P.141JSQ.PO) 
- - - - - 

17C1C3.EQ. 1 )PRINT446,M?JSQ

A -3 1
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- - I 
______

446 FORMATC ’OTRE EXPECTED VALUE OF THE SQUARE OF THE NUMBER IN ERdIe

I IS$ ,D20.14) ____

1 000 CONTINUE_____ _______________  ______  _______

- 
p - - -

~~~~~~~~~~~~
_ —- - -—-- -- - - - --- - -- -

~~~~~
-- —— - - ---- 

-

-- —— -—-___

END _____  ________

SUBROUTINE PVALC P.NTOT.MO. RCa PO.K2)

DOUBLE PRECISION PC lOt) .NTOT.MO. RO. ?O.e.A.B.C.1),E 
____  _ _ _ _ _ _ _ _

DOUBLE PRECISION DLOG,DEX P _____  _ _ _ _ _ _ _ _ _ _ _

I TEST”NTOTs 1 _________________________________

no 5 ~JK 1,ITE5T

NRESUP JIC ’ I ___________

CALL GMORO (MO .RO.G) 
____  _______  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

M M O  
_____  ____ ____ _____________

CALL FACTC14.C) 
____  

____  _ _ _ _ _ _ _ _ _ _ _ _ _

A —MO *tL.OGCMO)+C ____ _______  ____ ____ ______________

- — 
B NTOT*ILOeCMO*RO ) 

_ _ _ _ _-

A A +  B. 1* _____

B O.O ___________

I NTOT-MO. 1 ____

1)0 10 M8 1.I

3.M8—t - - -

1 0 B B.DEXPC,J*ILObCMO*RO))

A — C  ELO8C DEXP (A)+B)) 
____  ____

_____  
1X IY O 

____  ________  _____  _________

I FCNRESUP. EQ. 0. O)CALL PL.OWC A.NRESUP, IX. iT)

IFCNRESUP.EQ.0.O)PO DEXPCA )

IF(NRE SUP.EQ.0. C.AND.~~2.EQ. 1)PRINT 1C1,NRESUP , F3

A -32
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- - -

I PC NRESUP.EQ. 0. 0)GOTO 5

• IFC NRE SUP.LE.NT OT~ MO)PcNRESUP) .DEX P( C NRE SUP ILOb( MOrn R3)) .A) 
- - - 

-

D— CN TO T—MO )rnEL OGCMO)

M9—NTOT-NRESUP

CALL FACTCM9 .G) 
_____  ______  ________________

E NRESUPw U..Oe( RO)

I FCNRESUP. GT.NTOT-MO)PC NRESUP)”DEX PC C-G+ t*E.A) 
_____

IFCK2.EQ. I)PRZNT 1O1,NRESUP , PCNRESUP) 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

5 CONTINUE

101 FORMATC ’- PC’,13,’) — .D20.14)

RETURN 
______  ______  __________________

END

SUBROUTINE SUB 17(NTOT,M1,P ,K1) -

DOUBL E PRECiSION NTOT,M1.PC1O 1),NB ,X 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ___

NB O.O 
___ ____  _ _ _ _ _ _ _ _ _ _ _  _____

t’I M 1 
____  _____

DO 10 J 1,M 
______  _____ ____ ____________ ________

X_ ,3— 1 
____  _ _ _ _ _

I NTOT-X

_ _ _ _ _ _ _ _-_ _  _ _ _ _ _ _ _ _ _ _ _

10 CONTINU E 
___  ___  _ _ _ _  ___  _ _ _ _ _ _ _ _ _ _

IFCKI .EQ. 1 )PR1NT4O.NB 
_______

40 FORMATC •OFORMULA 17 GIVES’,D2C.14,’ BACKORDERS’) 
_ _ _ _ _ _  _ _ _ _

RETURN

END
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SUBROUTINE SU336(MO, RO, P0.?O1,ANS36)

DOUBLE PRECISiON MO. RO. PO. P0 1.ANS36 
____

ANS36s1 .O—MOrnRO*PO1 /PO ____

RETU RN 
____ _______  _________________________

END ____ _______  ______

SUBROUTiNE SUB37CNTOTa RO. DER1. 1)ER2)

DOUBLE_PRECI SION NTOT,RO DER1 ,DER2C 101)

_____
I TOT”NTOT 

_____ ____ ____________

1)0 10 ~qRESUP—i,iTOT ____  _______

1 0 DER2CNRESUP ) NRESUP/R0—DER1/R0 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _

PODER DERI/ C 0. 0—RO) 
________

RETURN 
_____________  _______

END _____________________________ ______________________________

SUBROUTINE SUB36CNTOT. P. DEE 1)

DOUBLE PRECISION Pc 101),NTOT. DER I- - _ -—- — — - — - -  -- — - -  - -— -- - --

___  
DER1 O.0 

_ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _

I TOT NTOT 
______________

DO 10 NRESUP—1 ,ITOT 
_ _ _ _  _ _ _ _

10 DERI NRESUP*PCNRESUP) .DERI 
_ _ _ _ _ _  _ _ _ _ _

RETURN 
______  ____

END 
-

_____  
SUBROUTINE SUB39CNTOT,M 1,NB, DER1. DER2. RO,NBSQ) 

______________

DOUBLE PEEd SIOM NTOT,M 1,NB, DER 1, DER2, RO,NB SQ 
_______

DER2 NB/RO*( CNTOT-M 1 )—DER1.NBSQ/NB) 
____

____RETURN 
______

DID
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SUEROUTI NE VAR3( NTQT. H 1. P. P0, VAR, SN) 
_________

DOUBLE PRECI SiON NTOT .M1.P( 101 ). P0, VAR , SN 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1 TEST—NTOT-M 1 
_____  ____ ________________

VAE PO*CNT OT—M1 .SN)*~ 2 - ____

DO 10 NRESUP”1,ITEST _____________________________

1 0 VAR” VAR . PC NRESUP)*C N—N 1 -NRESUP— SN )rnrn2 ____ __________________  
-

______I T0.T NTOT _____ ________  __________________

INITAL ZTEST+ 1

1)0 30 NRESUP”INITALe ITOT _ _ _ _ _ _ _ _ _ _ _

30 VAR” VAR, PC NRESUP)* SNrnrn2 _________  -

RETURN ______________ 
________________________________________________

END __________________________

SUBROUTINE SNAVEC NTOT,M I. Pa P0. SN) 
____________

DOUBLE_PRECISION NTOT .M1.P( 101),PO.SM __________________________

I TEST”N TOT—M 1 ___________

SN PO*CNTOT—M1 ) 
____  ______

IFC ITEST.LT. 1 )GOTO 20 ____ ___________________________

1)0 10 NRESUP”1.ITEST 
_ _ _ _ _ _ _

SN— SN. PC NRESUP)rnC NTOT-M 1 -NRESUP) ___________

10 CONTINU E 
_ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _

20 RETU RN 
_ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _

END 
____ _____

SUBROUTINE MNAUEC NTOT,M 1. P. PO,MN) 
_______________________

DOUBLE PRECISI ON PJTOT,HI,PC1O 1) .PO,MN 
_ _ _ _ _ _ _ _ _

INITAL NTOT—M 1+1

MN”O 
_ _

IFCINITAL .EQ.O)MN—PO*Ct1TO T) 
- - -

A-35
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- 
- - ITOT NTOT 

I PC IN ! TAL.EQ. 0) INI TAL,. 1 
_______________  ____________

DO 10 NRESUP.INITAL,ITDT 
_ _ _ _ _

10 MN MN+(N TOT4JRESUP)rnP(NRESUP ) 
_ _ _ _ _ _ _

MN”MN+M1 *PO

I TEST—IN ! TAt.— 1 
_____ ______________

IFCITEST.LT. 1)GOTO 30 
_ _ _ _ _ _ _ _ _ _ _

DO 20 NRESUP-1,I~~ ST ___________________________________

20 MN—MN’MI*PCNRESUP) 
_ _ _ _ _ _ _

30 RETURN 
_ _ _ _ _ _ _ _ _ _ _ _

DID ___________________________________

___ 
SUBROUTINE VAR4(NTQT,Ml,MN. P. VAR. P0) 

_ _ _ _ _ _ _ _ _ _

DOUBLE PRECISION tJTOT.Ml,MN.PC lCl) ,VAR, PO 
___  ____  _ _ _ _ _

INITAL—NTOT—M1 .1

I TEST ”IN1 TAL — 1 ____

VAR” P0 _____

____DO 20 NRE SUP— 1,ITEST 
_____  __________________________

20 VAR- VAR.Pc NRESUP)

• VAR. VARrn(M 1-MN )rn*2

______  
IFC INITAL.EQ. O)VAR”VAB.POrnCNTOT- MN )rn*2 

______  ________________

IFC INITAL .EQ .0)INITAL” 1 
___ _ _ _ _ _ _ _ _

ITOT”UTOT 
____  ____  ____

_ _ _ _ _  
DO 10 NRESU? INITAL,ITOT 

_ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _

1 0 VARwVAR .PCNRESUP)*(NTOT~NRESUP-MtJ)si*2

RETURN

DID 
_ _  _ _
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SUBROUTINE FLOWCX,J .IX ,IY)

DOUBLE PRECISION X 
____

______
IFCX.LT .— 174. )IX—IX+ I _____________ ___________

IFCX.eT.174.9)IY—IY’L 
_____

_____
lFCX .L.T.

~~

174.9)PR1NT5.J 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

5 PORMATC ’ - *****UN DERFL.OWrnrnrnrn * J”’,13)______________ _ _ _ _ _ _ _ _ _

IFCX.~ T. 174.9)PR1NTIO.J ______  _________

10 FORMATC ’,rn*rn*ipOVERFLOWsa,p*, J ’.13) _ _ _  _ _ _ _ _ _ _  -

IP(X.LT.— 174.9)X——174.9 
___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

IFCX.GT.174.9)X”174.9 
_ _ _ _ _ _ _ _ _ _  

-

RETURN 
____ ____________

END 
_________________________________

SUBROUTINE VAR1CPO,141,tITOT,VAR. P,NB) 
_ _ _ _ _  _ _ _ _ _ _ _ _ _

DOUBLE PRECISION PC 101 ),PO,M1,tJTOT, VAB,NB

ITOT NTOT -

INITAL-NTO;-M 1.1 
_ _  _ _

VAR . 0.0 
____

IF( INIT L.EQ.C) R.VA POrnCMI ’.NTOT ’.NB)rnrn2 
- — -

I P C ZZ rJ I TAL.E Q.0) INITAL—1 
______

DO 10 NRESUP INITAL ,ITQT 
_ _ _ _ _

1 0 VARNVAR+P (NRESU? )rnCMl—NTOT .NRE5UP—NB )pp2

1 TEST NTOT—M 1

DO 20 NRESUP”1.ITEST

20 VAR VAR+NB*rn2*PCNRESUP ) 
_____________________  ___________

VAR VAR+ PO*NB * 2

RETURN

END 
______
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SUBROUTINE VAR2C DEE 1, P. VAR. PQ,PJTOT)

DOUBLE PRECISION P(l0l),DER1 .VAR.PQ.NTOT

ITOT NTOT __________  _____  _ _ _ _ _ _ _ _ _ _ _ _ _

: VAR .PO*DEE1*rn2 
____  ______

DO 10 NRESUP—1.ITOT _ _ _ _ _ _ _ _ _

1 0 VAR.VAR+PCNRESUP)rnCNRESUP-DER1 )~.2 _____  ____  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

RETU RN 
____ ______________

END 
____

SUBROUTINE SUB 19C NE.MO, RO,N TQT,MI,ArJSI9) _____________________

___ 
DOUBLE PRECISION MO, RO,NE,M1.NTOT,ANS19a G.B.A 

_ _ _ _ _ _ _

____  
DOUBLE PRECISION LLOG.1)EXP____ ____  ___  ___

CALL GMORO MO-1.0.RO.G) 
______  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

G’DEXPC 8) 
_____  _ _ _ _ _ _ _ _ _ _ _ _ _

14.MO____ ______________

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —___________________________

CALL_FACT(M,A) 
_ _ _ _ _  ___  _ _ _ _ _ _ _

B MN ..NB— 1 • 0/RO 
_____ _______

• ZFCB.t.T. 1E—12.AND.B.8T.0.O)S”O.O 
___ ___ _____

A—CC 1.O—MO*RO)rnDEXPC -MOrnEI.ObCMO)+A).G*E)’CMl-CMOrnRO).(Ml-NE))*DEJ

1c(1.O—MO)rnU..OUCMO*R0))’CC 1,O— DEXPC(M1-M0).EL3G (MO*RO)))rnCEX?C—t41~

2L08 M0 *RO))/C_L.O— MO ,RO ))—CM1—M O) * DEX PC -t40. ZLOGC MOrn RO))

ANS19”C LLOG (A)—1LO (~(NB))/C —U.. OGCMO *RO)) 
____________

RETU RN _____

END ___________ ____ _______________

SUBROUTINE FACTCM,A)

DOUBLE PRECISION A,B 
- -

DOUBLE PRECISION LLOG
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A”O.O

IF(M.LE.1)80T0 20

DO 10 J ”2eM _ _ _ _  ___________ _____________

B”J ____

10 A A•ILOGCB) 
_ _ _ _ _  

_ _ _  _ _ _ _  _ _ _ _ _ _

20 RETURN 
_ _ _ _ _ _ _  _______________________________

END 
____ ____ ______ __________________________

SUBROUTINE !3NOROCMO.RO.A) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

DOUBLE PRECiSION MO.RO.A.B,ILOG,DEXP

INTEGER X --

MMO ____  _ _ _ _ _ _ _ _ _ _

A_c, o 
____  _____________________________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1)0 10 J 1.M _ _ _ _ _  ____  _ _ _ _ _ _ _ _ _ _ _  -

X*J-1 ___  _ _ _ _ _ _ _ _ _ _ _

____  

BaO.O 
___ _ _ _ _ _ _ _  ______  ____  _ _ _ _ _ _ _ _ _ _ _ _

10 A—A.DEXPC -X.ELOGCRO)-B) 
_ _ _  _ _ _ _ _ _ _ _ _

A ILO8CA) 
____  ____  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _

RETU RN __________  -

END __________

___  

SUBROUTINE SUB21CMO. RO.NB .M1) ___________________________

DOUBLE PRECISION MO .RO.NB.M1.b.A.B.AN S ____

DOUBLE PEECI SlOW U..OG. DEX P

IFCMO.ME.M 1)GOTO 20 
_ _ _ _ _ _ _ _ _ _ _  ____________

CALL UMOROCMO—1 .O,RO.ts) 
____

._ G DEX?CG) -  -

F - - 
IFCMO ’l.O.L.E .O)G ’O.O 

- — - ______

M M O
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CALL FACTCN,A) _____

B—M i—NB— h O/HO 
___ _________ ______________________

____ I FCB.LT. 1E- 1 2.AND.B.GT. 0. O)B”G. 0 __________

_____A—C CMOu.(14OpRO)*~ .40-NB) )*DEX PC C 1~ O—HO)*ELOG(MOrnRO) )).( DEX P( -MOrn LLG

1CM07•A *escI.0-u’MOrnRO rnR) 
-

AHS C ILOGCNB)—ELOGCA))/C ~LO8CMO*RO)) ____  ____  _ _ _ _ _ _ _ _

PRINT1O.AHS 
____  ____________

10 FORMATC OFOBMULA 21 G1VES ’,D20.14)

20 RETURN 
_ _ _ _ _ _  _ _ _ _ _ _ _ _ _

END 
______-

SUBROUTINE PUAL 1AC P.NTOT,MO,RO, P0. IX, IY,X2) 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

DOUBLE PRECiSION PC 101 ),NTQT.MO.RO,PQ,r~,A.,B,C,D,E,F______________

DOUBLE PRECI SION DL08.DEXP 
____  _ _ _ _ _ _ _

ITE ST—NT OT+ 1 
____ ___________________________

~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _

---— ____

____ 
CALL. UMOROCHO, RO. ri) ______________________________

M t40 
_____

CALL FACTCM.C) 
______

A —MO*ELOGC MO)+C+8 
____ ______________  ________________

8—0. 0 
____  __________

____  
I”NTOI—MO .1 

____  ____  _________

IFCI.LE.0)GOTO 20 
____  ____  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

DO 10 M8”1.I

J MB—1 -

10 B.B.DEXPCC,J—NTOT)*ELOG~MOpRO)) _ _ _ _ _ _ _ _ _
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20 A——C ILOGC DEXP(A)•B)) 
_ _ _ _ _ _

C UP. EQ. 0! p)ç~L.L_PL.owC A.NRESUP, IX. IY) _____-—

IFCNRESUP.EQ.0)PO.DEXPC 4ITOT*ELO8CMO*RO)+A) 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1PCNRESUP.EQ.O.AND.1C2.EQ.1)PRINTIOI.NEESUP.PO ____________

IFCNRESUP.EQ.O.O)rnOTO 5 _ _ _ _ _ _ _ _ _ _ _

I FCNRESUP.LE.NTOT-MO) PC NRESUP) DEXPC C ?JRESUP-N TO T)* ELO HO. RO).A)

D -MO* LLOGC MO) 
_____  ______  ________________________

M9”NTOT-NRESUP 
____ _____________  -

P.0.0 
_ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  ___  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

CALL. FACTCM9.F) 
______  _ _ _ _ _ _ _ _ _ _ _ _ _ _

E—CNRESUP—NTOT)*tLOUC HO) 
_ _ _ _ _ _ _ _ _ _ _ _ _ _

I PC PJRESUP.GT.NTOT-MO) PCNRESU P)” DEX PC C—F. D. E+A)

IF(K2.EQ. l)PRINT 1O 1.NRESUP. PCNRESUP)

5 CONTINU E ________

~~~ 

F) MAT ’ Pc ‘I~’.~ 
— ‘a 1)20. 1~~)__ _ _ _ _  __ _~~~~~~ -_____________

-- - - RETURN _______

END _____ _____________

SUBROUTINE SUB13CNTOT,M1.MO.RO.NB.K1) _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _

DOUBLE PRECI SI ON NTOT,MOeM Ia ROeNBa Qa GAMMA. BETA, A, Be Ce De E, P.8. (a le~
iRe S. T.U.ELOO. DEX P 

____  ________

M.MO 
________  ____  __________________________ ___________

8 0.0 
_______  _________

IF(MO.LE.l)OOTO 5 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

CALL 0M0 ’OU4O-1,RO,8) 
_______-

- - -
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- -

5 CALL FAC T( M eU)

A—C M i—i  .O/RO) .DEX PC —MOrn tt.OGCMO)+U)rnG 
____  _ _ _ _ _ _ _ _ _ _ _  

-

S—DEXPC tLOt~(Mi )+C 1~ O-MO)rnLLOGCMOrnRO)) ____  ______

GAMMA M1 MO

BETA—i.O-M0 *RO

C-o.__o _______--——----—-——- - —--- _ 
- ~~~~~- _ _ _ _ _ _ _ _ _ _ _

M9”GAMMA- i 
_ _ _ _  _ _ _ _ _ _ _ _ _

1FCGAMMA.LT.2.O)GOTO 20 
____  ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

DO 10 J”ieM 
_ _ _ _  ___  _ _ _ _ _ _ _ _ _ _ _ _

____  

K_ ’J— 1 ___________

CALL FACTCM9+2. D) 
________________ ____________________

CALL FAC TC KeE) 
___ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

___  
J5 GAMMA-K- 1 _ _ _ _ _ _ _ _ _ _ _ _

-

CALL FACTCJ5.F) 
_____  _______ _____________________ ___________

H cC+2 
____  ____  _______

V 10 C—C.C—1).rnKrnSETA**iC*DEXPC D—E-F—LLOGCH3) ___

20 R 0.0 
____  ____ ___________________

IPC SETA.EQ. O. O.OR.GAMIIA.EQ.0.0)GOTO 25 
___ ___

- 

- B—C -1 ).rn CM 9.2)rnB ETArn *H9rnGAIIM A 
____

2 5 IFCM1 .EQ.1.0)Q—C’R

IFCM1.NE. i .0)Q ’.DEXP CCl .O-Ml)rnILOGCMOrnR O) )rnC C+R) 
_ _ _ _ _ _ _ _

J26 NTOT-MO. 1 
____  ____  ____

5—0. 0 _____________________ __________________________

DO 30 J27 i.426 ____

J .J2 7- 1

30 S—S.C DEXPCCJ—NTOT).a.Oe(MO.RO)) 
_ _ _ _ _ _ _ _

CALL. UMOROCNO.RO.01 
-

- 
T—DEX PC —MOrn a.OecsO).U.u1) 

- -  -
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~~~~~~~~~~~~~~~~

- - ---

~~~~~~~~~

----- - -
~~

--- -
- - -

~~~~~~~~~~~~~~

-- - _ -

NB.DPXPCU..OGC A+B sQ)—IL OGC S+T))

I FC KI. E Q . 1)P RIN T5 O .NB

• IFCK1 .EQ.1)PRINT7 O.+ DEXPC ILOGC A.B.Q) ILOGCT))

50 FORMi C • OFO M U A 1 - S  ES’.D.14. • • SACKORDEES ’) 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

? FORMAT~ ’CF INF J! TY. B a’. ~2O. 14) 
- -_ -- ___________—

~~

- 
RETURN 

_ _ _ _ _ _   _ _ _ _ _ _ _

END 
_________  ________________________________

SUBROUTiNE_STOCKCMO.RO,H1,ZqTOT,K1) _________________________

DOUBLE PREC I SlOW MO , RO,M t .HTOTa8.A.B, C. D,Ee F. STOiC 
______

___ DOUBLE _PREC ISION LOG. DEX ? ______________--

M”MO 
____  ___ ____  ______  ______  ____  ________

CALL FACTC M. A)
____ _____  ____ _______

CALL_t~MOR0CMO ,R0.e ) 
_ _ _ _ _ _ _ _ _ _ _  _________________________

9— DEX PC -MO *tLOeC4 O).A•(~) _______

C— O .0 
______  ____

1411-MO 
-~~~~~~~~~~____  ____  _ _ _ _ _ _ _ _ _ _-

ZFCZ. L T. 1) GOTO 20

DO 10 N.1.I 
____

J N-I 
_ _ _ _ _  _ _ _ _ _ _ _ _ _  ____  _ _ _ _ _ _ _ _ _

IF (M1—3 .E Q .  1 .O)C— C. 1 
____  ______

IFCM1—J.EQ.1.O)GOTO 10 
____

C—C’DEXPC C J-Ml+ l) .ELOQCMOrnR O)) 
_____  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1 0 CONTINUE 
____ ___________

20 D.O. O 
_ _ _ _ _ _ _ _ _ _

IJ—NTOT-MO. i

DO 30 N 1,IJ

J N- i
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-

V

30 D.D+ DEX P( J*ILOGC MOrnRO)) ____

E—DEXP C t4TOT. tt38C MOsRO)) ________

F— DEXPC -NTOTrnILOGCMO,RO)) ___ ___ ______

____
IFC MO rnR O.L E. 1 )STOK ”DEX PC £1,086 B+C)—ELOGC D.F.B)) 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

ZFCMO *R O. GT. 1.O)STO K” DEXPC ILOGC E*C B+C))-EL O8C D.B’~E)) 
_ _ _ _ _ _ _ _ _

I FC iC 1 .EQ. 1 )PRINT5O. STOiC 
____  _______  _________

50  FORMATC ’OTH E STOCKOUT PROBABILITY I S’,D20.14) 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

RETURN______ _________  __________________________

END ____ ________________

S ENTRY 
___________  ____ __________ __________ _ _ _ _ _ _ _ _ _ _ _ _ _

1 1 1 1 
_ _ _  _ _ _  _ _ _ _ _ _ _ _

10 15 .5 11 13 _____ ____

/ LOGOFF 
________  _____ ________________ _______________
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PROBLEM 1

PROGRAM LISTING
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---~~~~~- - ---~~~ ----

0t ’JBLE PREC~ SIJ N J,N80,u,L
0’ d8LE _P~ EC t S I J\~ ~~~~~~~~~ ,k~ 2~~~~3)R ~LZ ,42L,~~i, C~

FN~ ,FN2, F~ 3 ,p( 1 ) , PC ,Q ,Q 1JQ2 ,Q3 ,Q4 ,Q5,~~6,~~7,O8
t 

- 

IF’.TE CER DN1,Di-~z 
—

READ RC,M1,M0,’-4B~ ,MMAX ,Azj.
__

~

_1j

~

__ __ _ _ -— —
N t - ~MAX/ Z
IFCN .LT. 1 )J = 1
A , 3 , C , 0 1R 0 1, R0 2 ,  -~O3,R04 0L9 ___ ____ —

5 IF (N.EQ.L)00T0 1~CA L L FINO( N— L,Rc!1 ,ML,Mo ,MB0,AZi )
4=CN~ t)*(I+ROfR01)

10 CA LL F r N C ( N , R a z ,~~L ,Mo , --1eo,4 21~3 N*( 1+RU/R02)
tF N.E~~.~’uiAX )G3TJ 30 _____ ___________- 

C A L L  FT N0~~1+1,R~ 3,M~ ,MfI,l~’BC, 42j
C (N+L)*( 1+R0/R03)

30 J T ~~~~~Q___ ______—

CALL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~D = ( N + 2 ) * (  1 + R 0 / R 0 4 )
40 FN L=C—B

FN3=D—C

Q 1=B
Q~ =R 02
Q 3 l ~— l  

________________

Q4=A
Qi=RO1

Q7= C
08=R03
IFCFN1 .GE ,).0.A~ D.PM2.LE.O.O)G~ TC 100
IF -CN.E~~.NMAX .AND.FN2 .LE .0.0 GUrU 100
LF (N,E0.1,3 ,A D , Fd.GE,O .0)GflTt~ 100

Q1- C 
- _____________

Q2~ R03
Q 3= N 

______________ ________

Q4 B
Q5 R02
Q6=N+2 

____ ____ _____

Q1:D
QPaRO4
IF C FM3.G~ ,0.0.AND,FN1_.LE .0.0)0~JT~J 100
IFCFN 1.LE,Q. 0.4N~,.NMAX— 1.O.EQ,ri)G 0T0 1CC- - -

Q i = D  
____ ________

Q2:R04
Q3= N+1
Q4*C

- 

~~~~~~~~~~~~~~~ Qô,Q7,Q~~ 0,O
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~L FCN MAX—2 .0,EQ .~I.~ ND.Ft~3.LE,0.U)G0TO 1(~- -_

Q1:A
Q2=R01
Q3, Q4,0 5= 0,Q -

Q~ =2
Q7=B -

Q~ =RO2
1F (N.-EQ .2.o,A~.D. F’~2,CE.0.0)~ CTLI lOC)
IFSF N1.EQ,0)PRI~’-IT ,’ERRJjR #1’
IFC F tI 2.EQ ,o ,o)PRP r,’EPRnR ~2’
DN1=1/ (1— (FN 3/FNI)

- - ~ _J) F~ 2=1/ (1— (FIULEIIZL) __— — — — —  — - -

IFC D N1 .LT .DN 2,AN u.—D1’ 1 .GT .DN2 )~~~ l+DN1
IF (DNI. LT ,DN2,AND ._-Dhl.LE. ct. 2 )4 =N+0N2
IF ( D N2 . L E ,DN 1~ AND~~ DF’ 2 ,GT ~ 1)~~~N+DN2 

____

IF (0N2.LE .DNL.AND ,—DN2.LE .DtJ )4N+ DNL
I F C N • L E • 0) 1 = 1.

-- 
_ J F Ck .~ L~1MAX iN~~~ AX__ _  

____

P R I N T , N , f ~,R O 2
GCT D 5

100 - . L f t~~~~Q1,~ 4,~~_ _ _  _ _ _ _ _  _ _ ~~~~~~~___ ~~~~~~~~~~~~~~~~~~~~~~ . -

PRIN TZ0Q ,Q,~~1,~~2PR IMT2O0,Q~ ,Q7,Q~
- V~~.1 Q8~ Q2 / o 2 iLL a -~ z LQ4J_~~ _ _ _ _ _ _ _ _

L=U—CQ2—Q5)/Q2 )/ ((Q* (~~2—C 5)/Q~~)1 )PQI~~T21C,L,u
- -

2 10 FORt~AT UX ,0~ o ,j4 , ’ < C R O / R Oj ) < ’ ,.l2O.14
220 FLI~M4T (1X,DZ0,14,!<RO<t ,D2C ,14i
200 ~~~~~~~~~~~~~~~~~~~ !~~~~L5~~JJ~~~ ‘ ,D 2 u . 14 , / , ’ R f l ’~~Q2~~~14)

Pk INT900
900 FCRI’14T (’j’)

PAUSE 
__________ ____

STOP
E~~D

C FINDS THE EX~ ECTED NJ~’8ER JF uhIT~ Ifl RESUPPLY .
D.P , NTOT,P(10 1),~~ER 1
DE~~1 0.0 

_______ _____

• 
- 

ITQT NTOT 
-

DO 10 NRE5UP~~1,ITQT
‘to DERL 4~ E~ tJP* ’ \ ~R~ 5uP ) +0 P1 _ _ _ _ _ _  ____ _____

RETURN
END

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘C FIND S THE PROBABIL IT IES  FOR ~=0 TO 4 = r-t T fl T—~ O ( ‘JSES NATURAL
LDGST D ALLOW F~ R LA RG ER NIOT ) .
D~ LBL E PR EC IS I J ’ 4  ~

( id ) ,HTOT ,P~ ,M1;,Rn ,4,c, ;
~,r~,E,r ,G,Fl,Z, y,~,B,Mj

- 
ST hT01 10+1

11t = I T E S T  
— -  - - -

A-47 

j 



r - 

- - — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~1
1F( I 11.LT .1)11 1 1
DC 10 J1 1,ITEST

• J i1 — 1
Y .,Z =0.C)

_ _ _ _

C,t’ 20 ~;1=1,ITEST
t*~ESLJ P~~-U— L

— 

A= (NRESUP— J )*LJG UIc!*RD)
C,D= 0.0
I F C J . L E .1 ) G O TQ 35
00 30 K =2 ,J

• B=K 
-

30 C C + L O G ( b )
-3 5 I F ( N RES U P . LE . 1 ) GJT O 45

DC 40~~~ 2,NRESUP

40 D D+L0G (B) 
____

45 E A + C D
— 

CA LL FLQ~~
( E,J , Ix , IY )

IF (E .LT.-.174,)9b)GOTC) a __
• Z Z+EXP (E)

CONTINUE
~~~~~~ I F C I T ~~ L~ it~UJ TL ST= 1 _ _ _

I TQT=NTOT÷t
ITEST=ITEST+ 1
00 50 ~1=tTE5T,t1CTNgESUPZN 1~ 1.
C’ 0=0 .0
M M O  

_________________

IF (M .LE. 1)GOTC 65
00 60 ~~2,t

60 C C ÷ L O C ( h )
o5 IF (J .LE .1)GOTQ 75

V 
- -

B 1 c
70 D 0+LDC (B)
75 ____ ____________________________- - 

IF (NRES UP ,LE.1)G 3TO 85
DC 80 ~< 2 , - 1RESJP

- - -ao
85 N NTOT—URESUP

____

00 90 ~<= 2,~1
6=1<

90 F=F +L O G ( B)  
____ ____

95 G= (NTOT—MO—J )*LO~~(~lO )H =C NR ES Lt F_ J  I
E = C + 0 + C + H — A —  F
CALL FLO W(E ,J,rx,TY )
IF (E.LT.—174.996)Gt110 50
Y =Y + EXP C E )
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____

50 CINT INIJ E
I F C J .EQ .0) P0=1 • 0 /C ViZ

____
I F ( J . E Q . O GOTt’ 1C 

_____ __________________

10 CONTINUE
CALL T E N ( N T D I , M r j , p , R o )  

______ ______________

CA LL S I X T E ’ I C  ~4T 2T, -~1,P,~M,pC)
• RET URN

END 
_____-- - - 

SU WO~ T T f~~~~~ r~ 
_

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_ _ _

C FI~:DS T HE RO BA ITI S FOR J NTQT MO+1 T Q J = r~T tJT C USE ~ NATU RA LLO CS
TO A LLOW FOR LA RG E R N’rO r ) .
o P.PC 1oU,NTDr,P’~,Mo,po,A,B,Cjo,E,F,G,H,l,v — ——

i~~~T A L = N T Q T - M o + 1  
IF ( INIT AL .LT. 1) I.’-IITA L L
ITOT=NT OT 

____ ________  ____ _______

0L 1 10 J=IN ITAL ,ITQT
Y~ Z 0,0
DC 20 N1 1 , I N I T A L  

____ ______________  ____

F4RESUP=N 1—1 =
4 , C , H , C = C . 0
I F ( J . L E , 1 ) G r J T O  135 

_ _ _ _ _ _ _ _ _  _ _ _ _- — 

o~ ~~~~~~~~~

100 G C+L0c (B)  
________

-105 N=NT OT— .J 
- _  - - -

IFCN. LE. 1)GCTD 115
DC 110 K 2 s N   ____—_____

3 = K • -

110 H=h+LO C (B)
115 ~~~~~~~~~~~~~~~~~~~~~~~~ ____ — -----—----~~~~ 

—

DC’ 30 K 2 , ~1RE5J P
B =1<

3O _ ! ~ +L~~~LBJ _ _ _  _ _____

35 ~~~~1jJ
I F ( N . L E . 1 ) C I O T O  45

~~L~~~~~~~i~L _  ___ _ _
~~~~~~~~~~~~~~~~ . ____- __________—____

B:K
40 C C + L D C ( B )
.5 _~~~~~~~ ~~iS~~ _-~ _ LQQ f lL_ _ _ . V  — _________-—

~~ C N RE 5 UP_ ( NT ~ T _ 1Q )  ) * L UG ( MG )
F= 0+E+G+H—A—C

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~ _ -

IF CF .L T.—t74.~~95)GOTD 2~Y=Y+EXP (F )
2Q _ PL~I1I1U~ - -- - -  ——-_—-—— ____—_________ ____________

or 50 P-IRISUP= I\sITAL ,ITrJT
A,C,D,E,F=O .0
IF- (%~~LF .

~~ P T 0 5 V~~~~~~~ - _  -________ -—____ 
—

00 ~0 K 2,.j
B~ K

c,0 A * L ~ G (~~L _ _ _ ._ - - -— - - -  --- -
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~5 I NTOT — J
IF(I .LE.1)GOTC 75 =

•~~~~~~~~ _~~~DfJ_7 Q k ~~~~~~~~~~.j__________ —- _ _ — _ -_~~~~~~~~~~- —--- —-—————-

BzK
70 C :C+LO0CE)
75 I=NTOT’-NhESCP 

________  ______ _____

IFU.LF.UGOT Q B S
DC 80 k = ~~,I
3=1< — —_ —-—-- ---— - — —_ _ _ _

80 E E+LUG (t~- )
85 IF (NRESUP .LE.1)GJTO 95

DO 90 ~=~,:1RES~JP 
--— V ____ __ __ — —  —

8= 1<
90 F=F+LQG (~~)
95 D C N R E S U P ~~, f l * L O G ( R 0 )  

_______  __________-_______

B=D-+A+ C—E—F
CA~ L FLO t~U3,J,I X ,tY )

- - -- I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ______ - -- -

Z = Z + E X P  C
50 CONTINUE

10 CL-NtINUE
RETURN
END ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — - -  _____—

~~~~~~~~~

- -

~~Ui~~~~~T~~~Thf E -\ -~TOT , M 1 , P , N B , P C
C FINDS THE E X P E C T E D  NJM BER OF 3I~C K(~~DE RS .

DOU8LE P R E C I S ! O ~~~NTQ !~~~~,P 
________

IT UT NTUT
• hf3~ O .

II- ’ IT AL = NT IJT— Ml  4 - j  
- ______— --

• 1F~~~IThLT.~ E~~~~I 
-

• IF (INIT4L .LE .0)I~~tTAL= 1
DO LO NR E SUP= rNI TAL ,rTOT 

— - - - - - - - - - _ _ -  - —— - - - —-- V

— B = C M I — ( N T O T — N R E S J P ) ) + P ( N R E S U P )
10 NB=NB +~RETURN 

____ ____________

END
SUbROUTtF4E FLrJ ’ -I (X ,J,IX,I y)

C CHEC KS FOR OV ERF L~~ 4~-{D UNDE RFLQW ——PRINTS W~ R iMG MESSAG~ IF
NE IS FUUND. —

D.P .X
IF CX.LT .— 174.99e,)IX=tX4].

- - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _

IF (x.LT .—174.c9& pRrr-J T5,j
5 FPRMAT (’ *****jF’1DERFLC~g***** ~~ ‘,I3)

- i .QI. 17A~9j~~~~gj fl1o,~ _____

FrRMAT (’ *****JVERFLrm***** J ’ ’13)
IF C X  , GT . 174. 99k) X= 174 . 99

C SETS X EPUA L T) flA X I-1 UM VA LUE W ITH NO QVERFL~~ jF ~~ OVE PFLGWIS FflUND (LNC175))10**76).
k~ TURI4
END
SUB RO UTIN E r~BST K( ’ : P ,  NT L T, I~C, ill, RU)

A-SO

~~~~~~~~~~

- 

_ _ _ _  

V 

- - - --- —- — 
~~~~ ~~~~~~~~~~~~~~~ ——- — V  ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~



~~~~~~~~~~~~~~ 
:.T- -~~

-’~~::-~~
--- --- -

~~~~~~~

---—-— — r

0.P. NTOT,-t1,NB ,ST0CK,D,c,MC,R~J,PC
M= NT OT — M l+J .

• ITEST= 100 _____________________________ _________

• iiB=0 .0
IF(M.LE , u ) : l 8= E , < P (—MD * Ro )

. _~~~~~~~~
.
~Lf~~~QL~~~~L_._ - _______________

— 
• 

DC 50 NRESUP M ,ITEST
C=O .0

- - ____
IF( NR E5UP .

~~~

.i) GJTO~~~~ _____  _ _ _ . - -- -

DC 60 J=2,~1RE5UP
D= ’J
C C + L0 G ( D)  ______________________________

65 IF (NRESUp *LDGCMO ;RO )— C—ti C-*RO.LT .— LO O )GCJ TC11.1

= 50 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
111 CONTINUE ______________________ _____________________

RETURN 
—______________________ _____________________—-

END
SUBR OUT INE FINDC ’ ITOT , Rf l l ,M1,NL,N924 ,A)
b~ LTBL E PR~~C1~Ii~’ ~O, F O L, T L T , C~aU C ’ T,~~L ,PE(Y ~L) , POR , ~6:,
p C C 1o1), p0C,N83,~it ,DER5 ,D ER1C,DR 1,EPS ILN,A ,N;~2A

1032 IF (A. NF . O . 0 ) CA L L  NINE C TO T—1 , M ~ , P B, PO~ ,kC 1,~1~ 2~~11)
IFCA .NE .O .O)CALL NLNE (NTOT,MO,PC’POC,RO1,N83,M1)
IF(A .NF .O . O ) C A L L  5U821 (NT DT ,PC ,DER1 C)
IFCA .E0. 0.O’I CA LL_ NBSTK(N83,1,TOT,MO,M1,RQ1) _____ ____

IF(A .E~~.O .J )CALL NBST1< (rB2 ,HTUI—1 ,MO ,M1,R01)
IF (A .  EQ .C.e .)) DE C :MO~ RO1
COUNT =COUNT +1 

_____ ____ _____ ________

OER5=C—D ERIC/R3]. ) *( N F 4 3 — N 3 2 )
DR 0 U4624—NB3)/0ER5
RUL RQI+DRt3 

________  ____ _____

-

EPSILN=O RO /R O).V I F C E P SI L N .LE.ZE_ 14.AND .EPSIL ’~.~jE.~~ZE_ 14)C,L1’rO 1331 —

I F C C OUNT.GE .10O)~~CT0 1031 _ _ _ _ _

COTO 1C32
1031 RETURN

END - -
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- ~rm~-~ ~~ — -rfl ’,- ----- — - V - V  • ‘ •
~~~~ 

-

/1.000W ~~1C”

• / 1)0 RUN.WATF IV

S JO B CL 8NTJ QQ) 
_____  ______  

KOVAC S _________________

~
pp
~~~~

_
~~
REqiS

~
ON N, BOP1 • R0P2. ROA. flOB. HOC. DRO I P. pRO 2-i. AI,A 3_________

• ____ pO!~ia.E~~~~EcI 510$ A.B.C. P. HO!. R02. R03. R04.Z 0, RO e A2 leN 1.110. ~N1&~N~&

IFN 3.PC 101 ).PO.Q.Q1.Q2.Q3.Q4. Q5,Q
~~ Q7.~~

INTEGER DN1.tN2 _ _ _ _ _ __ _ _ _ _ _

_____READ( 5..) RO.MO ,ZO

_____DO 1000 M31.1.2 
_____

H1 MO

A2 1 M 3 1— 1. O 
___ _______

PRiNT . ROaM O. lO. A2 1

____NMDI- l _ _ _ _  _ _ _ _ _ _ _ _ _

• mqAx—zO _______  ____  ____  _____

- - 
IF(NMAX .EQ.ZO)NMAX~~~0 1.O —- ______

I ZO/2

___ 
IFC A21.EQ .O. O)N 1

IFCN.LT. 1 )N— i ______  ________

_____
A B C D . R O  1—R 02 R03 R04 0.0 __________

5 IF CN. E Q . 1) G O T O 10

RO 1 .iRO.CN— 1)/CZO”CN l)) 
_ _ _ _ _  ___________________

____
IF(A21.EQ.O.O)CAL.L MBSTKCA.N’I,MO.Ml.ROl)

IFCA 2 1 .NE. O.0)CPL L NINE CN l.MO. P. PO. RO 1.A.,M1 )

10 RO2 .R OPN/ CZO ~N) _ _ _ _  _ _ _ _ _ __ _ _ _ _ __ _ _ _ _ _

1F6 A21.EQ.O.O )CAU., NBSTK C B.N.MO.Mt .R02)

IF CA2 I .NE.0.O )CALL NINECN .M Q, P.PO.R02. BSM1 )
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IFCN .EQ.NMAX)GOTO 30

R 03—RO rn C N+ 1)/ C ZO — C N+ 1))  
_ _ _ _ _ _ _

IFCA2 1 .EQ. 0. O)CAU. NESTKC C,N+ 1eMO e M 1,R03) 
_________

- - 
IFCA2 1.NE. O.O)CALL NINEC N+I.MO. P,PO.R03.C.M1) 

___ _ _ _ _ _ _ _ _ _ _ _ _

30 IF C NMA X- 1.0.E Q.1J )t3 OTO 40 _____ ____________

R 04—RO *CN+2)/(Z 0.u.CN.2)) 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _________

IFCA21.EQ.0.O)CALL NB5T~CC D.N+2,MO,Ml.R04 ) 
____  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

ZFCA21.NE.O.O)CAU.. NINEC IJ+ 2.MOaP.PO.R04.D,M1) _ _ _ _ _ _ _ _

40 ___FN1— C—S ____  ______

FN2—B—A 
______ _____ ___________________

FN3 D— C _ _ _ _ _ _ _ _ _ _ _ _ _

Q N  V 
____ ______________

Q I B  ________________________________________-

• _____
Q2 RO 2 

_____  ____________

Q 3 N 1  
____  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _

Q4-A 
_ _ _  _ _ _  _ _ _ _ _ _ _ _ _ _ _ _

Q5—RO 1 
___  _ _ _ _ _ _ _ _ _ _ _

Q6-N.1_____ ___  _ _ _ _ _ _ _ _

Q7—C 
________  ____ __________________________

Q8 R03 
________

IFC FHI.GE.O.O.AND.FN2.LE.0.0)80T0 100 
___________

IFCN .EQ.NMAX .AND. FN2.LE.O.O)8OTO 100 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

IFCN.EQ.1.0.AND.FN1.GE. O.O)GOTO 100 
___

Q’41• 1 
_____

Q 1 C  
______  ____________

Q2 R03

Q3—t.

A- 54

••

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-  

~~~~~~~~~~~~~~ •



Q 4 8  
____________

05 R02 ____ ____

___ 
Q6 N.2

Q 7 0  
___ ____  ____________________

Q8— R0 4__________ ____ ____ _________

DC FN3.GE.0.0.AND .FN1.LE.0.0)UOTO 100 ________

1F(FN1.LE. O.O.AND.NMAX 1.O.EQ.N)GOTO 100

Q—N+2 ____

Q 1 D  
- - -

Q2 R04 
_____ _____________

Q3—N+ 1 
____ ________

Q 4 C  
________  ____ _______

Q5 R03 ________ __________________ _________________________

• Q6 Q7 Q8.O.0 ____  ____________

_____IF( NMAX—2.0.E Q.N.AND. FN3.LE.O. O)GOTO 100 ____

Q 1—A _____

Q2 R01

Q3Q4 Q5 O.O 
____ ______  _________  ___________

Q 6 2  
____

Q7B

______Q8 R02_____________ ______________________  _______________

_____IF(N.EQ.2.O.AND. FN2.UE.O.O)80T0 100 
_____  _____  ___

IF (FN1.EQ.O)PRINT. EHROR •1’ • _ _ _  _ _ _

______IFC FN2. EQ.0.O)PRIN T. ERROR •2’ - _______________________________

t141 1/C L—C FN3/FN1)) - - 

1112— 1/C 1—C FN1/Ft12))

I

—~- — —---—-•--- - _—•——---—-— -- --—--—— — -•— —_ —~~ _~_a - - - ~~~~~~~ 
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• _ _ ç lA ~ ScE~I .~ E.IABSC rzJ2))ND—tt12 
-- V V _  _____________-

IF C I ABSC W2).GT.IABS( ENI )) N D rNI 
___  _ _ _ _ _ _ _ _

• IFCN D.NE.O )80T0 98 
_ _ _ _ _ _ _ _ _ _ _ _ _

IF C R41.GT.O.OWD — I 
____  ______________________________

IFC FN1.LT.0.O)ND 2 
_____  __________

98 IFCND.EQ.1)ND— 2 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

IFC FN1.LT.O.O.AND.ND.LT.0)tJ1)—2 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

rJ-N.ND 
_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

- L i!cN!k~~O,N- 1 
-———- -V - - -—--V - - _ _ _ _ _ _ _ _ _ _

I FC N. OT. NMAX )N—NMAX 
____  _________  _______________________

___ 
PHI NT.N.B. R02 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

GOTO 5 
_ _ _ _ _ _ _ _ _ _ _ _ _ _

1 00 PR INT200,Q3, Q4.Q5

PR1NT200,Q,Q1,Q2 
______  ____ ____

PRINT200,Q6.Q7.Qa 
____  _____  _____

• 200 FQfiMATC ’CrJ-~ ,D2O. i 4.5x,~ NE.~, 1)20.14, ,,~~ .RQi- ’.D20. I 4)

N Q  
_ _ _ _ _ _

HOP 1—RO 
_ _ _ _ _ _ _ _

____COUNT—0.0

300 ROA (N+ 1) *RO P l/ (ZO u ’N.I )

ROB—N.ROP1/CZO-.e4)

____COi

~

lT—COUNT. I 
_________  __________________________________

CALL. HELP( lI+1,M0,ROA.A1.141.A,A2 1) 
_ _ _ _ _  _ _ _ _ _ _

CALL HEL PCN ,M O. ROB ,A3,Ml ,89A21) 
_ _ _ _ _ _ _

IF C(A. ROA— 8*ROB ).EQ. O.O )P RINT3 O I 
___ ______  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

IFcC A.ROA .B.R O8).EQ.O. 0.AND.CA1.A3).LE. 2 E —1 i~)Q— O.o

IF C C A 1—A3) .G E. e2E - 14.AND. Q.EQ. O.O Th OP I—0. O

I F (ROP I .E Q.O. O)GOTO 310 
_ _ _ _ _ _ _ _ _ _
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

V .
’

301 FORMATC OERROR # 1’)

• IFCCO UNT.E Q .l.O )G OTO 309 _ _ _ _ _ _ _ _ _

Q2——CA I-A3 )/CCA*RQA— B.ROB)/ROP 1)—DRO1P 
___ ______  _ _ _ _ _ _ _ _ _ _ _ _ _

- •  
DC ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
309 DBQ 1P .—(A1-A3)/CC A*R OA- B’PROS )/ROP l)

IFC COU NT.GT.2 )GO TO 307

1FC DR G 1P. LT.O. 0)COU NT 3.0 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

_____ IFC COUNT .EQ.3.O)GOTO 301 
______

— 

IFC COUNT.EQ.1.O)DRO1P” — DRO 1P 
_ _ _ _ _ _  ___  _ _ _ _ _  _ _ _ _ _

IF(COUNT.EQ.I .0)Q7 A 1—A 3 _______________ ____________

I PC COUNT.EQ. I • 0 )GOTO 307

• I F CCA 1—A3).GT.O .0.AND. Q7.L T.O .O)G OT O 307 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

______
IF C CA 1—A3) .LT .0.0.AND. Q7.8T.O. 0)

~~

OTO 307 
___________

DRO1P —D R O IP ______________________ -______________________

_ UNT~~ f~ _____ _ _ _ _ _ _ _ _ _ _

IPCCRO P1+DRO1P).LE.O.0.AND.ROPI.EQ. 1E-5)GOTO 310 
______

307 ROP1—ROPI.DRO1P

IP(ROP1.LE.0.O)ROP1.IE-5

IPC ROPI .EQ. IE— 5.PND.COUNT.GE.6.O)ROP1—0.O ___ 
-

______  
IFC ROP1 .EQ. 0.O)GOT Q 3 10 _ ______ _____________________

_ I~~ DR01P.LE.2E—i4.AND. DRO 1 P. 8E.-2E— 1 4)8OTO 3 1O~~~~_ _ ~~~~_________ -

PRINT,ROPI. DRO 1P,PJ .ZO __________

0070 300 
____  ____  _______  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

310  ROP2 RO ___

COt3NT 1 • 0 ____
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_ _

320 ROC CN— 1)*ROP2/(Z0-t4+1) 
____  ____  _____________

_____  
ROB N*R0P2/C 1 O N )  

____  ____  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Q 8.O 
____  _ _ _ _ _ _ _ _ _ _ _ _ _  ____

______CALL._flELPCN*1,MO,ROC.A1,N1,C,A21)

_____  
CALL ~ULP CH.NO,ROB.A3.M1.B. A2 1) 

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

DCC C*ROC—B*ROB).EQ.O.O)PRINT3O2 
________  ________

IFCCC*R0C—B~R0B).EQ.O.0)ROP2—— 1

IFC ROP2.EQ..1.O)GOT0 330

302 FORMATC ’GERROR • 2 )  
_ _ _ _ _ _ _ _ _  ___________

DRO2P —CAI-A3)/(C C*ROC-8*ROE)/ROP2)
___ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _

DC COUNT .GT.2. O)GOTO 306 
___ _____________  __________

DC DRO2P.GT. O. O)COUN r— 3 .Q 
______  _ _ _ _ _ _ _

IFCCOUNT.EQ.3)GOTO 306 
_____  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

IFC COUN T.EQ.1.O)DRO2P——DRQ2p 
___________________________

I F CCO UN T .E Q . 1)Q—A 1—A3 
___ _____  _ _ _ _ _ _ _ _ _ _ _ _ _

IFCCOUHT.EQ.lfO)GOTO 306 
V

I F(CA1—A3) .LT• 0. O.AND.Q.~ T. 0. 0)GOTO 306 ____________________

IFC CA1—A3).sT.O.O.AND.Q.LT.o.0)~oTo 306 ________

DRO2P.—DRO2P 
________  _____________________

V COUNT L .O 
_ _ _ _ _  ___  _ _ _ _ _ _ _ _ _

;~~~~~~~~~~~~~~OP2 2P 
• _~~~~~~~~~~~ —-_________

IFC ROP2.8E.1E.04)ROP2— 100 
_ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

V IFC ROP2.EQ.100)tjOTO 330

IFC ROP2.LT.RO)ROP2 COUNT*RO 
____  ___  _ _ _ _ _ _ _ _ _ _ _ _

ZFC COUNT.R0.EQ.RQP2)COUNT—O .O

IFC DRO2P.LE.2E— 14.At4D.DRO2P.r~E.—2E-14)rIoTo 330 -
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COUNT—COUNT. I

PRINT, R0P2. DRO2P,N 
_ _ _ _ _ _ _ _

____
GOTO 320

330__ MN!PROP1.ROP2 V _ V _V V~~~~~~~~~~ - VV __ - - -

340 FORMAT(~~O’.D2O.14.’ - 4R04 .D20. 14) 
_ _ _ _  ___  _ _ _ _  _ _ _ _ _ _ _ _

PRINT900 
_____ ____

900 FORMAT (.) 
____

1 000 CONTINU E 
_______  ____ ____ ________________

• STOP 
_____

END 
____ ____

SUBROUTINE NH4ECNTOT,MO , P. P0. RO,NB.M I) 
_________________________

-~~~~~~~~~ DOUBLE PRECISI ON PC 101 ),NTOT .PO.140a HO. A. CaB, P. Es F. I9H. Za Ye NB.M1

DOUBLE PRECISION LLOG.DEX P _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _

• ITEST NTOT-M0 . 1 
_____  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

11 1 1TEST 
__________  _____

IPCI11.LT.1)1 1 1 1  
_____ ______ ______

DO 10 J1 1.ITEST 
______  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

J-’J1-I 
_ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _

Y—z— O. O

IF(ITEST.LT.1)80T0 21 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _____-

1)0 20 NI ~~1j IT ES T 
_____  ______  ____  ___

NHESUP !4 1-1 ____

A~CNRESU P~qJ )*1LOGCM0*RO ) 
______________________________

C D.O.0 
____  _____  ___________  ______

IFC .).LE.1)$OTO 35 
___ ____

DO 30 1C 2.J

B K
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~‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ - - -  ~~~~~~~~~~~~~~~~~~~~ •-~ ~~~~~~~~~~~~~~~~~~~~~~~~~ V 
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~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
V

35 TFCNEESUP.LE.l)GOTO 45 ____________________________________

DO 40 K—2 .MR ESUP 
____ ___________

B K  ____ _______

40 D D ~~ ..OG(B)

45 E A•C~D _____

V . . ~~~V V LL PLOWCESJ9IX *IYV) ---- V _ _ _ _ _ _ _

IF CE.LT..174.996)OOTO 20 
-

Z 1+DE~CPCE ) _______  

V

20 CONTiNUE _____

21 IPCITEST.LE.1)ITES1 1 
_____  _____  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

_____ZTOT NTO T+ 1 _____  _____  _ _ _ _ _ _ _ _ _ _

V - i -
1)0 50 N1 ITEST.ITOT _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

NRESUP P I L - t  
V

p• i. 
• 

~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - V  — ~~~~~~~~~~~~ -- _
~~

_  - — — - - - ---- __
~ V

V 
____ 

N-MO ________  __________

_ _ _ _
IFCM.LE .1 )OOTO 65 _ _ _ _ _ _

1)0 60 ICa2.M

6 _ V c..C.rLo e(B) 
_ _ _ _ _  ___  ______V_

65 IFCJ.L.E.I)BOTO 75 
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _

DO 70 IC—2.J _________________________

B K  
___ ___ _________

‘70 D.D.rLOGCB) 
___

75 A FO.0

IPC NRE SUP.LE . 1 )OOTO 85 
-
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DO 80 K— 2.NRESUP

_ _ _ _ _ _ _
B-K 

_ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _

80 A—A+ ELOGCB) 
_________ _ _ _  _ _ _ _ _ _

85 N~NTOT’.NRESUP _ _ _ _ _  _ _ _ _ _ _ _ _

IFCN.LE. 1)$OTO 95 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

— DO 90 K 2,N________________________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

_ _ _ _
B-K

_ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _

90 F F+ELOGCB) 
_ _ _  _ _ _ _  _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

95 e CNTOT-MO J)*ELOGCMO) 
_ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _

R—CNRESUP~4)* ILOGC HO) 
_ _ _ _ _  _ _ _ _ _ _ _ _ _

E-C+DI 8+H.A- F

CALL. FLOW(E,JCIXDIY) _ _ _  _ _ _ _ _ _ _

IFC E.LT.”174.996)GOTO 50 
_ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _

Y Y+ DEXPCE)

50 CONTINU E _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

V_ _L! ,E~.0?V~~~~~~~ cY~’Z) V V V_ _ _~~~~~~~~~~ ____ _____—-_ _ _ _ _ _ _ _ _ _

V IP(J.EQ.O)GOTO 10 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

PCJ) 1./C Y+Z) 
_ _ _ _ _ _

10 CONTINUE

C ALL TEN(NTOT.MO,P.RO) 
_ _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _

CALL. SIXTENCNTO T.M 1.P.N8. PO ) 
_ _ _ _ _ _

RETURN __ ____

END 
__________________ _______________________________

_ _ _
SUBROUTINE TEN (NTOT,MO , P. HO) 

_ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _

DOUBLE PRECISION PC1O1),NTOT,PO,MO.RO.A,B.C,D,E,F,G.}I,Z,Y 
_ _ _ _ _ _

DOUBLE PRECISION 11..08.DEXP 
_ _ _ _

IN! TAL.NTOT”MO . 1 
_ _ _ _ _ _

IFC INITAL.LT.1)INITAL .1 
_ _ _ _ _ _

A -6 1  
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V -- V ~~~~~~~~~ V 
___

I TOT NTOT ____ ______

DO 10 J INITAL .I TOT ___  _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _

____
Y—z.O .O ______  _________  4

1)0 20 N1 1.1I4I TAL. 
___  ____

NRESUP N 1 1 _ _ _ _ _____________

____
A.C—H.8 0.O _____  ______  _____

V IPC J.LE.1)GOTO 105 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

V 1)0 100 K 2,J _ _ _ _ _ _ __ _ _ _ _ _

______
B-K ____________ 

-

100 0 0+LLOGCB) 
_ _ _ _  _ _ _

_ _ _  —

_ _ _ _ _
IFCN .LE.1Th0T0 115 _ _ _ _

DO 110 iC.2aN _ _ _ _ _ _ _ _ _ _

B—IC 
_________  _____  

______________

110 HK+~~O0CB)

115 !FC E4RESU?.LE. l)bOTO 35

___ 
DO 30 Ka’2,NRESUP

B-K ____

30 A A .~~~OG (B) __________

35 N M O

IFCN .LE.I)GOTO 45 _ _ _ _ __ _ _ _ _  
- ___

DO 40 K 2,N ____

B-K

40 C—c.aOeCB)

45 
___

.(NRESUP

~

J)*

~~

O9( HO) _________________

E~~ NRESUP ’CNTO T’440)).ILO6CI4O) V 
-

F—D.E.G.H-A’ C
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CALL FLOWC F.4.IX.IY) 
_ _ _ _ _ _ _ _ _ _ _

• IF C F.LT..174.996)GOTO 20 _ _ _ _ _ _ _ _ _

Y Y+ DEXPC F) 
_ _ _ _  _ _ _ _

20 CONTINUE 
_ _ _ _ _ _ _  ___  ______  _____  _ _ _ _ _ _ _ _ _

___  
DO 50 NRESUP IN1 TAL. I TOT 

_ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _

A a . C D E i F O . 0  
______  ______  ________

V 
I PC J.LE. 1 )00TO65 

_ _ _ _ _ _ _ _ _ _ _ _ _

DO 60 )C 2a J ____ ___  _ _ _ _  ___  _ _ _ _ _ _ _

B-IC 
_____  ____ ____ _____

60 A—A .ILOGCB) ________ _________________________

65 1 NTOT~~ ____  ____  ____

IFCI.LE.1 )GOTO 75 - 
_ _ _ _ _ _ _ _  _ _ _ _ _ _

DO 70 K 2.I ___________________________________________

B-K 
______  _______  __________  _____  _____

V 70 C—C+LLOGCB) 
___  _ _ _ _

V 
IWNTOT-NRESUP 

_ _ _ _ _ _ _ _  -_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _-

IFC I.LE.1 )GOTO 85 
_ _ _ _ _ _ _  _ _ _ _ _ _

DO 80 C—2e 1 ____

B-K 
__________  ____ ___________ _____  _____

80 E— E.~~.Oe( B) 
_ _ _ _  ___  V

85 IFC NRESUP.LE. 1)UOTO 95 
_ _ _ _ _ _  _ _ _ _

1)0 90 K*2.NRESUP

____  
B-K ____

90 F—F+ILOGCB) 
_____

95 D—CNRESUP’.J)*ELOGC RO)

B— D+A+C~ E”F ____ _________

CPU.. P1.OUCB.J,IX.IY) -
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IFCB.LT. .174.996)GOTO 50 
-

1 1+DEXPCB)

50 CONTINUE _ _ _ _ _ _

PC J) 1.0/CY+l) 
_____  _____  ____________________________

1 0 CONTINUE ____________

RETURN ______

END 
____ _____ __________________________

SUBROUTINE SIXTENCNTOT.M 1.P.NB. PO) 
________

DOUBLE PRECISION NTOT.M1.P ( 101),NB.PO,B ____

I TOT NTOT 
____ ________________________

NB-O. - 
____  ____  ____

I

IN! TAL NTOT’M 1+ I _______

DC INITAL.LE. 0)NB PO _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

IFCINI TAL .LE.0)1N1TAL .1 ____

DO 10 NRESUP INITAL.I TOT

B-CMI”(NTOT’.IJRESUP) )*PCNRESUP) 
____  _______________________

1 0 NB NB.B

• 
V RETURN 

_ _

T~4D_______

___ SU

~~~~~~~~

E

~~~~~~~~~

J.IX.

~~~ 

____ ____—- —

DOUBLE PRECISION X 
_____  ____

1F(X.LT.-’174.996)IX IX+ 1 
________  ______  ___________  

—

V 

IF (X .c.iT.174.996)IY IY+ 1 
_ _ _ _ _ _ _

IFCX.LT.’.174.996)PRINT5.J ______

5 FORMATC ,*****UN DERFL OW ***** J~~ .I 3) 
_ _ _ _ _ _ _  

-V

- 
IFCX.GT.174.996)PRINTIO.J - - - -
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10 FO~~4ATC .~~~*..OV E LOW...~ * 3~~ .I 3)

IFCX.GT. 174.996)X—174.99

RETURN 
_____

~
VVV

~~~~~~~
V EN 

_ _ _- —

SUBROUTINE NBSTXCNB,NTOT,MQ,M 1, HO)________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

- -- ~~~~~V P~~~~a~E ~~RECI SlOW ?JTOT,111,NB, STOC~C, D.C,MO, RO, PQ 
-- _ _ _ _ _ _ _ _ _ _ _

~~O . E PRE C I  SlOW ~ ..OGa DEX P -— ____ _ _ _ _ _ _ _ _ _ _ _ _ _

_______N-NTOT”M 1+1 ______________  ________________________

ITEST 100 ___________

NB-O.O 
_____  ____

I FCM.LE. O)NB-DEXP( ‘-MO*RO) ______  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

— 

IFCM.LE.0)M— 1 
_ _ _ _ _ _ _  ___  ____  _ _ _ _ _ _ _ _

1)0 50 NRESUP M, I TEST 
_ _ _ _ _ _ _

C—0.O 
__________  _________  _______________________

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ________-

a V - _____________

— -

D-~1________ 
___  _ _ _ _ _ _ _

60 C—C ’ELO G C D) 
____  ____

65 IPC NRESUP*rL O0CMO *RO )-~c .MO. Ro.LT.—1oO )ooTo 111

50 NS—NB.CM 1..NTOT.N ESUP).D Cp(NRESUP pt1..OG( MO*RO)..C)* DEX PC t10* Ri) )

1 1 1  CONT INUE 
_____ ____ ____________

____— _ _ _ _-

END___________________ 
__________  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

SUBROUTINE HELPCN .MO, ROB, A3,M 1. B.A2 1) 
__________  ____

p ua,E P E C Z s Z N N . M o , RoB.A3.M1,a,A2, p~ 101). P0, DERI.A21 _ V  --

IFCA2 1.EQ.0.O CALL NBSTKC A2,N.1,MO~p(1.ROB) 
- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  •

IFC A21.EQ.O.O)CM1.. NBSTKC A3,PI.MO.M1.ROB)
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IF CA2 1.E Q.O .0)DER I MO *ROB

V IF CA2I dIE. O.O)CALL NINECN-1.MO. P. P0. BOB,A2,M 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1UA21.NE. 0.O)CALL NINEC N.M0. P.PO, ROB.A3.M1) _ _ _ _ _ _ _ _  _ _ _ _ _ _ _

IFC A2IdIE.O.O)CALL SUB21CN.P.DERI) ____  ___  ____

B--C DER1/ROB).CA3-A2) ____  ____  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

RETURN 
________  

_____________________________

END ___________  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

SUBROUTINE SUB2ICN . P. DERI )

DOUBLE PRECISION W. PCI OL) .DER I _ _ _ _  _ _ _ _

DOUBLE PRECISION EZ..OG,DEXP ___

DER1 O.O ___________________________________________

I TOT N 
________  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _______

1)0 10 NRESUP 1.ITOT _________ _ _ _ _ _ _ _

• 10 DERI DER1+NRESUP’P P(NRESUP) ___________________________

RETURN 
_ _  _ _  _ _ _ _

END 
____ ____ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -— — —-V -—- --—— - V - ------ - - -V—--— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- 
.- V

~ ENTRY 
___  _______________ _ _ _ _ _ _ _ _ _ _

.5 4 6 
-

/ L080FF 
- - -
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- EXAMPLE NUMERICAL RESULTS
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system. cost, and backorder level. Given a total expenditure level available
for allocation between inventory investment and transportation, the problem
is to determine the optimal fractional allocation to be made to transportation
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total expected backorder level is minimized. A conceptual framework for
trade-off analysis for minimizing total system cost in terms of inventory
investment level and resupply time level for a given -backorder level is pre-
sented. This conceptual framework also allows for the minimization of back-
order level in terms of inventory investment level and resupply time level
for a given total dollar expenditure level. Queueing models exhibiting various
demand and resupply processes are explored and compared to determine the
impact of inventory investment level and r esupply time level upon backorder
level. Specific solution procedures are developed for and are applied to the
trade-off analyses mentioned above.
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