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A Computerized Model 

for Retail Fertilizer Dealers' 

Inventory Management 

Gary T. Devino and Lloyd A. Dever, Jr.' 

INTRODUCTION 

In the late 1960's and early 1970's fertilizer manufacturers were aggressively 

merchandising their produce. Prices were low and credir terms ro retailers were 

exrremely lenient. Under the conditions then, prevailing fertilizer retailers had linle 

incentive ro limit fertili~er inventorit'S, except as they approached the end of the spring 

planting season. Filling up all available space resulted in little cash cost and 
provided protection against not being able to meet customer needs. As t-conomic 

conditions in the economy and in the fertilizer industry have changed. the costS of 

carrying fertilizer inventory have changed. With rodny's restrictive credit terms and high 

interest charges, filling up all available fertilizer srorage will reduce profits (or 

many retailers . 
Inventory theory suggests rhrec basic costs. These arc t-arrying costs, shorcage 

costs, and ordering. Carrying cosrs include cnpiral costs, cost of space occupied, 

inventory service costs, and inventory risks. 2 Ordering costs include both the 
paperwork and the receiving expense associated with rhc placing and processing of 

an order. Shorrage costs arise from failure ro meet cusromer demand. These 
include both revenue loss currently and the present value of future revenue which 

is not realized because of the ill will created by being our of produce. The objective 
of inventory management is ro minimize coral inventory costs. With chis objective 

in mind, decisions-when co order and how much co order-muse be made. 

AN INVENTORY PLANNING MODEL 

Planning fertilizer inventory levels has co be one of che more difficult problems 

faced by recail fertilizer dealers. Demand for fertilizer exhibits considerable monch
co-month fluctuation. The riming of high and low sales months varies from year co 

year with weather changes. l nvencory costs fluctuate in response co variations in lead 

rime, inceresc races, supplier credit cerms, produce coscs, availabiliry of discounts, 

and revenue loss from shortages. 

'Gary T. Devino is A$SOCi~~.te Prof"c:ssorj Lloyd A. Dever. Jr. was (ormerly a graduatt' assisca.nc in chc 
Dtparrmenr of Agricultural Et:onomia, University of Missouri-Columbia. 

1Johnson, Robert W., Financial MAnagtmmt, 4th eel.. , Allyn and Buon, Boston, 197 1, p. 133. 
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The retail fertilizer dealer has a continuum of inventory management options 

available. At one extreme he can, by the rime rhe spring season startS, have as much 

fertilizer in storage as he expectS ro sell. He will ha,·e a lor of money tied up in facilities, 
in products, and in costs of handling the produce. But he will have the product 

available when his customers want it. At the ocher extreme he can operate with a 
minimum level of stock and rely on his suppliers co provide goods as quickly as 

stock is sold. With chis strategy he will undoubtedly have stock-ours, temporary 
sales loss, dissatisfied customers, and perhaps lose customers. But he will have a low 

level of carrying cosr. 
The practical level for a retail dealer's fertilizer inventory is somewhere 

between the extremes identified. Bur where? For any sec of produce demand, 

carrying cost, order cost, and cost of lost business variables, there is one level of 
inventory which will result in a minimization of inventory costs for the firm. While 

determinacion of minimum cost levels for a few combinations of variable values could be 
accomplished manually, the need for daily analysis of inventory position, the 

changing values of variables and the number of possible combinations makes chis 
problem one which can be effectively handled with a computerized simulation 

model. The pu rpose of chis paper is co describe the scope and characteristics of a 
model developed to analyze inventory strategies for retail fertilizer firms. 

SCOPE OF THE MODEL 

A computerized inventory simulation model was developed ro allow identification 
of inventory costs under a variery of conditions. The model is applicable co dry 

bulk or bagged fertilizer operations. The program written for the model3 is designed 
co follow che inventory levels of the three major produces-nitrogen, phosphorous, 
and potassium4-chrough several years. Orders are placed when che designated 

order level is reached and orders are received dependent upon lead rime. Inventory 
diminishes ac the race indicated by a demand subroutine. Inventory levels, 
shortages, and coscs are calculated for rhe simulated erial. A general flow chart of 

this procedure is included on page 5. 
The model utilizes basic accounting relationships common co most retail 

fertilizer businesses. The analysis is individualized co the operations of a firm 

through input of several types of data. Researchers should find this flexibiliry 

beneficial in analyzing the potential impact of changing variable values on the 
operations of typical firms. Extension economists will be able co simulate the' 

operations of client firms. G 

MODEL OPERATION 

Monthly Demand 

Expected total sales for each year are entered as part of daca requirements. 
Monthly demand for each of the three principal produces is determined by the 

demand subroutine. 

sThe program is wricten in foreran !V language. 
4 The elemental designadon referS to all compounds and productS compostd. primarily o( che element. 
~Oa.tt requirementS and «rd organization are identified in Appendix A. 
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GENERAL FLOWCHART OF THE SIMULATION MODEL 

I Initial 7 frri~OL, Determine 

' ' Mont hly 
Input OQ, LEAD- I Demand for 

TIME Each Product 

'V 
\11 

Increment Schedule: Calculate 

Time to ' End of Month Yearly 

Next Event Pl ace Order Costa 

prder Arrival 

I 

J, \~ J, 

I Write I 
Place: an Arrival 

Yurly 
Order for End of Costs 

the Relevent 
of an Month 

Produc t 
Order 

OC$ 

Calculate Upda te Update Trial 
End 

Order Inventory Inventory 
Cos ts Levels Levels Yes 

Calculat6 

Calculate: Calcu late: 
Average 

Schedule ~~rying Cost Carrying Cos 
Costs per 

Arrival of ort age Cost Shortafe Cos Year 

Order Cost of Coods Cost y Cood 
Total Cost Tota Cost I Write' I 

' Calculate 
Average 

Schedule Costs 
Time of Mont hly 
Reotder Cash 

Position 

u~ Year 
Trial Yes 

No End 
Yes 

No 



The demand subroucine calculaces monchly demand based upon the input 
facrors of coral demand, the month, the produce, the form (bulk or bagged), and the 
demand pattern. The model is programmed tO evaluate each order policy for 
three different demand patterns. 

The three demand patterns were constructed on the basis of statewide shipmenrs 
of fertilizer in Missouri from 1967 through 1974.0 The graph on page 7 illwcrates 
the monthly allocation of total demand for each demand pattern. The ftrst demand 
pattern is the average monthly demand proportions calculated from the eight 
observations. Demand pattern two is characterized by an abnormally sharp peak 
during April reflecting optimal field conditions during the month. The third 
demand pattern is characterized by a relatively flat spring demand peak resulting from 
a wet spring. As a consequence, abnormally heavy demand is experienced 
Iacer in che year. 

These demand patterns decermine che proportion of coca! demand which occurs 
during a particular mooch. Month ly demand for bulk products is distributed among 
che three major produces in che following proportions depending upon che season: 7 

Spring distribution (January through June) 
nitrogen .370758 
phosphorus . 2665 18 
potassium . 34 2723 

Fall distribution (July through December) 
nitrogen . 315166 
phosphorus . 309315 
potassium . 342723 

The coefficients vary somewhat for the distribution of bagged demand. 
Decermination of monthly demand for a specific produce is accomplished by 

miltiplying total demand by che relevanc monchly faccor specified by che demand 
pattern. Mulciplication of monthly demand by the proportion allocated to the 
particular produce determines the demand value returned to che main program by che 
demand subroucine. Average daily demand is calculated by dividing che monthly 
demand by the number of days in the month . This procedure is accomplished at 
the beginning of each month. 

Clock Advance 

A variable rime increment clock controls progression of the simulation through 
the year. The clock value registers the day of the month. Each time an important 
event is scheduled to happen the clock is advanced. A clock advance is triggered 
when an order is placed, an order is received, or the month ends. Each event is 
assigned a time value indicating when it is scheduled. A minimization funccion 
selectS the imminent event and the clock is advanced to the appropriate day. 
Control proceeds to the section of che program where the even< is simulated. 

8 Users ol th~ program may wish to .subscitute oche-r demand patcems includjng stochanic panerns (or 
their srtt.. This c.an be accomplished by adjustins che demand subroutine. 

1The:se distributions are bast'<~ on .Missouri we patterns. Substitution cl coefficienu for orher areas wouJd 
be made In cht derm.nd subrourine. 
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DISTRIBUTION OF MONTHLY DEMAND FOR THE VARIOUS DEMAND 

PATIERNS 
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An Order is P laced 

After the clock advance, inven<ory levels for each produc< are de<ermined. If 
<he order level for any produe< has been reached , an order for <ha< produc< is 

placed. The order is equal <o <he number of tons specified by <he orde< quan<i<y 
for the produe< for the designa<ed month. 

Cost per con is determined by a cos< subrou<ine. If any quan<ity or seasonal 
discounts a re available, dealer's cos< is adj usted by the subroudne to reflect the 
discounc . 

Freight costs are included in the cost of goods sold. The assumption is made 
that any order requires the use of at lease one rail car, truck, or ocher transporta tion 

method. Freight muse be paid on a capacity shipment or a multiple of <his volume. 
This assumption severely penalizes orders of odd-lo< volume. 

The ordering cosr is calcula<ed next. The yearly ordering cost total is incremen<ed 
to include processing and handling cosrs incurred by the order. 

The arrival time of the o rder is scheduled by adding che lead time co the value of 
the clock variable. This scheduled arrival time, the next o rder poin<, and <he end 

of the mon<h are compared to de<ermine what event is to occur next. The clock 
is then advanced tO rhe appropriate event. 

Arrival of an Order 

If rhe arrival of an order was responsible for the clock advance, the following 
steps are taken. First the shortages, shorcage costs, and carrying costs for each produce 
are updated. The momhly and yearly shortages of each produe< are also calculated. 

Yearly cos<s are tabulated . 
Upon the simulated order arrival, a tes< is made <O de<ermine if srorage is 

available to accept <he entire order. If so, the order is added <0 current inventory 
and the program con<inues. If addidon of the entire order <o inventory on hand 

would cause the inven<ory level of the produC< <O exceed <he s<orage capacity 
available, s<orage is filled and <he remainder of <he order is deferred . The inheren< 
cos< of rhis procedure is the freigh< charges on <he portion of <he order which could 
not be accep<ed. The cost of goods sold is increased <o teflec< <he cos< of 
the additional invemory. 

A new order poin< is calcula<ed based upon the inventory level of the product 
and the demand for it. Comtol is returned to the clock function where the next imminent 
event is chosen. 

The End of a Month 

At <he end of each simulated momh, inventory levels of each product are 

updated co reflect sales and acquisitions. Shortages and costs are calculated for 
each product. Year-to-date values are incremented. 

The casb posi<ion and currem ratio of the firm are calculated at <he end of 
each month. The cash balance is increased by the amount of cash sales during 

rhe current monch and the amount of collec<ions made from accounts 
receivable. Collee<ions are dependent upon previous monthly sales and a three
momh aging schedule. The aging schedule may be included direc<ly as input or i< may be 
approximated from the average collection period by a subroutine . 
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The collec tion sub routine cons ists of seveml aging schedules assigned 10 

various average colle<:tion periods. 8 Depending upon cash sales nnd bad debe 

loss, the collection period under consideration is adjusted to approximate one of 

the standard aging schedules. 8" In chis manner, a three-month schedule of collections 

is determined which will produce an average collection period of the designated length. 

The aging schedule is chen recumed to the main program co be ustd for calculation of cash 

inflows from previous sales. 

Decreases in the cash account result from freight charges, cash expenses, and 

interest expenses. If a cash payment policy is in effect, the cash balance is decreased 

by the cost of inventory acquisitions during the month. But if supplier crtdit 

is utilized , the cost of goods purchased is added co the accounts payable balance. 

If cash transactions result in a cash balance which is below t he desired minimal 

cash level, bank loans are automatically increased co brins the cash balance up 

co the desired level. If the cnsh balance is in excess of minimum operating netds, 

available cnsh is applied co reduce bank loons or t\Ccouncs payable, whichever is 

appropriate. When a supplier credit policy is in effect, available cash is used co 

rtduce any existing bank notes. If a cash payment policy is in dTe<:r, available 

cash is used to reduce bank notes outstanding. 

Interest is charged on the balance in the t\Ccounrs payable an·cmnt '" che 

end of che momh. The race is determined by the service char~te inpu t value. 

Interest is also payable on bank notes outstanding at month-end. This rnce is also 

designated by an input variable. 

The accounts receivable balance is circu lated at the end of the month. Collections 

from previous sales reduce the account. Non<:~Sh sales during the month increase 

the receivables balance. Bad debt loss is carried for a y<'ar before being written off. 

The value of inventory on hand is determined by multiplying inventory levels 

by the per unit cost of che produce. 

The amount of shore term bank cr<-dic av-~ilable co chc firm is derermintd 

from either credit limit informacion included in the d'tm input or from calculations 

conducted by a crt-die analysis subroutine. 

The crtdit analysis subroutine utilizes informacion on the firm's current 

ratio in developing crt-die limits. The assumption is made chat the proportion of 

invencory value which will be financed depends UI>On the current ratio of chc firm. 

Additional shore-term credit is available co firms wi th greater roml ussecs. The 

critical values of chc current ratios and the corn;-sponding foccors are included as 

11The avc:ragccollecdon p4:'riod is dc:nnc..'CI as the: avcntg~ acc:ounts rc<.'r:ivnblt dividcd by nvc.•msc: daily slllc:s. 
88The aging scheduJes jdt:tltify rhe proportion of ulc:s rollt('ted in eac.·h or the: thret momhs followins 

the sales month. Twttlty-nine schcdult'J a.~ devtlopc:d co rt'Rc<c rolltction patcC'mS nnging from onts with 

mosc accounts re<civables collecttd soon af'tc:r rhc: sales momh co ones where nt:~.rly n third o( 3Ccouna 

r«eivablc: arc: colle<red thrt'C monchs tlttr the s;~.Jc..•s month. 
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input data. As an example consider the following situation: 

a. Sample Input Data 
Current ratio 

exceeding 

1.5 
2.0 
2.5 

Proportion of 
inventory value 

financed 
.7 
.8 
.9 

b. Calculated current ratio for the study firm 1. 7. 
c. Inventory valued at $50,000. 
d. Total assets $500,000. 

Additional credit 
as a pro port ion 
of total assets 

.2 

.25 
.3 

The short term credit limit for the firm is S 135,000, which was calculated 
as follows: (. 7 x S50,000) + (. 2 x $500,000). 

If the value of bank loans outstanding at the end of the month exceeds credit 
limitations, this information is printed our. 

With the determination of the cash position of the firm, the end-of-month 
processes are complete. A test is made to see if the year has ended. If not, control 
is returned for another clock advance. If the year has ended, the program proceeds. 

Year End 

The end of the year requires several cost calculations. First the value of inventory 
on hand is subtracted from the cosr of goods sold resulting in the yearly cost of 
goods sold. The summation of yearly cost of goods sold, yearly carrying costs, 
yearly order costs, yearly shortage costs, and yearly interest expense is the yearly 
coral cost. This total excluding cost of goods sold is also calculated. The 
cumulative value of each of these costs is incremented by the relevant yearly cost. 
This cumulative value includes the annual costs incurred for the aggregace number 
of simulated years in the trial. It is used at the end of the trial ro compute 
average yearly costs. The cumulative shortage of each produce is updated ro 
include yearly shortages. 

The number of years simulated is incremenrd by one. A test is made ro sec 
if the number of years simulated is equivalent ro the desired number of repetitions. 
If not, control returns for the beginning of a new year. 

If the appropriate number of yearly runs has been made, the program proceeds 
to calculate the average cost per year for each cost care gory. This is accomplished by 
dividing the cumulative cost by the number of years simulated. Average yearly shortages 
of each product are also calculated. 

All three demand patterns are evaluated for each order policy. When this is 
complete, another order policy is read and evaluated. After all the specified order 
policies have been evaluated under all three demand alternatives, another set of input 
data is read. The designated order policies are rested for this dara set. When no 
more data is in rhe data deck, the simulation run ends. The output may then be 
used tO evaluate the various order policie.s. 

COMPUTER PRINTOUT 

The three basic levels of output are monthly, yearly, and average yearly. A 
sample for a dry bulk fertilizer business with yearly expected sales of 4,000 tons 
is shown in .Appendix B. 
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Printout of Monthly Data 

The monthly printout includes the cash balance, accounts receivable, sales, 
bank loans, accounts payable, interest expense, the current ratio, the shortages of 
each product, and the maximum inventory level of each product du ring the month. 
This information provides a summary of the current financial status of the firm. If 
the short-term limits are exceeded, a special message is printed our. Such a 
message would indicate that the firm was experiencing cash flow difficulties. 
Inventory levels may need ro be reduced to provide more operating capital. 
Possibly the collection policy is roo lenient. The cash flow problem might be the 
result of charging roo little for rhe product. This monthly printout can be useful 
in locating cash flow problems and rhe cause of the problem. 

Monthly shortages are printed our in order to determine the minimal efficient 
order level for each product during each mooch. For example, a shortage of 
fifry tons of nitrogen during April would indicate that the order level for char 
product should be increased ro prevent a stockout. 

The maximum inventory levels arc printed out ro evaluate utilization of 
available storage. This data may also be used to determine how existing storage 
capacity should be allocated among the various products. 

Printout of Yearly Data 

The yearly printout provides an overview of the allocation of the various 
inventory costs. The average value of these yearly costs determines which of the 
various order policies is least costly over rhe simulation period. The key figure for 
comparative purposes is the average total costs excluding cost of goods sold 
(TC-CGS). Ordering costs, carrying costs, shortage costs, and fixed facilities 
costs are included in this total. Minimization of this total indicates the optimal 
order policy. If discounts are available, the coral cost figure (YRTC) should be 
used ro compare alternatives. Savings resulting from discounts arc reflected in 
this coral. 

SUMMARY 

Fertilizer retailers face a highly unpredictable demand. Seasonal demand 
patterns are complicated by unpredictable weather conditions. Lead rimes are often 
uncertain especially during the busy season. In addition, storage limitations, cost 
of borrowed funds, cost of shortages, supplier credit terms, and availability of 
discounts complicate the inventory decision facing the fertilizer dealer. 

Conventional inventory theory lacks the versatility to deal adequately with these 
fertilizer inventory questions. In order ro evaluate alternative order policies, a 
simulation model was developed to deal with the uncertainty of key variables. 

The computer model was designed to calculate annual carrying costs, shortages and 
shortage costs , cost of goods sold, total inventory costs, and interest expense. In 
addition the monthly cash position was summarized. Several years were simulated and 
the average yearly values of the annual costs were computed. This procedure 
was repeated for each of three demand patterns in order ro introduce variabi lity 
of demand ipro the model. The data input variables were selected ro allow the 
flexibility to simulate various situat ions. 
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The advan tage of this simulation lies in irs ability co deal with various 
inventory alternatives without interrupting the retailer's business. Analysis conducted 
with the model indicates potencial cost reductions of $1000 co $ 1500 per year for 
firms having sales in rhe 4000 ron per year range. 
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APPENDIX A-

FERTILIZER INVENTORY CONTROL MODEL DAT A FORM 

Card I 

Expected sales for the fiscal year 

Total assets 

Cash sales as proportion of total sales 

Bad debt loss as proportion of total sales 

variable cash cxpcnte as proportion of total 
sales 

Fixed cash expenses per month 

Minimum cash level desired 

Service charge on accounts payable 

Blank space 

Interest rate charged on borrowed funds 

Cash Discount on purchases 

Product type (check one) 

Payment policy (check one) 

13 

bulk 

.,.ggod 

cash 

supplier 
credit 



Card 2 

Sxp~eted «>at of Nitrogen $ 132..00 I ton 
(1-6) 

Expected cost of Phosphorous $ lllf?. 00 I ton 

Expec ted cost of Potassium $ 
(7 - 12) 

5/2, 2.'-
(13 - 18) 

I ton 

Expected selling p~ice of Nitrogen $ 175.(2£ I ton 
(19- 24) 

EXpected selling price of Phosphorous $ Z/0. 00 ·' ton 
(25- 30) 

Expected selling price of Potassium $ 10~00 I ton 
(31-36) 

Storage capacity for Nitrogen .300 tons 
(37-42) 

Storage capacity for Phosphorous ;j_oo tona 
(43-48) 

Storage capacity for potassi um '150 tons 
(49-54) 

Cost to order Nitrogen $ 0 I ton 
(55-60) 

Cost to order Phosphorous $ 0 I ton 
(61-66 ) 

Cost to order Potassium $ 0 I ton 
(67-72) 

Card 3 

Siz~ of sh1pcent for Nitrogen /00 tons 
(1-6) 

Size of shipment for Phosphorous 100 tons 
(7 -12) 

Siz.e of shipment for Potassium /00 ton a 
( 13-18) 

Freight cost Nitrogen $ e..oo /ton 
(19 -24) 

F~eight cost Phoa phorous $ /5:00 /ton 
(25- 30) 

Freight cost Potassium $ J.O. 00 /ton 
(31-36) 
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Colle<tion Praetlee (<omplete either a or b) 

Card 4 

a . Average eolleet ion per iod 

b. Proporti on of sales <olleeted 
first month 

Pro portion of sales co llected 
se<ond month 

Proportion of sa les collected 
third month 

Besinning Inventory Nitrogen 

Beginning inventory Phosphorous 

Beginning inventory Potassium 

Shortage cost Nitrogen 

Shortage eost Phosphorous 

Shortage cost Potassium 

Annual fixed eost for faei litico 

Card 5 

Credit Availabi lity (eomplctc either a or b) 

$ 

$ 

$ 

$ 

3e_ days 
(37-42) 

.0 
(43-48) 

.0 
(49-54 ) 

.0 
( 55-60) 

300 tons 
(l- 6) 

30o tons 
(7- 12) 

'i."iD tons 
(13- 18) 

6 .()() I ton 
(19 -24 ) 

~.()O ' ton 
(25-30) 

lP.Oo I ton 
(31- 36) 

LOOQ 
(37- 44) 

a. Maximum short term bank eredit available $ 3oo, t2tl.O 
(1 - 10) 

b. Current rat io va lues 

1. 0. 2. Q 3. 0 4. ~ s. 0 
( 11-13) (14 - 16) ( 17- 19) (20-22) (23- 25) 

total assets financed 

1. 0 2. 0 3. 0 4. 0 s. 0 
(26-29) (30-33) (34-37) (38-41) (42-45) 

Inventory values financed 

1. (}. 2. 0 3. tJ 4. () s. () 
(46-49) (S0-53) (54-57) (58-61) (62-65) 
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Card 6 

Seasonal Discounts (do llars/ ton) 

Nitrogen 

J 0 
( 1-4 ) 

J 0 
( 25- 28) 

Phosphorous 

J 0 
(49- 52) 

J 0 
(73 - 76) 

Card 7 

S~asonal Di scount 

Card 8 

Phosphorous 

s 0 
( 1-4) 

Potassium 

J (J 
( 17- 20) 

J 0 
(41-44) 

F Q 
(5- 8) 

A 0 
( 29 -32) 

F 0 
(53-56) 

A 0 
(77-80) 

0 0 
(5-8) 

F 0 
(21-24) 

A Q 
(4 5- 48} 

Quantity Discounts 

M 0 
(9-12) 

s () 
(33-36) 

M 0 
( 57-60) 

II 0 
(9 - 12) 

M 0 

A 

0 

A 

(25-28) 

s 0 
( 49 - 52) 

0 
( 13- 16) 

(1 
(37- 4 0) 

0 
(61-64) 

0 (1 
(13-16} 

A Q 
(29-32) 

0 0 
(53 - 56) 

Tons qualifying for first discount l~vcl 

Discount achieved 

Tons qual i fyi ng for second discount l evel 

Discount achieved 

Tons qualifying for third discount level 

Discount achieved 

!6 

M 0 J (1 
( 17 - 20) (21- 24) 

N 0 D (1 
(4 1- 44) (45- 48) 

M 0 .J 0 
(65 - 68) (69- 72) . 

M 0 
(33 - 36} ·=.=-.=-- ( 37-40} 

J () 

N () 
(57-60} 

D 0 
'-==""..,-,-- ( 61 -64 ) 

0 
( 1-6) 

$ 0 
(7 - 12) 

0 
(13-18} 

I ton 

$ 0 I ton 
(19- 24) 

0 
(25-30) 

$ 0 I ton 
(31-36) 



Card 10 

Lead Time for Nitrogen (days) 

J 7 F '1 M 7 A 7. M 1 
( 1-6) (7-12) (13-18) (19-24) (25-30) 

J '1 A 1 s 1 0 1 N 2 
(37 - 42) (43-48) (49-54) (55-60) (61-66) 

Card 11 

Lead time for Phosphorous (days) 

J /4 F /4 M II}_ A L'f M l'i:. 
(1-6) (7 - 12) ( 13-18) ( 19-24) (25-30) 

J ~~ A I~ s II/- 0 ltf N L't 
(37-42) (43- 48) (49-54) (55-60) (61-66) 

Card 12 

Lead Time for Potassium (days) 

J ~( F ~I M ~I A J-L M :J..,i 
(1-6) (7-12) (13-18) (19 - 24) (25-30) 

J j_l A ~I s j_[ D fl-L N 2/ 
(37-42) (43-48) (49-54) (55-60) (61-66) 

Card 13 

Order Quantities for Nitrogen (tons) 

J lQO F 100 M /00 A IQQ M lQO 
(1-6) (7-12) ( 13- 18) (19- 24) (2 5- 30) 

J lQO A lQQ s lQQ 0 IQQ N 100 
(37- 42) (43- 48) (49-54) (55-60) (61- 66) 

Card 14 

Order Quantities for Phophorous (tons) 

J l~O 
(1- 6) 

F lQQ 
(7-12) 

M :lQQ 
(13-18) 

A ;l.~O 
( 19-24 ) 

M Lo.o. 
(25-30) 

J La a A [OQ s tOo o lQo N tOO 
(37- 42) (43-48) (49-54) (55-60) (61-66) 

Card 15 

Order Quantities for Potassium ( tons) 

J to~ F 2Po M ,p,oo A :?Oo M LCO 
(1:) (7-12) (13-18) (19-24) (25-30) 

J 100 A lOll s /00 0 J()O N f(}() 
(37-42) (43-48) (49-54) (55-60) (61-66) 

17 

J '1. 
(31-36) 

p 1 
(67-72 ) 

J ~~ 
(31-36) 

0 ltf. 
(67-72) 

J :Z/ 
(31-36) 

D :ZI 
(67-72) 

J 1120 
(31-36) 

D IOQ 
(67-72) 

J [00 
(31-36) 

D [00 
(67-72) 

J loP 
(31-36) 

D JM 
( 67-72) 



Card 16 

Order Leve l for Nitrogen (tons) 

J Jo F 5Q II {~0 A. {PO M 5~ J /fO ( l-6) ( 7- 12) (13- 18) ( 19-24) (25-30) (31-36) 

J P..o A ao s ,~Q 0 3~ N 3o D :zo (37-42) (43-48) (49-54 ) (55 - 60) (61-66) (67-72) 

Card 17 

Order Level for Phosphorous ( tons ) 

J q_t; F 11) II lfJO A l5.Q II ~2. J ~5 ( l-6) (7 - 12) (13-18) (19-24) ( 25-30) (31-36) 

J J./0 A 50 s 5:£. 0 5"~ N fz D 1:.o (37 -42) (43-48) (49 - 54) (55 -60) (61-66) (67-72) 

Card 18 

Order Level for Potassium (tons) 

J '15 F 1 :1~ M 2(aQ A .;2kQ II 15'() J Uf> 
(1 -6) (7-12) ( 13-18) ( 19-24) (25- 30) (31-36) 

J 7() A Cf5 s LP..f2. o LOO N /0.0 D 1'5' 
(37-42) (43-48) (49 - 54) (55 - 60) (61-66) (67-72) 
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Card9 

This is a control card which determines how many order policies are to be 
read and which policies are to be evaluated for each simulated input. 
Columns 1-3 

Columns 4-6 

Columns 6-9 

Columns !0- 11 
Column 12 

This is the number of order policies co be read. This is a right
just ified intege r. One hundred is the maximum number of 
order policies which may be read. 
This is the first order policy co be evaluared for this particular 
simulation: right-justified integer. 
This is the last order policy to be evaluated for this particular 
simulation: right-justified integer. 
Blank 
This column must be blank or contain the integer !. The 
integer 1 denores that a series of order quantities and order 
levels follow in the dam de-ck. A blank in this column indicares 
rhat the order policies have been f(~d previously in the deck 
and these policies are to be used for chis erial rather than a 
new set of order policies to be read. This V>lriable is KEY. 

Order Policy Development 

Order Policies can be d eveloped to correspond co any operating goal 
desired. The mechanics of changing policies are accomplished by adding order 
quantity and order level cards. Cards 13- 18 arc repeated for rhe desired number 
of order policies. Six cards muse be present for each order policy specified in 
columns 1-3 of card 9. Order policies are read if column 12 of card 9 contains 
the integer l. 

When order quanricy and order levels are known chis data is cnrcred in rhe card 
sequence specified. A special rout ine in the program can be used to identify 
order levels and needed adjustments in orde r quancicies when values are nor 
known. Operation of chis routine is a((Omplished by: 

!. entering minimum shipment size informacion for Order Quantity. This 
data will be the same as card 3, ( 1-18). 

2. enrering a negarive value in columns l-6 of the order level dara card 
(card 16). 

3 . operating the program. 
The printout will show the demand during lead time for each demand pattern . 
These are the minimum order levels needed co prevent srockouts . This data 
can be utilized direccly by rerunning che program or as base data in developing 
values for different strategies . 
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APPENDIX B 

SIMULATION PRINTOUT 

TOTAL DEHAND • 4000.00 TorAL ASSETS • 600000.00 CASH SAlES • 0.100 BAD DEBT LOSS • 0.002 CASK EXPENSES • 0.080 
"SALES + 800.00 

KIIIIIIIJM CASH • 15000.00 INTI RATE 011 AP2 
• 0.120 lNT RATE ON LOAIIS • 0 . 100 

CASH DISCOUNT • 0 . 000 PORI! = 1 PAY POLICY • I SHORTAGE POLICY • 1 COST OF N
2 

• 13S. OO 
COST OF m4 • 146 . 00 COST OF POT5 

• 50 . 26 !'RICE OF N = 175.00 !'RICE I'll= 210.00 

PRICE OF POT • 108.00 STORAGE CAP
6 

OF N • 300. STORAGE CAP OF PH • 300. STORAGE CAP OF POT • 450. oc7 
OF N • 0.00 

OC OF PH = 0 . 00 OC OF POT = 0 . 00 MlN
8 

ORDER OF N • 100. MIN ORDER OF PH = 100. MIN ORDER OF POT = 100. 

~ PRCOST
9 

OF N • 8.00 FRCOST OF PH • 15. 00 FRCOST OF POT • 20.00 ACPlO • 30.00 AGING SCHEDULE 0.000 0.000 0,000 
BEG lNVll N • 300.00 BEG INV I'll = 300.0 BEG INV POT = 450.0 sc12 

PER TON N • 6.00 

SC PER TON PH • 6.00 SC PER TON POT • 6.00 

FIXED FACILITIES COST • 1000.00 MAXI) LOANS ~ 300000. 00 CRITICAL CR 14 
• 0 . 00 0.00 0.00 0.00 0 . 00 

ASSET FACTORS 0.000 0 . 000 0 . 000 0.000 0.000 INV FACTORs15 
0.000 0.000 0 . 000 0 . 000 0 . 000 

SEASONAL DISCOUNTS ON NIT 0 . 00 0 . 00 0.00 0 . 00 0.00 0 .00 0 . 00 0 . 00 0 . 00 0 . 00 0.00 0.00 

SEASONAL DISCOUNTS ON PHS 0 . 00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0 .00 0.00 0 . 00 0,00 

SEASONAL DISCOU~rs ON POT 0 . 00 0.00 0 . 00 0 . 00 0 . 00 0.00 0.00 0.00 0.00 0.00 0 . 00 0 . 00 

ORDER cr16 
0. DISCOUNT OF 0 . 00 ORDER CT 0.00 DISCOUNT 0 . 00 ORDER CT 0. DISCOUNT OF 0 . 00 

1 OQS l7 AND CLS lS ARE READ IN I TO 1 WILL 8E TESTED KEY • 1 



THIS IS Uti AL 

J4N FE8 ••• • •• • •• ..IU"'I:; ..IULY AUG SllPT OCT NOV OfC 

1'~-tC t..Eio01' l.,f FOR HlT40GEH " ' · ' · '· I . '· 7. 7. 7. '· '· 7. 7. 

1'"f l.r .. "'t l .. f frt)ll Po·O .. Pot('t lU':U~ IS , .. I•· I 4 • , .. ••• I •. , .. ,.. 14 . ••• I 4 • ••• 
u·r ...... n, 1""!. f',...P , .. ,, ,.'\stu,. IS ••• ... •• • ll • ll • .. . ... ll • l l. ... ... • •• 

'"' Tit l A\, OO oS Fl'lA "f( TIIOGt H ••• I 00. IOOo IOO o 100. IOOo 100. •oo. 100. •oo. 100. too. I 00. 

'"' fD I A \, 01) o 5 Fao f'tU\$f'!! "; CH)II~ AQ( I 01) • 100. 200 . zoo. IOOo IOC)o 100· 100· aoo. 100. 1CO. 100. 

·-· fA I AL 00 o S I'QA P C I4,\IU04 A.Ot. 100· 2CO• 200 . 201l o IOOo I 00. 100• 100o I OOo 100. too. 100· 

••• to I AL (.:,. o S f1[10 H ll rltlGC."f ••£ JO • ••• 100 . too • ••• • O· l O • JO. )0 . )0. ) 0. zo. 

••• t O J Al. I"L oS F'O I1 N•nSP .. ')DOUS ••t ... TOo •~o. I ~11, 6S. ••• • o • so . • •• • •• ... ••• 
THf tP l ,l. l fll.. , $ f')P Pt)I A~~ IV~ AA( ... 1)5 • • uo . 260 • 150· 1 I So 70 . ••• 100 · 100. aoo • • •• 

•••••·-- - --T HIS IS 0fN4NO P ATTfPH ·-----------

AR19 ACCPAY20t NTEXP21CR22 SHORTAGE OF MAXIMUM INVENTORY OF 

MONTH CASH SALES LOANS HIT PI!OS POT NIT PI! OS POT 

"' 
1 54644.66 36565.92 27486.31 0 .00 o.oo 0.00 ........... 0 .0 o.o 0.0 300.0 300.0 450.0 

- 2 82116.55 51234.92 46674.88 0.00 0.00 0.00 ·- 0. 0 0 . 0 0.0 237 .1 251.4 391.9 

3 48107.70 95890.94 93803.51 0.00 0 . 00 0 .00 ***** 0.0 0 . 0 0.0 151.5 275.1 325.6 

4 48562.15 124989.60 114353.43 o.oo o.oo 0. 00 ***** 0. 0 0 . 0 0 . 0 139 . 0 255.7 294.8 

1inl:oroat 6 capacity 
11beginning inventory 

16 
greater than 

2 accounts J>nyable 7 order cost 
12shortagc cost 

17 
order quantities 

3nitrogen 8miniDllm 
13 

maximum 
18 order lead time 

4 9 14 19accounts receivable phosphorous freight cost current ratio 
5potueium 10avcrage collection 15inventory 

20 accounts payable 

period 21 interest expense 
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