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The specific purpose of this study was to compare the performances of

¢ two alternative inventory control procedures selected from the literature
§ with that of the strategy currently used by the Air Force Commissary
K Service in an attempt to answer the question: What is the most

appropriate inventory control strategy to efficiently manage the inventory
) of se/ected items in the WPAFB commissary?

Extensive comparisons of the simulated performances of these three

FrLE.

models were conducted at both the aggregate and individual item level

'{i with a sample of 90 items. Of the three procedures, the inventory control

o system proposed by Bytronic Technologies Corporation appears to be the

; § most promising. However, further exploration of the performance

b produced by the Bytronic procedure is clearly required before the

v conclusions of this study are adopted.
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;.. received from others; without their contributions, reseerch of this nature

,' could never be completed. This study is certainly no exception. In

-’ particuler, | would like to extend my thanks to my faculty advisor, Major
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'.2 essistence regerding inventory control within the Commissery aiten Por fA
£ environment. Last, but certainly not least, | would like to thank my wife :’.-;,:m v
é Cathy for her endless support and encouragement when the going got tough :. . 4
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Abstract

The specific purpose of this study was to compare the performances
of two aiternative inventory control procedures selected from the
literature with thet of the strategy currently used by the Air Force
Commissary Service in an attempt to answer the question: What is the
most appropriate inventory control strategy to efficientiy manage the
inventory of se/ected items in the WPAFB commissary? Due to & number
of analytical and practical constraints, simulation and
simulation-related techniques were used to answer this question.

In arriving at a satisfactory answer to the research question, a
number of intermediate issues had to be addressed. The first of these
issues was the selection of the two most promising alternative reorder
stretegies for comparison with the current reorder algorithm. Based
upon an extensive review of the literature, a procedure recommended by
Bytronic Technologies Corporation and a procedure presented in an
erticle by Tijms and Groenevelt were the two systems chosen.

Once the two alternative strategies had been selected, the next issue
addressed was the development of performance measures with which to
accurately assess the performances of the three inventory control
systems. Interviews with AFCOMS personnel revealed that of the many
potential measures available, not-in-stock rates and inventory-to-sales
ratios were the most relevant for Commissary Service operations. In

addition, a number of other inventory "profile” measures were tracked,
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analyzed, and reported throughout the study to supplement the
comparison.

The last issue addressed concerned the appropriste probability
distribution to assume for the randomness of daily demand and to
incorporate into the simulation models. Since the results of the
simulations were clearly a function of the distribution used, the
accurate resolution of this issue was crucial. An extensive review of
the professional literature and analysis of the sample data found that an
assumption of normally distributed demand was reasonable.

Once each of these issues had been resolved, extensive comparisons
of the siinuleted performances of the three models were conducted at
both the aggregate and individual item level with a sample of 90 items.
Of the three procedures, the inventory control system proposed by
Bytronic Technologies Corporation appeared to be the most promising at
both the aggregate and individual item level.

Detailed study of the Bytronic system revealed that its performance
could be improved even more so with further refinement of the
multi-item classification scheme used to categorize the 90 items within
the sample.

Finally, striking a delicate balance between the two conflicting
objectives of providing a given level of customer service, while at the
same time seeking to maintain the lowest inventory levels possible, is
easier when the relationships among inventory levels, customer service,
and inventory performance are explicitly known. Therefore, graphs

showing these actual trade-offs for the Bytronic system are presented.
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A COMPARISON OF THE PERFORMANCE OF

I.:: THREE INVENTORY CONTROL STRATEGIES
0w IN THE COMMISSARY STORE ENVIRONMENT
i

"'

o,

1".

.,:.t

a I. Introduction

B

&

!

" General Background of the Study

e Tasked with the administration and operation of 139 retail stores

o around the world, the mission of the Air Force Commissary Service
(AFCOMS) is truly globael in nature (1:115). With annual sales in excess
W, of $2.2 billion dollars in 1986 alone, the volume of business conducted by

»

/ the Commissary Service clearly indicates the need for sound management
::' principles and practices (1:115). This need is further exacerbated by the
" fact that the Commissary Service has become tho target of increasing
’”

: congressional scrutiny as lawmakers attempt to trim government

N

Al spending.

Z;i Although at first glance a typical commissary store may simply look
’;;E like a military version of its civilian counterpart, the resemblance is

A
i actually quite superficial. Beyond the fact that both sell grocery and
v subsgistence items, the contrasts ere rather striking. Perhaps the most
. important distinction between the two is the mission, or primary
o objective, for which each exists. Virtually all civilian grocery retailers
e exist for one ultimate reason--profit maximization. The Commissery
2
W

1 1
7
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Service, on the other hand, exists as a form of non-pay compensation for
military members and their dependents. According to a recent 4/ Farce

Magezine earticle:

Patrons repeatedly save an average of twenty-five percent by
shopping in the commissary since all Air Force commissaries sell
goods at cost plus a five percent surcharge required by law to pay
3 for equipment, supplies, and other expenses. {1:115]

Commissary Service operations are also somewhat unique since all
personnel and labor costs are financed by the federal government through

appropriated funds while inventories are purchased by means of a

revolving stock fund.

in spite of these marked differences between the Commissary Service

) W oY ¥

and civilian grocery retailers, the Commissary Service must strive to
conduct its business operations in the most economical and efficient

manner possible in view of the close scrutiny to which it is commonly

Pt 4 8 & A

subjected. Keeping an adequate, yet not excessive, stock of goods on

A

hand for future sale is a critical component of such operations since

inventories represent one of the major investments made by an

eAYNS]

organization (28:ix). In addition, inventories have a direct impact on the

fraction of customer demand that can be met immediately with stock on

IS U A O Tt 1

hand and thus are closely related to the level of customer service a
particular commissary store can provide its customers. More

specifically, if inventory levels tend to be consistently inadequate,

A

shortages occur as demand for the item exceeds its supply. On the other
hand, if a store manager attempts to preclude such shortages by carrying

excessive inventories, 8 number of off-setting, adverse side effects will

- L o LA - - L 4 « L g - - Pl ~" o
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o T o e o
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? result. Although it then becomes easier to provide better customer

service, holding and storage costs will rise. Losses due to spoilage,

" pilferage, and mishandling will also increase. These latter costs must

';: be weighed against any advantages gained by stocking a larger inventory.
4 Obviously neither one of these two extremes of inventory management is
2 acceptable if AFCOMS is to operate in an efficient menner.

) Recent interviews with AFCOMS personnel reveal that current

5 inventory management practices vary widely from store to store and

: meet with varying degrees of success. For instance, during a recent

;5: interview, the Wright-Patterson Air Force Base (WPAFB) commissary

N store officer cited the following, reoccurring problems with current

:'- inventory practices: 1). 100 to 200 not-in-stock items on any given
shopping day, 2) an inventory-to-sales ratio closer to 1:1 than the

v stated objective of .5:1, and finally, 3) daily handling and spoilage losses
; of approximately $500 to as much as $1000 (19). Although these

t problems take on an added degree of significance since the

: wright-Patterson Air Force Base commissary is the fifth largest store
. within AFCOMS, with monthly gross sales typically in excess of $3.5

! million dollars, these inventory control problems are not unique to the

K wright-Patterson Air Force Base store. As aresult, AFCOMS is actively
3 seeking to improve its "inventory policy” ; that is to say, when and by

-

how much should a store replenish its inventory? (23).
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“ The current reorder algorithm, or formula, used throughout AFCOMS is
Es more the result of years of trial-and-error experimentation rather than
§ the result of any detailed, scientific analysis. Furthermore, a
‘-:2: comprehensive review of the professional literature regarding inventory
;. control reveals that a number of alternative reorder strategies hold
'E; significant promise of iinproving inventory management practices
0 within AFCOMS. In view of these facts, the specific purpose of this
E.';: particular investigation is to compare the performances of two
::'n alternative inventory control procedures selected from the literature
o with that of the current method in an attempt to answer the question:
E what is the most appropriate inventory control strategy to efficiently
E manage and control the inventory of se/ected items in the WPAFB
:: commissary?

N
-2 -

) Scope and Limitetiong of the Research
::“ As a result of the sheer number of items which comprise the
i inventory of the WPAFB store (approximately 10,000), this study will
o necessarily be restricted to a much smaller subset or sample of items.
A In addition, aithough a number of alternative reorder strategies

: presented in the literature offer a significant degree of promise with
A regard to improving inventory control within the commissary
'5

environment, only two of these are presented in this study as a result of

X

the necessity of achieving some degree of practical scope. Moreover, due

™

X to the rather substantial gap that currently exists within inventory
_ control ds a field of science between theory and practice, it is

2
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3
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unrealistic to expect any proposed reorder strategy to provide on
absolute optimization; on the contrary, what is hoped for is a
significant improvement over current practices. Finally, although
extrepolation of the results of this study to products beyond those
contained in the sample may seem warranted if one or both of the
proposed alternative reorder strategies proves to be highly successful,

no attempt will be made to de so within this study.

To attack a problem of this magnitude, a logical and coherent
approach is essential. Therefore, the problem will be addressed in five
distinct phases as outlined below:

1. Propose two aiternative reorder strategies which possess
significant promise of improving inventory control practices.
The particular inventory model, or reorder strategy, selected for a
certain application is clearly a direct function of the operating
environment in which it will be implemented. The literature seems to
imply that commissary store operations might benefit significantly by
implementing an alternative reorder strategy for a number of reasons.
Such a strategy might yield a variety of benefits. Consequently, the
specific aim of this particular sub-objective is to determine what are
the two most promising reorder strategies to select for in depth study.
This sub-objective is accomplished in the literature review.

2. Develop, verify, and validate a simulation model for each
of these two alternatives as well as one for the current

reorder system. Due to a number of considerations regarding
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analytical feasibility and experimental design, simulation and
simulation-related techniques are used in this study to assess the
performeance of each of the reorder algorithms. Clearly, if the results of
this study ore to gain a sufficient degree of acceptance and credibility,
the models that produce these results must be subjected to extensive
verification and valication.

3. Develop performance measures with which to compare the
performance of the three reorder strategies using the selected
sample and statistical inference. In order to accurately assess the
performances of the various reorder strategies (the current and the
proposed models), criteria by which to judge the relevent merits of each
must be developed. Although easily quantifiable measures such as
not-in-stock rates and inventory-to-sales ratios readily come to mind,
other more subjective factors such as ease of use and intuitive appeal
must also be considered.

4. Select a sample and identify the probability distribution
that most accurately reflects the randomness of daily demand.
Clearly, the composition of the sample used to compare the performences
of the three alternative models will influence the assumptions on which
this study rests as well as the applicability of the results it produces.
in addition, the sample used will aiso have an impact on the experimental
design (thet is, run length and number of replications) necessary to
attain o specified level of statistical precision. By taking these various
considerations into account, the specific aim of this sub-objective is to
determine the most appropriate probability distribution with which to

represent the randomness of deily demand.
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5. Design and conduct an experiment to compare the
performances of the three alternative inventory control
strategies. The primary goal of this sub-objective is to assess and
summarize the performance of each strategy and to answer the question:
what is the most appropriate reorder strategy to efficiently manage the
inventory of se/ected items in the WPAFB commissary? Since the
particuler items which compose the sample of this study are chosen such
that they are typicaily availabie at commissary stores worldwide, the
results of this study are not necessarily restricted to the operations of
the WPAFB store. In addition, interviews with HQ AFCOMS personnel
reveal that there is nothing peculiar to WPAFB commissary store which
might preclude or seriously limit the generalization of the results of

this study to other similer commissary operations.

Qverview of Remaining Chep!

Chapter 2 provides an extensive discussion of the professional
literature relevant to inventory control management within the Air Force
Commissary Service. More specifically, the unique environment in which
the Commissary Service operates, the four cetegories of costs that are
typically relevant to inventory management, the issue of selecting an
appropriate aiternative reorder strategy, the simulation of inventory
systems, and finally, the issue of categorizing 8 multi-item inventory 3
ore the five topics that ere addressed.

Chapter 3 gives 8 detailed presentation of the three inventory control
simulation models actually used in this study. Following en overview of

the basic structure and the assumptions of each model, the procedure
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used for the verification and validation of the three models is presented
in detail.

Chapter 4 presents the methodology used in comparing the
performances of the three alternate inventory control systems and e ook
at the data collection and data preparation procedures to support the
models. Next, a number of statistical considerations for the analysis of
simulation results are addressed. Finally, the experimental design used
to support the research objectives is presented.

Chapter S presents the analysis of the results of the study at an
aggregate level. Once the model demonstrating the best performance has
been identified, this model is subjected to further study at both the
aggregate and individual item level.

Chapter 6 provides a summary of the limitations of this research and
a number of practical implications of the results. Recommendations for
refinement, adaptation, and future use of the models are 8lso presented.
Finelly, a number of conclusions regarding the utility of the study to the

Air Force Commissary Service are stated.

""" R N RN A A SN NS "w."‘\.\" AR AN ~ LT N
” v . . .3 s

v r P N A S I T S, et . .
p " P A A AR N M A N A R N N AR



Il. Digcugsion of the Literoture and Specific Implications

Scope ang Organization of the Review

As @ popular field of applied science, inventory management
encompasses a very broad subject area. |n contrast, this particular
literature review is limited to examining only those aspects of inventory
management relevant to inventory control procedures within the Air
Force Commissary Service.

Wwith regard to ¢ ganization, the specific format of this review is
topical in nature. More specifically, the first part of the discussion of
the literature addresses the unique environment in which the
Commissary Service operates and the impact of this environment on the
selection of on appropriste inventory control procedure for
implementation. This portion of the discussion seeks to cast the world of
inventory menagement within AFCOMS in its proper setting in order to
set the stage for this study. The next portion of the review addresses
the unique nature of the AFCOMS in light of the four categories of costs
that are typicaily relevent to inventory management Next, the 1ssue of
selecting an appropriate alternative reorder strategy 's addressed In
fact, the two alternative inventory control procedures actuelly selected
for comparison with the current method are presented 1n detail at this
point \n the review Following the presentation of the twg proposed
elternatives, the simulation of inventory systems 1s addressed Finally,
since one of the alternative reorder strategies selected for comparison
advocates the use of an \nventory partitioning scheme the 1ssue of

cetegorizing 8 multi-1tem inventory 1s also discussed
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Characteristics of the Commigcary Store Operating Environment
Perti 1 ion

The particular inventory control procedure, or reorder strategy,
selected for a certain application is a direct function of the operating
environment in which it is implemented. |n general, based upon a
classification scheme used by Silver, inventory control procedures can
be classified according to the following aspects of the environment in
which they are implemented: 1) deterministic versus stochastic demand,
2) continuous versus periodic review cycle, 3) backorders versus lost
sales, 4) single versus multipie items, S) single versus multipie periods,
6) stationary versus significantly time-varying parameters, 7) nature of
the supply process, 8) procurement cost structure, 9) shelf-life
considerations, and 10) single versus multiple stocking points (27.632).
Each of these ten factors is addressed in further detail below In
addition, 8 number of considerations peculiar to food retailers are also
discussed.

Reterministic versus Stochastic Demangd Deterministic demand
ex1sts when there 1s relatively little or no uncertainty concerning the
level of consumer demaend for a specific inventory item For instance, 1f
axactly 22 boxes of Kellogg's Rice Krispies™ cereal in the 13 ounce s12e
sold every ten doys at the wright-Patterson Air Force Base commissary
store, the demand for this particular product 1s sa1d to be
“deterministic © Although deterministic demand may be 8 reasonable
approximation of reslity for certain items within certain inventory
systems, such a simplified s1tuation does not ex1st for the demand for

1tems stocked by the Commissary Service According to Millar
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Demand [for supermarket items)] is random, fluctuations are
immediate and trends can be short-lived. A frosty morning in Spring
or Autumn boosts the sale of sausages that day; a health scare kills
the sale of canned salmon overnight. [20:109]

Unfortunately, atthough stochastic, or probabilistic, demend provides
& much more accurate portrayal of the random consumer demand with
which the commissary manager must contend, stochastic demand is much
more difficult to deal with analyticelly than is its deterministic
counterpart. According to Silver and Peterson, "the introduction of
uncertainty in the demand pattern significantly complicetes the
inventory situation from a conceptual standpoint” as well (28:251).

continuous versus Perigdic Reviey. Continuous, or order point
recognition, review refers to the practice of ordering a repienishment
quentity as soon as stock comes down to & predetermined level; that is,
the stock level is always known (20:108). Conversely, periodic, or
cyclical, review refers to the practice of determining stock status only
at certain, discrete time intervals and ordering enough replenishment
stock to meet expected demand until the next order arrives; that 1s,
between reviews there may be "considerable uncertainty” regarding the
s{ock status. According to Silver and Peterson, "the main advantage of
continuous review is that, to provide the same level of customer service,
1t requires less safety stock (hence, lower carrying costs) than does
periodic review” (28.255) Although Millar feels that the order point
recognition review approach 1s the more “theoretically correct™ in view
of this rather sigmficant advantage, he states that the continuous

review policy possesses 8 number of rather serious drawbacks that
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D preclude its use in the supermarket setting (20:109). He notes that even
though a computer can be used to “"watch” the inventory levels of several
g thousand items, “immediate ordering on recognition would be impossible”
since such a reorder policy would cause “chaotic ordering on a8 central

W depot or supplier and consequent chaotic deliveries” (20:109).
Furthermore, in spite of the fact that with continuous review, stack
stotus is suppasegiy always known and thus the inventory system can
signal when a replenishment order is warranted, Bytronic Technologies

Corporation™® asserts:

The commissary environment does not quite match the requirements
for such a [continuous review] system to work correctly. The

¥ scanning system [at the checkout register] provides the means to have
W a perpetual (continuous) inventory count, but orders are only placed

) when the vendor representatives cail. This periodic stock

,} replenishment violates the requirements of a continuous review

system. [7:79]

Consequently, a periodic review system is more appropriate for the

: commissary operating environment since "orders are placed during the

* Bytronic Technologies Corporation conducted a research study to
investigate a wide range of management and technical i1ssues (including
inventory control systems and a suggested reorder algorithm) related to
the Automated Commissery Operations System. The Air Force
Commissary Service commissioned the study to ensure that stores are
receiving the maximum possible benefits of dats automation
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natural periodic visits by the vendors' representatives” (7:79). In
addition, from a more practical standpoint, another advantage of the
periodic reviey approach is that all items supplied by the same vendor
can be given a common reviey interval and thus it allows a reasonable
prediction of the level of "workload” required by the reorder, the
restocking, and the receiving staffs (20:110).

Packorders versus Lost Sales. Another issue an inventory control
system must address is what happens to 8 customer’'s order when he or
she seeks to purchase an item thet is temporarily out of stock. Silver

and Peterson define the two possible extremes as follows:

1. Complete backordering. Any demand, when out of stock, is
backordered and filled as soon as an adequate sized replenishment
orrives.

2. Complete lost seles. Any demand when [an item is] out of stock is
lost; the customer goes elsewhere to satisfy his or her need. This
situation is common at the retail-consumer link. For example, a
person is unlikely to backorder a demand for a loaf of bread.
(28:253]

Although commercial food retailers frequently issue "rain checks” for
out-of-stock specials and in effect "backorder” a specific item, the
Commissary Service does not typically promote advertised specials per
se and thus does not backorder any unsatisfied demand. As a result, "an
‘out-of-stock’ is a lost sale, not & delayed one” (20:109). Admittedly, 1t
is possible that a customer may delay (that is, "backorder”) his or her

demand for an item if that particuler item is temporarily out of stock

However, this contingency 1s not incorporated into this study




Single versus Multiple Items. Although a substantial portion of the
professional literature is restricted to inventory control procedures that

assume a “single item in isolation from all other items,” such simplified
procedures are not an entirely accurate portrayal of actual operations
within the Commissary Service since it is tasked with the management
of inventories that are frequently composed of over 7,000 individual
items and is faced with a variety of complicating factors and
constraints such as varying demand patterns, varying review periods,
budget 1imitations and numerous vendor restrictions, just to name a few
(27:628).

Silver points out a number of item interdependencies that can exist

within the multipie item context:

1. Overall constraint on budget or space used by a group of items
2. Coordinated control to save on replenishment costs

3. Substitutable items--when a particular item is not in stock,
the customer may be willing to accept a substitute product

. Complimentary demend--certain products tend to be demanded
together; in fact, the customer may not accept one without the
other. [27:632]

Explicit considerations of these item interdependencies can drastically
increase the complexity of & study, however, and render the analysis
intractable. Consequently, these factors are excluded from explicit

consideration in this study.
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Single versus Multiple Periods. A single period situation exists when
there is o “relatively short selling season” and stock overages left over
from one period cannot be saved in order to satisfy demand during the
next selling season (27:632). Newspapers and Christmas trees are two
good examples of products that fit tms situation. Although the
Commissary Service undoubtedly carries a limited number of these
seasonal or single period type items, the vast majority of its inventories
consist of multiple period type items. As a resuilt, this study considers
only the multiple period case.

Stationary versus Significantiy Time-Varying Parameters

(Nonstationarity). Nonstationarity in this context refers to the
situation in which demand patterns--more specifically, average demand
rates--very sppreciebly with time. Obviously, such 8 dynamic demand
rate will have an impact on the determination of control parameters such
as the stock control level and the reorder point (28:350). For the
Commissary Service however, although random fluctuations in daily
demand for & given product are rather common, historical sales data
reveal that the total quantity of a given product sold from one month to
the next does not vary aggrec/ef/y for most individual items. As a
result, a model selected for impiementation by the commissary would
not have to be overly concerned with nonstationarity. As a caveat to this
rather general statement, however, it is recognized that some items do
demonstrate rather marked variations in demand rate and thus might be
more accurately controlled by an inventory model that took this
nonstationarity into account. Although an evec? analysis of such a

situation (probebilistic and time-varying demand) is much too

.......




complicated for most real-world applications, there are a number of
heuristic approaches that yield relatively good performance. In spite of
this fact, items with nonstationary demand parameters are not
addressed in this study.

Nature of the Supply Process. Although most of the items ordered by
the Commissary Service are received after a known and constant
leadtime, intervening influences such as a strike or bad weather can
occasionally delay & scheduled repienishment. Such occurrences tend to
be more the exception rather than the rule, however, and thus assuming a
fixed and known leadtime is generally reasonable.

Procurement Cost Structure. in some cases the so-called "fixed
price” cost of an order may actually be "semi-variable” if, due to o
quantity discount perhaps, the unit cost of an item is a function of the
size of the replenishment. (27:633). Special promotions or rebates by a
vendor can have a8 similar impact on the procurement cost structure of a
given item. In general, however, and for the purposes of this study, the
fixed cost component of ordering costs is assumed to be static.

Shelf-Life Considerations. Another factor complicating inventory
control within the commissary environr:ent is that many stocked items
have a8 short shelf-life. According to Silver, limited shelf-life is usually
due to one of two factors, namely obsolescence or deterioration of stock
(27:633). "Obsolescence” occurs when an item can oniy be soid for 8
small fraction of its original price due to the appearance of 8 new ang
improved product on the market (27:633). On the other hand,
"deterioration” or "perishability” refers to the case when, due to a

degradation of the stock itself, 8 product 15 no fonger fit for sale
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(27:633). Although stock rotation can minimize the adverse impact of
obsolescence and deterioration, a certain amount of "stock wastege” is
unavoidable (20:109). Incidentally, most of the professional literature
makes no allowance for the short shelf-life of many items.

Single versus Multiple Stocking Points. Most supermarket chains use
centralized warehouses to stock several of their retail stores and thus
make use of multi-stage inventory systems. As a result, relatively low
inventories are kept at any given retail store since replenishment by a
centralized warehouse is typically possible within a relatively short
period of time; in many cases, replenishment is available within less
than 24 hours. In contrast, although most commissary stores are
serviced by literally hundreds of vendors and food distributors,
inventories for a particular store are held only in its own adjoining
warehouse and no where else. As o result, commissary store operations
are more appropriately classified as "single echelon.”

Other Considerations Peculiar to Food Retailers. [n addition to the
foregoing considerations, the inventory control system of the
commissary is further complicated by a number of other factors. For
instance, as Millar points out, the dollar value of total sales are high, but

the average unit sale is low:

An average neighborhood supermarket of, say 1,000 squere metres
will have sales of £50,000 weekly, with an average unit price of
about 50 pence, i.e,, 100,000 items. The offtake of these items will
be compressed into the second haif of the week, with perhaps S0-60%
taken from Thursday late opening to close of business on Saturday.
The handling problems are prodigious. (20:109]
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Another complicating factor is that many "goods received (and,
therefore, order quantities) are [only available] in fixed multiples of the

unit of sale, usually a case or ‘outer’ quantity” (20:109). Finally, the

b a A

common problems and conflicting trade-offs associated with any

-

inventory control system apply “like an umbrella” over these particular
"trade features” (20:109).

P

b, Costs Relevant to Inventory Control

According to Silver, there are usuaily four categories of cost that are

’ relevant to inventory management decision making:

1. Replenishment [Order] Costs. These are the costs incurred each
time a replenishment action is taken. It is convenient to express
the costs as the sum of two parts: (i) a fixed component, often
called the setup cost, independent of the size of the
replenishment; and (ii) a8 component that depends on the size of the
replenishment, in particular including the cost of the [item] itself.

F e

A..L  Sa GR N Lﬂ

2. Carrying [Holding] Costs. Having material in stock incurs a number
of costs including: (i) the cost of borrowing the capital tied up or
foregoing its use in some other investment, (ii) warehouse

; operation costs, (iii) insurance, (iv) taxes, and (v) potential

spoilage or obsolescence.

AW

y 3. Costs of Insufficient Supply in the Short Run [Shortage Costs).

; When inventory levels are insufficient to routinely satisfy

5 customer demand, costs are incurred, whether or not they are
explicitly measured. Unsatisfied demand leads to immediate costs

.‘, of backordering and/ or lost profit on sales. In addition, such poor
3 service can have a longer range cost impact through loss of
3 [customer} goodwill.
3
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4. System Control Costs. This crucial category of costs has largely
been ignored in the inventory theory literature. It includes the

j costs of acquiring the deta necessary for the adopted decision
f‘ rules, the computational costs, and other costs of implementation.
8 [27:630])

Due to its significantly different primary objective and its nonprofit

‘ nature, however, the Commissary Service must view these four

';_ categories of costs in a8 somewhat different light than its

' profit-oriented civilian counterpart. For instance, with respect to

: ordering costs, Bytronic Technologies contends that these costs are

“ “insignificant” to the commissary since orders are written by the

2 vendors themselves during their periodic visits. Although such orders
3 have to be processed by a succession of people within the administrative
- staff of the commissary, there is no explicit, tangibie cost associated
_';., with placing an order.

With respect to carrying costs, the size of the revolving stock fund
,.-' used to finance inventories has histarically proven to be of such a size
E that the “cost of capital”--as used in the traditional sense--has not

;. proven to be a binding constraint on commissary store operations.

% Although, as the custodian of the stock fund, AFCOMS must demonstrate
E fiscal responsibility and prudent use of the fund, no explicit "cost of

?"'2 capital” per se is incurred by a store when it uses a portion of the fund
39 to purchase inventory. Moreover, although warehouse operation costs and
':f'; the costs associated with potential obsolescence and deterioration

3': represent additional carrying costs, these costs are

'-
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strictly secondary in nature when compared to the primary objective of
meeting a prescribed level of customer service.

The third category of costs, shortage costs, are typically the most
difficult to messure. The situation within the commissary is certainiy
no exception. |t 18 clear that by specifying a8 policy with respect to
customer service level, s definite shortage cost is tacitly implied
(11:105). Although in most applications, explicit values for shortage
costs for unsatisfied demand are difficult to determine, Fogarty and
Aucamp demonstrate a procedure that can be used to compute the implied
backorder cost of a specified policy concerning backorders (11).
However, since HQ AFCOMS specifies a given level of customer service
that each store must strive to achieve, the determination of the shortage
costs implied by such a policy (beyond academic interest, perhaps) are
not particulariy relevant to the study at hand.

Finally, with respect to the last category, system control costs,
AFCOMS hes already made a rather substantial investment in a database
management system known as the Automated Commissary Operations
System (ACOS). As a result, the majority of the system control costs
required by a particular inventory control system and the computational
costs associated with it have already been determined and thus
represent sunk costs.

The different perspective of AFCOMS with respect to many of these
cotegories of costs makes the task of pursuing an effective and efficient
Inventory control strategy more difficult since the success of any such
control system has traditionally been measured 1n terms of 1ts abihity to

minimize total cost. The nonprofit nature of the Commissary Service



handicaps this effort even further. in fact, according to Anthony in ms

: text, Management Contral in Nonprolit Orgoanizotions

"
g
i\ The absence of 8 single, satisfactory overail measure of performance
: that is comparable to the profit measure is the most serious factor
" inhibiting the development of effective management control systems
‘. in nonprofit organizations. (2:35 ]
Y A Model
N An inescapable fact of inventory management 1n general 1s that most
,': real-life inventory control decisions are functions of numerous
s psrameters or factors and are thus rather complex in nature For
" instance, in view of the foregoing discussion of the factors and costs
b
0 that characterize the commissary store environment, the (Aearetically
b Jdea/ model for implementation would eppear to be one which cen cope
:& with a// of the following:
~
" 1. Probabilistic demand that is occasionally rather erratic
;T 2. Periodic review
'
3. Occasional "backlogs”; thet 1s, deferred customer demand
™
;" 4. Muitiple items with item interdependencies
l.|
W
X) S. Single as well as multiple periods for some 1tems
o
.
2 6. Time-verying demand process parameters for some 1tems
3 7. A procurement cost structure that is a function of the size of the
p repienishment order
n.
5o
2
e
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8. Shelf-life considerations such as obsolescence and deterioration
of stock

9. "Peculiarities” of the food retail business

o Clearly, a model that could take &// of these considerations into

.: account clearly exceeds the capabilities of any known inventory control

::. procedure. Moreover, as Byrkett regrettably points out, although the

» professional literature "abounds” with inventory procedures "developed

‘ for almost every conceivable set of circumstances, when it comes time

) to develop on inventory system for a particular application, none of the

v literature models seem to fit exactly” (6:1). The commissary store

E environment is certainly no exception to Byrkett's observation. when

confronted with this situation, Byrkett states that the analyst cen

e pursue one or both of the following courses of action:

&

> 1. Modify an existing model to fit the given situation, and/or

N 2. Assume that even though not all of the assumptions in the
existing model are satisfied, it will do an adequate job of

E controlling the inventory. [6:1]

N

Y A third option is to lower the demands or expectations placed on the

' model. In other words, instead of vainly searching for an inventory

: control procedure that can take &// factors and possible contingencies

: into account, the analyst can settie for a model that does a ressonably

,: good job of incorporating only the most salient factors. Admittedly, the

2 task of incorporating only the most important factors, while

; stmultaneously trying to preserve the simplicity of the inventory control

2
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procedure, 1s not an easy one  Obviously, such e procedure will ignore 8

Q number of other relevant factors that are not considered in spite of this

% fact, such o sacrifice is usually essential 1f the search for o feasible
reorder strategy 1s to proceed and be successful Selection of 8 model

2 that 1s not overly sensitive to minor changes 1n the assumptions on

3 which it is founded is also an important consideration

In keeping with the philosophy of the third option, the search for an

| - effective inventory control strategy for implementation by the

<

] Commissary Service can be guided by a 11st of somewhat more realistic
o
- expectations than those specified by the nine requirements above A
. more reasonable set of requirements that still retains the essential
s elements of the commissary environment 1s the following:
": 1. Probabilistic demand

4
5: 2. Periodic review

o 3. Lost Sales

’.

- 4. Single items with no item interdependencies

v

S Multiple periods for all items
o
h 6. Reletively stationary demand process perameters
L
Y 7. A supply process in which leadtime is relatively fixed
e
7
i Although the impact of a number of other considerations such as 1tem
?
interdependencies and quantity discounts are now 1gnored, the search for

" an aiternative inventory control strategy 1s now more realistic and

4
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directed Moreover the 11st of revised requirements stated above 1s

helpful 1n narrowing the f1eld of potential systems in view of the vast

number of control systems that are available for inventory management

PossiDle inventory Control Systems for Stochgstic Demand As Silver

ond Peterson point out, the fundemental ob)ective of any 1nventory

control system 1s to provide answers to the following three questions

| How ofien should the inventory status be determined?
2 when should 8 replenishment order be placed?

3 How large should this replenishment order be? [28 256}

Of the many different types of inventory control systems used 1n an
environment characterized by probabilistic demand, Silver and Peterson

define the four most common systems as follows

| Order-Point, Order-Quentity (s,Q) System This system involves
continuous review (that is, R [review per1odj=0) A fixed quantity
Q 1s ordered whenever the inventory position [stock on hand minus
backorders plus stock on order] drops to the reorder point s or
lower This system 1s often called the two bin system

2 Order-Point, Order-Up-to-Level (s,S) System This system again
Invoives continuous review and a replemishment 1s made whenever
the inventory position drops to the reorder point s or lower
However, in contrast to the (s,Q) system, here a varable
replenishment 1s used, enough being ordered to rarse the inventory
position to the order-up-to-ievel S The (3,S) system 1s frequently
referred to as the min-max system because the inventory position.
except for a possible momentary drop below the reorder point 13
always between 8 minimum value of s and 8 maximum value of S
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3 Periodic-Review, Order-Up-to-Level (R,S) System This system,
also known as & replenishment cycle system, 1s 1n common use,
particulerly in compenies not utilizing computer control. The
control procedure 1s that every R units of time {that is, at each
review instant) enough (stock] is ordered to raise the inventory
position to the level S

4. [Perodic Order-Point, Order-Up-to-Level] (R,s,5) System. This is
8 combinsation of (s,S) and (R,S) systems. The idea is that every R
units of time we check the inventory position. If it 15 at or below
the reorder point s, we order enough to raise it to S If the
position 1s above s, nothing is done until at least the next review
instant. The (s,S) system is the special case where R=0, and the
(R,S) 1s the special case where s=S5-1 [26:256-258)

Naddor provides a comprehensive comparison of the optimal solutions
of the first three inventory control systems (that 1s, the (s,Q), the (s,5),
and the (R,S)) for the case of a single item (21). The objective function
that he uses to assess the performance of each is the minimization of
the total expected cost per umt of time denoted by C and defined as

follows:

C=C1*C2’C3:(C]’l‘)’(CQ’lz)*(C3*|3) (21)

where C, C,, and Cz represent the cost of carrying inventory, the cost

of incurring backordered shortages, and the cost of replenishing

inventories, respectively, and c 1. Co. and Cz ore the corresponding umt

costs defined as follows

25

.‘-.

Ia-*:.r




K)
. Cy = unit cost of carrying inventory (in dollars per umt in inventory
per unit time)

C, = unit cost of incurring backordered shortages in dollars per

patterns, leadtimes, review periods, and costs structures, Naddor tests

‘0

5 unit short per unit time)

N Cz = unit cost of replenishing inventories (in dollars per

l.

N replenishment, independent of the amount)

b

. ond finally, |4, 15, and |z represent average inventory carried, average
3 shortage, and average number of replenishments per unit time,

l respectively.

N' By using a number of alternative situations with different demand
o

“»

the performance of each of the three inventory control systems and

presents the following conclusions:

1. The minimum cost for the (R,S) policy is equal to or greater than
. that for the (s,Q) policy which, in turn, is equal to or larger than
b that for the (s,S) policy.

) 2. The minimum cost for the (s,S) policy 1s about 10% less than that
d for the (R,S) policy.

Y 3. The optimal scheduling period in an (R,S) policy is about the same
. as that in 8 corresponding deterministic system.

4. The optimal order levels S, in the (R,S) and (s,S) policies are about
the same.

. S. The optimal reorder points s, in the (s,Q) and (s,5) policies are
: about the same
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6. The optimal lot size Q, in an (s,Q) system is about the seme as
that in a corresponding deterministic system. [21:1238]

Y
Naddor makes fraquant use of these observations in deriving heuristic
o decisions rules for each of the inventory control systems. These rules
\ allow the analysis of inventory systems on the basis of their "average
,, demand, standard deviation of demand, probability of no demand,
N leadtime, carrying cost, replenishment cost, and an availability index”
> (21:1234). Compared with the performance of the optimal decision rules
,. which typically require substantially more computational effort, the
[ heuristics provide exceptionally good resuits. Although not explicitly
stated by Naddor, his heuristic decision rules assume deterministic
leadtime, backlogging of excess demand, and an explicit specification of
3 ordering and carrying costs.
f The performance of the (R,s,5) control procedure has also been tested
. in 8 number of studies. For example, 8 1960 study by Scarf demonstrated
y that under rather general assumptions regarding demand patterns and
: relevant cost factors, the (R,s,S) control procedure produces a lower
N total cost (that is, ordering, holding, and shortage costs) than does any
- other type of system (25). Another study conducted by Eilon and Eimaleh
: arrived at the same conclusion (10).
» The report prepared by Bytronic Technologies Corporation and
é sponsored by AFCOMS addressed the very issue of the most appropriate
.:, inventory control system. in this report, Bytronic Technologies states
< that an (R,s,5) system is the best choice for the commissary situation
N (7:79). In this context, R represents the time between vendor reviews of
e
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i the inventory position. At such time, if the inventory position is at or

& below the reorder point s an amount sufficient to raise the inventory
position up to the stock control level S is ordered. Conversely, if the the

inventory position is above s, no action is taken during this review cycle.

a u

As defined by Bytronic Technologies, the stock control level is "an

-

inventory level to cover demand during the time between vendor

2

N representative visits and delivery leadtime, plus some safety stock”

s (7:79). Silver and Peterson point out that the (R,s,S) system can be

A viewed as the "periodic version” of the well-known "0Order-Point,

: Order-up-to-Level” or "s,S" system (28:258).

3 The rather impressive performance of the (R,s,S) control procedure is
;‘_. rather costly, however, in terms of the computational effort required to

)

yield antrme/ values of R, s, and S. As 8 result, a number of so-called

heuristic procedures have been developed for numerous applications.

& LA A

More specifically, for the case of an (R,s,S) system with deterministic

leadtime, backlogging of excess demand, and explicit shortage costs,

;‘ computational methods which yield approximately optimal values control
:;. rules are discussed in wagner (31).

'.‘ Although Fogarty and Aucamp demonstrate a procedure that can be

"-:' used to compute the implied backorder cost of a specified policy

?':'. concerning backorders, in most applications, explicit values for shortage
: costs for unsatisfied demand are difficult to determine (11).

: Consequently, Schneider has devised a heuristic procedure for

Z:: approximating the reorder point of an (R,s,S) system that incorporates

.' the more widely used practice of specifying 8 service level requirement
'; (such as the fraction of demand satisfied directly from the shelf) when
:
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the order quantity is predetermined (26). Tijms and Groenevelt extend
the applicability of his results and, more importantly, present
approximations that can be routinely used in practice. Although their
results assume complete backlogging of excess demand, their analysis
requires only "slight modifications” to handle an inventory system in
which excess demand is assumed to be lost (29:179). The periodic
version of the Tijms and Groenevelt procedure assumes that the order
quantity, (S-s), is predetermined. In addition, the control system is
based on the inventory position defined as “the stock on hand... plus stock
on order” (29:176). As a typical (R,s,S) system, if the inventory position
is at or below the reorder point s, an amount sufficient to raise the
inventory position up to the stock control level S is ordered. If the
inventory position is above s, no action is taken during this review cycle.
The leadtime of each replenishment order is assumed to be a nonnegative
discrete-valued random variable with given mean u(L) and standard
deviation sd(L).

Assumplions of the Tijms and Groenevelt Model. The assumptions

upon which the Tijms and Groenevelt procedure rests include:

1. The probability that replenishment orders cross in time or arrive
simultaneously is negligible.

2. (S-s)is sufficiently large compared with the average demand up
in the review time (say, S-s21.5up)

3. The stock on hand just after the arrival of a replenishment order
is positive except for a negligible probability. (29:177]
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Silver and Peterson cite a number of other more subtle assumptions

implicit in the Tijms and Groenevelt heuristic:

PR
»

- 1. Although demand is probabilistic, the average demand rate
changes very little with time.

(AN R

< 2. Unit shortage costs (explicit or implicit) are so high that a
practical operating procedure will always result in the average
level of backorders being negligibly small when compared with the
average level of the on-hand stock.

3. Forecast errors have 8 normal distribution with no bias (that is,
the average error is zero) and a A»ewn standard devietion for

' forecasts over a period of duration R+L. In fact, we only have an
’ estimate.

4. The value of R is assumed to be predetermined. In most situations,
the effects of the two decision variables, R and S, are not
independent, that is, the best value of R depends on the S value,
and vice versa. However, it is quite reasonable for practical
purposes to assume that R has been predetermined without
knowledge of the S value.

Ll AN

5. The costs of the control system do not depend on the specific value
of S used.

6. The case of normally distributed demand is appropriate to use as
. long as CV(p,| )$0.5 where CV(g, y=SD(R+L)/X(R+L) is the

coefficient of variation of demand over R+L. When CV exceeds 0.5
a gamma distribution provides better results. (28:292-3]

iale ;A. “~ e

After considerable mathematical manipulation, Tijms and Groenevelt

(29:178) show that the reorder point achieving the required service level
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PZ tn the most efficient manner can be approximated by selecting s to

satisfy the following equation:

W

SD(R+L)2 * J, {Is-X(R+L)I/SD(R+L)} - SD(L)Z * J,, {[s-X(LI/SDL)}  (2.2)

! = 2% (1-Pp) * X(R) * {(S-s) + {[SD(RY? + X(R)Z)/2 * X(R)})

where

S-s is assumed predetermined (for example by £0Q)

hp am i oS o o g

X(t) = expected demand in a period of duration t

SD(t) = standard deviation of errors of forecasts of total
demand aver a period of duration t

Jylk) = II‘:° (ug- k)2 fuuglduy is a special function of the unit normal

distribution

According to Hadley and Whitin (14):
Jyk) = ((1 + k2) * [p 200 - [k * 1, (K)) (2.3)

As a result, Equation 2.2 requires a trial-and-error type solution. \
Fortunately, however, if s is replaced by the quantity [X(R+L)+k*SD(R+L)],

and the service level P2 is close to 1, and the demand pattern is

relatively smooth, then Equation 2.2 stated above for determining the

reorder point s can be simplified to selecting k so as to satisfy (28:354)

~
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* 2 *[{1-P2)/P5] * X(R) * ((S-3) + {[SD(R)Z + X(R)Z]/2 * X(R)})
3 Jy (K0 = (2.4)
v
(4 2
0 SD(R+L)
(X
* Consequently, if a table of Ju(k) versus k values is available,
Kx
:;‘ determining the reorder point and the stock control level is easily

& accomplished using the following two equations:
- Reorder Point = X(R+L) + [k * SD(R+L)] (2.5)
4
]

4
o and
- Stock Control Level = Reorder Point + (S-s) (2.6)
' Since the second term on the left of Equation 2.2 has been removed,

Ej the reorder point produced by Equation 2.4 is obviously larger, and

':': consequently, the service level that it produces is also somewhat higher
N than that produced by the original formula. Finally, to cope with the case
2 of lost sales (as is the case assumed for the commissary environment)
-2- and to ensure that the fraction of demand to be met from stock on hand 1s

' still at least P2, Tijms and Groenevelt point out that the reorder point s
o
o
N can be approximated by substituting (1- P, )/ P, for (1- P, ) in Equation
()

n 2.4 above (29:179). Clearly, for P, close to 1, the backlogging and
A lost-sales cases will not differ greatly.

’
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Butronic Technologies Corporation Model. An siternative inventory
control procedure has been proposed by Bytronic Technologies

Corporation. This much less sophisticated approach envisions
partitioning the inventory of the commissary according to a modified
ABC classification scheme. (Partitioning of multi-item inventories is
discussed later in this literature review).

According to the Bytronic Technologies Corporation procedure, the

stock control level of each item can be computed as follows (7:60):
Stock Control Level = [DMD * (RVWw + L)) + B (2.7)
where
DMD = historical average daily demand
RVW = number of days between vendor reviews
L = number of days leadtime
B = buffering to cover uncertainty
Subsequently, the necessary replenishment up to the stock control
level is accomplished by ordering the following replenishment quantity
(7:80):

Order Quantity = Stock Control Level - Inventory Position  (2.8)

As the report points out, the Bytronic procedure is similar to the

current approach used by AFCOMS which computes the stock control level
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as follows (7:81):

Stock Control Levei = {(RVW + L + SDAYS) * [DMD + (TRND - )}} (2.9)

where RVYW, L, and DMD are as defined above while SDAYS is the safety
leadtime (in days) and TRND is the demand trend. The order quantity for
the current system is calculated by substituting this value for stock

control level into & formula identical to Equation 2.8 above. Due to the

inclusion of a demand trend, however, the inventory control procedure
currently used by the Commissary Service is technically classified as @
"pro-active” system. As defined in the Bytronic Technologies report,
"pro-active procedures are based on forecasting the demand for the
upcoming period” (7:78). Since even the most sophisticated forecast is
subject to 8 certain degree of error, Bytronic Technologies states thet a
"reactive” procedure is more appropriate for the Commissary

environment:

Since no forecast will be consistently accurate, practitioners prefer
reactive systems when they have a choice. Reactive systems, as the
name implies, react to recent events to restore inventories to an
appropriate level. The restoration algorithm is based on the time
between review, vendor delivery time, and some buffer stock to
absorb demand and delivery variance. These systems employ a naive
forecast; the demand to be experienced in the near future is assumed
to be [approximately] equai to the demand of the recent past. (7:79]

Another difference between the model proposed by Bytronic

Technologies and the Current model is the use of a safety leadtime




! instead of a safety stock in the later model. As Silver and Peterson

point out, the use of equal time supplies for & broad group of items in an
\ inventory population as a safety stock is "seriously in error because it

& fails to take account of the differences and uncertainty of forecasts

; from item to item” (28:263).

« The buffering quantity B in Equation 2.7 above is referred to as the

safety stock. Its purpose is to cover uncertainty due to either demand or

a2 s

delivery time variability. According to the Bytronic procedure, the

appropriate safety stock for a particular item is a function of either its

AR

inherent demand or delivery time variability or perhaps some

f; combination of the two. In turn, as discussed later in this review, the

: classification of an item is also a function of these two sources of

2 voriability. As aresult, the procedure for determining the safety stock

* for an item is dependent on its classification.

E A great deal of the professional literature relating to the

' determination of safety stocks in a stochastic demand environment

E‘ assumes that the randomness of demand for a particular product i3

E normally distributed about its mean demand. As a result, safety stock is
' typically specified as a multipie of “the number of standard deviations

; away from the mean demand during the review period RYW and the

N leadtime L" (7:84). Although some experts recommend a safety stock

_:,_ level equal to three standard deviations of demand variation over the
time between reviews and leadtime, Brown states that a factor of three
“ is too high since customers are willing to accept a lower level of

p- in-stock items, and since such a model establishes an unnecessarily high
E cycle stock level (S). As a compromise, the Bytronic Technologies report
. 35
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recommends using & factor of 2.25 times the standard deviation initially
and adjusting the factor as required (7:84). Before this factor can be
used to calculate the required safety stock, however, the standard
deviation must be "adjusted for the period the system is exposed to

uncertainty (that is, review period plus leadtime) as follows (7:84):

SD(R+L) = SD(DAY) * (Rvw + L)1/2 (2.10)

More specifically, if demand uncertainty has caused the item to be
classified as a Type A, then the Bytronic Technologies report
recommends thet the safety stock be computed using the following

formula:
B = 2.25 * SD(DAY) * (Rvw + L)!/2 (2.11)

Aithough standard deviation is the variability measure typically used
to establish the required safety stock, Bytronic Technologies
recommends using the mean absolute deviation (MAD) about an expected
value instead, due to its simplicity and ease of calculation (7:81) MAD

is computed as follows:
n
MAD = (l/n) * l21=1 (DMD{‘DMD)} (212)

where i is an index of daily movements, n is the number of samples, and

o
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DMD = average daily movement

DNDi = doily movement for day |

Instead of continuously recalculating the MAD everyday, however,
Butronic Technologies proposes using some “linear combination” of the
most recent day's MAD and a historical measure of the MAD of a product

in a recursive relationship as follows:

MADNEW = [w* (DMDi -DMD)) + [{1 - w) * MADOLD] (2.13)

where DMD and DMDi are as defined above and w represents a smoothing

weight (O<w<1). Since this calculation is recursive in nature, an initial
value of MAD must be specified in advance (7:83). Returninc Lo the
original equation for determining the safety stock, Equation 2.11, and

substituting the approximation (1.25 * MAD) for SD(DAY) yields (7:85)
By = 225 * (125 % MaD) * (Rvw + 1)/2 (2.14)

or

By = 2.8 * MAD * (Rvw + L)!/2 (2.15)

In contrast to the current reorder algorithm, this approach produces a
“dynamic safety stock level” and allows the system to "adjust the stock

buffer as item movement variability changes over time” (7 85)
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For items that have been classified as Type A 8s o result of relatively
high vendor leadtime variability, the Bytromc Technologies report
' recommends determining the required safety stock by using the

following formula:

where DMD and L are as previously defined and L., is the reasonabie

worst case leadtime. The objective of this calculation is to provide &
safety stock equal to "the worst performance of the vendor except for
extreme outliers” (7.85).

In contrast to Type A items, by defimtion, Type B items require no
sophisticated safety stock calculations. As aresult, a simple 20%
buffer is recommended by Bytronic Technologies as a reasonable starting

point. Type B buffer stock can thus be computed as follows

Bg = (0.2) * DMD * (RVW + L) (217)

Likewise, Type C 1tems can be treated in 8 similar fashion but with an

even smaller init