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FOREWORD

The Defense Logistics Agency manages some items that generally
experience little or no demand. These demands are occasionally
interrupted by larger demands. The DLA Directorate of Supply
Operations (DLA-O) requested that the DLA Operation- Research and
Economic Analysis Office (DORO) perform a study to id2ntify and
categorize, if possible, those items that have definite 'LUMPY' demand
patterns, quantify the magnitude of the effect of these demands on the
managing ,ommodity's supply availability, and determine the feasi-
bility of attempting to forecast future behavior of these items.
'LUMPY' items were identified and analyzed as two distinct groups of
seasonal and non-seasonal items. Approximately 6 percent of stocked
items with demand can be classified as scazonal. Seasonal items tend
to increase the commodity's overall supply availability and have a
relatively low stock position both in terms of stock to demand ratios
and stock investment. These items did not have any distinguishable
characteristics that could be used to segregate them from other
stocked items; however, under the concept of Multiple Forecasting they
do lend themselves to relatively simple forecasting techniques. The
analysis of Defense Industrial Supply Center (DISC) items experiencing
'LUMPY' but non-seasonal demand resulted in an unmanageable number of
distinct categories making any kind of pattern analysis impractical.
Due to the relatively few items with a sufficient number of quarterly
demands which could he identified as demand spikes, further analysis
was not undertaken.

CHRISTINE L. GALLO
Deputy Assistant Director
Policy and Plans
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I. INTRODUCTION, The Defense Logistics Agency (DLA) manages some items
that generally experience little or no demand. These demands are
occasionally interrupteA by larger demands. Items with this type of demand
pattern are referred to as 'LUMPY' demand items. The functional effective-
ness of current models used in the development of Quarterly Forecast of
Demand (QFD), Economic Order Quantity (EOQ), Variable Safety Level (VSL),
and Reorder Point (ROP) for these items has never been examined)

A. Background. DLA Directorate of Supply Operations (DLA-O)
requested that the DLA Operations Research and Economic Analysis Management
Support Office (DORO) perform a study comparing items with 'LUMPY' demand
patterns to the other items managed by the commodity and determine if
improvements to the existing system are necessary.

B. Objectives. Our primary objective wa to identify and categorize
those items that have definite 'LUMPY' demand atterns, quantify the magni-
tude of the effect of these demands on the anaging commodity's supply
availability, and determine the feasib' ty of attempting to forecast
future behavior of these items. IfVdeemed necessary and feasible, an
applicable forecasting technique-&or the items identified as 'LUMPY' would
be developed. Additionally-fnewf management approaches to 'LUMPY' demand
patterns would be explored and a plan for incorporating the forecasting
technique into th existing system would be developed.

C. Sco

1. DLA Integrated Data Base files were the source of item
characteristic and requisitioning data r. J- ----

2 Stocked items for the Defense General Supply Center (DGSC)
and Defense Industrial Supply Center (DISC)_commodities were chosen.

3. Recorded recurring and non-recurring demands were used as the
demand base.Q ,,))

II. CONCLUSIONS

A. We were able to identify seasonal type items using autocorrela-
tion procedures. Approximately 6 percent of the stocked DGSC and DISC
items with demand were identified. These items account for approximately
5 percent of the demand quantity, requisition frequency, and stock value.
Items identified by these autocorrelation procedures did not have any
distinguishable characteristics that could be used to segregate them from
other stocked items. Ifi our analysis of the effect of these items on
system performance, we found that these items tended to increase the
commodity's overall supply availability and had a relatively low stock
position both in terms of stock to demand ratios and stock investment.
These items tend to be seasonal in nature and do lend themselves to
relatively simple forecasting techniques.



B. The analysis of DISC items using standard deviation to identify
'LUMFY' demand items that could not be classified as seasonal did not yield
any significant results. Patterns of deviation from the average demand did
nt fall into a manageable number of distinct categories making any kind of
pattern analysis impractical. Analysis of the inter-arrival times of
demand spikes was not undertaken due to the relatively few items with a
sufficient number of quarterly demands exceeding the mean by one or more
standard deviations. The need to examine these items on a per item basis
makes categorizing and forecasting impractical for this study.

III. RECOMMENDATIONS. Under the current system, forecasting seasonal
demanuds does not seer, warranted due to their minimal impact en overall
system statistics. However, use of seasonal forecasting should be
addressed by the Multiple Forecasting Techniques project.

IV METHODOI.OGY. Seasonal items were identified using autocorrelation
procedures. Non-seasonal items were analyzed based on coefficient of
variation and standard deviation.

V, ANALYS I S

A. Data for Autocorrelation Analysis. Using eight quarters of data,
<Y64-FY883, seasonal items were identified using autocorrelation proce-

oures. Stocked DGSC and DISC items with at least one demand in FY874-FY883
were selected for analysis (Table 1).

Table 1 0
DATA FOR AUTOCORRELATION ANALYSIS

ALL Items DISC DGSC

Nonstocked w/no demand FY874-FY883 184123 97893
Nonstocked w/ demand FY874-FY883 28157 18051
Stocked w/no demand FY874-FY883 312819 92749
Stocked w/ demand FY874-FY883 376610 106467

Total Number of Items 901709 315160

'LUMPY' items are those items with statistically significant positive
second, third or fourth autocorrelation coefficients. Items with a
cofnsistent spike every other quarter in the demand pattern have a
sLati5Licallv sirnificant lag(2) autocorrelation and are labeled LUMP2.
Significant lag(3) items, a spike every third quarter, are labeled LUMP3.
It-enis with spikes once a year in the demand pattern, significant lag?.)
- it corirelation items, are labeled LUMP4. Tdble 2 presents the number of

irE;,s Qlii'h fell into each category.
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* Table 2

'LUMPY' ITEMS

DISC DGSC

Stocked Items w/demand FY874-FY88 376610 106667

Number of LUMP2 1679 545
Number of LUMP3 5082 1495
Number of LUMP4 14418 4204

Total 'LUMPY' Items 21179 (.44

Autocorrelation procedures were also used on the 20 quarters of demand datc,
available; however, we are confident that the items labeled as 'LUMPY' baseJ
on 8 quarters of demand data are in fact items displaying infrequent b.,t
predictable demand patterns. Autocorrelation procedures using 20 quarters
of data resulted in 78 percent of the 'LUMPY' items no longer being classi-
tied as 'LUMFY', 18 percent of the 'LUMPY' items remaining in their original
catcgories, and the redistribution of 4 percent of the 'LUMPY' items into new
'LUMPY' categories.

B. Analysis of AuLocorrelated Dwndskds. Item characteristics and
Spply -v,,abiiity data fur 'LUMPY' items were compared to all, stocked
only, and stocked with deand items in tht commodity. 'LUMPY' demand items
accounted for approximately 6 percent of both DGSC and DISC stocked items
with demand. The dollar value of issuable assets for 'LUMPY' items is not

disproportionate to the number of items labeled as 'LUMPY' and amounts to
approximaitely 6 percent of the total issuable asset dollar value for both
commodities (Figure 1). The stock to demand Latio kriSuve 2) does not
indicate that unusually large amounts of stock are maintained for 'LUMPY'
demand items. The statistics presented in Figure 3 indicate that 'LUMPY'
demand items experience higher supply availability than all other supply
availability categories. Item characteristics of 'LUMPY' items (Figure 4)
are not distinguishable from the rest of the commodity's stocked items with
demand.

C. Data for Analysis Based on Standard Deviation. An additional
analysis of 'LUMPY' iters with non-seasonal demand pattcrns was initiated.
Established. stocked DISC items with demand in at least three quarters
between FY834 and FY883 were selected from the DISC data base (Table 3).
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Table 3

ALL ESTABLISHED (FY843) STOCKED DISC ITEMS

Total Established Stocked Items 446878

Exclusions
No quarter w/demand FY834-FY883 66757
One quarter w/demand FY834-FY883 36377
Two quarters w/demand FY834-FY883 29013
Previously identified as 'LUMPY' 16221

Number analyzed based on standard deviation 298510

We used the demand history from the first to the last quarter with recorded
demand in the FY834-FY883 interval to calculate the mean, standard devia-
tion, and coefficient of variation. (Leading and trailing zero demands were
eliminated prior to the calculation.) For the items showing no seasonal
pattern in demand, a three character code (CODE) based on the number of
times a demand deviated from the mean and the magnitude of that deviation
was developed. The left most character of the code represents the number
of demands equal to or greater than the mean plus one standard deviaticn
but less than the mean plus two standard deviations; the number of demands
equal to UL 6 itater than the mean plus two standard deviations but less
than the mean plus three standard deviations is represented by the second
character of the code; and the number of demands equal to or greater than
the mean plus th-ee standard deviations are represented by the third
character of the code. Quarterly demands smaller than the mean plus one
standard deviation were ignored. The resulting codes were then categorized
in terms of the coefficient of variation. The coefficient of variation is
a measure of the size of the standard deviation in comparison to the mean.
The coefficient of variation (V) - standard deviation / mean, never
exceeded 4 and was coded '0' for standard deviations greater than zero but
less than the mean; '1' for standard deviations greater than or equal to
the mean but less than two times the mean .... '4' for standard deviations
equal to or greater than four times the mean but less than five times the
mean. Table 4 displays the number of items falling into each category
combination of CODE and coefficient of variation (V). The total column
represents the total number of items and the number of identified unique
standard deviation patterns (PATTRIN) resulting from the demand streams for
those items by CODE category. These statistics are further summarized in
Table 5. Table 5 is a crosstabulation of the number of quarters with
demand greater to or equal to the mean plus one standard deviation (NUMSTI))
by the coefficient of variation (V).

0



Table 4

STANDARD DEVIATION BY COEFFICIENT OF VARIATION

* ~CODE3 VT
I- 2 3 . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .. .

S S S 0 1 i 2 3 1 TOTAL
T T T - -------- -------------- ------+--------
D D D NSN I NSN NSN NSN NSN NSN IPATTRNI
-- - +---------+ ------------------- ... .--------- + . ........
1 0 0 1 31471 56711 961 .1 .1 99141 17

S+------4---------+---- ----- +---------+---------+----------------- 1

2 0 0 1 17981 62381 211 .1 4 80571 186
- ------------------- +- ---------.-------... +- 
3 0 0 1 45281 53661 751 .1 .1 99691 1095
--- +---------+---------------------------------------------.
4 0 0 1 68021 39171 161 .1 .1 107351 ,010",
--- --------- 4--------------------------------------------- -
5 0 0 1 28561 16681 .1 I .1 45241 3710

+---------------------------.........--------- --------------
6 0 0 1 3721 3131 1 .1 .1 6851 674

.. . . . +.------------------ + I ----------------------------+ .

7 0 0 1 161 651 .1 .1 .1 811 81
-- 4---------4--------------------------------------------- -
8 0 0 1 31 ill .1 .1 .1 141 I,

-+ ------------------------ f --------- +-------------
9 0 0 1 .1 51 .1 .1 51 5
- -- + ------------------ +---------+--------- -t -----------
6 1 0 1 .1 191 .1 .1 .l 191 19
- -- --------- +---- ----------------------------------------- -
5 1 0 1 43 1701 .1 .1 .1 2131 213
---- - +-- ---------- .---------+ --------- ----.--------- -
4 1 0 1 13571 20491 .1 .1 4 34061 3270
--- ---------- +----------+---------------- . -...... -+-

4 2 0 1 .1 21 .1 .1 .1 21 2
SI-------------4--- ------------- -------------------- -
4 0 1 I1 161 .1 .1 .1 161 16
--- --------- +---------+-------------------------------------
3 1 0 1 90641 122351 861 -l .1 213851 11746
- - -- - - - ---- - - - -- -- -- - - --. . 4 -- - - - - -- -- -- - - f . . . . .- -.. . . ..- -.. . . - -.. . .

3 2 201 1431 .1 .1 .1 1631 162

3 0 1 69 9051 103 10771 1023
------------------------------------------------- +----------

2 1 0 1 161751 22684i 11361 1 .1 39995j 3405
--- .- .. .. .. +. ..---------.--------- + . . . +...---------+----
2 2 0 1 7091 28291 681 .1 .1 36061 3158

--------- --- I--------- 4---------+---------+-----------------
2 1 1 1 .1 31 1 .1 31 3

S+-------+---------+---------+---------+---------+-----------------
2 0 1 i 14991 88211 22911 .1 .1 12611! 3172

---. .+--------- 4 ----- +- -+----------+---------+---------+-----
1 1 0 1 6791; 175281 .33671 .1 1 276881 380

+-------+---------+---------+---------+-------------- --------------
1 2 0 34041 123551 15591 .1 .1 173181 3258

------ --------------------------------------------- -
1 3 0 1 21 641 31 .1 .1 691 68

--- ------------------------------------------------------- -
1 1 1 I il1 3381 1961 .1 .1 5451 506

S4 .--- +---------+---------------------------+-----------
1 0 1 i 40011 208281 125181 4191 .1 37766i 380

---- ---------- +---- +----------- -----------------.---------
0 1 0 1 8251 106171 56611 721 .1 171751 20

S~--------------------------------------------- -
0 2 0 1 25921 116771 50961 21 .1 193671 190

S+-------+---------+---------+---------+---------+-----------------
0 3 0 1 241 6881 5001 .1 .1 12121 590

-+---------+---------+---------+-------------------------------
0 1 1 I 1631 28481 27971 201 .1 58281 374
- ------- +---------+---------+---------+----- ---- +-----------------
0 0 1 1 19981 130021 196321 82451 3761 432531 20
--- --------- I---------+------------------------------------- -
ALL 1 6827111640721 552241 87581 37612967011 41666

9



Table 5

TABLE OF NUMSTD 6Y V

NUMSTD V-COEFFICIENT OF VARIATION
FREQUENCYi

PERCENT 1 01 I 21 31 41 TOTAL
------ +---------------+............------------------+------------+

0 1 14071 2861 0f 01 01 1693
I 0.47 0.10 0.00 0.00 0.00 I 0.57

------------- +------------+------------4------------+------------.-

I 5970 30290 j 25389 I 8317 I 376 1 70342
2.00 I 10.15 f 8.51 I 2.79 I 0.13 1 23.56

-------------------------- +------------+------------------------

2 I 15347 1 59119 f 23799 I 441 I 0 I 98706
I 5.14 [ 19.80 I 7.97 [ 0.15 I 0.00 I 33.07

------ +------------..------------............------------+---------+

3 25753 50252[ 5757[ 01 0f 81762
I 8.63 I 16.83 I 1.93 I 0.00 I 0.C0 [ 27.39

---- 4-----------------+------------+------------------------

4j 166491 199501 279f 01 0 36878
[ 5.58 [ 6.68 [ 0.09 0.00 0.00 [ 12.35

------------ +------------+------------+------------------------

51 42331 38761 Of 01 0f 8109
1.42 1.30 0.00 0.00 0.00 I 2.72

------.4 ...... +........---+ ........ ......... +........---+

61 4161 4851 O1 0 0 0 901
0.14 1 0.16 1 0.00 0.00 I 0.00 0.30

-- --------------........ ..----- +------------+------------

? 161 841 0 0 01 100
I 0.01 0.03 I 0.00 f 0.00 I 0.00 I 0.03

---------- +------------+------------+------------------------

8j 31 11 Of Of 01 14
! 0.00 0.00 0.00 f 0.00 0.00 I 0.00

------ ------------..... . ........---------------------

01 0I 0 o 0 5
I 0.00 I o.(k) I 0.00 00 I 0.00

TOTAL 69794 164358 55224 8758 376 298510

23.38 55.06 18.50 2.93 0.13 100.00

D. Analysis Based on Sdandard Deviation. Forty percent of the non-
seasonal items had only 3 or 4 data points across the entire 20 quarters
that could be identified as demand spikes; 57 percent of the items had
fewer than 3 quarterly demands that exceeded the mean by one standard

deviata~n or more. Twenty quarters of data are insufficient to define a
distribution of inter-arrival times for infrequent demands based on
deviation from the mean. Pattern analysis of the more than 40 thousand

unique standard deviatinn patterrs i.s impractic l due to sheer nuiibers. "0
further analysis of demand data based on ztoruiard deviation wa: co1JLu,.t0l. 0

= = = . .. . .: .. . ...(.
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