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(57) ABSTRACT 

An exemplary embodiment of the invention relates to a stor 
age medium for facilitating excess inventory utilization. The 
excess inventory includes parts used in end products. The 
storage medium includes instructions for a causing a com 
puter to implement a method. The method includes translat 
ing sales specific terminology describing the end products 
into bill of material terminology describing the parts used in 
end products via a bill of material structure. The translating 
includes mapping between features associated with end items 
and parts required to build the end items. The method also 
includes determining an optimal build plan for the end items 
that, if built, would consume a desired quantity and/or type of 
excess inventory. 
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METHOD, SYSTEM, AND STORAGE 
MEDIUM FOR FACILITATING EXCESS 

NENTORY UTILIZATION INA 
MANUFACTURING ENVIRONMENT 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is a continuation of U.S. patent 
application Ser. No. 10/210,432, filed Aug. 1, 2002, the dis 
closure of which is incorporated by reference herein in its 
entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to inventory 
management. More particularly, the present invention relates 
to a method, system, and storage medium for facilitating 
excess inventory utilization in a manufacturing environment. 

BACKGROUND OF THE INVENTION 

0003. In a manufacturing environment products are built 
that often comprise many possible configurations while shar 
ing some common lower level assemblies and parts in their 
bills of material. Due to factors such as market fluctuations 
and other unanticipated environmental changes, it is not 
uncommon for a manufacturer to be left with excess inventory 
on certain parts. These parts may include those that are 
ordered but not yet received in which the manufacturer incurs 
liability for cancellation, or they may be parts held by a 
contract manufacturer, or involve other similar types of situ 
ations. 
0004 Surplus/excess inventory can be problematic for a 
manufacturer as it can increase costs and reduce profits. 
Inventory specialists are continually working to reduce inven 
tory levels by finding ways to shorten the pipeline and reduce 
lead times. Attempts at Solving the Surplus/excess inventory 
problem include developing a build plan for end products that 
would consume as many of these Surplus/excess parts as 
possible. This build decision has been solved in the past in a 
manual fashion by investigating individual choices one at a 
time. Not only is this laborintensive, but when an excess parts 
could be used on several alternative saleable items, each of 
which might consume various quantities of other excess 
parts, the problem becomes too complex for the manual 
approach. 
0005 What is needed is a method of assessing existing 
Surplus/excess parts inventories and developing an optimum 
build plan for end products that would consume these parts. 

SUMMARY OF THE INVENTION 

0006 An exemplary embodiment of the invention relates 
to a storage medium for utilizing excess inventory comprising 
parts used in end products. The storage medium includes 
instructions for a causing a computer to implement a method. 
The method includes translating sales specific terminology 
describing the end products into bill of material terminology 
describing the parts used in end products via a bill of material 
structure. The translating includes mapping between features 
associated with end items and parts required to build the end 
items. The method also includes determining an optimal build 
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plan for the end items that, if built, would consume a desired 
quantity and/or type of excess inventory. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007 FIG. 1 is a block diagram of an exemplary system 
for facilitating excess inventory utilization management. 
0008 FIG. 2 is a graphical depiction of a sample bill of 
material structure used in a translation process of the inven 
tory utilization tool. 
0009 FIG. 3 is a flowchart of a process for assisting an 
inventory planner in determining an optimum build plan in an 
exemplary embodiment. 

DETAILED DESCRIPTION OF THE INVENTION 

0010 FIG. 1 is a block diagram of an exemplary system 
for facilitating excess inventory utilization in accordance 
with an exemplary embodiment of the invention. Excess parts 
files (also referred to herein as excess inventory files) 106 are 
provided by manufacturing/inventory personnel and contain 
lists of any excess/surplus (herein referred to as “excess) 
parts along with the quantity in excess. Manufacturing pro 
cess data files 107 may include data relating to yields, cycle 
times, usage rates, capacities, alternative parts, and other 
desirable information. Data from these files 106 and 107 are 
submitted to a Manufacturing Resource Planning (MRP) 
engine 102 that employs the inventory utilization tool 104 of 
the invention. BOM files in database 108 store parts lists for 
saleable end items. Saleable end items refers to parts, prod 
ucts, Subassemblies, and includes any item that can be pro 
duced and sold for revenue by a manufacturing entity in order 
to use up excess inventory. The inventory utilization tool 104 
comprises a shell Script for generating new BOM data struc 
tures as will be discussed further herein. A reports database 
110 is included in FIG. 1 and stores reports generated by the 
inventory utilization tool 104 for analysis and review by 
specified inventory specialists (also referred to herein as 
inventory planners). 
0011 Operation of the inventory utilization tool from the 
perspective of an inventory planner of a manufacturing entity 
will now be described with reference to FIGS. 2 and 3. In an 
exemplary embodiment, the inventory utilization tool 
employs a method comprising a translation segment and a 
Solution segment. 
0012 For products (also referred to herein as saleable end 
items) that are fairly complex, and the configuration choices 
numerous, a simplified way of describing them may be help 
ful so that customers and salespeople of the manufacturing 
entity have an easier time deciding on and ordering what they 
want. This sales nomenclature involves a mapping process 
at time of order placement whereby products are transcribed 
from sales-specific terminology to bill of material part num 
bers (referred to herein as manufacturing nomenclature). 
The mapping is preferably many-to-many, and may often be 
order dependent (i.e., one-way mapping). 
0013 For example, in placing an order for an upgraded 
automobile interior, the dealer may specify a code DLUX. 
This code is the same for model X (economy car), model Y 
(luxury sedan), or model Z (sports utility vehicle). However, 
the part numbers required for that order (i.e., part numbers 
that are needed in order for manufacturing to fulfill the order) 
are dependent on the code DLUX as well as the model 
number of the vehicle (i.e., model X, Y, or Z). 
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0014. There are two decisions this method supports: (1) 
which saleable end items to produce out of the excess inven 
tory in order to use up as much inventory as possible while 
incurring minimal costs for purchasing additional lower-level 
parts needed to square up sets and produce the end items; 
and (2) how to express the choice of saleable end items in 
sales nomenclature, even though the available inventory is 
expressed in manufacturing nomenclature. 
0015 The translation segment takes information pre 
sented in manufacturing terms and translates it into sales 
terms. Product descriptions of saleable end items using sales 
nomenclature are referred to herein as features. Saleable 
end items include items which can be sold for revenue. A 
personal computer is one example of a saleable end item. 
Some features may require the same part numbers, regardless 
of other aspects of the order (e.g., a replacement headlight 
might be referred to as “HDLT and would include a distinct 
set of parts to build). These features are referred to herein as 
simple features. 
0016 Features that require just one other piece of infor 
mation in order to know the exact part numbers required are 
referred to as plus-one simple features. Plus-one simple 
features become simple with the addition of one piece of 
data. For example, an automobile exhaust system requires 
knowing the state in which the vehicle will be registered due 
to differing emission controls among the states. The exhaust 
system may be referenced as EXHST with a plus-one fea 
ture for the state. 
0017. The bill of materials structure for plus-one simple 
features can be built by making a copy of the feature for each 
distinct value of the additional information (i.e., distinct in the 
sense that different parts are required). For example, if Cali 
fornia required different parts in its exhaust systems but all 
other states had the same parts, two saleable assembly parts 
would be created out of the one feature as illustrated in FIG. 
2 
0018. This concept may be extended to plus-two simple 
features, plus-three simple features, and so on. The saleable 
assembly parts created out of a plus-k simple feature would 
be k-tuples, resulting in potentially extensive proliferation of 
similar bill records ask gets large. 
0019. This same approach may extend to features whose 
translation depends on the presence of other features. For 
example, a deluxe interior (described as one feature) coupled 
with a stereo (described as a second feature) may require a 
different dashboard cover (identified by a different part num 
ber) than a deluxe interior without that stereo. 
0020. In practice, it makes sense to capture those features 
which are as simple as possible, yet make up the vast majority 
of all features. Plus-one or plus-two simple features may be 
all that are necessary to describe these features. Any other or 
more complex features could be omitted from the build-out 
decision, unless they can be expressed in a different way. 
0021. Once the new BOM structure is established, the tool 
assists the MRP engine in the solution segment as described 
herein. 

0022. The decision of what to build out of excess parts 
requires a way to distinguish value between choices of sale 
able end items, often expressed as either revenue or profit. 
This decision is very similar to the decision of what can best 
be built out of a set of constrained parts. This latter problem 
has been modeled in various ways and solved by linear pro 
gramming (LP) tools as well as various heuristics (e.g., local 
search techniques), artificial intelligence techniques (e.g., 
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genetic algorithms, neural networks, tabu search, etc.), and 
non-linear optimization (e.g., gradient search techniques). 
One Such approach involves an optimization engine which 
uses a set of subroutines called the Watson Implosion Tool 
(WIT). This approach is the subject of U.S. Pat. No. 5,630, 
070, entitled “Optimization of Manufacturing Resource Plan 
ning. The model of the present invention differs in that an a 
priori expression of demand that a manufacturer is trying to 
satisfy is not needed. Also, a manufacturer may wish to 
express an upper limit (referred to as k) on how much to 
spend for additional materials in order to use up one dollar of 
excess inventory. Further, revenues per unit of a saleable item 
(i.e., prices) may be Volume-dependent, a factor addressed by 
the present invention. Finally, higher-level (e.g., assembly) 
items in excess may also be disassembled to create and then 
reuse Supply of these low-level parts in other products. 
0023 The method involves getting all data related to the 
manufacturing process (e.g., yields, cycle times, usage rates, 
capacities, alternate parts, etc.) from manufacturing process 
database 107 or other similar data source and formulate con 
straints related to the usage of materials in producing other 
materials, and eventually, saleable end items. If no revenue 
data are available, the choice amongst saleable end items can 
be made by using a formula, k times 'ei (expressed as kei), 
as the revenue for item i where 'ei is the amount in dollars 
of excess inventory consumed when producing/selling one 
unit of item i. The scalar factork referenced above may be 
set by a decision maker. Ei is calculated by using a pegging 
Subroutine applied to a variant of the original problem, where 
a dummy part is added as a component of all other parts, with 
usage rate set to the value of the part for those that are excess 
inventory, and to Zero otherwise. This step assists in balancing 
two competing forces: how important is using up excess (at 
any cost) versus how important is it to not incur additional 
cost (for squaring up sets). This balance is reflected through 
k', which indicates how much one is willing to spend (in 
additional purchases) at a maximum in order to use of one 
dollar of excess. For example, a manufacturing entity may be 
interested in spending S1.00 for every dollar of excess inven 
tory to be disposed. Alternatively, a manufacturingentity may 
be more interested in getting rid of inventory and may choose 
to spend S3.00 to dispose of a S1.00 of excess inventory. The 
k factor expresses this sensitivity between using up excess 
and minimizing additional spending. 
0024. In order to find the most desirable solution for a 
given value of k, the problem may be modeled as a linear 
equation as follows. 
0025 Maximize profit=Revenue minus Cost 
0026. It will be noted that the cost to build a saleable end 
item is the cost of all components where those in excess are 
considered free, and the revenue is k times the excess con 
Sumed in building one end item. This equation assumes that 
the price the marketplace would pay for the item is not known. 
Ifactual prices are known, they can be substituted for revenue 
in the above equation. Thus, using the scaling factor, one can 
optimize how much excess to be consumed (e.g., setting k 
very large), or how little additional purchase required (e.g., 
setting k’ very small), or somewhere in between. Alterna 
tively, if market prices are available, they may be utilized in 
the equation in order to optimize overall profit. 
0027. The optimization objective may be more general 
than profitability, for example, by factoring in a priority on the 
saleable end items that reflects how perishable they are, how 
easy they are to sell, how seasonable they may be, etc. By way 
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of example and not limitation, other optimization objectives 
may include or take into account Strategic objectives (e.g., a 
loss leader), special customer service needs, or any other 
desired business purpose. This information can be most gen 
erally considered “business impact' information, which can 
be balanced with other factors such as the relative desirability 
of building end items, with the relative cost of additional 
purchases needed, and the benefit of consuming the excess 
inventory. It is generally known in the art that there are situ 
ations influencing production decisions beyond mechanical 
analysis of simple profitability defined by revenue minus 
costs of an individual end item. 
0028 Note that this business impact can also vary over 
time and by Volume. For example, the company might be able 
to sell 100 units at S5,000 each but selling more than 100 units 
would only be possible if the price were dropped to $4,800. In 
this example, business impact would be defined as profit (e.g., 
end product revenue minus the cost of parts in the associated 
BOM, cost of manufacturing, etc.), and the revenues for sale 
able end items would be defined by piece-wise linear func 
tions of the volume sold. Since some of the parts in excess 
inventory (as well as the end products and end items to be 
made from Such parts) may lose value more quickly than 
others (i.e., more “perishable'), there may be a higher priority 
associated with particular parts in excess inventory or end 
products which will in turn affect the optimization of the build 
plan. 
0029. Similarly, the costs of additional purchase items 
may depend on time or volume. Additionally, by treating an 
excess inventory item or part as "saleable' (that is, it could be 
sold by itself, or built into a higher-level product), one can 
also capture the dynamic of time-dependent Scrap value (per 
ishability). Finally, some of the items required for building a 
saleable end item may be constrained (e.g., have an infinite 
cost to acquire beyond a certain number of units). All of these 
considerations on business impact can be taken into account 
in finding an optimal solution. 
0030 The optimization criteria used in the optimization 
are non-demand criteria. Non-demand criteria are those cri 
teria that can be assessed without having a demand statement 
associated with one or more end products. Demand State 
ments are a quantity that is forecasted or confirmed of how 
many end products can be sold. In many instances, demand 
statements are broken out over units of time (e.g., 10 of 
product X in January, 50 of product Y in 2002). In config 
urable products, such as high end computer systems, it is 
difficult to develop demand statements on every permutation. 
Examples of non-demand criteria are: utilizing the quantity or 
dollar value of inventory, minimizing additional dollars spent 
to utilize quantity or dollar value of inventory, maximizing 
profit of end items, taking into account other business criteria 
Such as perishability, a loss leader, etc., or anything else that 
does not include a demand statement. 
0031. In MRP systems and other support tools for helping 
companies decide what to build, demand for end products is 
a critical, if not the most critical criteria for optimizing a build 
plan. The intent is to produce where there is a known demand 
as represented by demand statements for the end products that 
the business entity produces. 
0032. When focusing on surplus/excess parts inventory, 
the optimization of the build plan will focus on criteria rel 
evant to the Surplus/excess inventory Such as the quantity or 
dollar value of inventory consumed by the build plan or the 
overall potential business impact of the end products pro 
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duced. These decisions are initially made absent demand 
statements and the build plan is assessed for ease of sale or as 
a guide to areas where steps should be taken to increase 
demand. In other words, the present invention assists in gen 
erating opportunities while existing MRP systems and Sup 
port tools typically match Supply to a proposed demand for 
end products. One way of using the exemplary embodiment 
would be to generate a number of possible build scenarios 
optimized using non-demand criteria and having marketing 
professionals do demand analysis or other analysis to deter 
mine which of the opportunities identified would be easiest to 
eXecute. 

0033. The process of utilizing the above optimization 
component in a manufacturing setting will now be described. 
0034 Basic records and inputs are obtained at step 302. 
These include BOM, costs, revenue (if available), inventory, 
and ei data. The tool setsk to Zero and DemandVolumes to 
Big M at step 304. Big M refers to an initial upper limit in 
linear programing and is used as an initial solution (e.g., a 
demand to satisfy) in starting the optimization process. This 
value, or upper limit, is selected for the purpose of initiating 
implementation of the linear program only and does not 
reflect actual or specific demand values (e.g., a random or 
arbitrary value). An implosion tool is used to find optimal 
available-to-sell (ATS) volumes for end-items at step 306. 
The saleability of ATS volumes are assessed at step 308. If 
ATS volumes exceed saleability at step 310, then Demand 
Volumes for those items are decreased at step 312 and the 
process returns to step 306. Steps 306-308 are repeated until 
ATS Volumes are less than or equal to saleability. Aggregated 
availability is assessed at step 314. If aggregated availability 
is exceeded for any item groups at Step 316, then demand 
volumes for items within this group are decreased at step 318 
and the process again returns to step 306; otherwise, the 
process continues at step 319 in which the consumption of 
excess items is assessed. If more excess needs to be con 
sumed, then k is incremented at step 320 and the process 
returns to step 306. Steps 306–319 may be repeated until there 
is no more excess requiring consumption. 
0035. The present invention enables a manufacturer to 
pursue a concerted effort in sales and to sell through items 
which will consume excess inventory. These efforts may 
include alternate channels (such as e-auctions or discount 
brokers), marketing campaigns, use as repair parts, etc. Fur 
thermore, the approach to translating from manufacturing 
into sales nomenclature has further applications to expressing 
available-to-promise (ATP) in terms meaningful to the sales 
force and customers. 

0036. As described above, the present invention can be 
embodied in the form of computer-implemented processes 
and apparatuses for practicing those processes. The present 
invention can also be embodied in the form of computer 
program code containing instructions embodied in tangible 
media, such as floppy diskettes, CD-ROMs, hard drives, or 
any other computer-readable medium, wherein, when the 
computer program code is loaded into and executed by a 
computer, the computer becomes an apparatus for practicing 
the invention. The present invention can also be embodied in 
the form of computer program code, for example, whether 
stored in a storage medium, loaded into and/or executed by a 
computer or transmitted over some transmission medium, 
Such as over electrical wiring or cabling, through fiber optics, 
or via electromagnetic radiation, wherein, when the computer 
program code is loaded into and executed by a computer, the 
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computer becomes an apparatus for practicing the invention. 
When implemented on a general-purpose microprocessor, the 
computer program code segments configure the microproces 
Sor to create specific logic circuits. 
0037. It will be evident to those skilled in the art that the 
present invention provides many improvements over the cur 
rent state of the art of ratio planning. Data from a variety of 
systems and locations is being collected into a single database 
in order to provide a single, integrated repository for ratio 
planning data. The invention allows ratio planners to cata 
logue part numbers and models in order to provide some 
structure and meaning to the thousands of seemingly random 
part numbers. The cataloging provides an easy way to pull 
information together for reports. Additionally, the invention 
provides the ability, through the use of pre-defined reports, to 
generate reports very quickly and with a minimum of com 
puter database expertise on the part of the ratio planner. The 
invention is well suited for both small manufacturers with 
relatively few ratios as well as very large manufacturers with 
tens of thousands of ratios. 
0038. While the invention has been described with refer 
ence to exemplary embodiments, it will be understood by 
those skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof without 
departing from the scope of the invention. In addition, many 
modifications may be made to adapt a particular situation to 
the teachings of the invention without departing from the 
essential scope thereof. Therefore, it is intended that the 
invention not be limited to the particular embodiments for 
carrying out this invention, but that the invention will include 
all embodiments falling within the scope of the appended 
claims. 
What is claimed is: 
1. A storage medium comprising machine readable com 

puter program code for utilizing excess inventory in a manu 
facturing environment, said excess inventory comprising 
parts used in end products, said storage medium including 
instructions for a causing a computer to implement a method, 
comprising: 

translating sales specific terminology describing said end 
products into bill of material terminology describing 
said parts used in end products via a bill of material 
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structure, said translating including mapping between 
features associated with end items and parts required to 
build said end items; and 

utilizing said bill of material structure, determining an 
optimal build plan for said end items that, if built, would 
consume a desired quantity and/or type of excess inven 
tory; 

wherein said determining an optimal build plan includes: 
formulating constraints related to usage of parts in pro 
ducing end items utilizing: data provided in said bill of 
material structure; and manufacturing process data 
resulting in at least one saleable end item, said manufac 
turing process data comprising at least one of costs; 
revenue data; inventory data; usage rates; yields; capaci 
ties; cycle times; and alternate parts; and optimizing said 
constraints utilizing at least one of heuristics; linear 
programming; artificial intelligence; and non-linear 
optimization; 

wherein selecting an end item from a list of saleable items 
capable of consuming excess inventory comprises: 
applying an algorithm comprising: 
k*ei; 

wherein k is a scalar factor referring to a selectable number 
operable for expressing an upper limit on how much to 
spend on additional parts in order to use up one dollar of 
excess inventory; and whereinfurther, ei represents an 
amount in dollars of excess inventory consumed when 
producing one unit of an item i. 

2. The storage medium of claim 1, wherein said mapping 
includes: 

Sub-mapping said features wherein a feature of an end item 
comprises more than one distinct set of parts and parts 
required to build said end items. 

3. The storage medium of claim 1, wherein selecting an end 
item from a list of saleable end items capable of consuming 
excess inventory further includes: 

utilizing user-supplied pricing information to determine 
which of said saleable end items, if built, would con 
Sume the most excess parts while requiring minimal 
additional expense. 


