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Entries tend to be arranged according to their abbreviation. Thus, Bill-Of-Material is
defined under BOM. Note that it is easier to deduce the abbreviation from a phrase,
than deduce the phrase from the abbreviation. This document is updated regularly.

3PL(Third Party Logistics): The use of an outside party to perform some part of the
logistics function, typically trucking or warehousing. It is appropriate if there are
economies of scale in the logistics function.

463 Pallet: A standard pallet for carrying cargo in the U.S. military. It is 88 inches by
108 inches and about 2 inches thick. It has 6 tie-down rings on the long side and 5
tie-down rings on the short side, Cargo on the pallet is held in place by nets. The
pallets are held in place on a cargo aircraft by a set of side rails. See also ULD.

ABC Analysis: Partition of products into three groups according to their yearly dollar
volume. A typical result is that 30% of the products(the A’s) comprise 70% of the
volume. More sophisticated control procedures are appropriate for class A products.
Very simple, cheap methods suffice for managing class C items. Similar to Pareto
analysis.

ABC(Activity Based Costing): An accounting method that attempts to closely associate
costs, particularly indirect costs, with the activities that generate the costs.
Sometimes also called transactions-based costing. The most crucial aspect of ABC is
identifying the “cost drivers”, e.g., number of stops on a delivery route, number of
miles on a delivery route, number of pallets delivered, etc., and then deducing the
cost rate to apply to each activity.

Acceptance sampling: See AQL.

ACH(Automated Clearing House): A nationwide electronic payments system in the U.S.
that is popular for making electronic payments, bank to bank, business to
business, and business to government. See http://www.nacha.org.

A.C. Nielsen: A Chicago based supplier of industry sales data for consumer products,
e.g., supermarkets. These data are obtained from sources such as cash register
scanners. Another supplier of such data is IRI.



Acre: unit of land measure= 4840 square yards=0.4049 hectares.
640 acres=1 square mile. See Sl units.

Act of God: In a contract, say for a delivery of goods, an event that is difficult to
predict, prevent, and of low probability, e.g., tornado, hurricane, which if occurs,
absolves one of the parties of the contract from having to satisfy the conditions of the
contract, e.g., deliver the goods on time. Sometimes also known as a Force Majeure.
Other events sometimes listed as Force Majeure are strikes, riots, explosions, and
governmental actions.

ADC(Automatic Data Capture): Any method, such as bar codes and RFID for
automatically entering data into an information system with minimal manual effort.

AGV (Automatic Guided Vehicle): a driverless vehicle used in warehouses and factories
to move material. It can replace forklifts for some tasks. Usually the material to be
moved must be on a standard pallet. In its most automated form, when a pallet is to
be moved to a new location, the AGV system is informed of the origin and the
destination of the desired movement. An AGV will pick up the pallet, navigate
through the factory following either wires or magnets buried in the floor or laser
beams. An AGV may be managed by a WMS.

AICPA(American Institute of Certified Public Accountants)

AIDC(Automatic Identification and Data Capture/Collection): Methodologies, including
bar codes, OCR, MICR, RFID, magnetic stripe, biometrics, etc. for identifying
packages, documents, and people.

American option: See Call option, Put option.

andon: A Japanese term meaning literally a lantern, perhaps for signaling. In
manufacturing it typically is a lamp displaying one of three colors: Green = operating
normally, Yellow = help is needed, e.g., send a maintenance or changeover crew, and
Red = production has stopped because of some problem. See also poka yoke, jidoka.

ANSI(American National Standards Insitute): see http://www.ansi.org or
http://www.nssn.org An agency for publishing U.S. and international standards.

AP(Accounts Payable): List of amounts due to our suppliers. Software system for
deciding when to pay which bills based upon discounts and penalties that depend upon
when paid.

APICS(American Production and Inventory Control Society): Also known as the
Association for Operations Management. See http://www.apics.org. From 1980 to
2000 this organization popularized the use of MRP. APICS offers two certification
exams: the CPIM and the CIRM.
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Apollo: Planogram software from IRI.

AQL (Acceptable Quality Level): When a shipment of units of some SKU arrive, you
may wish to inspect the shipment and reject it if “too many” of the units are defective.
How is “too many” determined? A well defined way is to choose four quantities:

1) a high quality level known as the AQL, e.g., 0.5 % defective or less,

2) a low quality level, the Lot Tolerance Percent Defective(LTPD), e.g. 2% defective
or more, 3) a producer’s risk, ¢, €.9., .15, and 4) a consumer’s risk, f, e.g., 0.1.

We then want to choose an inspection plan so that the probability of rejecting a
“good” lot having AQL% defective is ¢, and the probability of accepting a “bad” lot
with LTPD defective is 5. For example, if a single sample plan is used, then using
the binomial distribution, and the above example numbers, it can be shown that one
should take a sample of size 265 and accept if the number defective is 2 or less.

AR(Accounts Receivable): List of amounts due to us by customer. Software system for
monitoring and updating amounts due and highlighting accounts according to their
need for attention, e.g., more than 30 days past due, more than 60 days past due, etc.

Arbitrage: In its simplest form: buying a commodity at one price in one market and then
immediately selling the same or equivalent commodity at a higher price in another
market. More generally, if the commaodity is a physical commodity such as corn or
oil, then we say an arbitrage opportunity exists if the price for the commodity in
market B is higher than the price in market A plus the transportation cost from A to B.
In currency exchange markets an arbitrage opportunity exists if there are three
markets, say euros, dollars, and yen so that you can exchange one euro for the
equivalent in dollars, exchange those dollars for the equivalent in yen, and then
exchange those yen for the equivalent in euros, and then find yourself with more
than one euro.

ARIMA forecasting model: A class of forecasting models in which there may be three
kinds of features: 1) Auto-Regressive(AR) terms to represent business cycle behavior
such as tends to occur when demand is generated by equipment that needs to be
regularly replaced as it wears out, 2) a Trend, or Integration(l) or differencing feature
to represent demand that is steadily increasing, and 3) Moving Average(MA) terms
which can capture the effect of a spike in demand, say, after our product was the
subject of a favorable news story. These three features, AR, I, and MA, together are
called ARIMA. A forecasting model with p AR terms, d differencings, and g MA
terms, is said to be an ARIMA(p,d, q) model. Exponential smoothing can be shown to
be an ARIMA(O, 1, 1) model. Early work on this class of forecasting methods was
done by Box and Jenkins, so ARIMA models are sometimes called Box-Jenkins
models.

ASA(Average Speed of Answer): A standard measure of service quality in in-bound call
centers. A typical target is 20 seconds or less. In the US, the time between “ring”
tones is six seconds, so this corresponds to a little over three rings.



ASN(Advance Shipping Notice) An electronic message from the shipper(or supplier or
sender) to the customer(or receiver) that the product has been shipped and is expected
to arrive during a specified time interval.

ASP(Application Service Provider): A firm that provides both computing power and
business software to businesses via the web, somewhat similar to timesharing firms in
the 1970’s. A business that uses an ASP can be billed per transaction, so that a small
firm might be able to use a powerful piece of software without having to pay a high
fixed license fee for it. Another advantage is that the details of software maintenance
and upgrades are invisible to the user. A risk in using an ASP is that the ASP may fail
either physically or financially, in which case the business that uses it may have less
recourse than if its information processing was done in-house.

AS/RS: Automated storage and retrieval system. The benefits of an AS/RS are
typically: higher pick rates per person and greater storage density of products. The
greater density is because items may be stored higher.

Assortment planning: Deciding how much to carry of which products. An important
consideration is the substitution behavior of various customer types, that is, what
product of yours or your competitors the customer will buy if you do not have her first
choice in stock. See also Consumer choice, Multinomial logit.

ASTM: Originally the American Society for Testing and Materials, but now officially
known as ASTM International, see http://www.astm.org. ASTM initially set
standards for steel products around the 1900. If you were ordering steel rail from a
mill you might specify that the steel have a certain hardness as specified by a precisely
described ASTM test. ASTM then introduced standards for the cement industry. It
now publishes standards and standard tests for a wide range of materials, such as
testing the viscosity of lubricating oil, or testing the strength of plastic. Thus, a
reasonable way of communicating a quality requirement between a manufacturer and
a customer is via an ASTM standard.

ATO(Assemble to Order): Components are kept in inventory, however, a final product is
assembled from these components only when a customer places an order for a
particular product configuration. The ATO approach may be appropriate when there
are a modest number of components, but a large number of different configurations
into which these components could be combined to produce a product useful to some
customer. Sometimes also called Build to Order.

ATP(Available To Promise): Amount of product that a facility can promise to deliver
quickly because it has a) the required product and components on hand, b) not
promised already to some other customer, and c) has production capacity to assemble
the product, not already scheduled for production of other products for other
customers. Some sophisticated ERP systems allow the user to attach a probability to
each promise or claim on inventory to account for expected cancellations of orders.
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Attributes sampling: In quality assurance, sampling in which a yes/no attribute is
measured, e.g., defective or not. In contrast, see variables sampling.

AVI(Automatic Vehicle Identification): A system in which participating vehicles,
e.g., trucks, carry a transponder that may be queried by a reader, e.g., at a weight
scale, atoll booth, or at port of entry at a state border. The transponder, if it
recognizes the device or system sending the query, will respond with its
identification code. This kind of system is also used in automobile toll collection.
The identification code contains information about the type of vehicle, e.g., number
of axles. The roadway may have additional sensors to count the number of axles
and/or estimate the length of the vehicle and check if it matches the vehicle
description in the code sent by the transponder.

AVL(Approved Vendor List): For each SKU that we might buy, a list of vendors who
have been approved, e.g., on the basis of quality, price, delivery time, to supply
this SKU.

Avoirdupois weight: A system of weights widely used in the U.S. and to some extent in
the United Kingdom, Australia, and Canada. The central unit is the pound (Ib).
A pound is 0.45359237 kilograms. Other units of the Avoirdupois system are:
grain = 1/7000 Ib, dram = 1/256 Ib, ounce = 1/16 Ib, hundredweight (cwt) = 100 Ib and
“short” ton = 2000 1b. Beware that an Avoirdupois ounce is not the same as a Troy
ounce and an Avoirdupois pound is not the same as a Troy pound.
See also Sl units, Troy weight.

B2B: Business To Business. Transaction between two businesses.
B2C: Business To Consumer. Transaction between a business and a consumer.

Backhaul: A return trip, carrying goods perhaps at a lower rate, after making the primary
delivery. See also deadhead.

Backlog: very similar to back order. Product ordered by customer but not yet
delivered.

Backorder: unsatisfied product demand for which customer is willing to wait for
shipment later, rather than cancel the order. See also: stockout. A backorder may
cause accounting complications because a vendor typically cannot charge for a
product that has not been shipped, in particular if payment is made by credit card.

Backup Agreement: A purchasing arrangement between a supplier and a retailer that
bundles the purchase of given number of nonreturnable units, with the option to buy a
given number of additional units for quick delivery at a specified price. For example,
the retailer might purchase outright 80 units at $150 each, bundled with 20 options at
$15 per option, to purchase an additional 20 units at $140 each. Compared to a
conventional agreement, a backup agreement spreads the forecasting risk between the



supplier and the retailer. A conventional agreement that allows full refund of unsold
units puts all the forecasting risk on the supplier(and the retailer will tend to order too
much). A conventional agreement with no refunds puts all the forecasting risk on the
retailer(and the retailer will tend to order too little).

Bait-and-switch: A situation where a vendor advertises two types of products, a cheap
one, Type Y, and a more expensive one Type A. There are two classes of customers:
Class Il customers are only willing to buy product Y, whereas class | customers
prefer product Y but are willing to buy product A if Y is out of stock. An interesting
inventory management problem is how many units of product Y to stock. If a small
quantity of Y is stocked, then class | customers may arrive hoping to buy Y but end
up buying the more expensive(and profitable to the vendor) type A product. This is
very similar to revenue management as practiced in the airlines. Ethics/long term
customer good will suggests that the vendor should be clear in the advertising of Y
that “limited quantities available, no rain checks”.

Balanced Scorecard: Traditional accounting measures are mainly designed for
measuring performance as seen by the stockholders. Robert Kaplan of Harvard
Business School popularized an extension of accounting measures, consisting
essentially of the following steps: 1) Identify the company's stakeholders, e.g.
customers, employees, communities in which the company operates, stockholders.

2) For each stakeholder, identify metrics for the company's performance. E.g., order
fill rates, product return rates; wage rates, employee turnover; charitable gifts,
pollution levels; stock price. 3) Measure and report the company’s performance on
each of these measures.

Baldrige Award: An award that recognizes quality achievement by U.S. organizations,
see http://www.quality.nist.gov. It is named after former Commerce Secretary,
Malcolm Baldrige, who was killed in a rodeo accident in 1987. Annual awards may
be given in four categories: manufacturing, service, small business, and
education/health services.

Balking: The action of an arriving customer in a service system to not join a waiting
queue because the queue is too long. This results in a lost sale.
Contrast with reneging.

Bar code: A machine readable marking on a product or box. It typically contains 10 to
12 digits of information about the contents of the box. A major manufacturer of
barcode printers, Zebra Technologies, takes its name from the appearance of these bar
codes. More recent two-dimensional codes may contain as much as 100 characters.
See also UPC, RFID. The general public is familiar with bar codes for the use in
checkout of purchases at a cash register. Bar codes are also very important in
warehouses/DC’s in that they facilitate automated sorting.

Barge: a vessel used mainly in inland water transportation. It typically is not powered.
A set of barges, perhaps a half dozen or more, may be grouped into a “tow” which is
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propelled by a tugboat. The advantage of a barge is that, like a trailer in a
tractor-trailer combination, it can be left at a loading or unloading point to be loaded
or unloaded over a period of hours or days while the tugboat moves on to other
activities.

Barrel: Standard unit by which crude oil is measured, equals 42 US gallons.

Base stock policy: An inventory policy whereby, whenever a demand occurs, an order is
immediately made to replace the amount sold. Itisa Q,r policy with Q = 1. See JIT.

Bass model: A mathematical model of the sales over time of a product just after its
introduction. Define: S(t) = market size in period t, M = market size at saturation or
maturity, p = innovator coefficient, 0 <p < 1, q = imitators coefficient ( could be
negative). The Bass model says or predicts:

S(t+1) = (1) + (p + aS(H)/M )*(M — 5(1)).
The term (M — S(t)) represents potential customers who have not yet bought the
product. The term p*(M-S(t)) represents new customers who will try the product just
because they like to try new products. The term gS(t)/M )*(M — S(t)) represents new
customers who will buy the product because they interacted with someone who
has already bought the product. A heavily advertised product will have a large p.
A product that gains market because of good “word-of-mouth” will have a large q.
Once you have three data points for a new product then you can estimate p, g, and M
and estimate future sales. The plot of S(t) as a function of t will give an S shaped
curve, i.e., starting slowly at 0 corresponding to the p term, then getting steeper as a
result of the g term, and then leveling off at M. See also: logistics curve, per cent done
rule.

Bathtub curve: A typical shape for the failure rate curve for many pieces of equipment,
I.e., the conditional probability of failure in the next hour, starts high because new
equipment may have “birth defects”, decreases to a low fairly constant rate for a long
period of time, and then starts to increase again as the equipment reaches “old age”.
See also failure rate curve, MTBF, IFR, and DFR.

Bay: an open area in a building such as a warehouse, unimpeded by pillars. Thus, a
building with n rows of interior pillars would have n+1 bays. If an overhead crane is
used for moving material, it can usually move only within one bay.

Beer game: A business game composed of a four level supply chain. Early members of
the chain, e.g., the manufacturer, do not see final demand directly but only indirectly
via the information, mainly in the form of orders, received from their immediate
downstream customer. Small fluctuations in retail demand typically cause big
fluctuations in demand seen by the manufacturer, illustrating the bull-whip effect.



Bi-matrix game: A two person game or competition in which one player’s (or participant
or firm) loss is not necessarily the other player’s gain. The possible decisions and
outcomes are described by two matrices. Consider two competing firms that must each
choose an advertising level:

Firm A decisions and \profits

Advertise high | Advertise medium | Advertise zero
| |
Firm B Advertise \ 5 | \ 3 | \ 4
decisions zero -1\ | 2\ | 4 \
and  —---—--—-—-———— oo |- |-
profits\ Advertise \ 2 | N1 | \ 0
high 0\ | 1\ | 5\

For example, if Firm A decides to advertise medium and Firm B decides to advertise
zero, then Firm A has a profit of 3 while Firm B has a profit of 2. This is not a stable
position, however, because if Firm A expects Firm B to Advertise zero, then it is
better for Firm A to Advertise high and get a profit of 5. Now if Firm B expects

Firm A to Advertise high, it is better for Firm B to Advertise high and at least have a
profit of 0 rather than a loss of 1. This choice pair, “Advertise high” for both is stable,
a so-called Nash equilibrium. Neither player can do better by changing unilaterally.

It is not a Pareto optimum, however, because if both did “Advertise zero”, they would
each make a profit of 4 and thus both would be better off. The choice pair of both
“Advertise zero”, however is not stable. Each player is tempted to improve his lot a
little by switching to “Advertise high. This is an illustration of the Prisoner’s
dilemma. See also, non-constant-sum game.

Billing weight pricing: see Dimensional weight pricing.

Binomial distribution: Suppose your product is in use by n customers. On any given
day, any given customer will generate a service call request with probability p,
independent of other customers. A service call request requires a trip to the customer,
which takes a full day. Then, the number of service requests in a day has a binomial
distribution with parameters n and p. The probability of exactly k service requests in a
day is p“(1-p)™* n!/(k!(n-k)!). The mean of the distribution is np, the variance in the
number of service requests is np(1-p). For example, ifn=6and p =.1, then the
probability of k = 0 service requests is .9% = .531441. The probability of 1 request is
.1*.9%%61/5! = .354294. The probability of 2 requests is .12*.9* *15 = .098415. The
binomial distribution with parameters n and p, converges to the Poisson distribution
with mean n*p, as n gets large and n*p remains fixed. The binomial converges to the
Normal distribution if p remains fixed, e.g. close to .5 and n gets large.

Blanket purchase order: An agreement between a buyer and a vendor that is intended to
simplify the purchasing of repetitively purchased items. A blanket purchase order
typically includes: a) period of time covered by the agreement, b) minimum dollar
amount to be purchased over this time, ¢) maximum amount to be purchased over this
time, d) list of SKU’s covered, e) price for each SKU, f) delivery method and speed,
g) who in buyer’s organization is allowed to order under the agreement. If the
minimum amount promised to buy is large, the vendor may give a price discount.



Blocking: In rail shipping, the process of deciding which cars are grouped together or
connected in a block or train at a classification yard. As a car moves from origin to
destination it may pass through one or more classification yards. At each yard it may
be assigned to a new block. For speedy movement one would like to have all the cars
with the same origin and destination to move as a single train from origin to
destination. This would, however, require too many trains or blocks. To minimize
handling, one would like to have as few blocks as possible that move across the
country. Similar problems arise in the postal delivery industry, where one must decide
how items get aggregated into bags/blocks at the beginning of a shipment, how these
bags are moved across the country, and then how these bags are disaggregated back to
individual items to get delivered to their destination.

BOL(Bill of lading): A binding legal contract between a shipper and a carrier for each
load picked up by the carrier from the shipper. It lists the items picked up and the
address to which they are to be delivered. A copy of the BOL is the shipper’s receipt
from the carrier. Once the recipient signs the bill of lading, it is legal proof of delivery
by the carrier.

BOM(BIll Of Material): A listing for each product or sub-assembly of all the components
or sub-assemblies that go into it and how many are required. See also MRP.

Bonded inventory: An arrangement by which a supplier holds specified amount of
inventory for a downstream customer. The inventory is segregated either physically or
electronically so that the customer is guaranteed that the agreed upon inventory is
available. This arrangement is attractive for a retailer who does not have storage space
but wants the assurance of having sufficient inventory. In a sense, this is the reverse
of consignment inventory.

Bonded storage: secure storage for product for which taxes, such as excise tax, may
become due when product leaves storage, depending upon its destination. The
warehouse owner guarantees to tax/tariff collecting agencies that product will not be
released without payment of any taxes due depending upon where the product is
shipped.

Box car: A covered rail car, typically loaded and unloaded via forklift through doors on
either side. Typically forty to fifty feet long. In contrast, see flat, hopper and tank car.

Box-Jenkins forecasting model: See ARIMA.

BPI(Business Process Improvement): A method for improving an organization, typically
by starting with what are the objectives of a particular operation, e.g., accounts
receivable, and then working backwards to decide what steps are truly needed to
achieve the desired objectives.

Braess’s paradox: The observation, supposedly made by Braess, of traffic in Stuttgart,



that for some traffic networks, if new link capacity is added to the network, the total
traffic delay at user equilibrium may in fact get worse. The paradox arises because
when individuals optimize individually they do/may not take into account the impact
of their decisions on other parties. E.g., when making the decision to take a car vs. a
train, or a particular route, we tend to not take into account the additional delay that
we may cause other commuters as a result of this decision. There is a strong form and
a weak form. The strong form is that every traveler’s travel time is no better, with
some of them experiencing increased travel time. The weak form is only that total
travel time is increased. The use of “metering” lights at the on-ramps to some
expressways is a way to avoid situations very similar to Braess’s paradox. Traffic
engineers have discovered that by restricting capacity on the on-ramp total delay is
reduced. See also: Wardrop’s Principle.

Break bulk: Disaggregate a big shipment from a single source, e.g., a manufacturer, into
smaller quantities to be shipped as needed to multiple customers, e.g. retailers.

BTO(Build to Order): See ATO.

BTU(British Thermal Unit): A common measure of performance for energy producing or
energy consuming products, defined as the energy in heat form needed to raise the
temperature of one pound of water by one degree Fahrenheit. See calorie.

Bucket Brigade: A method for coordinating workers along a pick or production line.
Workers remain in sequence as each moves forward with her job along the line. When
the last worker completes her job she takes over the job of her predecessor, who then
takes over the job of her predecessor and so on until the first worker introduces a new
job to the line. Some nice features of this style of work assignment are: a) it requires
minimal supervision, b) it adjusts automatically according to how many workers
show up for work on a given day, c) if workers are sequenced so that the faster
workers are towards the output end of the line, then automatically all workers remain
busy as long as there is work to do.

Bull whip effect: the observation in multi-echelon inventory systems that a small
fluctuation in the demand per period at the retail end may result in a dramatic
fluctuation in the amount demanded at the manufacturer, analogous to how a small
flick of the wrist will cause the tip of a bull whip to move a great distance. The
fluctuations in demand by the retailer on the supplier may be due to a number of
reasons, e.g., order batching by the retailer if it uses a Q,r inventory model with a
large Q, price changes by either the supplier or the retailer, or generally poor
information sharing between the retailer and the supplier so that the supplier is
surprised by the large retailer demand when the retailer does a promotion.

Bundle pricing: A vendor does bundle pricing if the vendor sells two or more products
as a bundle for a price lower than the sum of the individual product prices. The vendor
can sometimes increase revenues thereby. As an example, suppose customer A is
willing to pay $800 for product X and $400 for product Y. Customer B is willing to
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pay $400 for product X and $800 for product Y. If the vendor sets a single market
price for each product individually, the most he can make is $1600. If, however, the
vendor sells the two products only as a bundle for $1200, he can make $2400.

Burn rate: term used, typically in consulting, for the rate at which cash is being spent,
usually on personnel involved in implementation of some system.

By-product: a joint-product of small value relative to the other joint-products.

Cabotage: Carriage of goods or people between an origin and destination, both in the
same state or country, by a carrier not from that state or country. Many states or
countries have laws prohibiting such shipments by foreign carriers, except perhaps for
“incidental” shipments which are the first step of shipping the good to a foreign state.

CAD(Computer Aided Design): A software system that at a minimum has an ability to
give and manipulate a graphical display of the product being designed. It usually also
has analysis capability, e.g., the ability to determine whether a rack of a given design
can in fact support a specified weight. This analysis capability is frequently based on
FEA.

CAFE(Corporate Average Fuel Economy): In the U.S., the NHTSA
(http://www.nhtsa.org) requires that the average fuel economy of all passenger
vehicles sold by a manufacturer in the U.S. must achieve a specified minimum
average fuel economy measured in miles per gallon. For model year 2000, the
minima were 20.7 mpg for light trucks(e.g. “sport utility vehicles™), and 27.5 for cars.
The harmonic mean is used in computing CAFE. The penalty for not achieving it is
$5.50 for each tenth of a mpg by which a manufacturer falls short times the number
vehicles sold.

Call center: A collection of agents staffing telephones. There are two major types of call
centers, inbound and outbound. An inbound center handles calls arriving randomly
from customers, e.g., ordering items from a catalog, reporting problems with your
products, etc. An outbound center originates calls to clients, e.g., soliciting new
business, reporting problems with fulfilling their order, scheduling service visits,
politely asking them to pay their account, etc. For an inbound call center a major task
is predicting how many of each type of call will occur in each 15 minute interval of
the day and then having enough people with appropriate skills to meet this call
demand. For an outbound call center a major task is deciding when is the best time of
the day to call each number that is on the call list. See also: predictive dialing.

Call option: An contract between two parties A and B that gives A the right, but not an
obligation, to buy from B a specified quantity of some commaodity at a specified
price by some future date. It is a European option if the right to buy is for a specific
date. Itis an American option if the right to buy exists for any day up to the
expiration date of the contract. See also Put option.
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Calorie: energy in heat form needed to raise the temperature of one
gram of water by one degree Celsius. 1000 calories = 3.968 BTU. A note of caution,
the unit of energy referred to in the popular press as a calorie, is usually a kilo-calorie.

CAM(Common Area Maintenance): An additional fee that retailer in shopping center, or
renter in general , may be required to pay a landlord in addition to the base rent. The
CAM fee may cover things such as taxes and insurance that the landlord must pay.
The CAM fee serves two purposes for the landlord: 1) It allows the landlord to quickly
pass on the risk to his tenants of unpredictable cost increases faced by the landlord,
and, 2) it allows the landlord to quote a rent that may appear low to a prospective
tenant who does not pay attention to the existence of CAM fees. Standard responses
for a tenant include: a) request a clause that allows the tenant to terminate the lease at
no penalty if the increase in the CAM fee per year exceeds some specified per cent,
and b) require a clear definition of expenses that may be included in the CAM fee.
E.g., capital improvements may not be included in the CAM fee.

Cannibalization: The loss of sales of an existing product of ours to a new product that
we introduce. We do not want to introduce a new product if it will cannibalize
“too much” of the sales of the existing product. Let Px = the profit contribution per
unit of the existing product, P, = the profit contribution per unit of the new product,
Vy = unit sales volume of the existing product prior to introduction of the new product,
Vh = unit sales volume of the new product(an estimate), Vk = cannibalized sales, i.e.,
sales of the existing product lost to the new product, and Vw = total size of the market.
Our increase in profit from introducing the new product is Py Vi - PxVk. Thus, total
profits will increase if (Pn /Px) > (Vk/Vh), i.e., the ratio of profit contribution of new to
old is greater than the fraction of the sales of the new product that are due to
cannibalization. How might we estimate the cannibalization ratio (Vk/Vn)? A simple
model is to assume that all product users, of ours and our competitor’s products, are
equally likely to switch to the new product. In that case, (Vk/Vy) is equal to the
market share, Vx /Vw, of the existing product. If the new product does not increase the
market size, then it is also clear that there must be some cannibalization if the unit
sales of the new product exceeds the unit sales we currently are not getting, i.e., we
must have Vk > Vi — (Vm — Vx) = Vn+ Vx — V.

Carmack amendment: A U.S. Federal law that specifies liability limits of a carrier to a
shipper for lost or damaged goods, as well as a time limit within which a shipper may
file a claim. E.g., a shipper has at least nine months to file a claim for damage by the
carrier, and at least two years to file a lawsuit if the carrier disallows the claim.
Liabilities limits may be based on such things as a maximum dollars per pound. State
law is preempted by the Carmack amendment. See also Warsaw convention.

Carousel: A storage system in which product is brought to the picker, rather than the
picker walking to the storage bin. The storage bins are typically mounted on motor
driven chains. A vertical carousel may allow one to exploit higher storage for picking
than one could with plain manual picking. In general, higher storage densities may
be achieved, as well as higher pick rates per person.
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Carrier: Firm that carries a shipment of goods, as opposed to the shipper, who is the
firm who sent or originated the goods.

Carrying cost: The cost of owning something, typically inventory, typically stated as a
per year rate. The major components of inventory carrying cost are: interest or cost of
capital tied up in the product; explicit storage related costs such as warehouse costs,
e.g. refrigeration costs for frozen goods, insurance, taxes,; implicit or opportunity
storage costs because carrying more of one product in a finite capacity warehouse
forces us to carry less and give poorer service for some other product; inventory risk
costs such as shrinkage(theft, damage, etc.), and obsolescence.

Cartage: Local hauling, e.g., within a metropolitan area.

Case: standard shipping unit to retailers, e.g., supermarket goods are typically shipped in
units of a case, e.g., 12 bottles of wine to a case. Multiple cases may in turn be
bundled into a skid on a pallet for loading onto a truck with a forklift.

Category management: An allocation of management authority according to product
type, typically in supermarket retailing. Example categories are: baked goods,
produce, soft drinks, etc.

c.d.f.(Cumulative Distribution Function): The left tail probability of a distribution.
For a given constant t and a random variable X, it is the probability that X <t.

Cellular manufacturing: A factory layout in which machines are grouped by product
produced rather than by the more traditional grouping by function, e.g., all the cutting
machines grouped together in one department, all the welding machines grouped in
another department, and all the punching machines grouped together in a third
department. In contrast, a manufacturing cell might have grouped together a single
cutting machine, a single welding machine and a single punch, each appropriate for
producing a specific product. The advantage of the cellular arrangement is that WIP
and handling may be substantially reduced. In traditional manufacturing the time in
system for an item consists of: production time + wait for sibling parts of the batch to
finish a step + wait to have batch transported to next step. In cellular manufacturing
the last two waits are eliminated. There can be several disadvantages to the cellular
style: one may need moveable or flexible machines so that the appropriate machines
can be quickly physically moved and grouped together as needed for the product. If
substantial process specific skill is required to operate or maintain a machine, it may
be easier to manage things if similar machines and/or laborers are physically close.

Censored observation: An observation is censored if it is only a bound on the actual
value that one desires to observe. For example, sales data are usually censored
observations of what we would really like to observe: demand data. This is because if
a prospective customer sees that we are out-of-stock of the item she would like to
purchase, e.g., if we show our stock level on our website, then the customer typically
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will not bother to tell us what she wanted if the stock level is zero. Traditional catalog
merchants on the other hand, force a customer to reveal what they would like to buy
before the merchant reveals whether the product is in stock. In the same way, the
catalog merchant gains more information about customers’ willingness to substitute
other products for out-of-stock products.

Central limit theorem: The result that a sum of random variables has the Normal
distribution in the limit as the number of random variables in the sum gets large,
as long as the random variables are independent and have bounded variance.

CFAR(Collaborative Forecasting and Replenishment): See CPFR.

CFO(Chief Financial Officer): Manager responsible for financial planning of the
organization. Typically also responsible for record-keeping and computer information
systems.

Channel: In marketing, the collection of firms from original manufacturer to final
retailer who are involved with providing a specific good or service.

Channel conflict: A situation in which there is disagreement among members of a
supply chain or channel on how it should be managed. A common example is when a
manufacturer sells its product both through distributors as well as directly to the final
retail customers. The distributors find themselves competing with their supplier for
retail sales. At one time Compaq computer found itself in such a channel conflict
situation when it tried to switch to a direct retail sale system from a distributor based
system, so as to provide the fast response of its direct-sale-based competitor, Dell
Computer.

Chimney stacked pallet: A skid/pallet stacked so that all items have at least one face on
the outside. This may leave an empty vertical core so that the skid looks like a
chimney. The customer, e.g., a retailer, of the skid may request this form of stacking
so that the pallet can be quickly checked for contents when it arrives at the customer.
There are no items hidden on the inside that can be seen only after the skid has been
broken down.

CIO(Chief Information Officer): Manager typically responsible for computers and
information systems. May report to a CFO.

CIRM(Certificate in Integrated Resource Management): Offered by APICS.

Clarke Wright savings heuristic: In LTL routing, a method for assigning customers to
loads. It starts by(conceptually) making a separate trip to each customer. Then at
each iteration it combines those two trips A and B for which net savings is greatest.
For example if we combine trips A and B, we save the distance back to the depot from
the last stop on A plus the distance from the depot to the first stop on B, but incur the
additional distance from the last stop on A to the first stop on B. Trips A and B are
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not combined if the total load would exceed truck capacity. lterations continue as
long as net savings are positive or total number of trips still exceeds trucks available.

Classification yard: Also known as a marshalling yard, or perhaps a hump yard.
A facility at a rail hub for disassembling incoming trains and reassembling them for
movement out of the hub. Loosely speaking, a classification yard is the railroad
analog of a what a DC is for trucks. In the simplest design there is a single incoming
track which branches into typically from 20 to 80 parallel tracks. Each of these tracks
is long enough to assemble an entire outgoing train. At the outgoing end these
assembly tracks merge into a single outgoing track where completed trains depart.
A common design is to have a hill or “hump” at the entrance to the yard. Once an
individual rail car is pushed over this hump, gravity will propel the car forward.
A towerman will direct a car to its appropriate track to join its outgoing train. The
towerman can use retarders or track brakes to slow down a railcar before it connects to
its outgoing train. See also blocking.

CLM(Council of Logistics Management): Not-for-profit organization for professionals
interested in logistics management. See http://www.clmZ1.org. In 2005 it changed its
name to Council of Supply Chain Management Professionals(CSCMP).

See: www.cscmp.org .

CMYK color: A color system based on the three colors, Cyan, Magenta, Yellow, and the
“Key” color, black. This system is typically used in color printers. The system is
subtractive in that if you print all three of C,M,Y, you get black. See also, Pantone,
RGB, HTML, and NCS color.

Coase’s law: Due to Ron Coase, states that a firm will get large in a vertically
integrated sense , or do more activities internally rather than outsourcing them to the
extent that it is cheaper to do the activities in-house. Coase was originally impressed
by the extreme vertical integration of firms such as Ford in the early 1900’s. Coase
paid particular attention to three kinds of transaction costs associated with outsourcing
an activity: 1) Search costs, finding an acceptable supplier, 2) Contracting costs, the
cost of managing the contract, and 3) Coordination cost, e.g., how to efficiently share
the right information. Coase was a professor at the University of Chicago Law School
and won a Nobel Prize for this work.

COD(Cash On Delivery): An arrangement whereby the buyer pays for the goods upon
delivery, in contrast to FOB.

Code sharing: An airline practice in which two airlines, e.g., United and Lufthansa, sell
tickets for the same flight(product code), usually an intercontinental flight. United
will market the flight in the U.S. Lufthansa will market it in Europe.

Coefficient of variation: Sometimes abbreviated as CV, and defined as the standard

deviation divided by the mean. For two locations or two SKUs with dramatically
different mean sales, the CV is one way of measuring relative variability in sales.
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The CV makes sense only for positive random variables, otherwise the mean could
be 0. The exponential distribution hasa CV =1, so a CV of 1 is a natural borderline
for classifying a random variable as highly random or not so random.

COGS(Cost Of Goods Sold): An estimate of the cost of the goods sold in a period. This
estimate may vary depending upon such things as whether LIFO rather than FIFO is
used in accounting for inventory. COGS is understood to include only variable costs
but not fixed costs.

Combinatorial auction: An auction in which bidders may bid on combinations of
objects as well as individual objects. For example, if a buyer needs 500 square
meters of contiguous space and the seller is selling a number of properties, each with
250 square meters of space, the buyer would bid on a pair of adjacent properties. In a
transportation auction, a carrier might want several lanes that share a common end
point, so the carrier might submit a bid saying he wants lane X only if he also gets
lane Y.

Compound Poisson Distribution: A generalization of the Poisson distribution. It is
representative of a demand process in which the number of orders in a specified
period has a Poisson distribution, but additionally, the number of units requested in
each order is also a random variable having some specified distribution. If 6= mean
number of orders received in a period and the number of units requested in each order
has mean w and standard deviation o, then the number of units requested per period
has mean du and variance @ (12 + o?). If fjis the fraction of the orders that are of
size j, forj=1,2,..., and Py is the probability of total demand in units being equal to
nin a period, then:

Po=¢",
P1= &*f1*Po )
P2 = @*[f1*P1 + 2*F*Po)/2 ,

Pj = O*[f*Pj1 + 2%F*Pja + 3*F3*Pya + ...+ j**Po 1/ .

The most common choice for the batch size distribution is the logarithmic distribution,
in which case the distribution of total amount ordered in a period has the negative
binomial distribution.

Condo: A long distance trailer tractor that has a bunk for sleeping.

Conjoint analysis: A method for approximating the utility function of a typical customer
for a class of products. Products in the class are assumed to be completely described
by a set of factors or attributes such as length of warranty, wheelbase, fuel efficiency,
etc. The total attractiveness or utility of a product is then assumed to be a weighted
sum of these factor levels. The purpose of conjoint analysis is to find an appropriate
set of weights. The usual method is to show each of a large number of consumers two
or more different products and ask each consumer to rank the products by
attractiveness. Linear programming can then be used to find a set of weights that are
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as consistent as possible with these rankings.

Consignment: A selling method in which control, but not ownership, of a product is
turned over to a retailer. The supplier or manufacturer does not get paid until the
retailer sells the product, at which point the retailer receives a commission. This
arrangement may be useful when it is easy to verify the selling price and the retailer
has modest financial resources relative to the supplier. See also: rack jobber.

Consist: In U.S. and U.K. rail systems, the set of vehicles, engines included, that make
up asingle train.

Consolidate: Combine many shipments to a common destination into a single shipment.
Constant sum game: See Zero sum game.

Consumer choice model: A model for predicting how much we will sell of various
products based on customer preferences and which products are available. A simple
version is to partition the market into segments, estimate the size of each segment, and
for each segment and product, estimate a reservation price. The model then assumes
that each segment will buy that one product which a) is in stock, and b) has the
greatest consumer surplus for that segment, that is, (reservation price — market price)
is greatest. Another model for how consumers choose among products is the
Multinomial logit model. A third model used by some auto manufacturers and some
airlines is the substitution matrix approach, whereby one estimates a matrix of
parameters tjj = fraction of customers who were ready to buy product i, then switch to
trying to buy product j when they find that i is not available.

See also assortment planning, logit model, multinomial logit.

Consumer risk: Probability a low quality lot is accepted. See AQL.

Continuous move: In trucking, the situation where a vehicle drops off a load at a site
and then is able to pick up a load of something else at the same site to be hauled
elsewhere, thus avoiding a deadhead.

Control chart: A simple graphical and statistical procedure for helping to discover
controllable aspects of a production process so as to help produce a less variable
product. A typical application of a control chart is to measure the quality(e.g., weight,
diameter, etc.) of individual products as they exit the production process. The units
are grouped into batches of size 4 or 5. The mean and standard deviation are
computed over say the first 20 batches. A chart is then constructed with a center line
at the mean and upper and lower limits at plus and minus three standard deviations.
The qualities of subsequent batches are then plotted on this graph. One looks for
patterns in this graph, in particular trends. If such a pattern is discovered, it is
probably an indication that there is something systematic going in the process, e.g., a
tool is becoming loose, etc. Thus, there is an opportunity and motivation to identify
this cause, eliminate it, and thus produce a more predictable quality level. Variations
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and generalizations of this methodology are sometimes called statistical process
control.

CONWIP(Constant Work in Process): a style of operating a production line so that the
WIP remains constant. Initially a fixed number of units are released into the line.
Subsequently, an additional unit is released to the line only when a unit finishes. This
terminology and method was popularized by W.J. Hopp and M. L. Spearman. Note its
similarity to a base stock policy and kanban.

Container: A box, typically of steel, but sometimes aluminum, that is packed with goods
and can be carried on a containership for shipment over the ocean, or carried on a
railcar for movement over long distances over land, or carried on a truck trailer for
pickup of goods from the original manufacturer or for delivery to the final customer.
The attraction is that there need be no manual handling of the goods once the goods
are placed in the container at the originator until the goods are received by the
customer. For international shipping, some common ISO standard sizes are
a) 20 feet long, about 8 feet wide, and about 8.5 feet high( a so-called 1 TEU),

b) 40 feet long, about 8 feet wide, and about 8.5 feet high, c) 40 feet long, about 8 feet
wide, and about 9.5 feet high, d) 45 feet long, about 8 feet wide, and about 9.5 feet
high, e) 48 feet long, about 8 feet wide, and about 9.5 feet high. In the U.S., another
popular size is 53 feet long, about 8.5 feet wide, and about 9.5 feet high

Cookie: a file stored on your computer, typically stored in a subdirectory called cookies
and/or called cookies.txt, in which information may be stored by websites that you
visit. It is an efficient means by which a vendor with a website can do a simple form
of CRM. Various tidbits of information about your interests can be stored in this file.
For example, if you are greeted by name when you access a website such as
Amazon.com, it is because your name is stored in a cookies file on your computer.

Co-op advertising: Advertising in which a retailer and a supplier share the cost of retail
advertising. The reason for the sharing is that both the retailer and the supplier benefit
from the advertising. Without the cost sharing, the retailer will typically advertise too
little with regard to maximizing the total profits of supplier plus retailer. Define:
pr = retail price per unit received by retailer, pw = wholesale price per unit paid by
retailer to supplier, cr = processing cost per unit incurred by retailer, cw = processing
cost per unit incurred by supplier, ca = advertising cost required to generate one more
unit of sales, and f = fraction of advertising cost paid by retailer. We would expect ca
to increase as we advertise more. At the advertising level that maximizes total profits
we should have that have that the marginal cost of generating the additional unit of
sales = the marginal profit, i.e., ca = pr - pw - Cr + pw - Cw. If the retailer is choosing the
advertising level, we would like his marginal advertising cost at this level of
advertising to equal his marginal profit, i.e., f*ca=pr - pw - Cr. Solving,
f=(pr-pw-Cr)(pr-cr - Cw), i.e., the retailer should pay a fraction of the advertising
equal to her fraction of the total profit per unit at the margin. In practice, the supplier
does not know cr (and perhaps not even cw). Also, the supplier must worry about the
possibility that the retailer is getting a secret rebate from the advertising agency, so
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the supplier will probably want to use the f from the formula above as a lower bound
on the fraction of advertising cost paid by the retailer. Because of such issues, in
practice, the supplier will typically also set an upper bound on how much co-op
advertising the supplier will pay as a fraction of total sales by the retailer. See also
incentive compatibility.

Cord: Standard unit of measurement for buying and selling raw wood, equal to 128 cubic
feet when the wood pieces are “ranked and well stowed”. Typically, the wood is
packed into a 4’ by 4’ by 8” stack. “Ranked” means the long dimensions of the pieces
are parallel, “Well stowed” means packed as tightly as possible.

Core of a game: Given a set of cooperating players, e.g., a manufacturer, a wholesaler,
and a retailer, an allocation of profits or costs is said to be in the core if no individual
or subset of individuals can do better by themselves. For example, suppose
customers A, B, and C need to have material delivered. They can save money if they
hire a single trip to make the delivery to all three. How should the costs be shared?
Example: the cost of delivering to any combination of the three is as follows:
{A}:$88, {B}: $91, {C}: $90, {A,B}: $150, {A,C}: $148, {B,C}: $151,

{A,B,C}: $180. E.g., making a single trip to just B and C costs $148. Making one
trip that serves all three costs $180. If CA, CB, and CC are the amounts the three
players decide to assess each other, then the core of the game is defined by the
constraints:

CA<88; CB<91;, CC<90; (Else the player is better off by himself);
CA+CB<150; CA+CC<148; CB+CC<151,
(Else a given pair is better off to exclude the third from their coalition.

CA + CB + CC =180; (Total cost must be allocated).

For example, even though the Shapley value suggests that B should pay 61.5,

B might be able to successfully argue that everyone pay 60 each because (60, 60, 60)
satisfies the above constraints and is thus in the core.

The core may be empty. For example, suppose that the cost of a covering all of

{A, B, C} is $231 rather than $180. Thus, the average cost per customer of the total
trip is $77. Now, even though total costs are minimized by using a single trip, any

pair, A and C in particular, may be tempted to drop out of the coalition and reduce

their per-customer cost to $74 from $77.

See also Nash equilibrium, Nucleolus, Shapley value.

Correlation: A statistic, between —1 and +1, that measures the extent to which to
random variables move together. E.g. if X larger than the mean implies that Y is larger
than the mean, then X and Y will tend to be positively correlated, whereas if X larger
than the mean implies that Y is smaller than its mean, then X and Y will tend to be
negatively correlated. Mathematically, the correlation is defined by
Covariance(X,Y)/[Variance(X)*Variance(Y)]°®.
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Cost of capital: An interest rate used in selecting projects to undertake, usually by
means of a net present value analysis. The cost of capital is usually at least equal to
the interest rate that must be paid for borrowing money. It may be chosen to be
somewhat higher to take into account the riskiness of projects. See also, ROI.

Countertrade: A form of international barter wherein the two parties exchange goods
rather than goods and money. Useful when either or both of the parties is in a less
well developed country which does not have a lot of hard currency reserves or
marketing ability in the other country.

Cournot game: A situation where there are two suppliers, each producing the same
commodity product, each choosing a quantity to produce without sharing information,
and the single market price is a function of only the amount produced in total by the
two firms. A good example is the situation faced by crude oil producing nations. If all
suppliers optimize individually, they typically make less profit than if they cooperate,
either implicitly or explicitly, and restrict production to less than their individual
optimum. See also prisoner’s dilemma and non-constant-sum game.

Covariance: A statistic that measures the extent to which two variables move together.
Given a set of n paired observations: {xi, yi}, with respective means xbar and ybar,
then the covariance of this sample is defined as: Zi(xi - xbar)*(yi - ybar)/n. This is
a biased estimate of the population covariance. To correct for this bias, change the
denominator to n -1 rather than n. Observe that the covariance of a variable with itself
Is its variance. See also, correlation.

CPFR(Collaborative Planning, Forecasting, & Replenishment): A set of guidelines for
how participants in a supply chain share information, mainly forecasts and plans for
promotions. See also VMI, and http://www.cpfr.org .

CPG(Consumer Product Good): Essentially any product sold in a grocery or drug store.

CPI(Consumer Price Index): An index of prices paid by consumers. It is compiled by the
U.S. Bureau of Labor statistics, http://stats.bls.gov. It is the price paid, including
sales tax, for a “basket” of goods and services bought by a typical consumer. It is
available at the national, regional, and metropolitan area level. One of the major
purposes of the CPI is to measure inflation. See also: PPI.

CPIM(Certificate in Production and Inventory Management): Offered by APICS.

CPM(Critical Path Method): Project management technique in which a project is
represented as a set of activities, each having an activity time and a set of
predecessors. A principal concern is the minimum length of time required to complete
the project. Crucial output is a critical path, that is, a set of activities such that if
any activity on a critical path is delayed, the project will be delayed. Similar to PERT.

CRM(Customer Relationship Management): The process of managing the interaction
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with existing or potential customers, especially by telephone. Part of the process may
involve having an extensive on-line database on individual preferences of each
customer. This database may be accessed during the interaction with the customer.
Also see RFM, TAPI.

Cross docking: A system for operating a DC in which product from inbound vehicles
moves almost immediately to outbound vehicles without being put into storage. The
supplier of the inbound product may be a completely different firm from the receiver
of the outbound product. The major purpose of a cross docking DC may be to “break
bulk” at some level, e.g., down to the skid level and “consolidate”. See also DC.

Croston’s forecasting method: A method for forecasting lumpy demand, i.e., when a
significant number of the periods have zero demand. Standard forecasting methods,
such as simple exponential smoothing, perform erratically on lumpy demand.

When no demand occurs, no update is performed. When a positive demand occurs,
three exponential smoothing updates are performed of the three estimates of:

a) Tbar = the time between positive demands, b) Dbar = the amount of demand when
it is positive, and c) the absolute deviation in positive demand. The forecast of
expected demand per period is Dbar/Tbar. See Croston, J.(1972), “Forecasting and
Stock Control for Intermittent Demands”, Operational Research Quarterly, vol. 23,
no. 3, pp. 289-303.

CSCMP(Council of Supply Chain Management Professionals(CSCMP). Known as the
Council of Logistics Management prior to 2005.  See: www.cscmp.org.

Cube: typically refers to the volume of a commaodity, e.g., as in cubic meters.

Cubing: the process of measuring the height, width, depth and weight of each package,
and then based on this information, deciding either where to store the package in a
warehouse or how to pack the package on a pallet or vehicle for shipping. Automated
machines are available for much of this process.

cwt.: hundred weight, one hundred pounds. For many products, e.g., raw milk, some
steel products, the standard unit of measure in the U.S. is the cwt.

Cycle Counting: A form of checking physical inventory by which each day, the physical
inventory of just a few SKU’s is checked. On succeeding days, one cycles through
the remaining SKU’s so that in a finite period of time, say a year, one has cycled
through the entire product line. This is in contrast to the once-a-year complete
physical inventory check that is done by some firms. The main advantages of cycle
counting is that the workload is smoother throughout the year, and more important
SKU’s may be checked more frequently than less important ones. The reason for
doing any kind of inventory checking is that with high probability, “unofficial
transactions”, e.g., petty theft, will occur so the “perpetual” inventory records in the
computer will not agree with the physical inventory out on the floor. For financial
reporting reasons, one may prefer a single comprehensive physical inventory
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performed over a weekend. Thus, a financial document can make a precise claim
regarding inventory on a particular day.

Data Matrix code: A two-dimensional, laser scanable code used for supply chain
purposes by the pharmaceutical and consumer electronics industries. The code is
made up of very small black and white squares. Other two dimensional codes include
PDF 417, QR code, and MaxiCode. For more details see www.aimglobal.org.

DC(Distribution Center): A facility that accepts inbound shipments, breaks them up and
recombines them differently into outbound shipments. E.g., it may accept a shipment
of baby food from Gerber and a shipment diapers from Kimberly-Clark and
recombine them into one shipment of baby food plus diapers for a Jewel supermarket
and another shipment of baby food plus diapers to a Safeway supermarket. A DC may
also serve as a warehouse, i.e., store product for a nontrivial period until it is needed
by retailers or customers. It may contain product handling equipment such as a
sortation system and storage racks. A clear height of 24 feet for storage is typical.

A modest-sized DC may have about 10,000 square meters of floor space. A large DC
may have over 100,000 square meters of floor space. It may have from a half dozen to
100 dock doors for receiving and sending material. Summarizing, the major activities
in a DC are receiving from inbound vehicles, put away into storage, picking in
preparation for shipping, sortation according to outgoing load, and loading the
outbound vehicle.

Deadhead: A positioning trip, in which the vehicle is empty, e.g., an empty return trip.
A backhaul is preferred to a deadhead.

Delphi method: Forecasting method developed at Rand Corporation in 1969, mainly for
technology forecasting. A panel of experts are identified and then a forecast is
developed via a series of two to four rounds. In each round each expert is asked to
provide forecasts regarding some specified product or technology. The results are
then summarized and distributed back to the experts in preparation of the next round.
A notable feature is the anonymity. The participants are not identified. Relative to a
focus group the apparent advantages are: a) there is no need to have the experts
together simultaneously, b) the anonymity helps alleviate undesirable “bandwagon”
effects and the ill effects of an opinionated ignoramus with a strong personality.

Demand planning: Demand forecasting in which the effect of proposed price changes,
advertising and other promotions are taken into account. One of the goals of demand
planning is to better coordinate demand with production capacities.

Demographics: The features of people in a market segment that play a big role in
determining their interest in your product. These features typically include: age,
income level, educational level, gender, location, ethnicity, marital status, occupation,
home ownership, religion, etc.

Demurrage: Payment by a user of shipping to the carrier for not loading or unloading a
vehicle or returning a container in reasonable time, forcing the carrier to wait. For
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rail cars, a shipper or receiver typically has 48 hours to load or unload a car.
Dense storage: See movable aisle storage.

Depot: A distribution center(DC). In industry it usually means a DC that does not carry
inventory. In the military the term may mean a DC that carries inventory.

DFR(Decreasing Failure Rate): A failure rate curve such that the probability of failing in
the next instant, given that the machine has not yet failed, is decreasing with time.
Thus, preventive replacement is not a good thing to do. Equipment that has a DFR is
like good red wine, It improves with age. Some semi-conductor equipment has DFR
reliability. See also DFR, MTBF.

DFM(Design for Manufacturing): The most important consideration in designing a
product is to make it satisfy the customer’s needs. There may, however, be alternate
designs that all satisfy the customer needs but some of which may be substantially
easier to manufacture. Thus, in DFM, the product designer takes into account not
only customer needs, but also the problems faced by the manufacturing engineer who
must design a production process for producing the product in the volume demanded.
DFM is just one of DFX design philosophies, where X might be manufacturing,
serviceability, reliability, recyclability, etc. A more serviceable design, for example,
might make it easier to remove and replace a failed component, or might share
components with a related product so that spare parts inventories are easier to manage.

DIME(Dual Independent Map Encoding): A digital mapping system from the U.S.
Census Bureau, now superseded by TIGER data.

DIN(Deutsches Institut fur Normung): A nongovernmental German standards system. It
includes standards for electronics, telecommunications, vehicle engineering,
packaging, fasteners, photography, and more. Similar to ANSI and 1SO.

See www.din.de

DISA(Data Interchange Standards Association): An association devoted to the
maintenance and dissemination of standards for e-commerce documents, such as the
X12 and XML. See: www.disa.org.

Discriminant analysis: A methodology for computing a scoring function that can be
used for classifying objects into two or more categories. For example: should a
prospective customer be given credit or not; should a current customer receive or not
a certain kind of advertising brochure; should an x-ray be classified as indicative of
cancer or not. It is somewhat analogous to regression but with a yes/no or categorical
dependent variable. See also logit analysis, probit analysis, and neural nets.

Ref: Gochet, Stam, Srinivasan, and Chen(1997), Operations Research, vol. 45, no. 2.

Discriminatory pricing: charging different prices to different customers for the same
product. The segmentation might be based on customer id(e.g., educational vs.
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commercial), time of purchase, quantity, location, by metering of use, etc. See:
revenue management, gray market, and value based pricing.

Dock: door in a plant or warehouse for loading and unloading trucks. Typical additional
features are a) some kind of floor leveler ramp to compensate for difference in height
of the truck floor and the warehouse floor so that forklifts can drive onto the truck;
Curtains that surround the truck door to provide protection from the weather for
personnel loading or unloading the truck. A dock door that is used mainly for
unloading is sometimes called a strip door. Some warehouse managers in the U.S. try
to arrange truck traffic to be counterclockwise around a warehouse. Thus, when a
driver is backing into a dock door the driver is not backing in from the blind side.

Dogtrack: In a DC sortation system, a recirculating conveyer on which items to be sorted
according to destination are placed. See also sortation, wave.

DOT (Department Of Transportation in the U.S.): The main federal agency concerned
with transportation in the U.S. Sub agencies under the DOT include: Bureau of
Transportation Statistics, US Coast Guard, FAA, Federal Highway Administration,
NHTSA, and STB. See http://www.dot.gov.

Double marginalization: The act of two decisionmakers, e.g., a supplier and a retailer,
each independently optimizing their own objective function(e.g. by choosing a volume
so that marginal cost = marginal revenue), but with the unhappy result that their total
profits are not as great as they could be if they coordinated their decisions. More
specifically, the supplier, in order to make a profit, will charge the retailer a little
more than the supplier’s cost. Thus, the retailer will charge the customer slightly
more than he would if the retailer had to pay the supplier only the supplier’s cost
without a markup. Thus, the retail price will be higher than it would be if the supplier
and retailer coordinated their decisions, and demand will tend to be lower.

Drayage: local trucking, e.g., a local trucking firm may pickup material and deliver it to
an intercity depot. At the destination city, another local trucking firm may pickup the
material at the destination intercity depot and deliver to the final destination.
Originally, in the 1800’s, a dray was a cart, wagon, or sled without sides for doing
local hauling.

Drop ship: A shipment in which the order taker, e.g., a catalog or internet merchant, asks
a manufacturer to ship product directly to the order taker’s customer.

DRP(Distribution Requirements Planning): A form of scheduling shipments and
production analogous to MRP. Given the requirements over time of various
customers of a supplier, these needs are aggregated into a single shipping, and
perhaps production plan for the supplier.

Dual price: In linear programming terminology, the marginal value of one more unit of
a scarce resource. Sometimes also called a shadow price.
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Due Diligence: When parties A and B are contemplating the making of an agreement,
due diligence by A is the process of verifying as fact the various claims, both explicit
and implied, made by B. “Diligence” here means to do the hard work. “Due” here
means what is normally expected as part of properly concluding an agreement.

Dumping: the selling of a product from state X in a state Y at a price that is lower than
some parties in state Y would like. The typical argument is that the product is being
sold at a price lower than its average cost, although not necessarily below its marginal
cost.

Dunnage: Filler or packing material placed between cargo on a vehicle to prevent the
cargo from shifting.

Dutch auction: In the Dutch flower market, this is an open, price descending auction. As
the price descends on a large dial in the front of bidding audience, the first bidder to
indicate a willingness to pay by pressing a button, wins. It gives approximately the
same result as a sealed bid auction in which the highest bid wins and pays the amount
bid. It may lead to inefficient outcomes in that if given the opportunity after the
auction, unsuccessful bidders might be willing to pay more than the winning price if
allowed to change their bid. It has the advantage of being fast. For contrast, see:
Vickrey auction. In some finance literature the term Dutch auction is (mis?)used to
mean a multi-unit auction in which single common price applies to all winners.

Duty: a tariff or tax on imports. It is imposed typically to either protect domestic
industry or as a punishment on a political enemy.

Duty avoidance: the right of a firm to avoid paying a portion of the duty on an imported
product because the firm has previously exported a component equivalent to one
contained in the imported product.

Duty drawback: a refund by the government to a firm when the firm exports a product,
in the amount equal to the duty the firm previously paid when importing components
used in the exported product. It achieves, by accounting, the same effect as a
duty free zone.

Duty free zone: a zone in which a firm does not have to pay duty on imports, as long as
the products imported, after some processing or handling, are exported. See also FTZ.

e: The mathematical constant 2.71828182846 useful in computing continuous
compounding of interest. e = limit as n goes to infinity of (1 + 1/n)".
For example, if continuous compounding is used at interest rate r (stated as a fraction)
per year, then after n years, one dollar will have grown to e"".

eaches: In warehouse picking, a single unit to be picked, as opposed to a case. A final
end customer typically orders a single unit. A retail store may order material from a
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warehouse in cases, where a case typically contains from a half dozen to two dozen
single units. Also see piece-pick.

EBITDA(Earnings Before Interest, Taxes, Depreciation, and Amortization): A measure
of the profit due to operations, excluding cost items related to how financing, tax
deferral, and other non-operations activities are performed.

Echelon inventory: assuming product is measured in the same units throughout the
supply chain, the echelon inventory at a given level in a multi-echelon system is the
inventory at that level plus all downstream, i.e., towards the consumer, levels.

For contrast, see: pipeline inventory. The following illustrates the differences for a
manufacturer to distributor to retailer system:

Manufacturer Distributor Retailer
Physical inventory: 5 11 8
Echelon inventory: 24 19 8
Pipeline inventory: 5 16 24

ECR(Efficient Consumer Response) Terminology used in the grocery industry for JIT,
short lead time distribution.

EDI(Electronic Data Interchange) A method of electronic interchange for business-to-
business transactions developed before the internet. It specifies electronic format
standards for about 150 different data fields for common business documents such as
PO’s, invoices, etc. The standard is sometimes called EDIFACT or X12. Information
about a wide variety of international standards is available at http://www.nssn.org.
See also X12.

EDLP(Every Day Low Prices): The seller, e.g., a grocer, maintains a constant low
price, as opposed to usually high prices with an occasional short promotion period of
very low price. See also: forward buying.

Efficient frontier: Given a multi-dimensional measure of goodness, e.g., product price,
delivery time, and product quality, a point is said to be on the efficient frontier, if
there is no other point which is at least as good on every measure, and strictly better
on at least one measure of goodness. See also, tradeoff curve.

Elasticity: With regard to a supply or demand curve:
(% change in quantity demanded)/(% change in price). If the elasticity = 1 for a
supply curve, it means that a 1% increase in price will cause a 1% increase in quantity
supplied. If the elasticity of a demand curve is -1 (sometimes called unit elasticity)
then a 1% increase in price will cause a 1% decrease in demand. A supply curve has
unit elasticity if it is of the form Q = b*P, for some positive parameter b. A demand
curve has unit elasticity if Q = k/P, for some positive parameter k. A supply or
demand curve is said to be inelastic if quantity is not very sensitive to price, e.g., an
increase in price causes very little increase in supply or very little decrease in demand.
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EOQ(Economic Order Quantity): An order size that minimizes the sum of fixed cost of
ordering plus inventory costs. If K = fixed cost of placing an order, h = holding cost,
and D = demand rate, then the order quantity is given by Q = (2*K*D/h)".5.

EPC(Electronic Product Code): A proposed 96 bit(about 28 decimal digits)code to be
used to identify individual product items(not just SKU”s) in the same manner as a
serial number. The code is stored in RFID tags on the product. This would allow a
firm to easily track items through the supply chain.

See http://www.autoidcenter.org, UPC.

Erlang B formula: See Erlang Loss.

Erlang C formula: A formula for the expected fraction of calls that must wait, in a
system with S lines or servers, where demand has a Poisson distribution
with rate D, call processing times have an exponential distribution with mean L, and
calls that find all lines busy will wait. The formula was originally developed by A. K.
Erlang for the Copenhagen telephone system. If we define the arriving load as
r=D * L, theninthe LINGO modeling language, the expected fraction of calls that
find all S lines busy(and thus wait) is given by @PEB( r, S) . Ifwe denote this
probability by C(r,S), then it can also be computed from the Erlang Loss formula,
B(r,S), by the relation: C(r,S) = r*B(r,S)/(S-r + r*B(r,S));

Erlang Loss Formula: A formula for the expected fraction of sales lost, when a base
stock policy is followed, demand has a Poisson distribution, and any demand that
finds the system out of stock is lost. The formula was originally developed by A. K.
Erlang in the telephone industry to predict the expected fraction of calls lost, given a
fixed number of lines. If D is the demand rate, L is the expected lead time(or call
processing time), S is the stock level(or number of phone lines) and r = D*L, then
the expected fraction demand lost, B(r, S), can be calculated recursively as follows:
B(r,0) = 1; B(r,S) = r*B(r,S-1)/(S + r*B(r,S-1)). It is available in the LINGO
modeling language as @PEL( r, S). Alsoknown as Erlang B formula.

ERP(Enterprise Resource Planning, see also MRP and DRP): Comprehensive software
system for the firm that, at least in theory, has coordinated modules to perform all the
standard business data processing functions such as: General ledger(GL), Accounts
receivable(AR), Accounts payable(AP), Asset management, e.g., depreciation,
Human resources/payroll(HR), Forecasting, Purchasing, Inventory, Materials
Requirements Planning(MRP), Production Planning, Warehouse
Management(WMS), Customer Relationship Management(CRM), Sales, Order
management, and Distribution .

Escrow: Given that parties A and B want to do business together, an escrow is the
placement or deposit of funds or some object by party B with a reputable third party,
e.g. a bank trusted by both A and B, with the agreement that the funds or object on
deposit will be made available to A when certain conditions are satisfied, e.g.,
presentation of official documents that goods have been shipped, or a sales closing
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agreement has been signed, or that B has gone bankrupt, or B has defaulted on some
agreement. See also Letter of credit.

Estoppel principle: Given an agreement between party A and party B, estoppel is a

legal principle that in certain situations allows party A to violate part X of an
agreement if an action of party B reasonably might lead party A to believe that part X
did not apply. For example, if a carrier B repeatedly assures the shipper A that his
shipment was safely delivered, but only much later shipper A learns that his shipment
was lost or damaged, then A might be relieved of the nine month limitation of the
Carmack amendment for filing a damage claim.

Experience curve: term used by Boston Consulting Group for learning curve.

Exponential distribution: If A is the arrival rate of retail demands, and the number of

demands per unit time has the Poisson distribution, then the time between successive
demands has the exponential distribution. Specifically, if t is the time between
successive demands, then the p.d.f. is A*e*#, and the c.d.f. is 1- e*. An interesting
feature of the exponential distribution is the memoryless property, i.e., if the time
between demands is exponential, then at any instant, the distribution of the time to
the next event has the exponential distribution, regardless of the time since the
previous event.

Exponential smoothing: a weighted moving average forecasting method in which the

weight applied to old data decreases exponentially with age. In its simplest form, if
Dt is the demand observed in period t, By is the forecast computed after observing

Dt and alpha is the smoothing constant, e.g., 0.2, then

Bt = alpha* D; + (1-alpha)* B.1. It is a special case of the ARIMA class of
forecasting models, specifically, it isan ARIMA(O, 1, 1) model. There are extensions
to include trend, seasonality, and estimation of demand variability. See also
Croston