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expectations. Nonetheless, each order has
been assigned somewhere, and there is
an expected cost associated with actually
making the initiallaydown dispatch.
Order-to-Truck Assignment

Using the expected cost of the initial
laydown, the three data tables, and a
higher-accuracy costing routine,
LINASSIGN determines which orders
should be assigned to which trucks to re
duce the conditioned expected cost of the
total dispatch. This step consumes about
half the computer processing time re
quired to complete a typical dispatch.
LINASSIGN records the starting solution
provided to it as an incumbent and
enumerates the total expected dispatch
cost for exchanges of single loads, pairs of
loads, and so forth for all higher-order ex
changes among trucks . In practice, ex
changes are usually limited to second
order; higher-order enumeration does not
justify its expense with improvements in
solution quality.

At this stage, it has been determined
which trucks will most probably carry
which loads, but neither the supply sites
that will provide the product for each or
der nor the sequence in which deliveries
will be made is known.
Load Sequencing

Once it is known which loads are to be
on which trucks, where each truck starts
and ends each shift , and the product cost
and availabilities at each supply site,
QUADASSIGN determines the best route,
or loading and delivery sequence, for the
trucks to follow in delivering the orders.
QUADASSIGN solves, with the method of
Graves and Whinston [1970], a traveling
salesman problem (TSP) for each truck.
(See Brown, Colmenares, Graves and
Ronen [1986].) The high-accuracy costing
routine is used in lieu of pairwise cost
approximations for sequencing multiple
stop deliveries.
Final Order Load-Out

At this stage of the dispatching pro-
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cess, all loads have been built and as
signed to trucks, the loading sites have
been designated, and the sequence of de
liveries is known. All that remains to
complete the dispatch is to specify exactly
how much product is to be loaded in each
compartment of each truck. LOADOUT
determines the optimal assignment of
products to compartments. Upward and
downward adjustment penalties are com
puted for each product on each order in
the load; these reflect the size of the or
der and the restrictions given for its gal
Ionization. An optimal load sequence is
then determined to assign product, vol
ume, and weight to each truck compart
ment. A mathematical model describing
most of the detail in this step is provided
in Appendix B.
Slide/Switch

Remaining computer time permitting,
the final solution is tested for possible im
provement by moving any load to an al
ternate truck or by exchanging any pair of
loads . At this point, sourcing and se
quencing costs are known and not
estimated.
APPENDIX B - LOADOUT: Order-Truck
Fit Model
Indices

p = Product (in the order).
c :.= Compartment (of the truck).

Data
Vp = Ordered volume of product p

(gallons).
Vc = Volumetric capacity of com

partment c (gallons).
W. = Weight capacity of compart

ment c (pounds).
d, =Density of product p

(pounds per gallon).
Zp, Zp = Product volume adjustment

penalty for quantity reduc
tion or increase.

M,,, Mp = Product volume excess ad
justment penalty for reduc
tion or increase.

U,,, Up =. Product volume adjust~ent
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limit for quantity reduction
or increase.
M,. > 2,,; M

"
> 2".

Decision \tnriables

1

1 if product p is assigned
X" _= to compartment c,

ootherwise
E.,,, li" = Reduction or increase in or

dered product volume
(gallons).

!.,.' e;, := Excess reduction or increase
in ordered product volume
(gallons).

G,•. = Volume of product p to load
in compartment c (gallons).

dl.G,\_~ W,X". 'V c.p (6)

X" E {O,l}; G,..-, s, il,,, f,,, e;~ O.

The objective function minimizes the
policy penalties due to changes in the or
dered quantities of the various products.
Quantity adjustments beyond the speci
fied limits (determined by managerial pol
icy) carry much larger penalties than
adjustments within these limits. Con
straints of type (1) assure no more than
one product per compartment. Type (2)
assure that each product is assigned at
least to one compartment. Constraints of
type (3) tie together the quantity adjust
ments . (4) define the adjustments within
the specified limits . (5) assure that com-

Model
Minimize .

I (Zf1 ~, + Z~r + M"g" + Ml;.)
p

Subject to
I XI"' :5, 1

p

I XI"'~ 1
"

I Gre + 11
"

- a'l + f ,l - ep = v,>

- U - < Ug,,:s _,., a" - I '

I G,._:s V,
I'

'Vc

'Vp

'Vp

'Vp

"'Ie

(1)

(2)

(3)

(4)
(5)

partment volume is not exceeded, and (6)
assure that compartment weight is not ex
ceeded as well as relate the X and G vari
ables (that is, G may be positive only
when the corresponding X is 1).

This model is modified slightly to ac
commodate product adjacency restrictions
and empty compartment limitations.
(These modifications can be manifested in
some additional linear constraints on the
X variables .)

The model is solved by a highly spec
ialized enumeration.
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Services, Mobil Oil Corporation, 3225

Gallows Road , Fairfax, Virginia 22037

0001, writes: "Since CAD's implementa

tion a couple of years ago significant ben

efits have accrued to Mobil in the

dispatching of refined light products (gas

oline of various grades and diesel fuel) .

Among the more important benefits are

the following:

1. Savings of about $3,000,000 per year in

operating expenses associated with de

livering light products.

2. Centralization of all dispatching opera

tions at one Light Products Control

Center (LPCq in Valley Forge . PA.
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Prior to CAD there were three such
centers .

3. Greater control over dispatching opera
tions because of one LPCC and a fully
integrated operating system.

4. Better service to our customers
through improved utilization of assets
and resources and consistency of
performance.

5. Assurance that all of our shipments
are within legal weight limits, regard
less of volume differences due to local
temperatures or specific gravities.

6. Greater capability than ever before to
evaluate fleet productivity.

We at Mobil believe that CAD, in con
junction with our Mobil Order Response
Center (MORC), has given Mobil a lead
position in the petroleum industry in
delivering refined products."

INTERFACES 17:1 120


