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CHAPTER 1

| NTRODUCTI ON

1.0 Brief Overview

This dissertation addresses the issue of <chassis logistics
associated with containerized freight nmovenments in the internoda
transportation industry. The focus of the associated research effort is
the devel opment of a nodel that provides solutions to chassis logistic
problems that typically occur in industry. Subsequent to node
devel opnent is the incorporation of the nodel into a software systemthat
provi des deci sion support for chassis fleet nanagenent on a conti nuing
basi s. Requi rements for such a system include the ability to provide
solutions in a reasonable tine frame while featuring a favorable operating
environnent for the user. Chassis logistics problens are simlar in
structure to other problens in the transportation industry. Thus the
know edge gained in this effort may prove useful in other transportation

applications.

1.1 bj ectives of the Research
There are four objectives of this research

1. Construct a nodel that provides mnininmm cost solutions to chassis
al l ocation problens and characterize the conplexity of the nodel in

order to denpnstrate its practical significance.

2. Devel op a software systemthat incorporates the nodel as a basis for
deci si on support in chassis fleet management issues.

3. Eval uate the effectiveness of the solution software in scenarios
supported by data collected fromindustry.

4, Propose and assess strategies for integrating the software into

operational environnments.



Achi evenrent of these objectives requires know edge and skill from
two distinct fields:

1. Devel oprment and anal ysis of nodels to solve |arge decision probl ens
requires skill in the field of operations research
2. The incorporation of these nodels into functionally practica

software systems requires devel opnent skills associated with the
field of conputer science.

1.2 Signi ficance of the Research

The significance of this work is rooted in the issue of equipnent
utilization in the internodal transportation industry. Ef fective
equi pnment managenment translates into |ower capital equipnent investnent
and fewer equipnent shortages that can be costly and disruptive in daily
busi ness operations. I neffective managenment of equipnment assets is
general ly agreed upon as universal problemin the internodal industry.
This is evidenced by the fact that turn-around tinmes for internopdal
containers average 1.7 times per nonth versus 4 times per nonth for over-
the-road trailers [Sparkman, 1994]. Recent industry resolutions to
equi pnent utilization problens involved additional investnent in equi pnent
to offset shortages (see for exanple Richardson [1994], or McDonald
[1994]). At present, internodal equi prment shortage problens have been
relieved due to the recent equi pnent investnments. However an acknow edged
| ack of control of asset utilization, nopst particularly with respect to
chassis, is anpng the nobst inportant challenges facing the internodal
i ndustry (see Anonynous, Traffic Wrld [1994] or Sparkman [1995]).
| mproved use of information available through conmputerized information
systenms is an alternative that can assist in addressing these probl ens.

Certainly internodal equiprment utilization problens involve nore

than reduction of equipment and operating cost in chassis fleet



managemnent . However it is likely that success in resolving chassis
| ogi stics problens could result in better understanding of supply and
demand structures in addition to i nproved planning and forecasting in the

i ndustry.

1.3 Di ssertation Organi zation

The renmai nder of this dissertation begins with a description of the
current system in Chapter 2 that is initiated by a review of the
hi stori cal devel opnent of cont ai ner based i nt er nodal freight
transportation. Chapter 3 is a review of the related literature that
illustrates the absence of information that effectively addresses chassis
reallocation issues. A detailed solution nodel for chassis reallocation
is presented in chapter 4 and is foll owed by the discussion of a software
i mpl enentation of the nodel in chapter 5. An exploration of conputationa
i ssues and rel ated software experience is in chapter 6. This is followed
by a study of research applications in chapter 7. Concl usi ons and

directions for further research are addressed in chapter 8.



CHAPTER 2

SYSTEM OVERVI EW

2.0 Definitions and Descriptions

The term "internodal" as egplied in the transportation industry
refers to the involvenment of nore than one form of carrier during the
nmovenment of freight from source (the shipper) to destination (the
consignee). The formof a carrier refers to the node of transportation
enpl oyed by the carrier, with typical exanples being railcar, highway
truck, aircraft, or ocean vessel transport. Mbst internodal cargo nust be
rel oaded in the transition fromone node to another. The doni nant forns
of internodal transportation in practice today involve nixes of rail-
truck, ocean-rail, and ocean-truck transport. The two nost common forns
of internodal rail transport services are TOFC (trailer on flatcar) and
COFC (container on flatcar). TOFC i nvolves the transport of an entire
hi ghway trailer containing freight on a railcar. COFC services require
the | oadi ng of containers of freight fromeither a ship or a truck for the
rail portion of the journey.

A typical exanple involves a truck hauling a load froma shipper to
an internodal terminal. At the terminal the load is secured on a flatcar
(COFC or TOFC) and haul ed sonme distance by rail to another internodal
terminal in the vicinity of the consignee. The final segnment of the
journey is the haul from the second terminal to the consignee. In
i ndustry term nology a haul by truck to or fromthe terminal is a "short
haul " and the longer trip by rail is the "line haul". Note that the rail
portion of COFC services involves transport of containers only. Thi s

allows containers to be stacked in specially designed doubl estack cars for



vertical space efficiency. Containers that are to be hauled by truck mnust
be attached to highway chassis designed to nate wth containers.
I ndi vi dual chassis configuration requirenents are tied to container size
which is commonly 20 and 40 feet in length for international containers
and 45, 48, and 53 feet for domestic containers. Extendable chassis exist
that are capable of accommpdati ng donestic containers sizes of 48 or 53
feet. COFC novenents and the inherent |ogistics problemof satisfactorily

mating contai ners and chassis is the primary focus of this paper

2.1 COFC Service Review
2.1.1 COFC History

The origins of nodern container based internodal transportation go
as far back as the late eighteenth century in England. |In this instance
coal was hauled in iron crates by horse drawn trans to a nearby canal and
| oaded by crane onto ships [MKenzie et al., 1989]. Experinents continued
on a relatively small scale throughout the nineteenth century in both
Engl and and North Anmerica, with Anerican exanpl es involving both ship and
rail transport. Sustained ventures into containerization did not occur
until after World War | when transfer delays, high operating costs, and
di sproportionate damage claim ratios associated with |ess-than-carl oad
(LCL) shipnments troubled U.S. rail conpanies who were required to offer
the service [ Mahoney, 1985]. Benjamin Fitch devel oped a system for LCL
i ntermodal transfer using trucks with demountabl e bodies that was first
dermonstrated in Cincinnati in 1917. He formed the Mdtor Terninals Conpany
to service LCL rail traffic in the Cincinnati area after the war. This
servi ce, however, was short-lived due to the poor financial condition of

the local interurban railroads [MKenzie et al., 1989]. Fitch later



devel oped an internodal system enploying flatbed trailers, flatcars,
sliding transfer equi pnent, and special insulated tanks for carrying mlk
from dairy sources to markets in urban areas. He fornmed the National
Fitch Corporation and inplenented his system successfully beginning in
1940 until the early 1950s [ McKenzie et al., 1989].

New York Central Railroad al so experinented with containerization in
the 1920s in response to LCL shipnent problens. The New York Central
initially used 2800 pound steel containers placed in gondola cars to carry
departnment store nerchandi se from New York to Chicago and | ater contracted
with the U.S. postal service to transport nail in the containers [ McKenzie
et al., 1989].

The Pennslyvania Railroad, a chief conpetitor with the New York
Central, operated a container service in the late 1920s that transported
containers on flatcars fitted with mounting brackets. However this was
nore of a boxcar service since the containers were usually |oaded and
unl caded while still on the flatcars [MKenzie et al., 1989].

Al t hough the aforenenti oned services enployed containers largely in
a conmbination of rail-truck services, they were never a significant
busi ness and were practically non-existent by the early 1950s [ McKenzie et
al ., 1989]. A major reason for the lack of successful COFC or TOFC
services during this period were restrictive regulatory policies enforced
by the Interstate Comerce Conmmi ssion (1 CC) from 1931 through 1980. The
ICC ruled in 1931 that conmodities shipped in containers by rail must nove
at traditional high rail class (compdity-based) rates, rather than at
| ower flatcar rates [Mahoney, 1985]. This ruling effectively prevented
railroads fromconpeting with truckers in the merchandi se freight narket,

allowing the truckers to dom nate the market through the 1970s. O her



reasons cited for the lack of internodal freight industry devel oprment
during the md-twentieth century include government restrictions on
establishing nulti-nodal conpanies to coordinate services, |ack of
comm tnent on behalf of railroad managenent, and railroad resol ve agai nst
rail-truck cooperation [MKenzie et al., 1989; Mhoney, 1985].

The situation began to change in the 1950s when the ICC ruled in
1953 that hauling trailers by rail on flatcar was considered a rail
transport and thus did not require a notor carrier certificate. Shortly
afterward steanshi ps carryi ng cargos of contai ner freight began operating
in the maritinme shipping industry. These "containerships" originated with
Mal com McLean and the Pan Atlantic Steanship Conpany in 1956 [ Mahoney,
1985] . The "container revolution' caught on very quickly and repl aced
traditional breakbulk shipping as the dominant form of ocean goods
transport over the next two decades. In the 1960s nmari ne containers
began to appear on railroads. They becanme comon in the 1970s as so
called "landbridge" internpdal services developed for the shipping of
goods from overseas to inland or overseas destinations.

Landbri dge refers to transfers of containers fromship to rail at a
port on one coast followed by a rail haul to the other coast where the
contai ners are | oaded on another ship for transport overseas. Landbridge
services cane about with the growh of Pacific Ri m export countries and
their transport of goods to destinations in Europe and Anerica. These
routes are known to save significant tinme over all-water routes through
t he Panama Canal [McKenzie et al, 1989]. Services related to | andbridge
i nclude minibridge and microbridge transport. M ni bridge refers to
enterprises that serve a second port by land transport froma single port

call. In other words, the containers are destined for a second inland



port instead of an O\‘fniéﬁnri]o(quﬁhﬁﬂfﬁdbsm ge services. Mcrobridge
refers to services tfPi_ocjoéleﬁbﬂgLalgso glgygr destinations with ocean

container trafficggVahoney 1985]

Growm h in the gontai ner based internodal indusflly accelerated in the
8.5 TH

early 1980s as aglesult of deregulation, cofftlilglled rapid growth of

cont ai neri zed i rrp-{fﬁt s, and advancing railwa qchnb] ogy [U.S. Dept. of

T LI H

Transportation, 188¢ | 1PHA| r|ql axed regul ation of
Milliana 1N

railroad rate dete?m nation polici fldetli Maly prevented the 1CC
55 ilnnnln

from chal | engi ng i Hal {ldover ed vari abl e costs.

The 1CC fol | owed &

4
from the regul atg

ates on rail service

1
Hd/ TOFC traffic rate

regul ati on had beeﬁ ; 4 da' wﬂﬁgsﬁ% of 1984 facilitated
intermobdal billing consolidation. Doubl estack railcar technol ogy
i ntroduced in the ISﬁuJﬁ’]g? Sﬁa%wclﬁgg()(]\;l dmaﬁgfans for inproved
cost efficiency an([1599\4]:e quality. Doublestack cars are lighter than
conventional flatcars and permt containers to be stacked, resulting in a
nore efficient wuse of wvertical space, inproved aerodynamcs, and
consi derabl e fuel savings. Since these cars are articulated, ride quality
is inmproved and freight damage is reduced [U. S. Dept. of Transportation,

1990] .

2.1.2 Current COFC Conditions

There is little question that internmodal freight transportation is a
strong growth industry. Figure 2.1 shows the actual and projected pattern
of growmth of internodal |oadings from 1980 through 1998. Recent reports
have placed i nternodal growth at higher than projected |evels of 13.5%in

1994 over the sane period in 1993 [ Sparkman, 1994]. Another indication of



the strength of the industry is shown in Figure 2.2.

Figure 2.2

Percentage of Shippers Shifting Traffic
In 1993
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significant in conpanies with revenues exceeding one billion dollars
[Spizziri, 1994]. Unfortunately, data depicting the breakdown between
TOFC and COFC internodal traffic is scarce, but recent data published by
the Association of Anerican Railroads indicates that COFC traffic | oading
conprises the mpjority of intermpdal traffic and that the COFC share is

growing with respect to TOFC (See Table 2.1 bel ow).

Table 2.1 Cunulative Traffic Oiginated, 1st 51 Weeks of Years Shown °

Traffic 1994 1993 % Change
Trailers 3,821, 244 3,458, 406 10.5
Cont ai ners 4, 345, 922 3,692, 051 17.7

Tot al 8,167, 166 7, 150, 457 14.2

* Source: Association of American Railroads 1/25/95

Present concerns in the internodal industry center on asset
utilization with respect to internodal equipnent. Al t hough recent
equi pment investnents have resol ved earlier equi pnent shortage probl ens,
there is also concern that existing equipnment is not being utilized
efficiently and that inproved managenent of assets is needed. Suggested
means of inprovement include better use of information systens, rai

schedul i ng, and interchange managenent.

2.1.3 Chassi s Managenent
The nature of COFC service in rail-truck environments requires

mai nt enance of a separate chassis fleet for highway transport. Containers

10




arriving at internodal term nals nust be |oaded on an avail abl e hi ghway
chassis in order to be noved by truck. Conversely, containers mnust be
detached fromtruck and chassis to be |oaded on departing trains. This
situation raises |ogistical questions concerning where, when, and how
chassis should be positioned in order to insure the proper natching of
chassis to containers.

Chassi s managenent issues originated with the growh of marine-rail
container transport in the 1960s. During that period neutral chassis
pools were developed by leasing conpanies to relieve carriers of the
burden of chassis managenent. The |easing services owned and mai ntai ned
pool s of chassis that would mate with stardard size containers, charging
daily rates for chassis rental. However, the proliferation of |easing
conpanies led to space problens at terminals that forced chassis |essors
to move to off-ternminal |ocations. As a result |leasing costs continued to
rise and many carriers chose to invest in the acquisition and managenent
of their own chassis fleets [Braun, 1987]. 1In the late 1980s the neutra
pool concept surged again with the advent of doublestack internodal
services [MKenzie et al., 1989]. This tinme fewer |easing conpani es set
up operations at larger termnals, often contracting with a single rail or
marine carrier at specific term nals.

In the 1990s the deregul ated narket has tenpted new carriers into
the internodal narket [Raper, 1994]. The concept of neutral chassis pools
operated on a national level continues to be discussed as a solution to
chassi s managenent probl ens [ Sparkman, 1995]. However, new carriers and
established carriers alike continue to choose to own and manage their own
COFC hi ghway chassis fleet. |In sonme cases carriers have opted for non-

standard chassi s-container conbinations that lint the possiblity of their

11



inclusion in neutral pools [Anonynmous, Traffic World 1992].

Hi storically, chassis managenent practices have consisted of
investing in |arge and under-utilized chassis fleets. Autonated equi pment
tracki ng systens and advanci ng conputer technol ogy may provi de neans for

i mprovenent.
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CHAPTER 3

LI TERATURE REVI EW

3.0 I ntroducti on

A review of literature focusing on transportation, conputer, and
operations research journals reveals no published work presenting solution
procedures for <chassis fleet nmanagenent under central control in
i nt ernodal operations. The chassis fleet problem investigated in this
work is sinmlar in structure to a nunber of other problens addressed in
the literature. Proposed solutions to these problens may be classified as
operational level nodels in that they inpact short term decisions nmade in
dai | y business operations. Oher nodels that address nediumor |ong term
decisions are classified as tactical or strategic nodels.

Exanpl es of operational problens in the transportation industry
i nclude vehicle routing and scheduling problens as well as driver/crew
assi gnment and schedul ing problens [Powell, 1991]. More closely related
to the subject of this work are fleet managenment problens and the various
nodels in the literature that address them Fl eet managenent nodel s
generally involve the positioning of a fleet of vehicles or other simlar
equi pnment over a given period of time in response to given or forecasted
demands. The types of fleets considered by transportati on nodels include
trucks, railcars, aircraft, and containers. O particular interest to
this work are those fleet managenent nodels that focus on enpty vehicle or
cont ai ner positioning problens. Also of interest are a snall set of
nodels in the literature that address problens specific to internopdal
operations.

The remainder of this review consists of a dscussion of enpty

13



equi pnent all ocation nodels in the next section followed by a review of

the internpdal npdels of interest to this work.

3.1 Empty Equi pnrent Model s

White and Bonberault [1969] devel oped a nodel for enpty freight car
allocation in railroad systens. The authors fornulate the problem as a
space-tinme network flow problem that can be solved using Iinear
progranmm ng techni ques applicable to mnimum cost flow network probl ens.
The nodel incorporates four rules of flow for cars in the network as
foll ows:

1. Cars becone available at nodes in the network representing
specific points in time. They are either available at the
begi nni ng or becone available at |ocations as tinme progresses.

2. Cars are either required at nodes in the network during the
peri od of solution or they remain available at the end of the
time span.

3. For any node at any given tine the nunber of cars arriving plus
t he nunber of cars that become available is equal to the
nunber of cars |eaving plus the nunber of cars required there.

4. The flow of cars is positive in time, cars cannot go backward in
time.

The fornmulation for the problem has a mininmum cost objective with
constraints that represent the rules of flow described above. An solution
algorithmis described that uses an inductive nethod of solving successive
subnet wor ks of the problemuntil the overall network solution is reached
White [1972] subsequently applied the solution principles of the enpty
freight car problemto the distribution of enpty containers.

Msra [1972] also fornmulated a nodel of solution for the enpty

freight car allocation problem This nmodel represents the problem as a

linear program with an objective of mninzing the total enpty hours of

14



the freight car fleet. Total enpty hours are defined as the sum of
waiting times at origin and destination stations plus the travel tinmes
between the stations. The constraints of the nopdel represent route
capacities and congestion definitions as well as supply and demand
speci fications.

Mendiratta and Turnqui st [1982] devel oped a nodel for enpty freight
car distribution consisting of two interacting subnodels. A network
subnmodel maxinizes profits over the entire network as constrai ned by enpty
freight car supply and demand. A termnmi nal subnodel incorporates inventory
control principles for stochastic demands and lead tines in enpty freight
car delivery. The nodels interact by iteratively exchangi ng shadow prices
for cars in the network until the results of the subnbdels are consistent.

At any given iteration the shadow prices for enpty cars in the network
represent the marginal value of the cars at their current |ocation. The
network nmodel is a linear program that nexim zes revenues |ess cost
associated with noving enpty cars between termnals subject to gross
supply and demand at each terminal. Each solution of the network node
generates a new set of shadow prices for cars in the network which are
used by the term nal subnodel s representing each ternminal in the network.

The term nal subnodel s conbi ne the generated shadow prices with shortage
costs and order/release costs to determine the desired inventory of enpty
cars for particular termnals. This information is then transmtted back
to the network subnodel to solve for the next set of shadow prices. The
net wor k subnodel solution effectively reduces the prices of resources in
excess supply and increases the prices of resources for which there is
excess denmand. The exchange of information between the subnodels

continues until the results for the subnbdels match and the solution is

15



consi dered optimal.

Ki kuchi [1985] devel oped a nodel for dispatching enpty railcars from
freight car pools to demand points at mninmm cost. The nodel is
represented as a |inear programw th an objective of m ninmzing the sum of
car shipnent costs, car storage costs, holding costs for cars held at the
end of the period, and penalty costs for car shortages. The constraint
equations of the nodel are defined as foll ows:

1. Cars beconi ng avail able at unl oadi ng points throughout a day
nmust be dispatched to | oading points or held for the remnai nder
of the planning horizon.

2. Daily demand for cars at |oading points nmust be satisfied by
cars in the systemand by cars dispatched in response to
short ages.

The sol ution procedure presented involves the fornulation of the nodel as
a transshi pnent problemthat is solved as a |inear progranm ng probl em

Crainic et. al [1993] proposed nodels for the allocation of enpty
containers in land distribution and transportation systens in the context
of international maritinme shipping. The basic nodel discussed is a
deterministic single compdity nmodel, where single commodity mneans that
cont ai ner size substitutions are not allowed. The transportation system
as defined consists of port depots, nonport depots, supply custoners, and
demand custoners. Port depots are sources of containers at harbors where
containers enter and exit the system Nonport depots are inland depots
where containers may be held before being transported to neet denmand at
ot her depots and custoner |ocations. Supply custoners refer to custoners
that have containers available after unloading them Demand customners

require enpty containers for the | oading function

The objective of the nodel is to mnimze the sumof costs during a

16



given tinme period fromthe foll ow ng sources:

1

The transportation of enpty containers from depots to demand

custoners.

The transportation of enpty containers fromsupply custoners to

depot s.

The transportation of enpty containers between depots.
The hol di ng costs of enpty containers at depots.

Costs of bringing in containers fromoutside the system

Penalty costs for not satisfying demand for enpty containers at

ports.

The constraints of the nodel are defined as foll ows:

1

2.

3

4.

5

The vol une of enpty containers allocated in a period for each

custoner is equal to the custoner demand m nus the vol une of
cont ai ners whose shipnent to the custoner was initiated prior
to the start of the period.

The vol une of enpty containers picked up during a period at each

custoner is equal to the supply of enpty containers that
beconme avail abl e at each custoner |ocation.

The stock of enpty containers available at each nonport depot at

the end of a tinme period is equal to the stock at the

begi nning of the period plus the flow of enpty containers
arriving during the period mnus the enpty containers
departing during the period. Arriving enpty containers are
defined to be those en route at the beginning of the period
plus those arriving fromexternal sources and other depots and
supply custoners. Departing containers are those sent to

ot her depots and demand custoners during the period.

The stock of enpty containers available at each port depot at

the end of a tinme period is defined simlarly to that of
nonport depots except that export demand at each port depot
nmust be subtracted and inport supply nmust be added. Export
demand represents external enpty container demands that are
shi pped on departing containerships. |Inport supply is enpty
containers that cone from external sources on arriving

cont ai ner shi ps.

Bal anci ng movenents (i.e. flows between depots) are carried out

according to exogeneous bounds defined by policies and
agreenents with carriers.
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The suggested nethod of solution for the nodel described above involves
its transformation into a dynamic network nodel applied in a rolling
hori zon framework. However specific algorithnms for nodel solution are not
present ed.

Gao [1994] presented an approach for operational control in naritine
shipping that includes the positioning of enpty containers to correct
i mbal ances during a planning period. A two stage process is defined with
the initial stage concerned with identifying inbalances between supply and
demand for enpty containers given that cargo flows, containership
schedul es, and average unloading tinmes are known. The second stage of the
nodel | i ng process involves correcting the inbalances in the first stage
with a minimm cost |inear programng formulation whose objective
function cost trens are defined as foll ows:

1. Storage costs of enpty containers between voyages at each port.

2. Costs of positioning enpty containers between ports during
voyages.

3. Costs of leasing/letting containers during consecutive voyages
at each port.

4. Capital costs of owning containers during consecutive voyages at
each port.

The constraints of the |linear program are given as:

1. The nunber of enpty containers available at a port after a
voyage equal s the nunmber available after the previ ous voyage
plus the net of l|leased/let containers and the net of
positioned containers mnus the given inbal ance.

2. The nunber of positioned enpty containers arriving at a port
from anot her port h on a voyage equals the nunber of
positioned enpty containers |eaving port h for port i on the
voyage.

3. Arriving enpty containers take up space that is not greater than
space reserved at the receiving ports.

4. Departing enpty containers take up space that is not greater
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than space reserved at the destination ports.

5. The net of |eased/let containers are not greater than the nunber
of containers available for |easing/letting.

Solutions to the hypothetical cases discussed were reached with the use of

commerci al |inear progranm ng software packages.

3.2 I nt ermodal Mbdel s

The work of Sinclair and Dyk [1987] addresses novenents of
containers by truck as a result of inport and export activity at a
maritime internodal terminal. The described nodel considers the novenent
of containers between clients and between clients and the contai ner depot
at the internodal terminal. Al novenents resulting fromclient supply and
demand are considered, including truck novenents with enpty containers,
full containers, and no containers. Chassis/container mating issues are
not consi dered except in the context of containerless truck nmovenents with
or without chassis - both are unproductive. The obj ective of the nodel
is the mininization of time spent on unproductive novenents and waiting
ti me between novenents. The constraints discussed include client tinme
wi ndow restrictions, driver shift restrictions, |linking of related
novenents, client storage capacity, and conpany priorities for novenents.
A heuristic for nmodel solution is presented since a mxed-integer |inear
programm ng fornulation of the problem is too large for practical
i mpl ement ati on.

The heuristic consists of two phases relating to preprocessi ng and
schedul ing. The preprocessi ng phase invol ves exani ni ng expected novenents
and determning feasible starting and ending tinme wndows for the

nmovemnment s. Lists of novenents and lists of <clients wth common
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characteristics, as well as a priority list of novenments, are also
constructed during the preprocessing phase. The scheduling phase
i mpl enents a repeated sel ection of unschedul ed novenents fromthe priority
list and adds novenents before or after the priority novenent according to
the mni mum sum of unproductive novenents and waiting tine added to the
trip. Wen a conplete route is forned, a vehicle is assigned to the route
and the priority list is updated for selecting the next unschedul ed
novenent .

In practice, the schedul es devel oped using the heuristic often require
adjustnent as a result of scheduling conflicts.

Chi h, Bidden, Hrnung, and Kornhauser [1990] present a nodel for
managenent of internodal doubl estack trains and di scuss the inplenentation
of the nodel in software. The nopdel addresses narine-rail internoda
operations - specifically container |oading and route sel ection aspects of
COFC service. Hi ghway chassis logistics are not included in this nodel.

The problemis presented as a cost nmininization problemin a tinme-
space network. Constraints on the system consist of fleet size
constraints, car capacity constraints, container size constraints, and
m ni mum car |oad constraints. The heuristic solution procedure is
sequenced as foll ows:

1. Generate a tine-space network based on train schedul es and
physi cal characteristics of the network.

2. Account for the flow of cars in route in the network.

3. Route containers through the network that have been preassigned
to specific trains.

4. Route non-preassigned containers through the network based on
| east initial cost.

5. Reroute the containers in step 4 based on updated costs from
estimated train | ength.
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6. Use a network transhi pnent problemto nmatch container flows with
avai |l abl e cars.

Spasovi ¢ [1990] devel oped a nodel concerned with the mnimzation of
costs associated with the short haul highway portion of rail-truck
i nternodal transport. The nodel targets TOFC services exclusively and so
does not address COFC operations or chassis logistics. The constraints in
the nodel are tine wi ndow constraints and fleet capacity constraints. The
nodel accounts for various drop off and pick up policies in order to
determ ne solutions that satisfy demands within a given |evel of service.

Two heuristic procedures are presented for nodel solution. First a
two-stage solution procedure is presented that solves two sub-probl ens
formul ated as |inear progranms in order to obtain integer solutions. The
second procedure is a multi-stage process that obtains inproved integer
sol utions by exploiting the structure of the nodel.

Nozi ck [1992] presented a nodel of integrated rail-truck internoda
operations that provides solutions for activities within a basic tine
peri od of one day. Activities consist of |oad novenents between shi pper
and consi gnee, novenents of enpty cars between termninals, and novenents of
enpty trailers and containers between termnals. The basic nodel applies
to TOFC operations and possible incorporation of containers in the node
is only discussed with respect to the | oad assignnent and conservation of
flow constraints. Chassis fleet considerations are not included in the
nodel , effecting the assunption that COFC operations are equivalent to
TOFC operati ons.

The model is forrmulated as a large integer programwi th a nininum
cost objective. Cost conponents consist of costs associated wth

satisfying | oad denmands, repositioning enpty trailers, and repositioning
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enpty flatcars. Constraints are fornulated for level of service (i.e
time wndow) requirements, trailer fleet conservation, and flat car
conservation. The nethod of solution is a heuristic procedure based on
the LP rel axed sol ution.

Barnhart and Ratliff [1993] present a nethodol ogy for determ ning
m nimum cost internmodal routing in a rail-truck context wth no
di stinction made between TOFC and COFC routings, which nmeans that chassis
| ogi stics are ignored. Routing problens with rail transport cost
expressed per trailer are shown to be sol vable using sinple shortest path
procedures. Routing problems with rail cost expressed per flatcar are
shown to be solvable when allowing at nmost two units per flat car. The
sol ution procedure in this case requires the establishment of |ink costs
on a pairs network. Such a network is shown to be solvable by weighted
mat chi ng al gorithns.

In sunmary, the results of the literature review indicate that no
wor k has been published on sol ution nodels supporting chassis distribution
decisions in centrally controlled internodal operations. Publ i shed
i nternmobdal nodel s have not addressed the problem of interest, although
papers addressing simlar problems are a source of ideas in solution

appr oaches.
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CHAPTER 4

SOLUTI ON METHODOL OGY

4.0 I ntroducti on

A feasible approach to chassis managenent |ogistic problens is to
devel op a pl anning nodel that nay be inplenmented periodically to suggest
an allocation of highway chassis (timing, nunber, |ocation) that wll
assure a successful and efficient mating of chassis to containers. Such a
nodel would require inputs defining the state of the systemat the start
of a period along with the flow of containers planned during the period.
Results from the nodel would define a cost efficient flow of chassis

corresponding to the given container flow

4.1 Problem Statenent

Assune at a point in time that a certain nunber of centrally
controlled internodal term nals (ranps) are doing COFC business. These
term nal s have the technology required to separate contai ners from hi ghway
chassis and load themonto rail cars. This technology pernmts containers
to be unloaded fromrail cars and placed on avail able chassis. Trucks
pul l'ing | oaded containers on chassis arrive at ranps throughout the day.
The containers are loaded on rail cars and the chassis may remain in
storage at the ranp. At scheduled tinmes the trains depart the origination
ranps and make the journey to destination ranps, arriving at schedul ed
times. At destination ranps the containers are unloaded from the rai
cars and placed on avail abl e chassis before being driven to consignees by
truck.

Chassis my be pooled at the ramps from previous supplying
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operations or they may be | oaded on rail cars and shipped fromone ranp to
anot her . In cases where ranps are located within reasonably close

physical proxinmties, chassis can be driven by truck from one ranp to

anot her .
When containers arrive by rail at a destination ranmp, it is
necessary to mate them with avail able chassis. The nature of norma

busi ness activity does not guarantee that a sufficient pool of chassis
will remain at all ranps since container |oads vary dependi ng on the day
of the week and the season. Ranps that have nore arrivals than departures
over tinme could deplete a supply of chassis unless sone action is taken to
redistribute the chassis on a tinmely basis. A nmethod is needed to
deterni ne when, where, how many, and by what neans (truck, rail) chassis

are to be noved fromone | ocation to another

4.2 Solution Approach
4.2.1 A Uni-Directional Mde

A solution approach to the chassis reallocation problem can be
considered in ternms of the classic transportation problem Consider the
transportati on network shown in Figure 4.1 where the defined ranps exist
in the Chicago and Los Angeles netropolitan areas. The nunbers in
parentheses in Figure 4.1 represent the unit cost of transporting a
chassi s between the connecting ranps. In this network, all chassis noved
between the Chicago and Los Angel es areas are shipped by rail from the
I[Ilinois ranmp or the California ranp at a cost of $40. Chassi s nmoved
between ranps within the nmetropolitan areas are nmoved by truck at a cost
of $20. The transportation problemillustrated in Table 4-1a is one of

shi ppi ng chassis fromsupply ranps in the Chicago area to dermand ranps in
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the Los Angel es area. '\?&&I\ﬂ?ﬁﬂﬁlﬂ%ﬁﬂ“s di splayed in the cells of Table

4-1a are additive betwqﬁﬁ=mﬂgﬁixMBfRAM@xanple, a nove from the outlying
NC

Chicago Ranp to the out | |pONGIEFANPOast Ranp consi st of $20 nove from

NC = NORTH CHICAGO RAMP (20) {20)

CH = CHICAGD RAMP

¢
the Chicago Ranp to the Illinois Ranp, a $40 nove fromthe Illinois Ranp
to tre Cptid bird %A E xammpl¥ CRYSsTS TraRsHbrtitich Natwork®
West Coast Ranp. The supplies are counts of chassis existing at the given
ranps in the Chicago netropolitan area. The denands represent the nunber

of chassis required at the given ranps in the Los Angel es area.

TABLE 4-1a
WC CA Suppl y
CH 80 60 2
L 60 40 4
NC 80 60 6
Dermand 5 7

The application of transportation nodel solution techniques to the exanple
of Table 4-1a gives the solution shown in Table 4-1b. The largest cost in

the solution is shown in the third entry in Table 4-1b, interpreted as the
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shi pment of 5 chassis fromthe North Chicago Ranp to the West Coast Ranp

at a cost of $400.

TABLE 4-1b
From To Armount Cost/ Uni t Tot al Cost

CH CA 2 60 120
IL CA 4 40 160
NC WC 5 80 400
NC CA 1 60 60

Overal | 740

Cost =

4.2.2 A Bi-Directional Mde

The transportation problem of Table 4-1a assunes that chassis
denmands in the Los Angeles area are to be met with supplies in the Chicago
area. A nore realistic nodel would consider that there are train arrivals
and departures at each ranp, resulting in both supplies and dermands at
each ranp. Atrain arriving with containers at a ranp requires chassis to
mate with the containers upon arrival. This corresponds to a demand for
chassis upon train arrival. A train departure neans that containers are
detached from correspondi ng chassis and | oaded on the departing train.
This means that there is a chassis supply upon train departure.

Since there are both arrivals and departures at all ranps, each nust
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be viewed as both supply and demand points. Note that a demand resulting
from an arrival at a ranp can be nmet with a supply resulting from a
previous departure at that same ranp. The exanpl e transportati on problem
represented in Table 4-2a uses the sanme transportation network shown in
Figure 4.1. This exanple assunes that both arrivals and departures occur
at each ranp. Note also in the followi ng exanple that the cost of neeting
a demand at a ranp with a supply at the same ranp is assuned to be zero.
The supply values shown in Table 42a correspond to the nunber of
containers | oaded on departing trains since an equal number of chassis
remai n behind at the given ranps as a result of the departure. The demand
val ues are counts of containers arriving by train at the given ranps that
must be nmated wth chassis wupon arrival. The solution to the

transportati on nodel of Table 4-2a is given in Table 4-2b show ng a total

of 5 chassis nmovengnts required at an overpll cost of $140.

TABLE W-2a
CH IL NC WC CA Suppl y

CH 0 20 20 80 60 2
I'L 20 0 20 60 40 4
NC 20 20 0 80 60 6
WC 80 60 80 0 20 5
CA 60 40 60 20 0 5
Demand 4 3 3 5 7
TABLE 4-2b

From To Anmount Cost / Uni t Tot al Cost

IL CA 1 40 40
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NC CH 2 40 40

NC CA 1 60 60

Over al | 140
Cost =

4.2.3 A Bi-Directional Tinme Based Mde

The transportati on nodel of the previous section requires additiona
refinement in order to conplete its application to the chassis
real l ocation problemof interest. It is mssing an inportant dinmension in
that it does not address the critical issue of tinme. Since supplies and
denands in the chassis reallocation problemcorrespond to train departures
and arrivals, they are dependent upon the departure and arrival tinmes of
the trains. |In addition to anmpounts associated with supplies and denands
it is inmportant to specify the tinme associated with demand requirenents or
supply availabilities. Thus each supply and demand definition includes
both an anmount and a tine.

The tinme attribute of the supply/demand definition defines the
feasibility of neeting a demand with a supply. If the time difference
between a particular supply availability and a particular demand
requirenent is insufficient to permt the transportation of a chassis from
the supply location to the denand | ocation, then that supply/demand match
cannot be part of a feasible solution.

A tinme dependent definition of supply and demand requires a
transportati on nodel fornulation of the problem to be tinme dependent.
This neans that each nodel fornulation nust apply to a stated period of
ti me known as the planning horizon.

At the start of any nodeled time period, it is necessary to account
for the location of all available chassis. Any chassis available from
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storage at the various ranps at the beginning of the planning horizon are
consi dered supplies, and are assigned tine attributes defined as the start
of the planning horizon (i.e. time zero). Subsequent supplies are
determined from schedul ed train departures since chassis separated from
containers are left at the ranmps of departing trains. These supplies
definitions consist of the number of chassis available and the tine of
availability assuned to be the scheduled train departure tine. Chassis
demands are associated with trains arriving at ranmps with containers
destined for further transport. These demands are defined by the nunber
of arriving containers and the scheduled train arrival tine.

Figure 4.2 extends the chassis transportation network of Figure 4.1
to include the tine attribute. The cost values of the previous network
have been replaced by cost-tine pairs representing both the unit cost and
the time required to transport chassis between the ranps. For this

network, it is assuned to require 48 hours of transport tinme to nove
CA = CALIFORNIA RAMP

chassis between the I|WbQQN€§TEER§#Riﬂ9 the California Ranp. Ti me
requi renents are assunedILté)lLEmo?s Rmﬁs for the renuining IiN

NC = NORTH CHICAGO RAMP (20.2
CH = CHICAGO RAMP

WG (40,48)

" Figiiré 4.2 Example"Network With Time ‘Aftribifes’

illustrated in Table 4-3a. The exanmple is based on the network
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configuration of Figure 4.2 and covers a tine period of 72 hours from 8: 00
AM Monday to 8:00 AM Thursday. It is assuned that a supply of 5 chassis
exi st at each ranp at 8:00 AM Monday. The scheduled train arrivals and

departures associated with Table 4-3a are given bel ow

L CH NC

CA We 1L CH NC
Arrivals TU, 06: 00 VAE, 07: 00 TH, 03: 00 MO, 22: 00 TU, 05: 00
17: 00 TU, 11: 00 VIE, 16: 00

, 03:
Departures MO, 18: 00 TH, 01: 00 MO, 17:

The synbol "4" in Table 43a represents a tine infeasibility. For
exanple, the first cell in the table is marked as infeasible since a
supply at the California Ranp Monday at 08: 00 cannot reach the Chicago
Ranp by Monday at 22:00. Note that as in the previous exanple, a cost of
zero is assigned to cells that will require no chassis novenents between
ranps.

The first five supply values shown in Table 4-3a represent chassis
available at time zero (M), 08:00) at each ranp. The subsequent supply

val ues are counts of containers departing on schedul ed trains that |eave
behi nd chassis at the given ranps. These counts are assuned to be known

TABLE 4-3a
CH, MO NC, TU CATU | wow | IL, TH
2200 05:- 00 06: 00 0700 03: 00 Supp| y
CA, I\/D, 08: 00 4 4 Q 20 40 5
V\C, I\/D, 08: 00 4 4 20 Q 60 5
I L, MO, 08: 00 20 20 4 4 0 5
CH, MO, 08: 00 Q 20 4 4 20
NC, MO, 08: 00 20 0 4 4 20 5
I'L, MO, 17: 00 20 20 4 4 0 3
CA, MD, 18: 00 4 4 0 20 40 7
CH, TU, 11: 00 4 4 4 4 20 3
NC, VI, 16: 00 4 4 4 4 20 4
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WC, TH, 01: 00 4 4 4 4 4 0

Dermand 8 7 4 12 11

or reliably estimated at tinme zero. For exanple, the supply value of 3
associated with the departure at the Illinois Ranmp at 5 PM Mbnday
(IL, MO, 17:00) nmeans that at tinme zero it is known or reliably predicted
that 3 containers will be shipped on the train departing the Illinois Ranp
at 17: 00 Monday.

The demand val ues of Table 4-3a are counts of containers shipped on
trains scheduled to arrive at the given ranps at the given tinmes. Again
these counts nust be known or reliably estinated at tinme zero. For
exanpl e, the demand val ue of 8 associated with the Chicago Ranp at 10: 00
PM Monday (CH, MO, 22: 00) means that 8 containers are expected to arrive on
the 22:00 Monday train at the Chicago Ranp.

The supply and dermand val ues descri bed above nust be acquired from
an external source. An information systemw th a function of tracking the
novenents and | ocations of containers and chassis could be utilized to
obtain the required supply and demand val ues.

The solution to the exanple of Table 4-3a gives the m ni mum cost
chassi s nmovenents shown in Table 4-3b. For exanple, the second entry in
the table shows that 2 chassis should be noved fromthe supply avail able
at the Illinois Ranp at 8:00 AM Monday to the North Chicago Ranp by 5:00
AM Tuesday. According to the network defined in Figure 4.2, the chassis
woul d be nmoved by truck. The fifth entry in Table 4-3bis interpreted as

the transport of 1 chassis fromthe California Ranp tao the Illinois Ranp

on the train departing the California Ranp at 600 PM Monday (MO 18: 00).

The nodel assunes that there are no storage space limtations either
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at the ranps or on any trains transporting chassis. Also it is assuned
that chassis neeting the denmands and leaving the ranps attached to

containers do not return to the ranps during the planning horizon.

TABLE 4-3b
From To Armount Cost/ Uni t Tot al Cost

CA, MO, 08: 00 WC, VIE, 07: 00 1 20 20
I'L, MO, 08: 00 NC, TU, 05: 00 2 20 40
'L, MO, 17: 00 CH, MO, 22: 00 3 20 60
CA, MO, 18: 00 WC, VIE, 07: 00 6 20 120
CA, MO, 18: 00 I'L, TH, 03: 00 1 40 40
CH, TU, 11: 00 I'L, TH 03: 00 3 20 60
NC, VEE, 16: 00 I'L, TH, 03: 00 4 20 80

Peri od Cost= 420

The bi-directional tinme based reallocation nodel discussed in this
section will be formally defined in the sections that follow It will be
the basis of all subsequent analysis and devel opnent presented in this

wor k.

4.3 Chassis Reallocation Mdel Elenents
For a given period of time there are supplies and demands for
chassis at each ranp. The supplies and demands are assumed to be known or

reliably estimted at the begi nning of the tine period and may be obtai ned
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or derived externally by existing information systenms tracking the

novenments and | ocations of containers and chassis. An exanple of supply

and dermand definitions is given bel ow

Suppl i es:

PoNE

Denmands:

Exi sting pools of chassis at each | ocation.
Chassis left fromdeparting trains.

Chassi s shipped in on arriving trains.
Chassis trucked in from nearby ranps.

Chassis required for containers on arriving trains.

El ements required for a nmodel of solution include:

1
2.
3.
4

Assunpti ons:

=

A period of business activity (day, week, etc.)

Trai n Schedul es

Chassis stock at each ranp at begi nning of period

Suppl i es and denands defined by the nunber of containers to
be shi pped on each train along with the associated train
arrival or departure time as determined by train
schedul es.

Cost per chassis of neeting demands with supplies. This is

the cost of neeting a demand at a particular tine and

location with a supply available at a particular tine and
| ocation. \When tinme constraints do not permt a
particul ar demand to be net with a particular supply, the
cost nust be marked to indicate the infeasibility.

There are no limts on chassis storage space at ranps.

There are no limts on space for chassis transportation on
trains.

Chassis mated with containers on arriving trains |eave the
ranp and do not return during the nodel activity period.

A transportation nodel formulated according to the information given

above can be used to solve for optinmum chassis reallocations during the

given tinme period.

4.4 Nodel Nomencl ature
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El ements of the proposed nodel can be defined as relating to
pl anni ng horizon, train schedul es, chassis supply and demand, and costs.

Data definitions for these four areas are outlined bel ow

1. Planni ng Horizon
- Starting point intinme T,
- Total time in planning horizon Tp
- Ending time of planning horizon Te=Ty. Tp
2. Train Schedul es for planning horizon, i.e., arrival and departure

times at each | ocation

- For each location j (j=1,...,m, there are n arrivals and
p; departures

aj¢, = tinme of arrival i (i=1,...,n;) at locationj (j=1,...,m
byj)= time of departure k (k=1,...,p;) at location |j
(j=1,....m
3. Chassis supply and denand
- At tinme Ty, a given nunber of chassis exist at each |ocation

So(jy = number of existing chassis at location j at time T,

- Each train departure froma location results in a supply of
chassis being left at that tine

Sk(jy = nunber of chassis left by departing train at tinme by,

- Each train arrival at a location results in a demand for
chassis at that tinme and | ocation

di¢jy = nunmber of chassis required by containers on train
arriving at tine a;,

- These supplies and demands nust be known or reliably
forecast previous to nodel solution

4, Costs

- Each demand (i.e. arrival) nust be matched with each supply
(i.e. departure or existing chassis) to deternine the cost
of neeting demands with supplies

C(di(j), Sky)) = cost per chassis of neeting demand di;, with
supply sk

i =1, n; j=1,...,

k =0,p ; | =1,...,
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- If the supply is only available after the demand or the
time between the availability of the supply and the demand
is less than the tinme required to transport supply Sy, to
demand d;(;,, then meeting the specified demand with the
speci fied supply is infeasible and an extrenely high cost
nmust be specified (i.e. C(di),Sku) = 4)

- |If demand d;(;, can be net with supply sy, by any means then
C(di(jy, Ska)) can be quantified explicitly. If the supply
could exist at the demand | ocation at the tine of the
dermand wit hout being transported, then perhaps the cost
is zero or very snall. Chassis could also be transported
by train or by truck froma nearby ranp if tinme permts.
In any case, if a supply can possibly neet a demand then
the actual cost nust be determ ned and specifi ed.

4.5 Solution Mddel Fornulation

Using the data definitions of the previous section, a nodel of

solution for tinme period T, through Tg may be defined as foll ows:
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4.6 Model Conplexity

The conpl exity of nodel may be expressed in terns of the size of the
problems fornulated fromthe nodel. Since the size of a transportation
problemis proportional to the anpunt of resources required to solve it
there is alimt on the size of problemthat is feasible to solve. This
limt is defined by the available resources with respect to tine and
st orage space.

The size of a transportation problemis often depicted in ternms of
the nunber of sources and destinations included in the problem For
exanple a transportation problemw th 15 sources and 10 destinations may
be referenced as a 15 x 10 transportation problemin order to describe its
size and accordingly its conplexity.

The conplexity of the chassis reallocation nodel defined in the
precedi ng sections of this chapter may be fornul ated according to the size
of the transportation problens resulting fromits application. Supplies
in the chassis reallocation nopdel are analogous to sources in the
classical definition of the transportation nodel. Simlarly demands in
the chassis reallocation nmodel are anal ogous to the destinations of the
classical nmodel. Thus further discussion of nodel size will be presented
in terms of the nunmber of supplies and the nunber of demands (i.e. 15 x
10) included in the fornul ated probl ens.

Chassis reallocation problem sizes are a function of the given
pl anni ng hori zon, the nunber of internodal termnals in the network, and
the nunber of scheduled arrivals and departures at each internoda
terminal. Since internodal train arrivals correspond to chassis demands
and departures correspond to chassis supply, the size of a chassis

real l ocation problem is driven by the nunber of train arrivals and
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departures included in the problem These arrivals and departures are
periodic according to given train schedules. Mre frequent arrival and
departure activity translates into |arger problemsizes. Increasing the
nunber of internodal terminals included in a problem also increases the
nunber of arrivals and departures. The npst obvi ous neans of increasing
the nunber of arrivals and departures included in a chassis reallocation
problem is to increase the period of time for which the problem is
f ormul at ed. A mat hematical formulation o problem size for the chassis
real l ocation nodel is defined as foll ows:

G ven:

total tinme in planning horizon

nunber of internodal termninals

= arrivals per unit time at termnal j
departures per unit tine at term nal |j

S=N+3Yj=INB;T

The nunber of supplies for a given pr%blen1is defined by:

kel

@J> =z -
|

The first termin the above equation is sinply the nunber of terminals
since there is a possible supply of existing chassis pooled at each
termnal at the start of the planning horizon. The second termrepresents
the nunber of departures at each terminal during the planning horizon.
The nunmber of demands for a given problemis the nunber of arrivals at

each term nal during the planning horizon as foll ows:
D= = AiTp

Tabl e 4-4 bel ow gi ves representative probl emsizes for networks containing
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5,10, and 15 term nals for planning horizons of 1 to 5 days. |Internodal
arrivals and departures are assuned to occur at the rate of 1 per day at

each term nal.

TABLE 4-4

1 DAY 2 DAYS 3 DAYS 4 DAYS 5 DAYS
Ranmps = 5 10 x 5 15 x 10 20 x 15 25 x 20 30 x 25
Ranmps = 10 20 x 10 30 x 20 40 x 30 50 x 40 60 x 50
Ranps = 15 30 x 15 45 x 30 60 x 45 75 x 60 90 x 75

4.7 MNodel [|nplenmentation

The nodel described in the previous sections can be of practical
significance in chassis logistics if inplemented in a software system
Such a system coul d be executed periodically to provi de decision support
for chassis distribution management during the given period. The

foll owing chapter presents a software inplenentation of the nodel in

detail.

38




CHAPTER 5

SOFTWARE DEVELOPMENT

5.0 I ntroducti on

The fornulation of a software systemto support chassis distribution
decisions is presented in this chapter. The system incorporates
principles of the tinme-based transportation nodel of Chapter 4 to provide
solutions to user specified nodels on a regular basis. The renni nder of
this chapter consists of a discussion of the high level design and
operation of the systemfollowed by discussions of the individual software

conmponents that conprise the system

5.1 Hi gh Level Design and Operation
The transportation nodel presented in Chapter 4 provides mninum
cost solutions for specific tinme periods. An effective software
i mpl enmentation of the nodel nust provide users with tinely solutions in
the form of mnimm cost chassis reallocations for requested planning
hori zons. Such a software system nmay be organi zed as shown in Figure 5.1
The heart of such a systemis an optimzation engine that accepts cost
and supply/demand i nputs and determ nes the nmininum cost solution. The
remai nder of the systemis concerned with determnining or obtaining the
correct supply, demand, and cost elements to present to the
optim zation engine. The text that follows is a discussion of inputs to

the optim zer as shown in Figure 5.1.

1. Schedule - The mjor portion of <chassis supply and demand
deternmination is dependent on internmodal train schedules. Departure
times are assuned to be tines that chassis beconme avail able as supply.
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Train arrival tines are assumed to be demand tinmes for chassis. This
makes it necessary to maintain a nmaster file of internodal train
schedul es.

2. Planning Horizon - Since the nodel provides solutions for given periods

determ ne  sulpENTEnd- Licran0 oV Are OFERRIZRtON, < roder” i

schedul es.
Planning Chassis Armivals Gost per
thassls of
Schedule Horizpn Locatione and .
¢ Dapam""_ ﬂl‘a‘tlng ﬁ&:h
(Surn=Tg ) “% (rumber of demand with
cantainers; each supply,
aciuel or if
prodicted) infeasible
3. Initial Stock - [A possible supply source exists in the form of

avai l able chassis at internodal ter[minals at the beginning of each
pl anni ng hori zon.

4. Arrivals and Departures -_ Counts of containers on departing and

arriving trains during the IWi fﬂﬁ PFHM‘%HWMP& be specified since
departing containers | eavmlﬂmahl @&%It%f Eﬁm ﬁo@@nﬂar’ﬂ&” Vi ng containers

require avail able chassis. In practice sone actual counts nay not be
avail abl e in advance and predicted counts nust be used.

5. Costs - Per chassis cost of neeting each demand with each supply nust
be known or estimated. This includes the specification or
determ nati on of matches that are known to be infeasible.
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5.1.1 Model Scenari os

The steps required in inplenenting a chassis reallocation scenario
are shown in Figure 5.2 The variables referenced in Figure 5.2 conformto
t he nonencl ature of section 4.4 of the previous Chapter defining the data

el enents of the mathematical sol ution nodel.

Figure 5.2 Steps in Chassis Reallocation Scenarios

Get Planning
Horizon

(To . Tg)

'

Determine Train Arrivals (aj(j))
and Departures (by(j) )

during the Planning Period

'

Obtain Chassis Supply (s
and Demand (dyj) )
for the Planning Period

'

Obtain Unit Costs associated
with each Supply-Demand Pair
Cldicy) »Skeny )

'

TR

Optimize for Minimum Cost
Solution
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Initially it is necessary to define the period of tine for which a
solution is desired. As noted previously this period of time is known as
the planning horizon and can be specified as a starting point (T, and
endi ng point (Tg in tine.

Once the planning horizon is defined it is possible to determ ne
each arrival and departure schedul ed during the planning horizon. This
must be acconplished by consulting internodal train schedul es. Assum ng
that there are minternodal terminals (i.e. locations) in the internodal

network with regularly schedul ed internodal train arrivals and departures,

there will be n; arrivals and p; departures at each location j (j=l,...,m
during the planning horizon. Each schedul ed arrival and departure is
defi ned by t he | ocation (i) and tinme of t he arriva
[aig)y; (i=1,....nm),(j=l,...m] or departure [ bigiys
(k=l,...,pp). (=, ..., m].

Foll owi ng the determ nation of arrivals and departures during the
pl anni ng horizon is the acquisition of chassis supply and demand val ues
for the period. One source of chassis supply are stocks of available
chassis at each |ocation (Sy;,) at the start of the planning horizon (T,).

The remmining chassis supplies and denands are associated with the
internmodal train arrivals and departures during the planning horizon that
have al ready been determined (i.e. ajg,, by;)). Each train that departs an
internodal terminal carries a certain nunmber of internpodal containers
bound for subsequent destinations. Since the departing containers have
been detached from chassis previous to departure, a supply of chassis
equal to the nunber of departing containers (Sg;,) can be associated with

each departure (byj,) during the planning horizon. Each train arriving at
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an internodal terminal carries a certain nunber of internodal containers.
Since these containers nmust be nmated with chassis for subsequent
transport, a demand for chassis equal to the nunber of arriving containers
(di¢j,) can be associated with each arrival (aj;,) during the planning
period. Thus the supply and demand val ues must be obtai ned fromcounts of
avail able chassis at tinme zero and counts of containers destined for
transport during the planning horizon.

Avai | abl e chassi s supply counts may be obtainable at tine zero from
up to date equipnent inventory information. Counts of container novenents
during the planning horizon are likely to be nore difficult to quantify
since it is based on future business. In such instances it mmy be
necessary to rely on forecasts or predictions of container novenents
during the planning horizon.

The final data conmponent required for a nodel scenario is the
transportation cost nmatrix representing the cost of transporting chassis
between the supply and demand points during the planning horizon. Each

demand (d;(;,) defined during the planning horizon nmust be matched with each

supply (Skiy) to det er m ne a cost
[C(di¢y, skay); (i=1,...m),(k=0,,,,p),(j=1,...,m,(I=1,...,mM] of neeting
the demand with the supply. This is the unit cost of transporting a

chassis fromthe supply point (a time and |location) to the demand point
(also a tinme and location) in tine for a supply chassis to be mated with a
demand cont ai ner upon container arrival. The assigned costs are those
associated with transporting a chassis from the supply location to the
denmand | ocation by whatever neans is desired (truck,rail,boat etc.) during
t he pl anning hori zon. Often a supply-denmand match will not be feasible
due to tinme constraints and the cost nust be marked as such. Exanpl es of
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i nfeasi ble matches include those in which the tinme between chassis supply
availability and chassis demand is less than the tine required to
transport the chassis fromthe supply location to the demand | ocati on.
Infeasibility must be marked by assigning a very high cost (4) to the
suppl y-demand mat ch

Upon determining the required supply, demand, and cost information
as discussed previously it is left to solve the nodel formulated in
section 4.5 of the previous chapter in order to obtain mninmm cost
chassis movenments during the planning horizon. The nodel defined is a

transportati on nodel which may be solved with known sol ution al gorithmns.

5.1.2 Conputerized System Design

A computerized inplenmentation of the chassis reallocation system
di scussed in the previous section requires interaction between severa
| ogi cal systemunits. Those units are separable into processing units and
data units. Figure 5.3 depicts the logical |ayout of a conputerized
chassis reallocation system The systemof Figure 5.3 can be described by
di scussing the functions of the processing units.

The schedul e managenent unit accepts input in the formof internoda
train schedul e changes in order to maintain an accurate schedul e dat abase.

The supply and dermand identification unit accepts information defining

the desired planning horizon and in conbination with the train schedule
dat abase deternines the chassis supply and demand points (time and
| ocation) for the defined planning period.

The supply points are deternmined fromtwo information sources. The
first source is the time associated with the start of the planning horizon

(tinme zero) since existing pools of available chassis existing at the
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intermpdal termnals at

tinme zero are a supply source.

The second

i nformati on source for chassis supplies is the schedul ed departure tines

of internodal trains during the planning horizon since departing trains

Schedule
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SCHEDULE

MANAGEMENT

Train
Schedules

SUPPLY AND
DEMAND
VALUATION

Chassis Reallocation
System Layout

Figure 5.3
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that beconme available upon
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times of internodal trains during the planning horizon since arriving
trains carry containers that require chassis to be attached upon arrival

Supply and demand valuation is the process of assigning nunbers
representing chassis availability and requirenents to the supply and
demand points. As noted previously these nunbers correspond to contai ner
counts known or expected to exist on the internpdal trains associated with
the supply and dermand points.

The unit cost valuation procedure is the nmatching of each supply
with each demand during the planning horizon to assign a cost of
transporting a chassis from the supply point to the demand point. In
cases where the transportation of chassis from the supply point to the
demand point is not feasible due to tine constraints, a very high cost
nmust be assigned to the supply-denand match to exclude it froma feasible
nodel sol uti on.

After supply, demand, and cost values are determ ned, a nodel is
defined and submitted to the optinization process. The solution to the
defined nodel is the mninmmcost chassis reallocation policy during the

pl anni ng hori zon.

5.2 Sof tware | npl enentation

The inmpl ementation of a software system as described in the previous
section will now be discussed and will hereafter be referenced as CHREVAN,
an abbrevi ated name for Chassis Reall ocation Manager. The objective for
CHREMAN is to provide decision support for chassis fleet managenment on a
timely basis. The operational basis for CHREMAN i s a periodical execution
to assist in the determination of econonical chassis redistribution

policies for an approachi ng pl anni ng peri od.
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5.2.1 Devel opment and Operation Environnment

The initial operating platform for the CHREMAN software systemis
the Ms-DOS operating system version 5.0 or greater as executed on an | BM
based personal conputer containing an Intel 486 mnicroprocessor with a
cl ock speed exceeding 33 Mz. CHREMAN should only be installed on a
conputer with random access menory capacity of 640 kil obytes or greater
since mnory size defines the size of the nmodel that can be sol ved.
Menory requirenments are discussed in nore detail in Chapter 6.

The software devel opnment environment for CHREMAN is the Turbo C++
3.0 inplenmentation of the C programm ng |anguage for MS-DOS and is a

product of Borland International, Inc. [1991].

5.2.2 CHREMAN System Prograns

CHREMAN construction is based on the system design described in
Section 5.1.2 and consists of six prograns that interact with six data
files as shown in Figure 5. 4.

The CHREMAN program controls the execution of the other prograns as

determ ned by user interaction. Through execution of the CHREMAN program
the user nmay elect to update internodal train schedul es, update estinmates
of time and cost requirenents for transporting chassis, or execute chassis
real | ocati on scenari os.
The SCHMAN program pernits the user to update, view, or print internodal
train schedul es. The nmain purpose of SCHVAN is to provide users with the
ability to maintain an accurate internodal train schedule naster file
( BTSHED. DAT) .

The TCEST program all ows the user to naintain estimtes of the tine
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required and the unit costs involved with transporting chassis between
each terminal wth schedul ed internodal service. The time and costs
estimtes are used to assist in unit cost determination in chassis
real | ocation scenarios. The time and cost estinmates are nmaintained in the
ERTI ME and ERCOST data files.

The SUDM D program initiates chassis reallocation scenarios by

accepting input defining the desired planning horizon and exami ning the

Figure 5.4 CHREMAN Software System

CHREMAN -
System Control —
Program e B SUDMID - Supply

= and Demand Point
Identification
Program

SCHMAN -
Schedule

Management
Program

BTSCHED.DA
Master
Schedule
File

TCEST - Chassis

Transportation
Time and Cost
Elicitation

ERCOST.DAT
Unit

Transport

Costs

Demand Point§
for planning

ERTIME.DAT
Transport
time req'd

CSDVAL -
Unit Costs,
Supply, Demand
Elicitation

TRCHASIS.TRA
Transportation

Model File

48 LTRRA -
Transportation
Model Solution

Program




train schedule file to produce files containing all supply and demand
poi nts occurring in the upconm ng planning horizon. The supply and demand
points are witten to the TDETFIL and TARTFIL data files respectively.
The CSDVAL programutilizes the information in the supply and denand
point files to obtain the chassis supply and denmand for the planning
hori zon as provided by the user. Subsequently the program estimtes the
chassis unit transportation costs frominformation in the tinme and cost
estimation files. The user is allowed to edit the unit cost estimates
bef ore saving the defined transportation nodel in the transportation nodel
file (TRCHASSI S. TRA) The LTRRA program accepts the transportati on node
file and solves the associated nodel before displaying the optinmm
sol uti on. After nodel solution, control is returned to the CHREMAN

program as sel ected by the user

5.2.2.1 The CHREMAN Program

The CHREMAN program controls the execution of all other prograns in
t he CHREMAN software system The CHREMAN program can be considered the
parent process of the system that initiates execution of the renaining
programs as child processes according to user response. Upon termnation
of the child processes control is returned to the CHREMAN program which
proceeds according to the termnation code of the particular child
process.

As shown in Figure 5.5, the CHREMAN program begi ns by presenting the

user with four options corresponding to the tasks inplenented in the
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When the user selects a task the progran(s)

CHREMAN software system
associated with that test are executed as child processes in the sequence
In nost child processes, the user has the

required to conplete the task.
MAIN OPTIONS
MENU
|
Update A Run
Train Reallocation
SCHMAN Schedule Scenario SUDMID
PROGRAM T T PROGRAM
S
Update -
’
Time/Cost EXIT
Estimates I
! . Yes
| Scenario JR—
i Aborted?
!
T
No Time/Cost f
——-—==—=—""1 Updates r’
Needed? Yes !
o, |
e, i . CSDVAL
PROGRAM
TCEST
PROGRAM
Scenario [Yes
Aborted?
Noi
Figure 5.5 CHREMAN Program LTRRA
PROGRAM
Alter
Current

Scenario?

option of aborting the process and returning to the CHREMAN mai n option

The options available to the user are 1) those associated with the

menu.
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tasks of wupdating train schedules; 2) wupdating tinme and unit cost
estimates for transporting chassis; 3) executing a reallocation scenario;
and 4) exiting the CHREMAN system

When the user chooses to update the master train schedule, the
SCHMAN program is executed to permit the user to incorporate changes to
the internodal train schedule into the CHREMAN system Certain changes to
the train schedule will require the user to update tinme and unit costs
estimates for transporting chassis between terminals. |n these instances
the term nation code of the SCHVAN programwi || signal the CHREMAN program
to execute the TCEST programin order for the user to update the tinme and
cost estimtes. The schedul e changes that require tinme and unit cost
updates are the addition or deletion of internodal termnnals. These
changes alter the structure of the tinme and cost estinmation matrices that
must reflect the current state of internodal terminal relationships in
order to inplenment chassis reallocation scenarios. Exanples of schedul e
charges that do not require updates to tinme and cost estimates are sinple
changes in arrival or departure tines that do not alter the structure of
t he internodal network.

Time and unit cost estinates my be updated directly at the
di scretion of the user by selecting the appropriate option in the main
CHREMAN option nmenu. This selection initiates execution of the TCEST
program Time and wunit cost estimtes are wused during chassis
real l ocation scenarios to estimate the unit costs for transporting chassis
from supply points to demand points. Tinme and unit cost estimates are
associated with each pair of internmodal terminals in the internoda
network and are both supplied by the user. Tine estimtes represent the

anmount of tine required to transport a chassis from one termnal to
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anot her as determ ned by the user. Unit cost estinmates are the user's
estimate of the cost associated with transporting a chassis from one
termnal to another. During chassis reallocation scenarios, tine and cost
estimates are matched with each supply-denmand pair in the planning horizon
to determ ne 1) whether there is enough tinme to transport chassis fromthe
supply point to the denmand point; and 2) to identify the estinmated cost of
transporting a chassis fromthe supply point to the demand point if the
match i s feasible.

VWhen the user elects to initiate a chassis reallocation scenario,
the SUDM D programis executed to obtain the desired planning horizon by
presenting a screen for input of the starting (T,) and ending tines (Tg of
the period. Once these are chosen, the master schedule file is used to
identify each train arrival and departure during the planning horizon and
write themout to disk for further processing.

If the user does not abort the SUDM D program the CSDVAL programis
executed as the next step in inplenenting the chassis reallocation
scenari o. The CSDVAL program reads all supply and demand points as
deternmined by SUDM D and collects information fromthe user in order to
define the required transportation nodel. Initially the user is pronpted
to input the supply and demand val ues that represent the counts of chassis
existing at the various termnals at the start of the period or counts of
containers to be carried on arriving and departing trains during the
pl anni ng hori zon. Followi ng the supply and demand input, CSDVAL uses
stored time and unit cost estinates to determine initial unit costs of
transporting chassis between each supply-denmand pair. The user nmay edit
t hese costs as necessary before saving the nodel defined by the supply and

demand counts and the unit costs. This nodel is the transportati on nodel
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wi || subsequently be sol ved.

The LTRRA program accepts as input the transportati on nodel defined
in the CSDVAL program and solves it to determne an optiml chassis
real l ocation solution for the planning horizon. The solution is displayed
for perusal by the user until an option is chosen anong runni ng anot her
real |l ocation scenario, refining the nodel for the existing scenario, or

exiting back to the main CHREMAN option menu.

5.2.2.2 The SCHVAN Program
Much of the supply and demand structure in chassis reallocation
scenarios is deternmined by internodal train schedules. A master file of
i nternodal train schedul es (BTSCHED. DAT) nust be nmaintai ned and accessed
as needed during nodel inplenmentation. The basic structure of the master
schedule file is defined by records identifying the internodal termn nal
the type of operation (arrival or departure), and the schedules tinme of
the operation. The SCHMAN program represented in Figure 5.6 is nenu
driven and permts the user to access and alter the master schedule file.
Schedul e managenent functions permt users to |list defined internoda
termnals, alter term nal schedul es, add and delete ternminals, or display
and print term nal schedul es. The user may abort the program without
savi ng changes to the naster schedule file or save changes and exit the
schedul e managenent program Saved changes that involve the addition or
deletion of internmobdal terminals result in SCHVAN ternminating with an exit

code that instructs the CHREMAN programto execute the TCEST program

5.2.2.3 The TCTEST Program

An inportant feature of the CHREMAN software systemis the ability
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to estinmate tine and cost requirements associated with the transportation
of chassis fromone internodal ternminal to another. These tine and cost

val ues are used in chassis reallocation scenarios during execution of

Figure 5.6 SCHMAN Program
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The TCEST programrepresented in Figure 5.7 maintains the tine and cost
estimation matrices that are linked to the currently active schedul e.
TCEST execution may be selected from the main option nenu at the
di scretion of the user in order to change tine and/or unit transportation
cost estimates. The time and cost estimation files (ERTIME DAT and
ERCOST. DAT) are linked to the currently active schedule, requiring TCEST
to be executed automatically each time a schedule change is nmde that
changes the structure of the internodal network (i.e. adding or deleting

term nal s).

Figure 5.7 TCEST Program
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Each of the estimation matrices is ordered by term nal pair, neaning
that each matrix el enent represents tine or cost estimate for two matched
term nal s. In the case of the time estimation matrix, each elenment
represents the tine required to transport a chassis fromone terminal to
anot her . Cost estimation matrix elenents represent the wunit cost
associated with transporting a chassis fromone terninal to another

During execution of TCEST, the current tinme and unit cost estination
val ues for each term nal pair are presented to the user for editing. At
any tinme during the edit, the user nay also elect to abort the edit
wi t hout saving any changes and exit. However, whenever TCEST is executed
automatically as a result of schedul e changes, a user abort of the edit is
not permitted since time and cost estinmates nust be saved to correspond to
the presently active schedule. TCEST returns to the CHREMAN nmei n option

menu upon term nation.

5.2.2.4 The SUDM D Program

Periodically, users are expected to inplenment chassis reallocation
scenarios to assist in chassis fleet managenent decisions. When this
selection is made in the CHREMAN main option nmenu, the SUDM D program
represented in Figure 5.8 is executed. SUDMD initially displays a user
i nput screen requesting the desired planning horizon defined by starting
and ending dates and tines. After the user enters valid starting and
ending points and elects to proceed, SUDMD identifies all supply and

demand points expected during the period and wites themto output files.
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A potential supply source is defined as existing stocks of chassis
at each terninal at the beginning of the period. Thus SUDM D defines a
supply point at tine zero (T, of the planning horizon for every internoda
terminal in the master schedule file. |In addition, every train departure
during the planning horizon is a potential supply point since chassis are
detached from containers and | eft behind at the ranps of departing trains.
SUDM D examni nes the nmaster schedule file and determines all schedul ed
departures (tine and |ocation) during the defined planning horizon and
includes them as supply points in the associated output file
( TDETFI L. DAT) .
Chassi s demand occurs when trains arrive at internpdal termnals
carrying containers that nust be attached to chassis for transport to
ot her destinations. Therefore SUDM D determ nes demand points by

exam ning the master schedul e and extrapolating all scheduled train
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arrivals (time and location) durint the planning horizon before writing

this information to the demand out put file (TARTFIL. DAT).

5.2.2.5 The CSDVAL Program

The second program executed in the chassis reallocation sequence is

Figure 5.9 CSDVAL Program
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the CSDVAL programoutlined in Figure 5.9. CSDVAL essentially elicits and
conmbines the final information required for a chassis reallocation node
and wites the fornul ated nodel to an output file.

CSDVAL begins by reading the files created by SUDM D that define all
supply and demand points during the planning horizon (TDETFIL. DAT,
TARTFI L. DAT). The
supply and dermand points are then displayed to the user in screens that
pronmpt for supply and demand counts associated with each supply and dermand
point. Supply points are defined by type when displayed to the user.
Supply type refers to 1) whether the supply is a stock of chassis
available at a ranp at the beginning of the period; or 2) chassis left at
ranps by departing trains. In the latter case the user is expected to
supply counts of containers transported on departing trains. This equates
to chassis avail abl e upon train departure.

Demand counts supplied by the user are counts of containers expected
on arriving trains during the planning horizon. These counts of arriving
containers are equivalent to the nunber of chassis required at the tine
and | ocation of the scheduled internodal train arrival.

After the user enters and saves supply and demand counts, CSDVAL
mat ches each supply-demand pair with information in the tine and cost
estimation files (ERTIME DAT, ERCOST.DAT) to develop initial unit cost
estimtes. These unit costs are the per chassis cost of neeting a chassis
demand with a chassis supply. CSDVAL uses the tine estimation matrix to

estimate whether there is enough tinme between a demand requirenent and a
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supply availability to actually neet the given demand with the given
supply. If there is enough tine, the cost estimation matrix is used to
assign an initial unit cost value to the supply-denmand pair. |If there is
not enough tine for a given demand to be nmet with a given supply, a very
hi gh cost is assigned to exclude the match froma feasible solution
After CSDVAL conpletes the unit cost estinmation process, the results
are displayed on user input screens for evaluation by the user. Unit cost
values for each supply-demand match during the planning period are
avail able for alteration by the user. The display for each suppl y-denand
mat ch identifies the supply and demand (tinme and | ocation) and displays
the tinme between the supply availability and the demand requirement. The
user is permtted to edit a feasibility indication (y,n) and a unit cost
estimation supplied as a result of the CSDVAL estimation process. Wen
the user is satisfied with the unit cost values and elects to save them
the nodel file (TRCHASIS.TRA) is witten to disk. It contains the
compl ete specification of a transportation nodel for chassis reallocation

during the given planning horizon

5.2.2.6 The LTRRA Program
The LTRRA program represented in Figure 5.10 is an optimizer for
transportation nodels defined in chassis reallocation scenarios. LTRRA
accepts the nodel file (TRCHASSIS. TRA) produced by the CSDVAL program and
determ nes the optinmum solution. The LTRRA solution algorithmis based on
the solution nmethod inplenmented for transportati on nodels in TORA software
(see Taha [1992]). After reading the file defining the chassis
real l ocation nodel, LTRRA determines a starting solution using methods

based on Vogel's Approxi mati on nmethod [ Taha, 1992]. A screen is displayed
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during this period to inform the user of the current status of the

sol ution process. Once a starting solution is reached, a final optinum

solution is reached through successive sinplex-based iterations. During

this period a screen is displayed that continuously updates the iteration

Determine Determine
TRCHASIS.TRA

Feasible
Starting i Optimum —

Chassis

Solution Solution Reallocation
-
r'/-
P
Display Display
Optimum Message to
Solution User

Exit to
Option
Menu
?

Display
Option
Menu

View
Solution
Summary

Figure 5.10 LTRRA Program
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count as an indication of progress to the user

When the optinum solution is reached the mninmm cost chassis
nmovenents for the planning period are displayed for perusal by the user
It is possible that the defined chassis reallocation nodel has no feasible
sol uti on. This is known by the inclusion of at |east one infeasible
suppl y-demand match in the optimum solution. When the defined nodel has
no feasible solution, a nessage displaying such is substituted for the
nodel sol uti on.

After perusing the nodel solution the user nay elect to return to an
options nmenu. Anpng the choices available in the LTRRA options nmenu are
sel ections that permt the user to run another nodel. These selections
termnate LTRRA with an exit code that returns the user to prograns to
either define a new nodel or alter the existing nodel. In cases where
alternate mni mum cost solutions exist, the user may elect to obtain the
alternate solution. The options nmenu also has selections that permit a

return to view or print the optimum sol ution.

5.3 Sof t ware Summary

The structure of a software system to assist in chassis fleet
managenent deci sions has been defined. The operational aspects of the
CHREMAN software system denonstrate potential in applications for solving
chassis redistribution problems for given tinme periods. The system
utilizes train schedule information together with user specifications for
pl anni ng horizons, container |oadings, and cost estinates to solve for
m ni mum cost chassis reallocations. Evaluation of the software systemis

di scussed in the follow ng chapter
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CHAPTER 6

SOFTWARE EVALUATI ON

6.0 I ntroducti on

Subsequent to the successful design and devel opnent of the CHREMAN
software system discussed in chapter 5, it is necessary to evaluate the
effectiveness of the developed software. The objectives of this
eval uation involve verification and characterization. Verification is the
process of establishing the correctness of the software. In this instance
the focus is to denpnstrate that the software solutions are in fact the
optimal transportation nodel solutions for the given supply, demand and
cost inputs. Characterization involves the determi nation of conputer
menory requirements and execution speed of the software. For this type of
software it is a function of problem size since resource requirenents
i ncrease as the problem size increases.

In the evaluations that follow CHREMAN is used to generate results
in designed scenarios. It is therefore expedient to establish an
i nternodal systeminto which CHREMAN is assuned to have been integrated as
a support system for chassis reallocation decisions. The information that
forms a basis for the internpdal system presented in this chapter was
collected froma carrier operating a rail-truck internodal systemin the
transportation industry. The internpdal system devel oped from i ndustry
information is described in detail and is followed by the eval uation of
the software conducted in the framework of the described internopdal

system
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6.1 I nt ernrodal Syst em Conponents

The internodal systemthat is a basis for subsequent evaluation is a
nodel devel oped from information collected from industry. It is very
simlar in structure to an existing internodal system differing mainly in

t hat assunptions concerning contai ner |oadings are nmade where infornmation

is lacking. The internodal system nodel consists of the 5 conponents
listed belowin Table 6.1 and are described in detail in the sections that
foll ow.

TABLE 6.1 I nt ernrodal Syst em Conponent s

1. PHYSI CAL NETVWORK
2. TRAI'N SCHEDULES
3. CHASSI S TRANSPORTATI ON TI ME ESTI MATES
4. CHASSI S TRANSPCORTATI ON COST ESTI MATES
5. CONTAI NER LOADI NG | NFORVATI ON

6.1.1 Physical Network

The physical internodal network of interest in this work is
illustrated in Figure 6. 1. It consists of 8 interconnected internodal
termnals stretching across the United States. Table 6.2 lists each

intermpdal termnal by name and abbreviation, giving the geographica
| ocations of the term nal

The network is connected by rail for the nmpst part with the
assunption that individual chassis may be transported between terminals at
a defined cost. There are also tine requirements defined for transporting
chassis between termnals. The time and cost values assumed for this
network are discussed in subsequent sections of this chapter

The exception to railway |linkage in the systemoccurs at those ranps

| ocated in the Chicago netropolitan area. Chassis novenents between those
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ranps nay be acconplished nore efficiently over the highway system by
truck due to the physical proximty of the ranps.

TABLE 6.2 Internodal Term nals

Term nal Nane Term nal Abbreviation Term nal Location
California Ranmp CR Los Angeles, CA
Portl and Ranp P= Portland, OR
Seattl e Ranp S= Seattle, WA
Denver Ranp R= Denver, CO
Chi cago Ranp (o= Chi cago, IL
I11inois Ranp IR Chi cago, IL
East Chicago Ranp C$ Chicago, IL
Kear ny Ranp K$ Kear ny, NJ
R=
IR
‘1 R
9,
O
&
) ’. b
Q o !
®
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6.1.2 Train Schedul es

As presented in previous chapters (see sections 4.3 and 4.4) much of
the chassis supply and denmand structure of the contai ner based internoda
system is defined by internpodal train schedules since train departures
result in chassis supply and train arrivals result in chassis demand. The
intermpdal train schedules used in this study are those advertised by a
carrier for container business associated with the network of section
6.1.1 during 1993 and 1994. Table 6.3 shows schedul ed availability and
cut-off times for doublestack trains at each internodal terminal. Note
that with the exception of the Chicago ranp, there is generally one

schedul ed arrival and departure per day at each ranp.

6.1.3 Time Estimtes

A significant feature of the CHREMAN software system is the
i ncorporation of wuser-supplied time estimates in the devel opnent of
initial cost nmatrices required for transportation nmodel solutions.
Through the use of the TCEST program (See section 5.2.2.3) the user
provi des estimates of the time required to transport chassis between ranps
in both directions. 1In the internodal systemnodelled in this study, tinme
estimates are based on internodal train schedules for termnals |inked by
rail and involve the difference in tinme between cut-off at the departing

ranp and availability at the arriving ranp. In the Chicago nmetropolitan
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area where ranps are not assunmed to be |inked by rail

for chassis transport

between ranps is assuned to be two hours.

time requirenents

This is

based on estinmates of local draynen naking 2 turns between ranps in an

ei ght hour

that are |inked

summation of time requirenments for

i ndirectly,

time

direct

requiring 2 hours between individua

ranps. For ranps

requi renents are assumed to be the

TABLE 6.3 Doubl estack Train Schedul es

i nks between the ranps.

Cut-off Tinmes

Avai l ability

Termi nal Days and Destination Times and Origin
CR SUN- VED, SAT 18:00 IR 08:00 IR
CR THU, FRI 16: 00 IR 08:00 IR
P= TUE- SUN 03:00 C= 21:00 C=
P= MON - 21:00 C=
S= SUN- SAT 19: 02 C= 15:55 C=
R= TUE- SUN 02:59 C= 07:00 C=
R= MON 02:59 C= -

C= THU- TUE 11:30 P= 22:00 P=
C= VED 11:30 P= -

Cc= SUN- SAT 21:31 S= 23:59 S=
o SUN - 13:30 R=
o MON- SAT 00:30 R= 13:30 R=
IR VEED- SUN 17:30 CR 03: 00 CR
IR SUN - 20:00 CR
IR MON 17:30 CR 08:00 CR
Cs VED- SAT 17:30 K$ 05:00 K$
Cs SUN - 05:00 K$
Cs MON 17:30 K$ 05:00 K$
Cs TUE 17:00 K$ -
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K$ VED- SAT 17: 00 C$ 06: 00 C3
K$ SUN - 06:00 C3
K$ MON 17: 00 C$ 06:00 C$
K$ TUE 17: 00 C$ -

The time required for chassis relocation is assuned to be zero within the
confines of a single ranp. This is the case when chassis may be drawn
from an existing stock to neet demand and no chassis transport between
termnals is required. Chassis relocation time requirenments for the

i nternmobdal system of this study are given in Table 6.4

Table 6.4 Chassis Relocation Time Estimates(in hours)

From | To IR | To CR | To C= | To R= | To S= | To P= | To C$ | To K$
IR 0 62.5 2 32.52 | 67.48 | 59.5 2 38.5
CR 64 0 66 96.52 | 131.48 | 123.5 66 98.5
c 2 64.5 0 30.52 | 65.48 | 57.5 2 38.5
R= 36.52 | 99.02 | 34.52 0 100 | 92.02 | 36.52 | 73.02
S= 78.97 | 141.47 | 76.97 | 107. 48 0 134.47 | 78.97 | 115.47
P= 69 131.5 67 97.52 | 132. 48 0 69 105. 5
C$ 2 64.5 2 32.52 | 67.48 | 59.5 0 36.5
K$ 38 96 38 68.52 | 102.97 | 95.5 36 0

6.1.4 Cost Estinmates

In conjunction with the user-supplied tinme estinmates discussed in
the previous section, the CHREMAN software systemrequires user estinates
of unit transportation costs for chassis relocation in order to devel op

unit cost matrices in chassis reallocation scenarios. As with chassis
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transportation time estimtes, user estimates  of uni t chassi s
transportation costs are supplied using the TCEST program and are
associated with each ranp pair.

As presented in section 6.1.3, the ranps in the internodal system of
this study may be linked by rail or highway, with the highway |inkages
assunmed in the Chicago netropolitan area only. The cost of transporting a
chassis between ranps that are linked by rail is assuned to be $42.50
This cost includes $40.00 of |abor for heavy equi pnent operation and $2.50
in equi prent rental. The cost of transporting a chassis by truck in the
Chi cago netropolitan area is assuned to be $35.00. This cost is based on
the payment of $140.00 per day to local draynmen nmeking two turns between
ranps in an eight hour shift. The cost of relocating chassis that are not
linked directly is assuned to be the sumof the costs of the direct |inks
that connect the indirectly linked ranps. The cost of allocating chassis
to demands requiring no inter-ranp transport is assuned to be zero. This
is the case when denmands at a ranp are nmet with avail abl e chassis at that
same ranp. Unit costs associated with chassis transport are shown for

each ranp pair in Table 6.5.

Table 6.5 Chassis Relocation Unit Cost Estimates($)

From | TOIR| To CR | To C= | ToR= | To S= | To P= | To C$ | To K$

IR 0 42.5 35 77.5 77.5 77.5 35 77.5
CR 42.5 0 77.5 120 120 120 77.5 120
C 35 77.5 0 42.5 42.5 42.5 35 77.5
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R= 77.5 120 42.5 0 85 85 77.5 120
S= 77.5 120 42.5 85 0 85 77.5 120
P= 77.5 120 42.5 85 85 0 77.5 120
Cs 35 77.5 35 77.5 77.5 77.5 0 42.5
K$ 77.5 120 77.5 120 120 120 42.5 0

It is worthy to note that cost values used in this internodal system are
the unal tered cost val ues determ ned during execution of CHREMAN fromthe
user-supplied chassis transport tinme and unit cost estinmates. As
di scussed in section 5.2.2.5, the transportation cost matrix is estinated
fromuser-supplied tinme and cost estimates and presented to the user for

possible alteration previous to problem optimzation. For this
i nternodal systemthe cost matrix estimated by the software strictly from
the tine and cost values above is assuned correct and it not altered

bef ore submi ssion to optim zation procedures.

6.1.5 Contai ner Loadings

Informati on regarding actual or predicted counts of containers
carried on internodal trains is required as input to the CHREMAN systemin
order to conplete the determi nation of supply and demand anopunts during a
pl anning period (See section 4.4 or section 5.2.2.5). Since actual
contai ner |oadings on individual trains are not readily obtainable at the
time of this study, these counts are estinated from data provided by a

carrier operating in the internodal industry. This data contains records
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of individual loads for the first 3 quarters of 1993. Al though this study
is concerned with container (COFC) loadings in the internodal system
trailer |oadings (TOFC) are included as a proxy for COFC | oadings in | anes
where historical COFC traffic is light. This allows for a nore realistic
enmul ation of a fully operational system

Each record in the data provided contains informati on on the history
of a single internodal |oad. Since the data does not contain a record of
the internodal train used in the rail portion of the journey, an estinate
nmust be nmade regarding the identity of the train making the haul. This
estimate is made using the historical record in conmbination with the given
intermodal train schedules. Once a train is assigned to each |oad, the
informati on can be sunmarized to obtain estimated counts of containers on
i ndi vidual trains.

Wth the assistance of a statistical software package with data
mani pul ation features (The SAS System for OS/2, Release 6.10) the
estimated identity of the train carrying each load is added to the record
for that | oad and used in subsequent analysis. Each |load record in the
original data contains the follow ng applicable information:

Oigin ranp

Destination ranp

Arrival tinme at consignee

Di stance (miles) fromdestination ranp to consi gnee

Total travel time on rail
Total waiting tine at ranps

Ok wWNE

The algorithm used to estimte the scheduled cut-off tine of the train
carrying the load is illustrated in Figure 6.2. It involves working
backwards in tine fromthe given arrival time at the consignee to obtain
an estinmate of the arrival tinme of the load at the origin ranp.

Begi nning with the consignee arrival tinme, the tine that the |oad
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departed the destination ranp is estimated using the given mleage between
the destination ranp and the consignee. This transit tine is estimated
usi ng an industry nethodol ogy invol ving an assunption of 45 miles per hour
average driving speed along with time allowances for neals, rest, fueling,
and i nspections. Table 6.6 shows the assuned tine allowances for specific
m | eages used in calculating transit tinmes. The destination ranp arrival
time is estinmated fromthe destination ranp departure time less half of

the total waiting time at destination and origin ranps. Oigin ranp

Figure 6.2 Train Assignment Estimation Algorithm

Given:

(1) final arrival time
(2) time on rail

(3) time at ramp

(4) miles to consignee
(

5) train schedules

From (4) Determine:

(6) rest allowance time
(7) meal allowance time
(8) fuel & inspection time

Assign (9) highway transit hours =
(4)/45+(6)+(7)+(8)

Assign (10) destination ramp arrival
= (1)-(9)-(3)/2




TABLE 6.6 Transit Tinme Allowances (in hours)

Fuel i ng and

M | eage Meal Tinme | nspection Rests and Breaks
100 0.75 0
200 0.75 0
300 0.75 0
400 0.75 0
500 0.75 8
600 0.75 8
700 1.00 8
800 1.25 8
900 1.25 8
1000 1.25 16
1100 1.25 16
1200 1.50 16
1300 1.50 16
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1400 4 1.50 24
1500 4 1.50 24
1600 4 2.00 24
1700 4 2.00 24
1800 5 2.00 24
1900 5 2.25 32
2000 5 2.50 32

departure time is obtained by subtracting the total tine on rail fromthe
estimated destination ranp arrival tinme. The origin ranp arrival tine is
then estimated as the origin ranp departure time | ess the remining half
of the total ranp waiting tine.

Once the estimated arrival tinme of the load at the origin ranp is
determ ned, the load is assuned to have been transported on the next
departing train. This determ nation is mde by exam ning the schedul ed
cut-off tinmes for trains departing the origin ranp. Wen the cut-off tine
of the departing train is deternined, the scheduled availability of the
|l oad at the destination ranp is also known and both val ues are included in
the output data record for that | oad.

Subsequent to the assignnment of |oads to scheduled trains, counts of
contai ners on individual trains are available by summarizing the records
by ranmp pairings and day of week. Results of this analysis lead to the
assignment of distributions of departing containers at each ranp for every
schedul ed departure during the week. The departure distributions for this
system are all assumed discrete uniformas defined by the mninmm and
mexi mum cont ai ner | oads estimated for each departure at each ranp during
the period of time covered by the given data. These departure

distributions are given in Table 6.7 and are used exclusively in the
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i nt er nodal

system described in this study.

di stributions are not

di stributions and the train schedul es.

6.2 Verification

An
det ermi ni ng whet her
speci fication.
acconpl i shed by devel opi ng a test
the correctness of the software.
i mpportant to establish that

correctly with respect to tinmes and | ocations;

i nport ant

step

in the software devel opnent

This stage may be called verification and

Esti mat ed cont ai ner

process

it

arriva

needed since these are known from the departure

i nvol ves

the software perforns according to an established

can be

pl an that can be used in investigating

In the case of CHREMAN software it

formul ated transportation nodels are indeed the opti nal

sol uti ons

is

1) supply and dermand points are identified

and 2) the solutions to the

TABLE 6.7 Paraneters(nmn,max) of Discrete UniformDeparture D stributions

Orig. | Dest. SUN MON TUE VED THU FRI SAT
IR CR |(2,22) | (1,19) | (1,17) | (1,10) | (1,10) | (1,25) | (1, 30)
CR IR | (1,22) | (1,6) |(1,10) | (1,8) | (2, 12) | (1,28) | (1,29)
c= R= : (L,7) | (L2 | (1,5 | (35 | (1,3 | (1,7
C= S= (3,16) | (1,10) | (3,7) | (1,3) | (1,7) | (5,18) | (1,13)
Cc= P= (2,8) (1,7) |(1,10) | (1,4) (1,1) | (4,11) | (2,10)
R= C (1,3) (1,6) (1,2) (1,4) (1,3) (2,5) (1,7)
S= C= (1,11) (3,6) (2,3) (1,8) (5,16) | (1,14) | (2,18)
P= Cc= (1,11) - (2,13) | (1,9) (3,9) |(2,16) | (1,14)
C$ K$ - (1,22) | (2,14) | (1,15) | (4,10) | (1,3) | (3,8)
K$ C$ - (1,23) | (4,9 | (3,9 |(2,12) | (2,3) | (5,9)

associated with the given supplies, demands, and unit costs.
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I nvestigation of CHREMAN with respect to the verification objectives
can be acconplished by inplenmenting CHREMAN in the internodal system
described in section 6.1. Both objectives can be studi ed sinmultaneously
since objective 1 can be considered in scenarios designhed to exam ne
objective 2. A sunmary explanation of the scenarios fornulated for the
verification process is given in Table 6.8.

For each of the 8 scenarios presented a planning horizon of 3 days
is used and chosen arbitrarily to begin on a Sunday at 12: 00 am and extend
to Tuesday at 11:59 pm The relatively snmall problemsize is enployed to
facilitate understanding of the scenarios and permt examnination of
conplete solution sets. Each of the results can be shown to be consi stent

with those associated with | arger problem sizes.

TABLE 6. 8 Verification Scenarios

Scenari o Expl anati on

1 Nul | Problem Supplies=Demands=Cost =0

2 Supply > Demand, no chassis relocations required
3 Supply > Demand, chassis relocations required

4 Supply > Demand, solution infeasible

5 Supply = Demand, no chassis relocations required
6 Supply = Demand, chassis relocations required

7 Supply = Demand, solution infeasible

8 Supply < Demand, solution infeasible

6.2.1 Verification Results

Table 6.9 is the CHREMAN output listing for the null problem where
the null problemis defined as the problem that results from only the
pl anning horizon being specified and no supply, demand, or cost data
actually being entered. CHREMAN autonmatically supplies zeros for those
i nputs ignored by the user. Al t hough null problens have no practical

implications in chassis reallocation scenarios, it is good software
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practice to produce results that are consistent even with unexpected
situations. Notice in Table 6.9 that the total reallocation cost is zero
and that no denands are resolved fromthe listed supplies. The correctness
of the supply points identified by CHREMAN can be verified by referencing
Table 6.3 with the given planning horizon and considering that an existing
supply point is assuned at tine zero at each of the ranps.

Results for the chassis reallocation problemconsidered in scenario
2 are shown in Table 6.10. In scenario 2 it is assumed that 5 chassis
exi st at each ranp at tinme zero and that only dermands for 2 chassis occur
at each ranp during the planning horizon. The results of Table 6.3 are
optimal and equal to zero since the unit cost of chassis relocation for
demands net at a ramp by existing chassis stock is assuned to be zero.

Scenario 3 is simlar to scenario 2 with the exception that a dermand

TABLE 6.9 Scenario 1 CQutput

Chassis Movement Optimization
Date: Tue Jun 20 17:19:04 1995

OPTI MUM SOLUTI ON

NOTE: No Unit Relocations Required

Title: Chassis Allocation Problem
Size: (34 x 27)
Final iteration no: 10
Total cost = 0. 0000
Supply Source Demand At Units Cost/Unit Rte.Cost

for 7 chassis at IR on Sunday 3:00 am is assuned. Since there only 5
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chassis at IR at tinme zero and no additional supply sources (departures)
at IR between tine zero (Sunday 12:00 an) and 3:00 am Sunday, a chassis
relocation is required to neet the demand at IR As seen in Table 6.11
the demand at IR is nmet by transporting 3 chassis from the tine zero
chassis pool at C=to neet the 3:00 am Sunday arrival. This is possible
because the tine required for chassis transport between IR and C= is
specified as 2 hours in Table 6.4 at a cost of $35.00 per chassis
specified in Table 6.5.

Scenario 4 results from increasing the scenario 3 demand of 7
chassis at IR on Sunday 3:00 am to 11 chassis. This results in an
i nfeasible solution since there is an insufficient supply of chassis

available for transport within the required tinme frame to neet the denand

TABLE 6. 10 Scenario 2 Qut put

Chassis Movement Optim zation
Date: Tue Jun 20 21:18:51 1995

OPTI MUM SOLUTI ON
NOTE: No Unit Relocations Required

Title: Chassis Allocation Problem
Size: (34 x 28)
Final iteration no:
Total cost =

Supply Source Demand At Units Cost/Unit
IR, Su Jun 25 1995 Su Jun 25 1995 03:00 1 0.00 0.00
Su Jun 25 1995 20:00 1 0.00 0.00

IR, Su Jun 25 1995
IR, Mo Jun 26 1995
IR, Tu Jun 27 1995
CR, Su Jun 25 1995 Su Jun 25 1995 08:00 1 0.00 0.00
Mo Jun 26 1995 08:00 1 0.00 0.00
CR, Su Jun 25 1995
CR, Mo Jun 26 1995
CR, Tu Jun 27 1995
C=, Su Jun 25 1995 , Su Jun 25 1995 13:30 1 0.00 0.00
, Su Jun 25 1995 22:00 1 0.00 0.00
C=, Su Jun 25 1995 11:30
C=, Su Jun 25 1995 21:31
C=, Mo Jun 26 1995 00:30
C=, Mo Jun 26 1995 11:30
C=, Mo Jun 26 1995 21:31
C=, Tu Jun 27 1995 00:30
C=, Tu Jun 27 1995 11:30
C=, Tu Jun 27 1995 21:31
R=, Su Jun 25 1995 00:00 R=, Su Jun 25 1995 07:00 1 0.00 0.00
R=, Tu Jun 27 1995 07:00 1 0.00 0.00
R=, Su Jun 25 1995 02:59
R=, Mo Jun 26 1995 02:59
R=, Tu Jun 27 1995 02:59
S=, Su Jun 25 1995 00:00 S=, Su Jun 25 1995 15:55 1 0.00 0.00
S=, Mo Jun 26 1995 15:55 1 0.00 0.00
S=, Su Jun 25 1995 19:02
S=, Mo Jun 26 1995 19:02
S=, Tu Jun 27 1995 19:02
P=, Su Jun 25 1995 00:00 P=, Su Jun 25 1995 21:00 1 0.00 0.00
P=, Mo Jun 26 1995 21:00 1 0.00 0.00
P=, Su Jun 25 1995 03:00
P=, Tu Jun 27 1995 03:00
C$, Su Jun 25 1995 00:00 C$, Su Jun 25 1995 05:00 1 0.00 0.00
C$, Mo Jun 26 1995 05:00 1 0.00 0.00
C$, Mo Jun 26 1995 17:30
C$, Tu Jun 27 1995 17:30
K$, Su Jun 25 1995 00:00 K$, Su Jun 25 1995 06:00 1 0.00 0.00
K$, Mo Jun 26 1995 06:00 1 0.00 0.00

K$, Mo Jun 26 1995 17:00
K$, Tu Jun 27 1995 17:00
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at IR Actually a nore accurate statenent is that the chassis supply is
i nsufficient when considered in concert with all other demands. In other
words, the only chassis that can be noved to IRin a 3 hour tinme frane are
those at C= and C$. Since there are also demands at C= and C$ in this
scenari o, additional transport of chassis fromthose ranps would result in
shortages at those ranps. |Infeasible solutions are indicated to the user
by the display of the foll owing nessage at the conclusion of attenpts at
optim zation:

NO FEASI BLE SOLUTI ON - Supply Location and Timing is insufficient

to nmeet Denmand Locations and Ti nes
Press Any Key

TABLE 6.11 Scenario 3 CQutput

Chassis Movement Optimization
Date: Tue Jun 20 21:37:06 1995

OPTI MUM SOLUTI ON

Title: Chassis Allocation Problem

Size: (34 x 28)

Final iteration no: 15

Total cost = 105. 0000

Supply Source Demand At Units Cost/Unit Rte.Cost

I'R, Su Jun 25 1995 00:00 IR, Su Jun 25 1995 03: 00 4 0.00 0.00
IR, Su Jun 25 1995 20: 00 1 0.00 0.00

IR, Su Jun 25 1995 17:30

IR, Mo Jun 26 1995 17:30

IR, Tu Jun 27 1995 17:30

CR, Su Jun 25 1995 00:00 CR, Su Jun 25 1995 08:00 1 0.00 0.00
CR, Mo Jun 26 1995 08:00 1 0.00 0.00

CR, Su Jun 25 1995 18:00

CR, Mo Jun 26 1995 18:00

CR, Tu Jun 27 1995 18:00

C=, Su Jun 25 1995 00:00 IR, Su Jun 25 1995 03:00 3 35.00 105. 00
C=, Su Jun 25 1995 13:30 1 0.00 0.00
C=, Su Jun 25 1995 22:00 1 0.00 0.00

C=, Su Jun 25 1995 11:30

C=, Su Jun 25 1995 21:31

C=, Mo Jun 26 1995 00:30

C=, Mo Jun 26 1995 11:30

C=, Mo Jun 26 1995 21:31

C=, Tu Jun 27 1995 00:30

C=, Tu Jun 27 1995 11:30

C=, Tu Jun 27 1995 21:31

R=, Su Jun 25 1995 00:00 R=, Su Jun 25 1995 07:00 1 0.00 0.00
R=, Tu Jun 27 1995 07:00 1 0.00 0.00

R=, Su Jun 25 1995 02:59

R=, Mo Jun 26 1995 02:59

R=, Tu Jun 27 1995 02:59

S=, Su Jun 25 1995 00:00 S=, Su Jun 25 1995 15:55 1 0.00 0.00
S=, Mo Jun 26 1995 15:55 1 0.00 0.00

S=, Su Jun 25 1995 19:02

S=, Mo Jun 26 1995 19:02

S=, Tu Jun 27 1995 19:02

P=, Su Jun 25 1995 00:00 P=, Su Jun 25 1995 21:00 1 0.00 0.00
P=, Mo Jun 26 1995 21:00 1 0.00 0.00

P=, Su Jun 25 1995 03:00

P=, Tu Jun 27 1995 03:00

C$, Su Jun 25 1995 00:00 C$, Su Jun 25 1995 05:00 1 0.00 0.00
C$, Mo Jun 26 1995 05:00 1 0.00 0.00

C$, Mo Jun 26 1995 17:30

C$, Tu Jun 27 1995 17:30

K$, Su Jun 25 1995 00:00 K$, Su Jun 25 1995 06:00 1 0.00 0.00
K$, Mo Jun 26 1995 06:00 1 0.00 0.00

K$, Mo Jun 26 1995 17:00
K$, Tu Jun 27 1995 17:00

Scenario 5 is simlar to scenario 2 except that additional chassis
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demands have been included so that total chassis supply is equal to total
chassi s denmand. In this scenario, every possible demand is set to one
chassis or greater so that all possible demand points are included in the
CHREMAN out put of Table 6.12. These demands nay be referenced with the
train schedules of Table 6.3 to verify the correctness of demand point
determi nation. As expected, no chassis relocation is required in scenario
5 since sufficient chassis supply is available at time zero to neet
demands during the planning period.

The chassis supply of scenario 5 can be adjusted to denonstrate a
scenari o when total chassis supply equals total chassis demand, but a

TABLE 6.12 Scenario 5 CQutput

Chassis Movement Optim zation
Date: Tue Jun 20 23:27:28 1995

OPTI MUM SOLUTI ON
NOTE: No Unit Relocations Required

Title: Chassis Allocation Problem
Size: (34 x 27)
Final iteration no: 3
Total cost = 0. 0000
Supply Source Demand At Units Cost/Unit Rte.Cost

IR, Su Jun 25 1995 17:30

IR, Mo Jun 26 1995 17:30

IR, Tu Jun 27 1995 17: 30

CR, Su Jun 25 1995 00:00 CR, Su Jun 25 1995 08:00 2 0.00 0.00
CR, Mo Jun 26 1995 08:00 2 0.00 0.00
CR, Tu Jun 27 1995 08:00 1 0.00 0.00

CR, Su Jun 25 1995 18:00

CR, Mo Jun 26 1995 18:00

CR, Tu Jun 27 1995 18:00

C=, Su Jun 25 1995 00:00 C=, Su Jun 25 1995 13:30 1 0.00 0.00
C=, Su Jun 25 1995 22:00 1 0.00 0.00
C=, Su Jun 25 1995 23:59 1 0.00 0.00
C=, Mo Jun 26 1995 13:30 1 0.00 0.00
C=, Mo Jun 26 1995 22:00 1 0.00 0.00
C=, Mo Jun 26 1995 23:59 1 0.00 0.00
C=, Tu Jun 27 1995 13:30 1 0.00 0.00
C=, Tu Jun 27 1995 22:00 1 0.00 0.00
C=, Tu Jun 27 1995 23:59 1 0.00 0.00

C=, Su Jun 25 1995 11:30

C=, Su Jun 25 1995 21:31

C=, Mo Jun 26 1995 00:30

C=, Mo Jun 26 1995 11:30

C=, Mo Jun 26 1995 21:31

C=, Tu Jun 27 1995 00:30

C=, Tu Jun 27 1995 11:30

C=, Tu Jun 27 1995 21:31

R=,

Su Jun 25 1995 00: 00 R=, Su Jun 25 1995 07:00 4 0.00 0.00
R=, Tu Jun 27 1995 07:00 1

Su Jun 25 1995 02:59
=, Mo Jun 26 1995 02:59
R=, Tu Jun 27 1995 02:59

S=, Su Jun 25 1995 00:00 S=, Su Jun 25 1995 15:55 2 0.00 0.00
S=, Mo Jun 26 1995 15:55 2 0.00 0.00
S=, Tu Jun 27 1995 15:55 1 0.00 0.00
Jun 25 1995 19:02
Jun 26 1995 19:02
Jun 27 1995 19: 02
Jun 25 1995 00:00 P=, Su Jun 25 1995 21:00 2 0.00 0.00
P=, Mo Jun 26 1995 21:00 2 0.00 0.00
P=, Tu Jun 27 1995 21:00 1 0.00 0.00
P=, Su Jun 25 1995 03:00
P=, Tu Jun 27 1995 03:00
C$, Su Jun 25 1995 00:00 C$, Su Jun 25 1995 05:00 4 0.00 0.00
C$, Mo Jun 26 1995 05:00 1 0.00 0.00
C$, Mo Jun 26 1995 17:30
C$, Tu Jun 27 1995 17:30
K$, Su Jun 25 1995 00:00 K$, Su Jun 25 1995 06: 00 4 0.00 0.00
K$, Mo Jun 26 1995 06:00 1 0.00 0.00

K$, Mo Jun 26 1995 17:00
K$, Tu Jun 27 1995 17:00

80



solution requires sone chassis relocation. For scenario 6 chassis supply
at C= was reduced to 8 chassis at tinme zero so that neeting the tota
demand of 9 chassis at C= during the planning period requires chassis
rel ocation. Total chassis supply for scenario 6 is set equal to chassis
demand by including a departure at R= on Sunday at 2:59 am As shown in
t he CHREMAN out put for scenario 6 in Table 6.13 a chassis relocation by
rail is required in the optinmm sol ution.

A scenario with total chassis supply equal to total chassis demand
is also presented in scenario 7. The chassis supply in scenario 6 at tine

TABLE 6.13 Scenario 6 CQutput

Chassis Movement Optimization
Date: Tue Jun 20 23:28:50 1995

OPTI MUM SOLUTI ON
Title: Chassis Allocation Problem

Size: (34 x 27)
Final iteration no: 12

Total cost = 42.5000
Supply Source Demand At Units Cost/Unit Rte.Cost
I'R, Su Jun 25 1995 00:00 IR, Su Jun 25 1995 03: 00 2 0.00 0.00
IR, Su Jun 25 1995 20: 00 2 0.00 0.00
IR, Mo Jun 26 1995 08: 00 1 0.00 0.00
IR, Su Jun 25 1995 17: 30
IR, Mo Jun 26 1995 17:30
IR, Tu Jun 27 1995 17:30
CR, Su Jun 25 1995 00:00 CR, Su Jun 25 1995 08:00 2 0.00 0.00
CR, Mo Jun 26 1995 08:00 2 0.00 0.00
CR, Tu Jun 27 1995 08:00 1 0.00 0.00
CR, Su Jun 25 1995 18:00
CR, Mo Jun 26 1995 18:00
CR, Tu Jun 27 1995 18:00
C=, Su Jun 25 1995 00:00 C=, Su Jun 25 1995 13:30 1 0.00 0.00
C=, Su Jun 25 1995 22:00 1 0.00 0.00
C=, Su Jun 25 1995 23:59 1 0.00 0.00
C=, Mo Jun 26 1995 13:30 1 0.00 0.00
C=, Mo Jun 26 1995 23:59 1 0.00 0.00
C=, Tu Jun 27 1995 13:30 1 0.00 0.00
C=, Tu Jun 27 1995 22:00 1 0.00 0.00
C=, Tu Jun 27 1995 23:59 1 0.00 0.00
C=, Su Jun 25 1995 11:30
C=, Su Jun 25 1995 21:31
C=, Mo Jun 26 1995 00:30
C=, Mo Jun 26 1995 11:30
C=, Mo Jun 26 1995 21:31
C=, Tu Jun 27 1995 00:30
=, Tu Jun 27 1995 11:30
C=, Tu Jun 27 1995 21:31
R=, Su Jun 25 1995 00:00 R=, Su Jun 25 1995 07:00 4 0.00 0.00
R=, Tu Jun 27 1995 07:00 1 0.00 0.00
R=, Su Jun 25 1995 02:59 C=, Mo Jun 26 1995 22:00 1 42.50 42.50
R=, Mo Jun 26 1995 02:59
R=, Tu Jun 27 1995 02:59
S=, Su Jun 25 1995 00:00 S=, Su Jun 25 1995 15:55 2 0.00 0.00
S=, Mo Jun 26 1995 15:55 2 0.00 0.00
S=, Tu Jun 27 1995 15:55 1 0.00 0.00
S=, Su Jun 25 1995 19:02
S=, Mo Jun 26 1995 19:02
S=, Tu Jun 27 1995 19:02
P=, Su Jun 25 1995 00:00 P=, Su Jun 25 1995 21:00 2 0.00 0.00
P=, Mo Jun 26 1995 21:00 2 0.00 0.00
P=, Tu Jun 27 1995 21:00 1 0.00 0.00
P=, Su Jun 25 1995 03:00
P=, Tu Jun 27 1995 03:00
C$, Su Jun 25 1995 00:00 C$, Su Jun 25 1995 05:00 4 0.00 0.00
C$, Mo Jun 26 1995 05:00 1 0.00 0.00
C$, Mo Jun 26 1995 17:30
C$, Tu Jun 27 1995 17:30
K$, Su Jun 25 1995 00:00 K$, Su Jun 25 1995 06:00 4 0.00 0.00
K$, Mo Jun 26 1995 06: 00 1 0.00 0.00

K$, Mo Jun 26 1995 17:00
K$, Tu Jun 27 1995 17:00

zero for CRis reduced from5 to 4 and a departure is included at CR on
Tuesday at 6:00 pmto construct scenario 7. This results in an infeasible
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sol ution since the demands at CR occur before the | ast chassis supply at
CR on Tuesday at 6:00 pm Since there is not enough tine to transport a
chassis to CR for the final demand at CR, there is no feasible solution
and the displayed infeasibility nessage is the sane as that discussed for
scenario 4.

Scenario 8 is the situation when total demand exceeds total supply
for the chassis reallocation scenario and a feasible solution is not
possi bl e. This scenario is detected before any optimal solution is
attenpted and the foll owi ng nessage is displayed to the user

Demand Exceeds Supply:

Probl em has NO SCOLUTI ON
Press Any Key,,,

6.2.2 Verification Sunmmary

Results fromthe scenarios of the previous section denpnstrate the
correct performance of CHREMAN in a variety of supply and demand
situations. Al though the set of scenarios are not conprehensive wth
respect to size and conplexity, it is reasonable to proceed with further

eval uati on using nmore chal |l engi ng probl em sets.

6.3 Characterization
As discussed in section 4.6, the transportation nodel inplenented by

CHREMAN requires tine and space resources in order to reach optinmm

sol uti ons. These resource requirenents increase as problem size
i ncreases. In the CHREMAN software inplenentation these resources are
conputer nmenory and execution speed. 1In the follow ng sections the nmenory

requi renents and execution tinme of CHREMAN are characterized as a function

82



of problem size, where problemsize is expressed in the nunber of supplies
and dermands as in section 4.6. It should be noted that the focus of the
foll owi ng characterizations address the optim zati on nodul e of the CHREMAN
system Resource requirenments for other nodules in the system are
effected by the size of the problem but they are far less significant in

conparison with the optim zation process of the system

6.3.1 CHREMAN Menory Requirenents

Conmputer nmenory in the CHREMAN optim zation nmodul e consists of a

portion that is allocated statically and a portion allocated dynam cally.

The static portion consist of that menory allocated as a natter of course
and is a constant anount for all problem sizes. The amount of nenory
allocated dynamically is a function of problem size. The optinization
nodul e al |l ocates an appropriate amount of menory during its execution upon
deternmination of the size of the problem submtted. The size of the
problemis expressed by the nunmber of supply and demand points in the
gi ven transportation nodel .

There are three sets of dynamic nmenory allocations associated with
each optimization which will be referenced here as allocations A B, and
C. Allocation Ais assigned the original nodel specification in character
format. It contains character |abels identifying each supply and denmand
point as well as the original supply, demand, and unit cost anmounts. Each
unit of allocation Ais 8 bytes in length. Allocation B is assigned the
current solution basis along with supply and demand amounts during
optim zation. Allocation Bis in integer nunmeric format, with each unit
equal to 4 bytes in length. Allocation Cis in floating point numeric

format and requires 4 bytes for each unit. Al vectors and matrices
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required by the sinplex operations incorporated in the solution algorithm
are maintained in allocation C.

The number of units required for each allocation as a function of
probl em size is expressed as foll ows:

G ven: = nunber of supply points in problem

S
d = nunber of demand points in problem

The nunber of wunits for allocations A B, and C (U, Us, U) are
defi ned by:

U= sd+3s+2d+9

Ug=5s+5d+ 12

Keep in mind that the nunber of allocation units defined in the equations
above nust be multiplied by the nunmber of bytes in the respective
allocation units (8,4, and 4 ) to get the total nunmber of bytes required
for each allocation.

Tabl e 6. 14 gives exanpl es of required dynanmi c nmenory all ocations for
speci fic problem sizes originating fromthe internodal system of section
6.1. The problens shown in Table 6.14 represent chassis reallocation for
periods of 6, 9, and 18 days. Probl em size is shown in terns of the
nunber of supplies and demands and the menory all ocations are expressed in

terms of both allocation units and kil obytes ( bytes*1024).

6. 3. 2 CHREMAN Execution Speed

The time requirements for inplementation of chassis reallocation
scenarios in the CHREMAN software system are driven by the optim zation
portion of the system as is the case wth nmenory requirenents.

Expectati ons of execution times are best represented by the information in
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Tabl e 6.15 which shows representative run tinmes taken for the optim zation

portion of CHREMAN for the same reallocation problenms presented in Table

6. 14.

Five

sanpl es

of

optim zation

time

computers with 3 distinct CPUs and cl ock speeds

Inte

requi renments for

DX2 50Mhz,

per sona

I nt el

DX2 66Mhz, Intel Pentium 90Wnhz) are shown for each of the probl em sizes.
The nunber of iterations required to reach the optimum solution for each
TABLE 6.14 Optinization Menory Allocations for Specific Problens
Si ze 8U, 4U, 4Uc Tot al
Days (sXxd) N ( Kb) Us ( Kb) Uc ( Kb) Kb
6 64 X 3963 30. 96 617 2.41 22918 89.52 | 122. 89
57
9 94 X 8259 | 64.52 897 3.50 | 48366 | 188.93 | 256.95
83
18 176 X 30619 | 239.21 1737 6.78 | 181286 | 708. 14 | 954. 13
169

sample is also shown in Table 6.15 on the follow ng page.

6.3.3 Characterizati on Sumuary

The menory and execution speed associated with the optinization

portion of CHREMAN has been clearly defined in the preceding sections.
The | argest problem size covered a period of 18 days in an internoda
system with daily arrivals and departures at 8 ranps. This problem

required less than 1 negabyte of dynamic nmenory allocation and took

roughly 14 minutes to optinmize with the 90Mhz conmputer. Considering that

many conputer systens far exceed the resources of personal conputers, it

seens that the menory and execution tine requirenents of CHREMAN are not

excessive and should not restrict its integration into operating
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envi ronnent s.

TABLE 6. 15 Sanple Optinization Tines

Computer | Sanple 1 | Sanple 2 | Sanple 3 | Sanple 4 | Sanple 5
Probl em Cl ock MM SS MM SS MM SS MM SS MM SS
Si ze Speed (# iter) | (# iter) | (# iter) | (# iter) | (# iter)
64X57 50 Mhz 1:12 1:28 1:21 1: 34 1: 07
(67) (94) (80) (104) (56)
64X57 66 Mhz 0: 59 0: 48 1: 03 0: 55 1:15
(79) (52) (89) (66) (115)
64X57 90 Mhz 0:21 0: 27 0: 25 0: 24 0: 24
(71) (106) (98) (91) (89)
94X83 50 Mhz 5:01 4: 44 5:22 5: 06 5:14
(156) (143) (175) (160) (169)
94X83 66 Mz 4:18 3:40 3: 37 4: 39 4: 28
(193) (153) (149) (216) (202)
94X83 90 Mhz 1: 39 1:23 1:17 1: 40 1:25
(206) (158) (139) (202) (164)
176X169 50 Mhz 48: 09 48: 41 48: 21 53: 49 47: 46
(442) (450) (445) (516) (435)
176X169 66 Mz 37:59 35:24 36: 05 38: 36 33:17
(478) (435) (445) (490) (396)
176X169 90 Mhz 12: 39 13: 17 16: 08 13: 57 14: 46
(397) (422) (547) (450) (490)
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CHAPTER 7

RESEARCH APPLI CATI ONS

7.0 I ntroducti on

Fol |l owi ng successful design, developnment, and evaluation, it is
beneficial to denonstrate the useful ness of the CHREMAN software system as
a tool for research and analysis. In the studies that foll ow CHREMAN i s
used to generate results in designed scenarios that are subnitted for
subsequent analysis. The results collected for experinents discussed in
this chapter are generated fromthe internodal system nodel presented in
section 6.1. An experinment concerning the I ength of the planning period
used for chassis reallocation is conducted in the framework of the
described internodal system and discussed in section 7.1. This is
foll owed by an experinment involving the use of CHREMAN i n an environnent

with predicted supply and dermand in section 7.2.

7.1 Pl anni ng Peri od Experi nment

An issue that can be investigated using the CHREMAN software system
concerns the length of the planning horizon used in nodel solutions. As
di scussed in Chapter 4 the nodel inplenmented by CHREMAN gi ves mi ni mum cost
sol utions for given planning horizons. 1In an operational environment one
concern is the effect of the length of the planning horizon on long term
costs. It seems intuitive that as the length of the planning horizon
i ncreases, reallocations costs are reduced in the long run as reallocation
needs are anticipated earlier. The investigation of this hypothesis was
i mpl emented in a designed experinment using results generated by CHREMAN

operating within the internodal system described in section 6.1.
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7.1.1 Experinmental Design

Thi s experinment investigates the follow ng hypothesis concerning the
i mpl ementation of CHREMAN i n an operational environment:

For a given planning period, the mnimm cost solution for the

probl em defined for the entire period is less than the sum of

m ni mum cost solutions for subproblems of equal tine periods that

span the sanme planning peri od.
For this experinment, solutions are generated by CHREMAN in the context of
the internpdal system of section 6.1 for a planning horizon of 18 days.
Three nethods are used for determning total chassis reallocation cost for
each 18 day period. The first method is sinply the mninum cost sol ution
generated by CHREMAN for the entire period. Method two sunms the cost of
two subproblens of 9 days each that cover the period of interest. The
| ast nmethod suns the cost of three subproblens of 6 days each that cover
the sane 18 day tine frane of nethods one and two.

The use of a six day mninmum solution period is a function of the
i ntermpbdal system used in the study. In this internpdal system the
maxi mum tinme required to transport a chassis between two ramps in the
systemis just less than six days. Considering planning periods of |ess
than six days restricts the chassis reallocation options considered in
reaching solutions. This restriction of reallocation options can generate
i mbal ances in repeated solutions that nmay eventually render an infeasible
solution. Thus a rule of practicality for CHREMAN operation is that the
pl anni ng hori zon shoul d cover an anount of time that allows chassis in the
systemto be transported between all ranps.

The beginning of the 18 day period in this study was chosen
arbitrarily to begin at 12: 00 a.m on a Sunday and conclude at 11:59 p.m

on a Wednesday, 18 days |l ater. For exanple if Sunday is August 22 the
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sol ution periods for the problemand resulting subproblens is shown bel ow

in Table 7.1
Table 7.1

Met hod 1(18 days) Met hod 2(9 days) Met hod 3(6 days)
Begi n: Sun Aug 22 00: 00 Sun Aug 22 00: 00 Sun Aug 22 00: 00
End: Mon Aug 30 23:59 Fri Aug 27 23:59
Begi n: Sat Aug 28 00: 00
End: Thu Sep 02 23:59
Begi n: Tue Aug 31 00: 00 Fri Sep 03 00: 00
End: Wed Sep 8 23:59 Wed Sep 08 23:59 Wed Sep 08 23:59

Cost results used in subsequent analysis were generated from
repeated runs of the sanme 18 day period. A different set of container
| oadings was generated randomy for each run from the departure
distributions of Table 6.7. Sanpling fromthe departure distributions was
i mpl emented in software developed in the C progranmm ng |anguage. O her
assunptions used in the generation of cost values are as foll ows:

1. A sufficient supply of chassis are available in the systemto

nmeet all denands.

2. Supplies and demands are known for the entire 18 day peri od.

3. Chassis novenents outlined in subproblemsolutions are

i mpl emented in the period of time covered by the subprobl em
Assunption 1 above requires that a certain nunber of chassis be avail able
at each ranmp at the start of the 18 day planning period. These counts
were determ ned by exam ning weekly patterns of estinated chassis supply
and dermand at each ranp fromthe given data. Assunming that there are zero
chassis at each ranp at the beginning of the week, a pattern of chassis
surplus and deficit can be determined at supply and demand points during

the week. The nunber of chassis assigned to each ranp at the begi nning of

the 18 day period of this study is equal to the |argest average weekly
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deficit found for each ranp in the manner discussed above. Table 7.2
shows the assuned counts of chassis available at time zero for each ranp
in the given internodal system
TABLE 7.2
Ranp Chassis Available, Tinme Zero
IR 37
CR 48
C= 40
R= 15
S= 28
P= 16
C$ 15
K$ 18
7.1.2 Experinmental Results
A graphical representation of the distribution of the total cost
values for the three methods is depicted in Figure 7.1. The total cost

val ues generated by each of the three nmethods for the 25 runs of 18 days

is shown in Table 7. 3.

Figure 7.1 Planning Period Experiment Data
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TABLE 7.3 Resul ts of

I ndependent Runs (Cost

in $)

Met hod 1 Met hod 2 Met hod 3
Full 18 Days 9 Days X 2 6 Days X 3
1990. 00 1990. 00 2340. 00
2330. 00 2400. 00 2592. 50
672.50 672.50 672.50
2582. 50 2582. 50 2967. 50
1230. 00 1230. 00 1650. 00
1602. 50 1700. 00 1630. 00
792. 50 792. 50 792. 50
1400. 00 1400. 00 1540. 00
2270. 00 2610. 00 3310. 00
1412.50 1412.50 1412.50
2065. 00 2065. 00 2310. 00
1375. 00 1402. 50 1610. 00
1827. 50 1827. 50 1827. 50
2062. 50 3482. 50 3165. 00
1045. 00 1045. 00 1045. 00
2787.50 2950. 00 3830. 00
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552. 50 552. 50 552. 50
2087. 50 2087. 50 2402. 50
2172.50 2172.50 2172.50
2547. 50 3022. 50 3230. 00
1877.50 2322.50 2577.50
1330. 00 1330. 00 1330. 00
610. 00 995. 00 925. 00
2032. 50 2032. 50 2032. 50
1247.50 1302. 50 1785. 00

7.1.3 Further Analysis
A procedure that my be used to test for significant cost
di fferences between the three nethods is a standard analysis of variance.
Since there are cost values for each of the three nethods for all 25 runs,
the designed is balanced and is suitable for the ANOVA procedure as
i npl emented in the SAS statistical software package. The SAS source code
used in inplenenting this analysis of variance is given bel ow
DATA COSTDAT;
| NFI LE ' PLANPER. DAT' ;
| NPUT RUN METHOD COST;
PROC ANOVA;
CLASS METHOD RUN
MODEL COST = RUN METHOD
MEANS METHOD / DUNCAN LSD SCHEFFE TUKEY REGWF SMM SNK;

RUN;
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Notice fromthe MODEL statement in the ANOVA procedure that both nethod
and run nunber are included as factors possibly effecting cost. In this
case the run nunber is considered a blocking factor in order to contro
for variability in cost between runs. The MEANS statenment is included to
i nvestigate separation of nean val ues between the three nethods.

A partial listing of the output resulting fromthe SAS procedure
outlined above is given in Table 7.4. A conplete listing of SAS output
for the procedure is included in Appendix B of this docunent. Noteworthy
information in Table 7.4 includes the significant effect of nmethod on
total cost and the separation of neans of all three methods significant at
an al pha I evel of 0.05 according to T tests. Although only the T test of
nmean separation is shown in Table 7.4, several nean separation tests were
i ncluded in the ANOVA procedure. Al of these indicate a significant
separation of nethod 3 ( 6 day intervals) fromthe others at an alpha

TABLE 7.4 ANOVA Model of Pl anning Period Cost Methods

Anal ysi s of Variance Procedure

Dependent Vari abl e: COST

Sum of Mean
Sour ce DF Squar es Square F Val ue Pr > F
Model 26 41915782 1612145 33.24 0. 0001
Error 48 2327985 48500
Corrected Tot al 74 44243767
R- Squar e C. V. Root MSE COST Mean
0. 947383 12. 05747 220. 23 1826.5
Sour ce DF Anova SS Mean Square F Val ue Pr > F
RUN 24 40694061 1695586 34.96 0. 0001
METHOD 2 1221722 610861 12. 60 0. 0001
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Anal ysi s of Variance Procedure
T tests (LSD) for variable: COST

NOTE: This test controls the type | conparisonw se error rate not
the experinmentwi se error rate

Al pha= 0.05 df= 48 MSE= 48499. 69
Critical Value of T= 2.01
Least Significant Difference= 125.24

Means with the sane letter are not significantly different.

T G oupi ng Mean N METHOD
A 1988. 12 25 3
B 1815. 20 25 2
C 1676. 10 25 1

| evel of 0.O05. Three of the seven included nean separation procedures
(TUKEY, SMM SCHEFFE) indicate no significant separation between nethod 1
(18 day interval) and nmethod 2 (9 day interval) at al pha level 0,05. Al

mean separation tests indicate significant differences between all three

nmet hods when the al pha level is set to 0.10.

7.1.4 Experinmental Concl usions

Exam nati on of the generated data and resulting analysis presented
in the previous section suggest that the | ength of the planning period has
an effect on total cost in the inplenentation of the CHREMAN software
system in an operational environnment. The conclusion is that |onger
pl anni ng hori zons are desirabl e when supplies and demands are known for an
approachi ng pl anni ng peri od. The likely explanation it that there are

sinmply nore options for chassis novenents when considered in larger tine
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frames. As a planning period is shortened, options for neeting chassis
demand are reduced and costs are increased until feasible solutions are

elimnated for very short tine periods.

7.2 Predi cted Loadi ng Experi nment

The transportation nodel inplenmented in the CHREMAN software system
requires input of container |oadings on individual trains during the
pl anni ng hori zon. These loadings translate into elements of chassis
supply and demand as di scussed in section 4.4. |In practice these nunbers
may not be known well in advance and will need to be estimated to sone
extent. In an operational environnent the degree of certainty to which
supply and demand is known increases as the start of a planning period
appr oaches. This study involves the use of CHREMAN in investigating
real |l ocation solutions in an environment of inproving supply and denmand
predictions,
7.2.1 Experinmental Design

This experiment investigates the effect of errors in container
| oading predictions on chassis reallocation costs in an operating
environnent. It is based on the assunption that certain percentages of
cont ai ner |oading values are known at certain points in time previous to
the start of the planning horizon. This leaves a portion of unknown
cont ai ner | oadi ngs that nust be estimated at those tines.

For this study, the operational internodal systemis assuned to be
that described in section 6.1 and used for the experinent of section 7.1.

The planning horizon is the 9 day period used in section 7.1. It is

assunmed that at given points in tine prior to the start of the planning

hori zon the portion of container |oadings that have been determ ned are
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25% and 50% respectively. The corresponding points in time can be
considered 14 and 7 days. |In other words, 14 days prior to the start of
t he planni ng horizon 25% of the container |oads for each train are known
and 75% nust be estimted. Seven days prior to the start of the planning
hori zon 50% of the | oads have been determ ned and 50% are estimated. In
this application the known and predicted percentages are distributed
evenly across all supply and demand points in the planning period. This
nmeans that the 25% 75% and 50% 50% rul es are applied to each individua
arrival and departure schedul ed during the given period. The prediction
rule for the estimted | oading portions is sinply the |oading value for
that supply or demand from the previous planning period. The known
| oading portions are calculated from assunmed actual loadings fromthe
pl anni ng peri od. The procedure to obtain the container |oading was
i mpl emented in software according to the steps outlined as foll ows:
1. Cenerate assuned actual container |oadings for the planning
peri od.

2. Generate assuned historical container |oadings for the previous
pl anni ng peri od.

3. Calculate 1st |oading estinmates as 25% actual and 75% hi stori cal

4. Calculate 2nd | oading estinmates as 50% actual and 50% hi stori cal

CHREMAN solutions may be obtained for the estimated and actual
| oadi ngs for conparison purposes. Thus for each run a CHREMAN solution is
required for the assumed actual, 25% 75% known/estimted, and 50% 50%

known/ esti mat ed | oadi ngs.

7.2.2 Experinmental Results

M ni mum cost results from 20 runs of conbined predicted and actua
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| oadings is shown in Figure 7.2. The results fromthe runs illustrated in
the figure have been arranged from left to right in ascending order of
actual cost. Results fromruns containing estimated | oadings are aligned
vertically with the results fromthe associ ated actual cost runs. Notice
that costs fromthe 75% esti mated | oadi ngs appear sonewhat nore variabl e
in conmparison to costs fromthe 50% estinated | oadings. Also nore of the
costs fromthe 50% esti mated | oadings are closer to the actual cost than
costs fromthe 75% estimated | oadings. Table 7.5 contains the actual cost
results fromthe 20 runs in addition to values that represent neasures of
error in the predicted | oadings. Colums 1,2, and 5 show the m ni mum cost
solutions for assunmed actual, 50% estimated, and 75% esti mated contai ner
| oadi ngs respectively. Again the information associated with individua
runs in each row has been sorted by ascendi ng order of the actual m nimm

cost solution. Colums 3 and 6 in Table 7.5 shows the percent error in

Figure 7.2 Container Loading Results
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predi cted and

actual |oadings. Conparisons between values in colums 3
and 6 along with conparisons of colums 4 and 7 denpnstrate the
i mprovenent fromestinmating 75% of the | oadings to estimting 50%
TABLE 7.5 Run Results - Container Loadi ng Experi nent
Act ual 50% Est . 50% Est . 50% Est. | 75% Est. 75% Est. | 75% Est.
M ni num M ni rum | Tot al Avg % M ni rum | Tot al Avg %
Cost Cost Loadi ng Dev from Cost Loadi ng Dev from
Solution | Solution | Error(% | Actual Solution | Error(9% | Actua
0. 00 0. 00 3.22 55. 39 382.50 5. 04 78.68
0. 00 0. 00 5. 38 40. 8 467. 50 7.17 54. 94
0. 00 85. 00 0. 00 39.81 402. 50 0. 68 61. 26
0. 00 175. 00 2.78 56. 12 350. 00 4.69 83.59
70. 00 420. 00 2.65 39.77 770.00 4. 46 57.50
127.50 0. 00 4.22 42. 97 0. 00 6. 48 59. 35
140. 00 0. 00 2.16 44. 69 0. 00 2.78 69. 75
175. 00 35.00 -2.71 40. 39 0. 00 -3.92 58. 39
212.50 0. 00 1.35 32.41 420. 00 2.29 45. 46
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212.50 140. 00 -3.97 39.77 280. 00 -4.54 56. 59
315. 00 0. 00 0. 56 39. 95 455. 00 1.70 51. 35
490. 00 210. 00 -3.89 40. 26 140. 00 -4.58 60. 27
497. 50 127.50 -2.00 45,92 297.50 -3.07 66. 86
520. 00 0. 00 0.85 43. 35 387.50 0.71 61. 15
525. 00 210. 00 -6.04 37.76 0. 00 -10. 44 50. 67
735. 00 140. 00 -3.46 40. 51 0. 00 -2.49 65. 99
865. 00 0. 00 -2.07 58.92 0. 00 -2.36 84. 37
927.50 547.50 -4.93 42.56 455. 00 -8.17 64. 22
1015. 00 0. 00 -3.83 33.03 0. 00 -4.42 51. 97
1192. 50 0. 00 -2.31 42. 26 0. 00 -3.39 65. 67

7.2.3 Experinmental Concl usions

Exami nati on of the minimm costs solutions in Table 7.5 reveals
results that are reasonably consistent with expectations in npst cases.
Either there is a trend of increasing cost with inproved prediction (rows
8,12, 15,16, 18) or decreasing cost with inproved predictions (rows 1-5).
Runs with zero cost associated with predicted | oadi ngs are not considered
i nconsi stent though sone differ nore with the actual solutions than others
(rows 6,7,17,19, 20). Roughly  25% of the runs show a cost decrease
bet ween the 75% and 50% estinmations followed by an increase in the actua
solution that is not consistent with an inproved esti mate.

Exam nation of the error values reveals no detectable pattern
between the nagnitude of the prediction errors and the differences in
m ni mum cost solutions with the estimated and actual | oadings. It is
interesting to note that the underestimated | oadings tend to be grouped
with the higher cost actual solutions at the bottomof Table 7.5. Perhaps

this is explained by the fact that predictions are based on the | oadings
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of the previous planning period and that demand has increased over the
previous period. This could result in the underesti mated |oadi ngs and an
i ncrease in cost associated with neeting the increased denand.

Overall these results are not disappointing in the context of
predi cti ons based on the previous planning period only. The incorporation
of CHREMAN into an environnent of partially estinmted contai ner | oadings
will provide useful information when conbined with a well devel oped

estimati on nmechani sm
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CHAPTER 8

CONCLUSI ONS AND FUTURE RESEARCH

8.0 Introduction
The focus of this dissertation has been the devel opnment of a node

to assist in chassis reallocation decisions associated with container
based traffic in internodal transportation systens. The nodel has been
included in a functioning software system that has been evaluated as a
tool for industrial and research purposes. The renmai nder of this work
consi sts of conclusions about the nodel and the associated CHREMAN
software systemin section 8.1 followed by a discussion of possible future

consi derations in section 8. 2.

8.1 Concl usions

The tine based transportation nodel for optimzation of chassis
reall ocation presented in Chapter 4 of this docunment addresses the problem
of redistributing chassis associated with container service in the
i nternodal transportation industry. The evolution of this nodel into the
CHREMAN software system is discussed in Chapter 5 and the software is
verified to be functioning as intended in Chapter 6. The characterization
of software execution time and nmenory requirenments is also in Chapter 6
and is followed by the denobnstration of CHREMAN as a research tool in
Chapter 7. Results obtained in Chapters 6 and 7 denpbnstrate CHREMAN
operation in a realistic internodal system These research results show
potential for the application of CHREMAN in both industrial and research
envi ronnents.

In industrial environments, the analysis here suggest that a mi ni num
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period of time for optinmizing chassis reallocations using CHREMAN is the
maxi mum time required for transporting a chassis between two ranps in the
system When supplies and demands are known, m ni num cost solutions for
| onger planning periods are preferred over a series of shorter periods.
In practice these supplies and demands not are all known well in advance
and will have to be forecast. CHREMAN can be used successfully in an
environnent with forecast supply and demand in combination with a good
forecast nechani sm

The use of CHREMAN in research applications has been denpnstrated in
this work. As a software system CHREMAN has the ability to generate
results quickly in designed scenarios. It also has the flexibility needed
to incorporate additional features that might be required for related

st udi es.

8.2 Future Research

Forenmpst among future considerations is the inclusion of CHREMAN in
an industrial operating environment. This can be done by |inking CHREMAN
into a systemthat provides chassis location information as well as actual
and/or predicted supply and denand. This could also be done nore
cautiously by incorporating additional analysis of supply and demand
structures of specific internodal systens and studyi ng additional nethods
of inplenmentation.

Al t hough speed and nenory resources of personal conputers are now
i mpressive and continue to inprove rapidly, it is possible to port CHREMAN
to a larger conputer systemif nore resources are needed. This can be
expected to be a relatively straightforward process.

Oher ideas involve the evolution or inclusion of CHREMAN in
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i ncreasingly conplex systens. As it stands, CHREMAN is a deci sion support
system that optinizes chassis novenents based on cost and tine. Mor e
conpl ex deci sions incorporating additional equi prment or fleet managenent
i ssues may be addressed by devel opi ng CHREMAN i nto an expert systemwith
addi ti onal decision rules enconpassing a nore general problem  CHREMAN
could also be included as an optimzation portion of a sinulator for

i nvestigating scenarios in fleet managenent.
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CHAPTER 1 - Installation

This chapter describes the computer systemrequirenments to install and run
t he CHREMAN software system and gives installation instructions.

Syst em Requi renent s

M ni mum hardware requirenments are: |BM conpati bl e personal conputer with
Intel 486 or Pentium processor with clock speed 50 MHZ or higher; DOS 5.0
or higher; 640K RAM EGA or VGA video graphics capabilities; and a hard
drive with 1MB free di sk space.

Install ati on Procedure

Installation of the CHREMAN software system nmay be acconplished by
foll owing the steps bel ow.

1. Make a directory on your hard drive to store the CHREMAN execut abl e
files. For exanple, if you are installing to the C. disk drive the
DOS command mi ght be as fol |l ows:
C\> md \chreman
2. Copy all the files on the distribution diskette to the directory you
just created. For exanple, if the distribution diskette is in drive
A: the DOS command m ght be:
C.\> copy a:\*.* c:\chreman

Starting and Stoppi ng CHREMAN

To start CHREMAN change to the directory where CHREMAN is installed and
type CHREMAN. For exanple

C.> cd \chreman
C. \ CHREMAN> chr eman

System operati on begins at the main CHREMAN System Menu. To stop CHREMAN
execution press F3 fromthe main CHREMAN System Menu.

108



CHAPTER 2 - CHREMAN System Overvi ew

Cost efficiencies associated with double stacking truck containers on
flatbed railcars have notivated carriers to increase their involvenent in
i nternodal freight transportation. However, container-on-flatcar (COFC)
service in rail-truck environnents requires nmaintenance of a separate
chassis fleet for highway transport. Containers arriving at internopda
term nals (ranps) must be | oaded on avail abl e hi ghway chassis in order to
be noved by truck. Conversely, containers nmust be detached fromtruck and
chassis to be | oaded on departing trains. The nature of normal business
activity does not guarantee that a sufficient pool of chassis will remain
at all ranps due to variation in container |oadings. Ranps that have nore
arrivals than departures over tine can deplete a supply of chassis unless
sonme action is taken to redistribute chassis on a tinely basis.

CHREMAN st ands for CHassis REallocation MANager. It is a decision support
system devel oped to assist with chassis distribution managenent on a
regul ar basis. CHREMAN is based on an optinization nodel that requires
information regarding the desired planning period, internodal train
schedul es, chassis and contai ner |ocations, and chassis transport costs.
This information is used to optimze the given problemw th a m ni num cost
obj ective. Model output is a suggested chassis redistribution for the
given tinme period.

CHREMAN provides support in two functional areas. These areas are
i nternodal train schedul e nai ntenance and chassis reall ocati on managenent.
These two functions are related since current internodal train schedul es
are required as input during chassis reallocation scenarios.

Internodal train schedules are nmaintai ned through the use of the Schedul e
Manager portion of the system These functions are enabled by electing to
update train schedules from the nmain CHREMAN System Menu. The Schedul e
Manager pernmits the user to add, delete, and nodify term nal schedul es as
wel | as providing display and print functions.

Chassis reallocation managenent is inplenented by electing to execute a
real |l ocation scenario fromthe CHREMAN System Menu. During this process,
information is elicited from the user concerning the desired planning
period, container loads on trains during the period, and chassis
transportation cost. This information is then used in the optim zation
process that determines a mninmm cost chassis reallocation for the
desired period of tine.

109



CHAPTER 3 - The User Interface

Operations of the CHREMAN system are inpl enmented by user interaction with
two types of interfaces. The first interface is a nenu interface in which
the user selects an option by highlighting the desired option using the up
arrow (8) and down arrow (9) keys and then pressing the Enter (5) key.
The second type of interface is a forns input interface that allows user
i nput of required data. During fornms input, the user types in the needed
i nformation using the al phanuneric keys of the keyboard and is allowed to
navi gate through the form using the arrow keys (89), the Enter (5) key,
and the Page Up and Page Down keys. The pagi ng keys nove the user through
the form one screen at a time while the other keys navigate through
i ndi vidual fields. In order to save the information entered on a
particular form the user must press the F10 key. After pressing the F10
key the user is pronpted to verify that the desire is to save and exit.
Pressing the "Y' key (or the "y" key) results in the storage of the
informati on on the form for subsequent use. Pressing any other key at
this point returns the user to fornms editing.

Throughout the CHREMAN system the Eit (or Abort) key is the F3 key
During forms input, pressing the F3 key results in the user being pronpted
as to whether the desire is to abort the edit wthout saving any
informati on entered. Pressing the "Y' key (or the "y" key) results in a
return to the previous system nenu without any data being saved. Pressing
any other key at this point returns the user to forns editing. Wen the
user is presented with a menu interface, pressing the F3 key exits to the
previ ous nenu. If the menu displayed is the top | evel CHREMAN Systens
Menu, then pressing the F3 key exits the CHREMAN system

At all times during CHREMAN operation, the action keys available to the
user are displayed on the screen. At a nmenu interface, pressing a key
other than the valid ones displayed results in no action being taken.
During forms input, only al phanuneric keys that are valid with respect to
the specific field being edited are permtted in addition to the displayed
action keys.
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CHAPTER 4 - System Level Operations

The main CHREMAN Systens Menu is illustrated in Figure 4.1. It is a nenu
interface that offers three selections to the user

The first selection pernmits the wuser to display, print, or update
internmobdal train schedules using the Schedul e Manager. The use of the
Schedul e Manager is discussed in Chapter 5 of this docunent.

The second option available fromthe CHREMAN Systens Menu al |l ows the user
to update estimates of the time and cost requirenents associated with
transporting chassis between internodal termnals in the system This
function is addressed in Chapter 6 of this docunment.

The third option of the CHREMAN Systens Menu initiates a chassis
real | ocation scenario for an approaching tinme period. Forns input of the
desired planning period, container |oadings, and chassis transportation
costs are required prior to execution of the optimzation process
associated with chassis redistribution for the given period. Chassis
real |l ocation scenarios are presented in Chapter 7 of this user's guide.

Figure 4.1 CHREMAN Systens Menu

CHASSI S REALLOCATI ON MANAGER

Fomm e - SELECT FUNCTION-------- +
I Update Train Schedul es |
I Updat e Ti ne/ Cost Estinmates |
| Execut e Real | ocati on Scenario

o e m e e e e e e e e e e oo - +
o e m e e e e e e e e e e oo - +
I Use 8 or 9 then 5 i
o e m e e e e e e e e e e oo - +

<F3>Exi t
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CHAPTER 5 - Train Schedul e Managemnent

Managenment of internodal train schedules is acconplished through the use
of the Schedul e Manager. The main nenu of the Schedule Manager is
illustrated in Figure 5.1.

Figure 5.1 Schedul e Manager Menu

SCHEDULE MANAGER

R SELECT FUNCTI ON---- - -- +
| Di splay Term nals

I Add a Terni nal

| Del ete a Term nal

| Display a Term nal Schedul e
I Modi fy a Term nal Schedul e
IPrint a Term nal Schedul e

o e m e e e e e e e e e e +
o e m e e e e e e e e e e +
I Use 8 or 9 then 5 i
o e m e e e e e e e e e e +

<F3>Abort <F10>Save Changes and Exit

The first option shown in Figure 5.1 pernmits the display of all the
internodal terminals defined in the system An exanple terninal display
is shown in Figure 5.2.

The second option of the Schedule Manager pernmits the addition of an
internodal terminal to the system \Wen this option is selected, the user
is pronpted for a terminal abbreviation as shown in Figure 5.3. This is a
two character abbreviation unique to each termnal. After the new
abbrevi ati on has been entered, a fornms input screen requesting information
on the new termnal is displayed for user input/edit. An exanple of this
screen with data entered in each field is shown in Figure 5.4. After the
F10 key used to save the new termnal information a series of forns input
screens are presented to the user for entering information for each
arrival and departure scheduled during the week at the internodal
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Figure 5.2 Exanple Internmodal Terninal Display
biitiiitiiitiiiiiiiog Termnal Display jiiiiiiiiiiiiiiiiiin
I I
| |
| Term nal Abbreviation Termi nal Nane |
I I
| |
| IR I1linois Ranp |
| CR California Ranp |
: C= Chi cago Ranp l
| = Denver Ranp |
| S= Seattl e Ranp |
| = Portl and Ranp |
| C$ Chi cago Conrail Ranp !
! K$ Kearny Conrail Ranp !
| |
I I
| |
I I
| |
I I
| |
| |
i1yl PAGE UP/DOMN to Scroll; F3,Esc,Enter to Exit |11}

Figure 5.3 Terninal Abbreviation Pronpt

SCHEDULE MANAGER

R SELECT FUNCTI ON---- - -- +
| Di splay Term nals

I Add a Terni nal

| Del ete a Term nal

| Display a Term nal Schedul e
I Modi fy a Term nal Schedul e
IPrint a Term nal Schedul e

o e m e e e e e e e e e e +
o e m e e e e e e e e e e +
I Use 8 or 9 then 5 i
o e m e e e e e e e e e e +
T +
I Enter Termnmi nal Abbreviation: |
T +

<F3>Abort <F10>Save Changes and Exit
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termnal. Exanples of arrival and departure input screens are shown in

Figures 5.5 and 5.6 respectively. After all arrival and departure
information is entered for the new termnal, it is added to the naster
train schedule file. Wen the CHREMAN systemis run for the first tine
after CHREMAN installation, no nmaster schedule file exists. It is created

when the first internodal ternminal is added using the Schedul e Manager.

Figure 5.4
11 I I
11 | |

Term nal I nformation | nput Form
I [ 11
| [ 11

iitiiiiiiiii Container Schedule Update |ii i iiiiiiiii

Term nal Abbreviation: IR

Nunmber of Weekly Arrivals: 7

Nunmber of Weekly Departures: 7

u
|
I
|
I
|
I
|
I
|
|
| Termnal Nanme: |llinois Ranp
I
|
I
|
I
|
I
|
I
|
I
|
I
|
I
|
I
|
I
|
I
|

I 89, ENTER to change fields; F10 to save; F3 to Abort |||
Termnal Arrival |nput Form
111111 Container Schedule Update {|i{iiiiiiiiiii

Terminal: IR Illinois Ranp
ARRI VAL 1
Arrival Day: 1

Arrival Time: 3:00

I 89, ENTER to change fields; F10 to save; F3 to Abort |||
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Term nal Departure |nput Form
11yl Container Schedule Update |11

Terminal: IR 1llinois Ranp
DEPARTURE 1
Departure Day: 1

Departure Tinme: 17:30

I 89, ENTER to change fields; F10 to save; F3 to Abort |||

The third option in schedule managenent allows the user to delete an
internodal terminal. Wen this option is selected the user is pronpted to
enter the terminal abbreviation as shown in Figure 5.3. If the termna
exists, the information for that termnal is deleted from the naster
schedule file after the request is verified by the user

The fourth option in the Schedul e Manager nmenu permts the display of an
intermbdal train schedule associated with a given internodal term nal
After obtaining the term nal abbreviation fromthe user, the schedule is
di spl ayed for perusal. An exanple term nal schedule display is shown in
Figure 5.7.

Figure 5.7 Exanple Terninal Schedul e Displ ay
tiititiiiiiiiiiini Schedule Display it
| Terminal IR I1linois Ranp
I I
| |
| Arrival Day/ Tinme Departure Day/ Tinme |
! SU 3:00 SU 17: 30 !
! SU 20: 00 MO 17: 30 !
! MO 8:00 TU 17: 30 !
! WE 3:00 WE 17: 30
! TH 3:00 TH 17: 30 !
! FR 3:00 FR 17: 30 !
! SA 3:00 SA 17: 30 !
| |
I I
| |
I I
| |
I I
| |
I I
| |
| |
i1yl PAGE UPFDOMN to Scroll; F3,Esc,Enter to Exit |11}
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The fifth option in the Schedule Manager allows the user to modify the
internobdal train schedule for an existing internodal term nal. The
procedure is nmuch the same as that for adding new termnals as shown in
Figures 5.3 through 5.6. A feature of this part of the systemis that an
attenpt is nmade mnimze user input by not requiring a conplete re-entry
of schedule information during this nodification. This is done by
retaining the original schedule information and adjusting it according to
the new nunber of arrivals and departures. |[|f the nunber of arrivals or
departures decrease to n for instance, the first n arrivals or departures
of the original data are displayed for editing. |If the nunber of arrivals
or departures increase to n frommthe first marrivals or departures are
di splayed for editing followed by n-m screens of enpty departure or
arrival data to be input.

The | ast schedul e nanagenent option pernmits a term nal schedul e as shown
in Figure 5.7 to be sent to a printer
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CHAPTER 6 - Updating Tine/ Cost Estimates

Part of the information required to inplenent chassis reallocation
scenarios are user estimates of tine and costs requirenents for
transporting chassis between termnals in the system These estinmates are
required for each terminal pair in the system and consist of 1) the
estimated tinme required to transport a chassis fromtermnal 1 to termna
2 of the terminal pair; and 2) the unit cost of transporting a chassis
fromtermnal 1 to terminal 2.

Time and cost estinmates may occur during CHREMAN operation in 2 different
situations. One situation occurs when the user selects option 2 fromthe
mai n CHREMAN System Menu. In this nanner the tinme and cost estimates for
the current internmpdal system may be updated at the discretion of the
user. The second nethod of time and cost estimation occurs when certain
changes are made to the master train schedule file. Mre specifically,
the addition or deletion of internpdal terminals fromthe master schedul e
file means that the terminal pairings have changed and tinme and cost
estimates nmust be updated. 1In this case the tine/cost estimation process
is automatically executed when the identified changes are saved to the
master schedule file wupon termnation of the Schedule Manager.
Fortunately a conplete re-entry of time/cost estimates is not required
since the previous values are retained for those terminal pair matches
still intact fromthe previous schedule. New estimates will have to be
made for newy added termnals. When tinme/cost estimation is invoked
automatically, the user may not exit w thout saving the new tinme/cost
estimates since they nust nmatch up with the master schedule file. An
exanpl e of the time/cost screen entry formis shown in Figure 6.1.

More fields follow. .. Press PageUp/ PageDown to Scrol

Figure 6.1 Tinme/Cost Estimation Entry Form

U Relocation Times and Costsiiiiiiii I
| |
| |
| From To Allowed Tine Cost/Unit)
I I
| I
I Il'linois Ranp Il1linois Ramp 0 hrs 0

I Il'linois Ranmp California Ranp 62.5 hrs 42. 5 |
I Il1linois Ranp Chi cago Ramp 2 hrs 35

I Il'linois Ranp Denver Ranp 32. 5167 hrs 77.5 |
I Il'linois Ranmp Seattl e Ranp 67.4833 hrs 77.5 |
I Illinois Ranmp Portl and Ranp 59.5 hrs 77.5

I Il'linois Ranp Chi cago Conrail Ranp 2 hrs 35

I Il'linois Ranp Kearny Conrail Ranp 38.5 hrs 77.5 |
| California Ranp I'l1linois Ranp 64 hrs 42.5

| California Ranp California Ranp 0 hrs 0

| |
I I
| I
I I
| I
I I
| I
I I
| I

111 UP/ DOMN ARROW ENTER to change fields, F10 to save, F3 to abort]}}]
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CHAPTER 7 - Real | ocation Scenari os

CHREMAN chassis reallocation scenarios may be investigated by selecting
option 3 fromthe CHREMAN System Menu. When this occurs the input form
illustrated in Figure 7.1 is presented for identification of the desired
pl anni ng hori zon.

Exit and Save Screen |nformtion?<y, n>?

Figure 7.1 Planning Horizon | nput Form

T Planning Horizon D LEEEE T DD
| |
| |
! START TI ME STOP TI ME !
I I
| |
| Day: SU Day: MO |
I I
| |
! Date: 8/22/93 Date: 8/30/93 !
I I
| |
| Time: 0:00 Time: 23:59

| |
I I
| |
I I
| |
I I
| |
I I
| |
I

|

UP/ DOWN ARROW ENTER to change fields, F10 to save, F3 to abort

Once the planning horizon is specified, the user nmust enter supply and
demand inputs representing existing chassis supplies at termnals, plus
actual or estimated counts of containers associated with each schedul ed
intermobdal train during the planning horizon. Chassis supplies are
associated with chassis available at tinme zero and those |eft by departing
trains during the planning horizon. Figure 7.2 is an exanple of a chassis
supply input form Chassi s demands are associated with containers on
arriving trains during the planning period. A chassis demand input form
is illustrated in Figure 7.3.

After supply and demand inputs are saved, the current chassis transport
time and cost estimates are used to estimate the unit cost of transporting
chassis for each supply/demand pair. |f the given tinme does not pernit a
chassis transport then the match is considered infeasible. [If tinme does
allow a transport, the estimated unit cost is used as an original basis
for the supply demand pair. The results of the estimation process are
di spl ayed to the user for possible editing as shown in Figure 7.4. Once
the unit costs are saved, the optim zation process begins.

Optimzation is a two stage process that consist of determining a starting
solution and then optinmizing for mninmmcost. Mssages are displayed on
the screen during each stage of optimization along with an iteration count
as an indication of progress to the user. These status nessages are
illustrated in Figures 7.5 and 7.6 respectively.
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Figure 7.2 Chassis Supply I nput Form
Pttt SUPPLY ENPUT bbb

Event Ter m nal Ti me Unit Count
AVAI LABLE AT START TIME | R Sun Aug 22 00: 00:00 1993 37
DEPARTURE IR Sun Aug 22 17:30:00 1993 5
DEPARTURE IR Mn Aug 23 17:30: 00 1993 12
DEPARTURE IR  Tue Aug 24 17:30:00 1993 11
DEPARTURE IR Wed Aug 25 17:30: 00 1993 13
DEPARTURE IR  Thu Aug 26 17:30:00 1993 6
DEPARTURE IR  Fri Aug 27 17:30:00 1993 2
AVAI LABLE AT START TIME CR  Sun Aug 22 00: 00: 00 1993 48
DEPARTURE CR  Sun Aug 22 18:00: 00 1993 11
DEPARTURE CR  Mn Aug 23 18:00: 00 1993 8

More fields follow. .. Press PageUp/ PageDown to Scrol

Page Up/ Down, 89, ENTER to change fields; F10 to Save; F3 to Abort]

Figure 7.3 Chassis Demand | nput Form
biiaa ittt DEMAND ENPUTE bbb
Event Ter m nal Ti me Unit Count
ARRI VAL IR Sun Aug 22 03:00: 00 1993 3
ARRI VAL IR Sun Aug 22 20:00: 00 1993 11
ARRI VAL IR Mon Aug 23 08: 00: 00 1993 5
ARRI VAL IR Wed Aug 25 03: 00: 00 1993 7
ARRI VAL IR Thu Aug 26 03:00: 00 1993 8
ARRI VAL IR Fri Aug 27 03:00:00 1993 12
ARRI VAL CR Sun Aug 22 08:00: 00 1993 4
ARRI VAL CR Mon Aug 23 08: 00: 00 1993 17
ARRI VAL CR Tue Aug 24 08:00: 00 1993 8
ARRI VAL CR Wed Aug 25 08:00: 00 1993 5

More fields follow. .. Press PageUp/ PageDown to Scrol

| Page Up/ Down, 89, ENTER to change fields; F10 to Save; F3 to Abort}]
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Cost I nput Form
i Chassis Relocation Costs  {{iiiiiiiiiiiiiiiii

Supply Terminal: IR (Time Zero) Denmand Term nal: C=
Time: Sun Aug 22 00:00:00 1993 Tine: Fri Aug 27 22:00:00 1993

Al l owed Tinme: 142.00 hrs Feasi bl e?<y/ n>y Cost/ Unit: 35
Supply Terminal: IR (Time Zero) Denmand Term nal: C=

Time: Sun Aug 22 00:00:00 1993 Tinme: Fri Aug 27 23:59:00 1993
Al l owed Tine: 143.98 hrs Feasi bl e?<y/ n>y Cost/ Unit: 35
Supply Terminal: IR (Tinme Zero) Denmand Terninal: R=

Time: Sun Aug 22 00:00:00 1993 Tinme: Sun Aug 22 07:00:00 1993

Al | owed Ti ne: 7.00 hrs Feasi bl e?<y/ n>n

Page Up/ Down, 89, ENTER to change fields; F10 to Save; F3 to Abort]

Figure 7.5 Starting Solution Status Message

Determ ning starting solution, please wait..

Iteration Count: 12
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Figure 7.6 Optimzation Status Message

Solution in progress, please wait... |

Iteration Count: 4 |

Once the optimum solution is reached, reallocation results are displayed
as shown in Figure 7.7. These results suggest mininmm cost chassis
nmovenents that nay be inplemented during the planning period. At the
sol ution screen, users may page through the solution set, exit the system
or select the Options Menu for additional options.

The Options Menu is shown in Figure 7.8. The first option allows the user
to return to view the optinmum solution. The second option allows for
sending the solution summary to the printer. The third option allows the
user to investigate alternative opti num solutions. The fourth option of
the Options Menu returns to the supply/demand input stage of chassis
reall ocation shown in Figure 7.2. This allows the user to repeat
optim zation for a similar problem The last selection in the Options Menu
returns to the planning horizon definition point of the process shown in
Figure 7.1. This initiates a reallocation scenario for a different
pl anni ng hori zon.

121



Figure 7.7 Optinmm Results

Figure 7.8 The Options Menu

is Allocation Problem Size:(64 x 57) (Final) Iteration No: 92 |
_______________________________________________________________________ I
I
*** OPTI MUM SOLUTI ON ***
I
I
cost = 340. 0000 (Alternate soln detected at route <62, 56>)

______________________________________________________________________ I
I

ply Source Demand At Units Cost/Un Rte. Cost
______________________________________________________________________ I
I
Aug 23 1993 17:30 !

Aug 24 1993 17:30 C$,We Aug 25 1993 05:00 5 0. 00 0. 00

K$, Th Aug 26 1993 06: 00 4 42.50 170. 00

Aug 25 1993 17:30 C$,Th Aug 26 1993 05:00 5 0. 00 0. 00

C$, Fr Aug 27 1993 05:00 4 0. 00 0. 00

K$, Fr Aug 27 1993 06: 00 4 42.50 170. 00
Aug 26 1993 17:30 !
Aug 27 1993 17:30 !

Aug 22 1993 00: 00 K$, Su Aug 22 1993 06:00 3 0. 00 0. 00

K$, Mo Aug 23 1993 06:00 5 0. 00 0. 00
I
I
More to come... Press Pgbn/PgUp to scroll |
I
I

-------- <PgUp/ Pgbn>Scrol | <F2>Opti ons Menu <F3>Exit --------------

e OPTIONS ----------- +
| View solution summary |
I Print solution summary

| Obtain alternative optinmum |
| Edit suppl y/ demand/ cost i nput

I New Pl anni ng Hori zon |

o e m e e e e e e e e e e oo - +
o e m e e e e e e e e e e oo - +
I Use 8 or 9 then 5 i
o e m e e e e e e e e e e oo - +

<F3> Exit
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APPENDI X B

SAS LI STINGS FOR THE EXPERI MENT OF SECTION 7.1
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B.0 SAS SOURCE CODE

This section contains listings of the SAS source code used for the
pl anni ng peri od experinment of section 7.1

B.0.1 ALPHA LEVEL FOR MEAN SEPARATI ON = 0. 05

dat a costdat;
infile 'planper.dat';
i nput run method cost;

proc anova;

cl ass nmethod run;

nodel cost = run nethod;

means nmethod / duncan | sd scheffe tukey regwf smm snk;

runj;

B.0.2 ALPHA LEVEL FOR MEAN SEPARATION = 0. 10

dat a costdat;
infile 'planper.dat';
i nput run method cost;

proc anova;
class nmethod run;

nodel cost = run nethod;

means nmethod / duncan | sd scheffe tukey regwf smm snk al pha=. 1;

runj;

B.1 | NPUT DATA FI LE
The input data file used for all SAS procedures is |listed bel ow

1990.
1990.
2340.
2330.
2400.
2592.

672.

672.

672.
2582.
2582.
2967.
1230.

ORRADNWWWNNNER R PR
RPWNRPRWONRPWOWNRE WNPR
CUUUUNUUIUIOO OO O
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© O 000NN NOO O 01O

WNEFPWNRPEPWOWNRPWONPWONRPWONPWONPWONPWONPWONPWONPWONPWONPONPONPWONPWONPEPWDN

1230.
1650.
1602.
1700.
1630.

792.

792.

792.
1400.
1400.
1540.
2270.
2610.
3310.
1412.
1412.
1412.
2065.
2065.
2310.
1375.
1402.
1610.
1827.
1827.
1827.
2062.
3482.
3165.
1045.
1045.
1045.
2787.
2950.
3830.

552.

552.

552.
2087.
2087.
2402.
2172.
2172.
2172.
2547.
3022.
3230.
1877.
2322.
2577.
1330.
1330.
1330.

QOO UITUNOoOUTUN IO OITUNONOITUNUIOOUTOOOOUTUITUTUTUTOUTOOOOUTUNNUTOOOOOOUTLOLul 01O U1 OO
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23 1 610.0
23 2 995.0
23 3 925.0
24 1 2032.5
24 2 2032.5
24 3 2032.5
25 1 1247.5
25 2 1302.5
25 3 1785.0

B. 2 SAS OUTPUT

This section contains listings of the SAS output obtained fromthe

source code and input data of the previous 2 sections.

B.2.1 ALPHA LEVEL FOR MEAN SEPARATI ON = 0. 05

The SAS System

67

16: 53 Saturday, June 17, 1995

Anal ysi s of Variance Procedure
Cl ass Level Information

Cl ass Level s Val ues
METHOD 3 123
RUN 25 123456789 10 11 12 13 14 15 16 17 18 19 20

21 22 23 24 25

Nunber of observations in data set = 75

The SAS System

68

16: 53 Saturday, June 17, 1995

Anal ysi s of Variance Procedure

Dependent Vari abl e: COST

Sum of Mean
Sour ce DF Squar es Square F Val ue
Model 26 41915782 1612145 33.24
Error 48 2327985 48500
Corrected Tot al 74 44243767
R- Squar e C V. Root MSE
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Pr > F

0. 0001

COST Mean



Sour ce

RUN
METHOD

0. 947383 12. 05747 220. 23 1826. 5

DF Anova SS Mean Square F Val ue Pr > F
24 40694061 1695586 34.96 0. 0001
2 1221722 610861 12. 60 0. 0001
The SAS System 69

16: 53 Saturday, June 17, 1995
Anal ysi s of Variance Procedure
T tests (LSD) for variable: COST

NOTE: This test controls the type | conparisonw se error rate not
the experinentwi se error rate.

Al pha= 0.05 df= 48 MSE= 48499. 69
Critical Value of T= 2.01
Least Significant Difference= 125.24

Means with the sane letter are not significantly different.

T G oupi ng Mean N METHOD
A 1988. 12 25 3
B 1815. 20 25 2
C 1676. 10 25 1
The SAS System 70

16: 53 Saturday, June 17, 1995
Anal ysi s of Variance Procedure
Duncan's Miultiple Range Test for variable: COST

NOTE: This test controls the type | conparisonw se error rate,
not the experinmentw se error rate

Al pha= 0.05 df= 48 MSE= 48499. 69

Nunber of Means 2 3
Critical Range 125.2 131.7

Means with the sane letter are not significantly different.
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Duncan G oupi ng Mean N METHOD

A 1988. 12 25 3
B 1815. 20 25 2
C 1676. 10 25 1
The SAS System 71

16: 53 Saturday, June 17, 1995
Anal ysi s of Variance Procedure
St udent - Newman- Keul s test for variable: COST
NOTE: This test controls the type | experinentw se error rate
under the conplete null hypothesis but not under parti al

nul | hypot heses.

Al pha= 0.05 df= 48 MSE= 48499. 69

Nunber of Means 2 3
Critical Range 125.24372 150. 64641

Means with the sane letter are not significantly different.

SNK Gr oupi ng Mean N METHOD
A 1988. 12 25 3
B 1815. 20 25 2
C 1676. 10 25 1
The SAS System 72

16: 53 Saturday, June 17, 1995
Anal ysi s of Variance Procedure
Ryan- Ei not - Gabri el -Wel sch Multiple F Test for variable: COST
NOTE: This test controls the type | experinentw se error rate.
Al pha= 0.05 df= 48 MSE= 48499. 69

Nunber of Means 2 3
Critical F 4.0426521 3.1907273

Means with the sane letter are not significantly different.
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REGWF Gr oupi ng Mean N METHOD

A 1988. 12 25 3
B 1815. 20 25 2
C 1676. 10 25 1
The SAS System 73

16: 53 Saturday, June 17, 1995
Anal ysi s of Variance Procedure
Tukey's Studentized Range (HSD) Test for variable: COST

NOTE: This test controls the type | experinentw se error rate,
but generally has a higher type Il error rate than REGANQ

Al pha= 0.05 df= 48 MSE= 48499. 69
Critical Value of Studentized Range= 3.420
M ni mum Si gni fi cant Difference= 150. 65

Means with the sane letter are not significantly different.

Tukey G oupi ng Mean N METHOD
A 1988. 12 25 3
B 1815. 20 25 2
B
B 1676. 10 25 1
The SAS System 74

16: 53 Saturday, June 17, 1995
Anal ysi s of Variance Procedure
St udenti zed Maxi mum Modul us (GT2) Test for variable: COST

NOTE: This test controls the type | experinentw se error rate,
but generally has a higher type Il error rate than REGANQ

Al pha= 0.05 df= 48 MSE= 48499. 69
Critical Value of Studentized Maxi num Modul us= 2.471
M ni mum Si gni fi cant Difference= 153. 89

Means with the sane letter are not significantly different.

SMM Gr oupi ng Mean N METHOD
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A 1988. 12 25 3

B 1815. 20 25 2
B
B 1676. 10 25 1

The SAS System

75

16: 53 Saturday, June 17, 1995

Anal ysi s of Variance Procedure

Scheffe's test for variable: COST

NOTE: This test controls the type | experinentw se error rate but
generally has a higher type Il error rate than REGWF for

all pairwi se compari sons
Al pha= 0.05 df= 48 MSE= 48499. 69
Critical Value of F= 3.19073
M ni mum Si gni fi cant Difference= 157. 35

Means with the sane letter are not significantly different.

Scheffe G ouping Mean N METHOD
A 1988. 12 25 3
B 1815. 20 25 2
B
B 1676. 10 25 1

B.2.2 ALPHA LEVEL FOR MEAN SEPARATION = 0. 10

The SAS System

1

18: 53 Monday, June 19, 1995

Anal ysi s of Variance Procedure
Cl ass Level Information

Cl ass Level s Val ues
METHOD 3 123
RUN 25 123456789 10 11 12 13 14 15 16 17 18 19 20

21 22 23 24 25

Nunber of observations in data set = 75
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The SAS System 2
18: 53 Monday, June 19, 1995

Anal ysi s of Variance Procedure

Dependent Vari abl e: COST

Sum of Mean
Sour ce DF Squar es Square F Val ue Pr > F
Model 26 41915782 1612145 33.24 0. 0001
Error 48 2327985 48500
Corrected Tot al 74 44243767
R- Squar e C V. Root MSE COST Mean
0.947383 12. 05747 220. 23 1826.5
Sour ce DF Anova SS Mean Square F Val ue Pr > F
RUN 24 40694061 1695586 34.96 0. 0001
METHOD 2 1221722 610861 12. 60 0. 0001
The SAS System 3

18: 53 Monday, June 19, 1995
Anal ysi s of Variance Procedure
T tests (LSD) for variable: COST

NOTE: This test controls the type | conparisonw se error rate not
the experinentwi se error rate

Al pha= 0.1 df= 48 MSE= 48499. 69
Critical Value of T= 1.68
Least Significant Difference= 104. 47

Means with the sane letter are not significantly different.

T G oupi ng Mean N METHOD
A 1988. 12 25 3
B 1815. 20 25 2
C 1676. 10 25 1
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The SAS System 4
18: 53 Monday, June 19, 1995

Anal ysi s of Variance Procedure
Duncan's Miul tiple Range Test for variable: COST

NOTE: This test controls the type | conparisonw se error rate,
not the experinmentw se error rate

Al pha= 0.1 df= 48 MSE= 48499. 69

Nunber of Means 2 3
Critical Range 104.5 110.3

Means with the sane letter are not significantly different.

Duncan G oupi ng Mean N METHOD
A 1988. 12 25 3
B 1815. 20 25 2
C 1676. 10 25 1
The SAS System 5

18: 53 Monday, June 19, 1995
Anal ysi s of Variance Procedure
St udent - Newman- Keul s test for variable: COST
NOTE: This test controls the type | experinentw se error rate
under the conplete null hypothesis but not under partia
nul | hypot heses.

Al pha= 0.1 df= 48 MSE= 48499. 69

Nunber of Means 2 3
Critical Range 104.47337 130.96033

Means with the sane letter are not significantly different.

SNK Gr oupi ng Mean N METHOD
A 1988. 12 25 3
B 1815. 20 25 2
C 1676. 10 25 1
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The SAS System 6
18: 53 Monday, June 19, 1995

Anal ysi s of Variance Procedure
Ryan- Ei not - Gabri el -Wel sch Multiple F Test for variable: COST
NOTE: This test controls the type | experinentw se error rate.
Al pha= 0.1 df= 48 MSE= 48499. 69

Nunber of Means 2 3
Critical F 2.813081 2.4166601

Means with the sane letter are not significantly different.

REGWF Gr oupi ng Mean N METHOD
A 1988. 12 25 3
B 1815. 20 25 2
C 1676. 10 25 1
The SAS System 7

18: 53 Monday, June 19, 1995
Anal ysi s of Variance Procedure
Tukey's Studentized Range (HSD) Test for variable: COST

NOTE: This test controls the type | experinentw se error rate,
but generally has a higher type Il error rate than REGANQ

Al pha= 0.1 df= 48 MSE= 48499. 69
Critical Value of Studentized Range= 2.973
M ni mum Si gni fi cant Difference= 130. 96

Means with the sane letter are not significantly different.

Tukey G oupi ng Mean N METHOD
A 1988. 12 25 3
B 1815. 20 25 2
C 1676. 10 25 1
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The SAS System 8
18: 53 Monday, June 19, 1995

Anal ysi s of Variance Procedure
Studenti zed Maxi mum Modul us (GT2) Test for variable: COST

NOTE: This test controls the type | experinentw se error rate,
but generally has a higher type Il error rate than REGANQ

Al pha= 0.1 df= 48 MSE= 48499. 69
Critical Value of Studentized Maxi num Modul us= 2.171
M ni mum Si gni fi cant Difference= 135.25

Means with the sane letter are not significantly different.

SMM Gr oupi ng Mean N METHOD
A 1988. 12 25 3
B 1815. 20 25 2
C 1676. 10 25 1
The SAS System 9

18: 53 Monday, June 19, 1995
Anal ysi s of Variance Procedure
Scheffe's test for variable: COST
NOTE: This test controls the type | experinentw se error rate but
generally has a higher type Il error rate than REGWF for
all pairwi se comparisons
Al pha= 0.1 df= 48 MSE= 48499. 69
Critical Value of F= 2.41666
M ni mum Si gni fi cant Difference= 136.94

Means with the sane letter are not significantly different.

Scheffe G ouping Mean N METHOD
A 1988. 12 25 3
B 1815. 20 25 2
C 1676. 10 25 1

134



OPTI M ZATI ON OF CHASSI S REALLOCATI ON | N DOUBLESTACK
CONTAI NER TRANSPORTATI ON SYSTEMS

Abstract of dissertation submitted in partial fulfill ment
of the requirenments for the degree of
Doct or of Phil osophy

By

ERNEST DAVID JUSTICE, B.S., MS.C.S. E
Uni versity of Arkansas, 1984
Uni versity of Arkansas, 1988

August 1995
Uni versity of Arkansas

135



This abstract is approved by:

Di ssertation Director:

Hanmdy A. Taha

136



ABSTRACT

Cost efficiencies associated with double stacking truck containers
on flatbed railcars have notivated carriers to increase their involvenent
in intermpdal freight transportation. However, container-on-flatcar
(COFC) service in rail-truck environments requires nmaintenance of a
separate chassis fleet for highway transport. Contai ners arriving at
i nternodal termnals (ranps) must be | oaded on avail abl e hi ghway chassi s
in order to be nmoved by truck. Conversely, containers nust be detached
fromtruck and chassis to be |oaded on departing trains. The nature of
normal business activity does not guarantee that a sufficient pool of
chassis will remain at all ranps due to variation in container | oadings.
Ranps that have nore arrivals than departures over tinme can deplete a
supply of chassis unless sone action is taken to redistribute chassis on a
tinmely basis.

This research has led to the devel opnent of a transportation node
to assist in chassis reallocation decisions. I nformati on regarding
i nternodal train schedul es, chassis and container |ocations, and chassis
transport costs are included as inputs to the nodel, which optim zes the
given problemw th a mninum cost objective. Mdel output is a suggested
chassis redistribution for a given tinme period.

The devel opnent of a software inplenentation of the nodel for use on
| BM conpati ble personal conmputers is presented with an objective of
assisting with chassis reallocation on a continuing basis. The
correctness of the software is verified before characterizing the
associ ated conputing resource requirenments. The utility of the software
is denmonstrated in designed experinments and the incorporation of the

software into industrial operating environments is discussed.









