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CHAPTER 2: OVERVIEW OF THE OPERATIONS RESEARCH 

MODELING APPROACH 
 
 

2.1-1. 
 

(a) The rise of electronic brokerage firms in the late 90s was a threat against full-service 

financial service firms like Merrill Lynch. Electronic trading offered very low costs, 

which were hard to compete with for full-service firms. With banks, discount brokers and 

electronic trading firms involved, the competition was fierce. Merrill Lynch needed an 

urgent response to these changes in order to survive. 
 

(b)  "The  group's  mission  is  to  aid  strategic  decision  making  in  complex  business 

situations through quantitative modeling and analysis" [p.8]. 
 

(c) The data obtained for each client consisted of "data for six categories of revenue, four 

categories of account type, nine asset allocation categories, along with data on number of 

trades, mutual fund exchanges and redemptions, sales of zero coupon bonds, and purchases 

of new issues" [p. 10]. 
 

(d) As a result of this study, two main pricing options, viz., an asset-based pricing option 

and a direct online pricing option were offered to the clients. The first targeted the clients 

who want advice from a financial advisor. The clients who would choose this option would 

be charged at a fixed rate of the value of their assets and would not pay for each trade. The 

latter pricing option was for the clients who want to invest online and who do not want 

advice. These self-directed investors would be charged for every trade. 
 

(e) "The benefits were significant and fell into four areas: seizing the marketplace initiative, 

finding the pricing sweet spot, improving financial performance, and adopting the approach 

in other strategic initiatives" [p.15]. 
 

2.1-2. 
 

(a) This study arose from GM's efforts to survive the competition of the late 80s. Various 

factors, including the rise of foreign imports, the increase in customer expectations and 
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the pricing constraints, forced GM to close plants and to incur large financial losses. 

While trying to copy Japanese production methods directly, GM was suffering from 

"missing  production  targets,  working  unscheduled  overtime,  experiencing  high  scrap 

costs, and executing throughput-improvement initiatives with disappointing results" [p. 

7]. The real problems were not understood and the company was continuously losing 

money while the managers kept disagreeing about solutions. 
 

(b) The goal of this study was "to improve the throughput performance of existing and new 

manufacturing systems through coordinated efforts in three areas: modeling and algorithms, 

data collection, and throughput-improvement processes" [p. 7]. 
 

(c) The data collection was automated by using programmable logic controllers (PLCs). 

The software kept track of the production events including "machine faults and blocking 

and starving events" [p. 13] and recorded their duration. The summary of this data was then 

transferred to a centralized database, which converted this to workstation- performance 

characteristics and used in validating the models, determining the bottleneck processes and 

enhancing throughput. 
 

(d)  The  improved  production  throughput  resulted  in  more  than  $2.1  billion  in 

documented savings and increased revenue.
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2.1-3. 

(a)   The San Francisco Poice Department has a total police force of   1900, with 850 

officers on patrol. The total budget of SFPD in 1986 was $176 million with patrol coverage 

cost of $79 million. This brings out the importance of the problem . 

Like most police departments, SFPD was also operated with manually designed 

schedules. It was impossible to know if the manual schedules were optimal in serving 

residents' needs. It was difficult to evaluate alternative policies for scheduling and 

deploying officers. There was also the problem of poor response time and low productivity, 

pressure of increasing demands for service with decreasing budgets. The scheduling system 

was facing the problem of providing the highest possible correlation between the number 

of officers needed and the number actually on duty during each hour.  All  these  

problems  led  the  Task  Force  to  search  for  a  new  system  and  thus undertake this 

study. 
 

(b) After reviewing the manual system, the Task Force decided to search for a new 

system. The criteria it specified included the following six directives: 

-- the system must use the CAD (computer aided dispatching ) system, which 

provides a large and rich data base on resident calls for service. The CAD system 

was used to dispatch patrol officers to call for service and to maintain operating 

statistics such as call types, waiting times, travel time and total time consumed 

in servicing calls. The directive was to use this data on calls for service and 

consumed times to establish work load by day of week and hour of day. 

-- it must generate optimal and realistic integer schedules that meet management 

policy guidelines using a computer. 

-- it must allow easy adjustment of optimal schedules to accommodate human 

considerations without sacrificing productivity. 

-- it must create schedules in less than 30 minutes and make changes in less than 

60 seconds. 

-- it must be able to perfonn both tactical scheduling and strategic policy testing in 

one integrated system 

--the user interface must be flexible and easy, allowing the users (captains) to decide 

the sequence of functions to be executed instead of forcing them to follow a 

restrictive sequence. 
 

2.1-4. 

(a) Taking all the statistics of AIDS cases into account it was inferred that just one-third 

of all cases nation-wide involved some aspect of Injection Drug Use(IDU). But in 

contrast to this national picture, over 60% of 500 cases reported in New Haven , 

Connecticut was traced to drug use. Though it was realized previously, by 1987 it was 

clear that the dominant mode of HIV transmission in New Haven was the practice of 

needle sharing for drug injection. 

This was the background of the study and in 1987 a street outreach program was 

implemented which included a survey of drug addicts with partial intent to detennine 

why lDUs continued to share needles given the threat of HIV infection and AIDS. h was 

claimed by the survey respondents that IDUs shared needles since they were scared and 

feared arrest for possessing a syringe without prescription which was forbidden by law in 

Connecticut. Respondents also pointed out difficulties involved in entering drug treatment 

program . The officials recognized that logical intervention was needle exchange whereby 

IDUs exchanged their used needles for clean ones. This would remove
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infectious drug injection equipment from circulation and also ease access to clean 

needles. Further, contacts made as a result of needle exchange m ight lead some active 

lDUs to consider counseling or enter drug treatment. After a lot of lobbying finally the 

bill for the first legal needle exchange program became effective on July 1, 1990. 
 

(b) The design for the needle exchange program was achieved over the summer of 1980. 

The relevant committee decided that IDUs would be treated with respect and so no 

identification information was asked of program clients. The program began operating on 

November 13, 1990. 

The needle exchange operate on an outreach basis. A van donated by Yale 

university visits neighborhoods with high concentration of IDUs. Outreach staff members 

try to educate the clients over there by different means like distributing literature 

documenting risks of HIV infection, dispensing condoms , clean packets, etc. 

The primary goal of needle exchange is to reduce incidence of new HIV infection 

among IDUs. While studies showed consistent self-reported reductions in risky behavior 

among lDUs participating in needle exchange programs the studies were not convincing. 

So the mechanics of needle exchange require that the behavior of needles must change. 

What was required was to reduce the time needles spend circulating in the population. As 

needles circulate for shorter period of time, needles share fewer people which lower the 

number of infected needles in the pool of circulating needles which in effect lowers 

chances of an IDU becoming infected being injected with a previously infected needle. 

To use this theory required invention of new data collection system which is as follows. 

A syringe tracking and testing is a system developed to interview the needles 

returned to the program. All clients participating in the needle exchange are given unique 

code names and every needle distributed receives a code. Every time a client exchanges 

needles, an outreach worker records the date and location of exchange. He also records 

the code name of the client receiving the needles alongside the codes of the needles.The 

client then places the returned needles in a canister to which the worker puts a label with 

the date and location of exchange and code name of client. 

All returned needles are brought to a laboratory at Yale University where a 

technician collates the information on the canister labels with the tracking numbers on 

the returned needles . For non-program or street needles returned to needle exchange, the 

location, date, and client code are recorded. A sample of the returned needles are tested 

for HIV.
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2.2-1. 
 

The financial benefits that resulted from this study include savings of $40 million in 2001 

and of $5 million in 2002. The savings for any major disruption have been between $1 

and $5 million. The new system enabled Continental Airlines to operate in an efficient 

and cost-effective manner in case of disruptions. The time to recover and the costs 

associated  with  disruptions  are  reduced.  What-if  analysis  allowed  the  company  to 

evaluate various scenarios in short periods of time. Since the complete reliable data can 

be generated quickly, the company reacts to facts rather than forecasts. These improvements 

in handling irregularities resulted in better and more reliable service and hence happier 

customers.
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2.2-2. 
 

(a) Swift & Company operates in an industry that involves highly skilled labor, many 

production pathways and perishable products. To generate profit, the company needs to 

make an efficient use of every single animal procured. Before this study, Swift was not able  

to  meet  the  shipping  deadlines  and  as  a  result  of  this,  it  was  forced  to  offer 

discounts. The consequences of this practice included highly reduced profits, inaccurate 

forecasts and very low reliability. The company had to find a way to come up with the 

best product mix and to survive in this business defined by volatility and velocity. 
 

(b) The purpose of the scheduling models is "to fix the production schedule for the next 

shift and to create a projection of short order" [p. 74]. They generate shift-level and daily 

schedule for 28 days. The capable-to-promise (CTP) models "determine whether a plant 

can ship a requested order-line-item quantity on the requested date and time given the 

availability of cattle and constraints on the plants' capacity during the 90-day model 

horizon" [p. 75]. The starting inventory, committed orders, and production schedule 

generated by the CTP models are inputs to the available-to-promise (ATP) models. Every 

15 minutes, the ATP models determine the unsold production of each shift and alert the 

salespeople to undesirable inventory levels. 
 

(c) The company now uses 45 optimization models. 
 

(d) As a result of this study, the key performance measure, namely the weekly percent- sold 

position has increased by 22%. The company can now allocate resources to the production 

of required products rather than wasting them. The inventory resulting from this approach 

is much lower than what it used to be before. Since the resources are used effectively to 

satisfy the demand, the production is sold out. The company does not need to offer 

discounts as often as before. The customers order earlier to make sure that they can get 

what they want by the time they want. This in turn allows Swift to operate even more 

efficiently. The temporary storage costs are reduced by 90%. The customers are now 

more satisfied with Swift. With this study, Swift gained a considerable competitive 

advantage. The monetary benefits in the first years was $12.74 million, including the 

increase in the profit from optimizing the product mix, the decrease in the cost of lost sales, 

in the frequency of discount offers and in the number of lost customers. The main 

nonfinancial benefits are the increased reliability and a good reputation in the business. 
 

2.2-3.
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2.2-5. 
 

(a) The objective was to simultaneously maximize the company's use of its aircraft, crew, 

and facilities. 
 

(b) Network optimization, linear programming, integer programming, nonlinear 

programming, and dynamic programming. 
 

(c) Since the inception of the study, it had generated savings in excess of $54 million 

with projected additional savings of $27 million annually. 
 

2.3-1. 
 

(a) Towards the end of 90s, Philips Electronics faced challenges in coordinating its 

supply chains. Decentralized short-term planning was no longer very reliable. The spread 

of the information to various branches of the global supply chains was taking a lot of 

time and the information was distorted while it was being transferred. To deal with the 

uncertainty, the companies had to keep high inventory levels. 
 

(b) The ultimate purpose of this study was "to improve competitiveness by improving 

customer service, increasing sales and margins, and reducing obsolescence and inventories" 

[p. 38]. To achieve this, the project team aimed at designing a collaborative- planning (CP) 

process that would improve trust and collaboration between partners and accelerate 

decision making. 
 

(c) "The algorithm can generate feasible plans within seconds. In fact, the calculation of 

the plan is hardly noticeable to the people participating in the weekly CP meeting. The 

speed  of  the  algorithm  also  allows  planners  to  compute  multiple  plans  during  the 

meeting, creating an interactive planning environment. The software environment also 

provides strong problem-solving support, used extensively during the CP meetings. One 

such  capability  is  called  backward  pegging.  It  exploits  the  one-to-one  relationship 

between the storage of an end item in some future period and a constraining stock on 

hand or scheduled receipt of one or more upstream items. Thus, the backward-pegging 

mechanism makes the actual material bottlenecks in the network visible" [p. 41-42]. 
 

(d) The four steps of the collaborative-planning process are gathering data, deciding, 

escalating and deploying. 
 

(e) This study allowed the companies to solve complex problems quickly, to exploit 

profitable opportunities and to enhance trust within the supply chain. The information is 

now conveyed to other parties in a shorter time and more accurately. As a result of this, 

the  companies  can  have  accurate  information  about  the  availability  of  material  at 

different stages. This results in the reduction of inventory and obsolescence as well as the 

ability to respond promptly to the changes in market conditions. The benefit from 

decreasing  inventory  and  obsolescence  is  around  $5  million  per  year  in  total. 

Nonfinancial benefits include enhanced flexibility and reliability throughout the chain.
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2.3-2. 
 

 

 

(a)       The role of evaluating a model is to extract information from it. It entails two, 

often simultaneous activities-- identifying alternatives and calculating objectives. 

The  most  known  technique  for  identifying  alternatives  is  optimization.  The 

process  yields  a  single  solution  which  maximizes  or  minimizes  a  single  objective 

function. The most prevalent technique used for identifying multiple alternatives is 

sensitivity analysis. The process can show how the optimum changes when model 

parameters change or can provide near-optimal alternative solutions. 

The author views that optimization should not be the sole goal, not just  because 

models are abstractions of real world but because they do not provide adequate information 

for making decisions. Its objective is to find only one solution. But the decision maker 

probably would prefer information on several alternatives. Though sensitivity analysis 

increases effectiveness of optimization , it is deficient. It only yields alternative solution 

near optimum. The decision maker rather needs unique solutions which offer distinct 

alternatives. 

So the author opines that research should be devoted to identify multiple 

alternatives. One may begin in the solution process itself. Each solution is a feasible 

alternative, which the decision maker may choose over the optimum. New algorithms 

may be designed to identify distinct alternatives. 

The second step of evaluation should involve calculating quantifiable objective 

for each alternative. 

Thus summarizing, the author views that although optimization has dominated 

research in MS/OR it is but one technique for addressing one part of MS/OR process. It 

is  deficient  since  it  does  not  provide  adequate  information  for  making  important 

decisions. Complex decisions rather require information on many alternatives and also an 

understanding of basic trade-offs and principles. Optimization alone cannot provide this 

information. 
 

(b) The key to MS/OR is not only possessing knowledge. Though different practitioners 

take different approaches -- three key steps being 

--modeling 

-- evaluating 

--deciding, which  are all  complementary. 

In MS/OR systematized knowledge is reflected in better decisions. The key to good 

decisions is knowledge and judgment. Modeling and evaluation form a systematized way 

for acquiring knowledge; judgment  is acquired through experience. 

The  problems  which  do  not  require  judgment  are  the  ones  which  can  be 

formulated   with   well-defined   objective   functions   and   solved   automatically   with 

algorithms which are pretty efficient an example being the shortest path algorithm. On 

the other hand, there are problems which are easy to formulate but difficult to solve. For 

example, a carpet store owner would not argue with the objective of the cutting stock 

problem but may not be happy with solutions provided by available software. He would 

benefit from models that offer help in cutting the carpet. Combining knowledge from 

modeling with judgment of store owner would give best result. 

Generally,  important  questions  facing  management  are  not  well-defined  as 

shortest path or cutting stock problem. Neither there are related well-defined problems 

which can be optimized, example the facilities layout problem. 

Thus the roles are all complementary. Most depend on both judgment of decision 

maker and knowledge gained from modeling and evaluating.
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2.3-3. 
 

 

 

(a) The problem is to design and schedule the company's product line containing over 

5000 products serving a wide variety of markets. 
 

(b) The algorithm is a genetic algorithm (the subject of Sec. 14.4), which is a particular 

kind of metaheuristic (the subject of Chap. 14). 
 

2.4-1. 

The credibility of analyses and therefore the probability that policies based upon them 

will be implemented depends on the perceived validity of the models. 

The process of model validation though is a burden which helps to learn lessons 

which  may  not  lead  to  just  improvements  in the  model  but  also  to  changes  in  the 

scientific theory and public policy. This happened in PAWN with the Nutrient model and 

eutrophication. When PAWN was started, the Dutch eutrophication control strategy was 

to decrease phosphate discharges into surface water from point sources mostly sewage 

treatment plants. 

To find out how effective this strategy is the Algae Bloom model was applied to 

some major Dutch lakes. It was revealed that in most cases this required enormous 

percentage decrease in phosphate concentrations. 

Next  question  was  what  was  to  be  done  to  achieve  a  particular  percentage 

decrease in phosphate concentration. The Dutch strategy was based on the fact that large 

amount of phosphates and other nutrients accumulated in bottom of the lakes was bound 

permanently to the bottom and hence unavailable to support algae blooms. This was 

contradicted both in the Nutrient Model calibration process and validation process. 

Studies  taken  convinced  them  that  nutrients  particularly  phosphate  can  be 

liberated from bottom sediments both in normal steady mode and explosive mode. This 

was widely accepted in the scientific community. 

But the conclusion implied that use of a phosphate reduction program as the only 

way to limit algae bloom would have hardly any immediate success. But analysis with 

the Algae Bloom model suggests other tactics which could be effective and combination 

of tactics should be tailored to individual lakes. 
 

2.4-2. 

The author feels that observation and experimentation are not emphasized in the MS/OR 

literature or in the training of its workers as much as experience would lead one to 

believe. As examples he has given some experiences with the US Air Force in early '50s 

which strengthens his belief. 

He opines that observing actual operations as part of the analysis process provides 

a required base for understanding what is going on in a problem situation. They can help 

to point out difficulties being encountered, suggest hypothesis and theories that may 

account for problems and offer evidence regarding the validity of the models built as part 

of problem solving process. 

lf a problem is in regard to a non-existing system or an operating system fulfills 

an important function that must continue, so that controlled experiments with are not 

possible-- one can build a theory about relevant phenomena and analyze the theory but 

numerical   results   obtained   in   this   way   clearly   can   be   viewed   with   suspicion. 

Alternatively if a similar system exists, one can extrapolate from results with it to make 

estimates  about  the  prospective  system.  In  fact,  administrative  emergencies  or  an 

executive desire to try something new may cause the behavior of a system already in 

existence to change. The analyst may then be able to collect data useful for analyzing
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how the system would operate under changed circumstances or for identifying problems 

that might crop up under different operating regimes. 

From his personal experiences he gives evidence to give substance to these remarks 

of his. 

If data was used from one system to predict performance of another he believes that 

the parameter values form observing another similar system can be useful, and 

incorporating such estimates in a crude study can be better than not doing a study at all. 

Parameter values from one context to another cannot be expected to support detailed 

findings, but even crude findings are enough to provide indispensable information on which 

to base policy. 

He has also analyzed the results of a continent wide Air Defense exercise. He 

says here that analysis must be carefully planned, and planning must begin early. Early 

work serves to put attention on the structure of the work and issues to be faced as well as 

other responsibilities. 

Thus, in nutshell, the author views that skills involved in observation and 

experimentation are enumerous and should be part of the tool kit of many MS/OR analysts. 

He views that discriminating observation and carefully planned experimentation and 

analysis are central to MS/OR. 

Observing actual operations and collection of data allow us to discern problems, 

develop hypotheses and validate models needing skill. 

Similarly, accurate and complete data are required to estimate validity. Program 

evaluation brings together many of the issues of observation and experimentation. 

Thus, issues of scientific and professional craft related to observation and 

experimentation should occur as important pieces in experience, literature and training of 

MS/OR workers. 
 

2.4-3. 

(a)   The author views that analysts do not believe that a model can be completely validated. 

He further opines that policy models can at best be invalidated. Thus, the objective of 

validation or invalidation attempts is to increase the degree of confidence that the events 

obtained from the model will take place under conditions assumed. After trying all 

invalidation procedures, one will have a good understanding of strengths and weaknesses 

of the model and will be able to meet criticisms of omissions. Knowing the Iimitations of 

the model will enable one to express proper confidence on its results. 
 

(b) Model Validity deals with correspondence of the model to the real world and related 

to pointing out all stated and implied assumptions, identification and inclusion of all 

decision variables and hypothesized relations among variables. Different assumptions are 

made and the analyst compares each assumption and hypothesis to the internal and external 

problem environments viewed by the decision maker and comments on the extent of 

divergence. 

Data validity deals with raw and structured data, where structured data is 

manipulated raw data. Raw data validity is concerned with measurement problems and 

determining if the data is accurate, impartial and representative. Structured data validity 

needs review of each step of the manipulation and is a part of model verification. 

Logical/mathematical validity deals with translating the model form into a 

numerical, computer process that produces solutions. There is no standard method to 

determine  this.  Approaches  include  comparing  model  outcomes  with  expected  or 

historical results and a close scrutiny of the model form and its numerical representation 

on a flow chart.
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Predictive validity is analyzing errors between actual and predicted outcomes for 

a model's components and relationships. Here one looks for errors and their magnitudes, 

why they exist and if how they can be corrected. 

Operational validity attempts to assess the importance of errors found under 

technical validity. It must find out if the use of the model is appropriate for the observed 

and expected errors. lt also deals with the fact whether the model can produce unacceptable 

answers for proper ranges of parameter values. 

Dynamic  validity  is  concerned  with  determining  how  the  model  will  be 

maintained during its life cycle so it will continue to be an accepted representation of the 

real system. The two areas of interest thus are update and review. 
 

(c) Sensitivity analysis plays an important role in testing the operational validity of a model. 

In this, values of model parameters are varied over some range of interest to determine if 

and how the recommended solution changes. If the solution is sensitive to certain parameter 

changes, the decision maker may want the model analysts to explore further or justify in 

detail values of these parameters. Sensitivity analysis also involves the relationship 

between small changes in parameter values and magnitude of related changes in outputs. 
 

(d) Validating a model tests the agreement between behavior of the model and the  real 

world  system  being  modeled.  Models  of  a  non-existing  system  are  the  difficult  to 

validate. Three concepts apply here: face validity or expert opinion, variable -parameter 

validity and sensitivity analysis and hypothesis validity. Though these concepts are 

applicable to all models, models of real systems can be subjected to further tests. Validity 

is measured by how well the real-system compares with model-generated data. The 

model is replicatively valid if it matches data acquired from the real system. It is 

predictively valid when it matches data before getting the data from the real system. A 

model is structurally valid if it reproduces the observed real system behavior as well as 

reflects the way in which real system works to produce this. 

The author views that there is no validation methodology appropriate for all models. 

He says that a decision-aiding model can never be completely validated as there are never 

real data about the alternatives not implemented. Thus, analysts must be careful in devising, 

implementing, interpreting and reporting validation tests for their models. 
 

(e) Basic validation steps have been cited in page 616 of the article. 
 

2.5-1. 

(a) In the late 1970s, oil companies began to experience downward pressure on profitability 

due to rapid and continuing changes in external environment. Partially in response to these 

pressures Texaco's Computer Information Systems department developed an improved on-

line interactive gasoline blending system called OMEGA. It was first installed in 1983 and 

is now used in all seven Texaco US refineries and in two foreign plants. 
 

(b) A simple interactive user interface makes OMEGA easy to use. All input data can be 

entered by hand. OMEGA can interface with refinery data acquisition system. The user can 

access stock qualities, stock availabilities, blend specification and requirements, starting 

values and limits, optimization options, automatic stock selection, automatic blend 

specification and several other options.
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Several  features  aid  the  user  in  performing  planning  functions.  By  choosing 

appropriate options user can obtain optimization options. The user also has other options. 

Each refinery uses different set of features depending on its availability of blending 

stocks. These vary depending on the configuration of the refinery and particular crudes 

being refined. Availability and easy use of OMEGA features has provided engineers and 

blenders with powerful and easy tool. 
 

(c) OMEGA is constantly being updated and extended. It had to be modified to take into 

account EPA's regulation for a lead phase down for regular-leaded gasoline so that now 

OMEGA could be more accurate for these lower lead levels. 

OMEGA  is  continuously  modified  to  reflect  changes  in  refinery  operations. 

Differences in refineries required changes to the system. 

When Texaco began installing OMEGA in their foreign refineries, additional 

changes had to be made to handle different requirements of different countries. 

Improvements  to  OMEGA  are  needed  to  enable  it  to  answer  the  new  and 

unanticipated what-if questions often asked by refinery engineers. 
 

(d) Each refinery uses OMEGA in varying degrees and for various purposes depending 

on their needs, complexity and configuration. Below the typical usage of the system is 

pointed out. 

On a monthly basis, refineries use OMEGA to develop a gasoline blending plan 

for the month. The refinery planning model's projected blending stock volumes are input to 

OMEGA. The blending planner calculates 3 to 8 blends in a single OMEGA run. The 

refinery planning model's blend compositions are input into OMEGA as initial values. Once 

a reasonable blend is developed, the marketing department is contacted to discuss resulting 

grade splits. After marketing department does their job a finalized blending plan is 

developed for the month. The scheduler determines when each of the grades will be 

blended. All these work are done by using OMEGA. 
 

(e) OMEGA contributes to overall profitability. To measure actual benefit, a method tried 

was comparing blend composition that blenders used with and without OMEGA. Here 

OMEGA achieved as much as 30 percent increase in profit. Average increase in profit is 

approximately 5 percent of gross gasoline revenue. If OMEGA is used to calculate blending 

recipes fewer blends fail to meet their quality specification. OMEGA's more reliable 

gasoline grade-split estimates provide significant aid to those developing marketing 

strategies and refinery production targets. OMEGA is used for what-if case studies 

performed for example for economic analysis of refinery improvement projects and 

analysis of how proposed Government regulations would affect Texaco. OMEGA's features 

have enabled Texaco with capacity to do things not possible with previous blending system, 

for example, to deal with mix stocks, consider new grades of gasoline, more control on 

inventory, etc. OMEGA's features make it easy and quick to explore new avenues of 

profitability for a refinery. 
 

2.5-2. 

(a) Yellow Freight System, Inc. was founded in 1926 as a regional motor carrier serving 

the Mid-West. Today it is one ofthe largest motor carriers in the country. From a mixed 

operation in the 1970s, Yellow now predominantly serves the less-than-truckload (LTL) 

portion of the freight market. The '80s were a difficult decade for the motor carrier industry. 

Deregulation made the way for tremendous opportunity for growth but also presented  

management  with  new  and  difficult  challenges  to  manage  these  larger operations  

more  efficiently  than  before.  After  1980,  motor  carriers  were  forced  to
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compete on price, which led to a lot of pressure to cut costs. The result was decrease in 

transportation rates. Between 1980 to 1990, transportation rates translated to a drop in 

real terms of 29%. In addition to real rate decreases, the shipping community in response 

to intense international competition, started to increase their expectation in service. For 

many shippers, Yellow Freight is a full partner in their total quality management programs. 

Another important component of the logistics system is timely delivery of freight. Service 

reliability is also critical. This heightened emphasis on service was a problem for some 

long-standing operating practices used by national LTL carriers. The effect of these 

pressures can be seen in the tremendous attrition the industry suffered. Out of top 20 

revenue producing LTL carriers in 1979, only 6 are there today. In this period, Yellow 

Freight grew from 248 to 630 terminals. This growth has had the effect of creating 

an extremely large and complex operation. The large network also needs a greater 

degree of coordination. 

In 1986, Yellow initiated a project to improve its ability to manage a complex 

system.  Yellow  was  interested  in  using  a  modern  network  method  to  simulate  and 

optimize a large network. The project had a main goal -- improved service and servi.ce 

reliability   through   better   management   control   of   the   network.   This   goal   was 

supplemented by broader management objectives. There was also an expectation that 

improved   planning   would   lead   to   higher   productivity   level   and   lower   costs. 

Consequently, a project team was formed. 
 

(b) The development effort at Yellow started with an existing model as a base and then 

were modified. The result of this effort was SYSNET. SYSNET is more than 80,000 

lines of FORTRAN code for performing sophisticated optimizations using modem network 

tools. They developed an innovative, interactive optimization technology that puts 

human beings in the loop, placing sophisticated, up-to-date optimization methods in their 

hands. These methods were required in the development of a system that would handle the 

entire network without resorting to heuristic methods to decrease the size of the problem. 

As a result, user is able to analyze impacts of changes in the whole network in a simple but 

interactive fashion. Projects can be completed earlier new with greater precision. Decisions 

on shipment consolidations are now optimized taking into account the system effect of 

each decision. 

Yellow uses SYSNET for two sets of applications: 

--  main  use  is  tactical  load  planning,  which  involves  monthly  planning  and 

revision of set of instructions that govern handling and consolidation of 

shipments through the network. 

-- the second set of applications involve longer range planning of the network itself. 

These problems cover the location and sizing of new facilities, and long range 

decisions that govern the flow of freight between terminals. 

At Yellow SYSNET is more than just a piece of code. It embodies an entire planning 

methodology adopted by all levels of the company. From strategic planning studies 

communicated to high-level management to network routing instructions sent right to  

the  field,  SYSNET  has  become  a comprehensive planning process that has allowed  

management  to  maintain  control of  a  large  complex  operation.  In  addition, Yellow 

uses SYSNET as the central tool in the design and evaluation of projects of over 

$10 million in annual savings. 
 

(c) The interactive aspects of the code proved important in two respects: 

-- the user was needed to guide the search for changes in the network. For 

example, the user may know that freight levels are on the rise in the Midwest or a
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particular breakbulk is facing problems with capacity. ln other cases, the user may know 

that the current solution is a local minimum and a major change in the network is needed 

to achieve an overall improvement.   A human being can easily point out these spatial 

patterns and test for promising configurations. 

-- the second use proved critical to the adoption of the system and was the user's 

capability to accept and reject suggestions made by the computer. SYSNET displays 

suggested changes and allows the user to evaluate each one in terms of difficult to 

quantify factors. Also local factors, such as work rules or special operating practices that 

are not incorporated into the model can be accounted for by a knowledgeable user. 
 

(d) For strategic planning, the outputs from SYSNET are a set of reports used to prepare 

management summaries on different options. SYSNET is also used on a operational basis 

to perform load planning. ln this role, SYSNET is used to maintain a file that determines 

the actual routing of shipments through the service network. This file, which contains the 

load planning, is accessed directly by systems that are used by every terminal manager in 

the field. SYSNETS control of load planning and its capability to communicate these 

instructions to the field is the most important accomplishment of the project. 
 

(e) SYSNETs effect can be seen in four areas: 

-- quality of planning practices and management culture 

-- cost savings resulting directly from improvement in load planning 

-- in analyzing projects 

--improved service to customers from more reliable transportation 

Qualitative changes includes the following: 

--management had more control over network operations. SYSNET now allows 

managers to have direct control. The new load pattern closely controls the 

loading of directs and management can quickly change the load pattern in 

response to changing needs. 

-- it could set real istic performance standards. SYSNET allowed Yellow to set 

direct loading standards based on anticipated freight levels, creating more 

realistic performance expectations. 

-- planners can better understand the total system now. Yel\ow can now evaluate 

new projects and ideas based on their impact on the entire system 

--  SYSNET  allows  managers  to  analyze  projects  formally  before  making 

decisions 

-- with SYSNET managers can analyze new options quickly in response to changing 

situations 

-- Analysts can now try new ideas on computers which ultimately leads to new ideas 

in the field 

-- because of SYSNET, Yellow is more open now to use of new information 

technologies 

-- the new system has reduced claims. SYSNET has had a substantial impact on 

management culture at Yellow 

Performance improvement due to better load planning include: 

A study was undertaken to estimate savings that could be attributed to SYSNET. 

Total cost savings for the system were estimated at over $7.3 million annually. Savings in 

breakbulk handling costs also increased. 

Besides this, reducing shipments handled in the long run may bring down 

investments in fixed facilities. SYSNET brought down the cost of routing trailers in part
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by identifying directs with lower transportation costs savings due to better routing of trailers 

were estimated to be $1 million annually. 

Ongoing projects include: 

Operations planning uses SYSNET to scrutinize various projects with a wide 

range  from  relocating  breakbulks  to  realigning  satellites  with  breakbulks. 

Using SYSNET, operational planning now completes over 200 projects per 

year, mostly on an informal, exploratory basis. SYSNETS speed in evaluating 

different ideas is critical to this process. 

In 1990, Yellow used SYSNET to identify over $10 million in annual savings 

from  different  projects.  SYSNET  improved  the  speed  with  which  such 

analyses could be   completed and expanded the scope of each project thus 

allowing Yellow to study system impacts with more precision than before. 

SYSNET thus has played a main role in identification, design and evaluation 

of these projects. 

Improved service includes : 

Savings from SYSNET are substantial compared to the cost of its development 

and implementation. Following the implementation  of SYSNET management 

can be better focused on improved service. 

Yellow continues to use SYSNET for a number of planning projects and to 

continuously monitor and improve the load planning system which is now 

used directly within linehaul operations group responsible for day-to-day 

management of tlows through the system. tn addition, Yellow is using SYSNET 

as a foundation to expand the use of optimization methods for the other aspects 

of its operations. 

SYSNET is now very popular within the company for its capability to carry out 

accurate, comprehensive network planning projects. 
 

2.6-1. 

(a)  Implementing this major change in operations needed involvement and support of all 

levels of the company. The process started with acceptance of system with operation 

planning department. Operation planning was responsible for guiding the project and 

managing  with  close  cooperation  from  the  information  services  department  and  all 

aspects of the implementation. The systems acceptance was largely due to the use of 

interactive optimization which gave users the support needed to optimize such a large 

network while simultaneously keeping them in close control of the entire process. Users 

could also analyze suggested changes to the network based on changes in flows and 

costs, which could be compared against actual field totals. 

The next step was to validate the cost model. They were able to compare both 

total system costs and different subcategories against actual cost summaries for these 

categories. The individual cost categories within SYSNET consistently match corporate 

statistics within a few percent and total costs often match with l or 2 percent. 

The validation of the cost model, both in totality and individual components, played 

a vital role in gaining upper management's acceptance. The interactive reports and features 

that convinced operations planning also played a strong role in winning support of top 

management. They ran sessions for upper management to demonstrate how SYSNET made 

suggestions and generated supporting reports to back-up the numbers. They also 

demonstrated how standard operating practices could be detrimental and why coordinating 

the entire network was important. By taking all these efforts, they gained the needed 

confidence of upper management required to support a field implementation.
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(b) With the support of upper management, they were able to develop an implementation 

strategy. The controlled direct program changed operating philosophy so drastically that 

a single corporate-wide transition was viewed as not safe. In  implementing SYSNET, 

Yellow made a systematic change in the way it loaded directs. SYSNET encourages a 

greater pfoportion of directs to be loaded onto breakbulks. It was not possible to change 

this operation methods so easily over the whole network. It was also difficult to do it in a 

piecemeal fashion. To deal with this problem, they developed a phased implementation 

strategy that started with smallest breakbulks in the system and went up to larger ones. 

Careful planning made sure that no breakbulk would be over capacity during the 

intermediate stages of the process. The entire implementation was so planned as to ensure 

that no breakbulk would find itself over capacity during the transition period. 
 

(c) To communicate the new concept to terminal managers in the field involved three steps: 

-- designing new support tools so that SYSNET routing instructions were easy to 

follow 

-- training terminal managers and dock personnel to use these new system and 

most important 

--convincing terminal managers that the new approach was a good idea. They 

developed two new support tools to assist field operations : 

-- first was a set of reports that managers or dock supervisors could access from 

their local computer terminals which would give them immediate access to 

SYSNET load pattern. 

-- second, was a revised shipment movement bill. This provides a very high level of 

control over the routing of individual shipments.· 

The Operations Planning department   handled training by organizing series of 

visits to all 25 breakbulks. During each visit, the staff members explained the principles 

behind the controlled direct program, new reports and use of new routing directions. 

Follow-up was done by phone calls. 

The most important task was to convince terminal managers of the logic behind 

the new operations strategy. Terminal managers needed to understand that they had to 

follow the load planning since it was designeed to coordinate different parts of the 

system. They used examples to illustrate the effect their decisions could have on other 

terminals. Generally, people in the field accepted the principle that their decisions should 

be coordinated with those in the rest of the system 
 

(d)  Following the implementation of SYSNET, they developed a target that represented 

the expected number of directs that they should be loading based on the SYSNET plan. 

Yellow then measured terminal manager's performance based on how close they were to 

this target. After some period, it deemed compliance with the plan so good that it now 

measures terminal managers performance on other activities and Yellow continues to 

monitor compliance with the load plan informally. It then contacts managers that appear 

to be not in compliance to determine the reasons. In short, SYSNET has changed load 

planning from a decentralized process that depended on local management incentives to a 

centralized process that relies on monitoring and enforcement 
 

2.6-2. 

(a)      The information processing industry has experienced several decades of sustained 

profitable growth. Recently, competition has intensified leading to quick advances in 

computer  technology.  This  in  turn  leads  to  proliferation  of  both-end  products  and
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services.  These  trends  are  especially  relevant  for  after-sales  service.  Maintaining  a 

service parts logistic system to support products installed in the field is essential to 

competing in this industry. 

Growth in both sales and scope of products offered has dramatically increased the 

number  of  spare  parts  that  must  be  maintained.  For  IBM,  the  number  of  installed 

machines and the annual usage of spare parts have both increased. This growth has 

increased the dollar value of service inventories, which are used to maintain the very high 

levels of service expected by IBMs customers. IBM has developed an extensive multiple- 

echelon logistic structure to provide ready service for the large population of installed 

machines, which are distributed through the United States. 

IBM  developed  a  large  and  sophisticated  inventory  management  system  to 

provide  customers  with  prompt  and  reliable  service.  A  fast  changing  business 

environment and pressures to decrease investment in inventory led IBM to look for 

improvements in its control system. 

In response to these new needs, IBM initiated the development of a new planning 

and control system for management of service parts. The result of this was the creation 

and implementation of a system called Optimizer. 
 

(b) The complicating factors faced by the OR team are as follows : 

-- there are more than 15 million part-location combinations 

-- there are more than 50000 product-location combinations 

-- frequent updating (weekly) of system control parameters was a requirement in 

response to changes in the service environment and installed base 

-- success of the system is important to IBM's daily operations and so can have a 

major impact on its future sales and revenues 

-- employees could be expected to protest against any change since the existing 

control system was working and sophisticated and overall parts logistics 

problem was complex. 
 

(c) The system developed in this phase had minimum interface to provide data inputs and 

multi-echelon algorithm without any improvements. Most of the big changes from  the 

original design was in this phase. 

They discovered that the echelon structure was in reality more complex than the one 

used in the analytic model. Consequently, they had to develop extensions to the demand 

pass-up methodology and incorporate them into the model. 

The test was conducted in early 1986 and led to the finding that the value of the 

total inventory generated by the new system was smaller than expected. lt was discovered 

that  the  problem was  due  to  differences in criticality of parts. The algorithm made 

extensive use of inexpensive, non-functional parts to meet product-service objective. 

Another problem found out at this stage was the churn (instability) in the recommended 

stock levels every week. Although stock levels are expected to change periodically in 

response to changing failure rates and to changes in the installed base, it is desirable to keep 

the stock levels quasi-static in order to avoid logistic and supply problems. They developed 

control procedures and changed the model to take care of this problem. 
 

(d)  In  this  phase,  they  completed  all  functions  required  for  implementation    and 

developed a measurement system to monitor the field implementation test. After being done 

with the system coding for this phase, they conducted an extensive user acceptance test. 

Every program module was tested individually and jointly. Finally, a field implementation 

test went live on 7 machine types in early 1987. The working of the
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system fulfilled expectations. Scope of the field test was slowly expanded. Results were 

monitored on a weekly and then monthly basis by the measurement system. 
 

(e) In this phase, they completed the development and installation of all the functions 

currently in place in Optimizer. The system was able to provide the specified service 

performance  for  all  parts  and  locations.  Improvements  were  made.  User  acceptance 

testing and integration of final system went smoothly. The project staging helped to sustain 

support for the project by demonstrating concrete progress throughout the implementation  

process.  lt  also  helped  to  eradicate  problems  in  formulation  and algorithm and 

programming bugs early. So very few problems occurred when the system went live in a 

national basis. The final Optimizer system for national implementation consisted of four 

major modules: 

-- a forecasting system module 

-- a data delivery system module 

-- a decision system that solves multi-echelon stock control problem 

-- the PIMS interface system 
 

(f) The implementation of Optimizer yielded a variety of benefits: 

-- a decrease in investment on inventory 

-- improved services 

-- enhanced flexibility in responding to changing service requirements 

-- provision of a planning capability 

-- improved understanding of the impact of parts operations 

-- increased responsive of the control system 

-- increased efficiency of NSD human resources 

--  identifying  the  role  of  functional  parts  in  providing  product  service  is  an 

example of benefits derived from implementation of Optimizer 

-- ability to run Optimizer on a weekly basis has increased responsiveness of 

entire parts inventory system 

-- for machines controlled by Optimizer, inventory analysts no longer have to 

specify parts stocking lists for each echelon in order to make sure that service 

objectives are attained. They can now focus on other critical management issues. 

Optimizer thus has proved to be an extremely valuable planning and operating 

control tool. 
 

2.6-3. 
 

(a) The main objective is to teach optimization principles to key employees and to 

acquaint them (at a high level) with the available optimization tools, without turning 

them into mathematicians. 
 

(b) Six three-day modules conducted over a period of two years, interspersed with small 

group assignments, plus two days per week for six months to complete a master case study. 
 

(c) They are designated as supply chain masters. 
 

2.7-1. 
 

Answers will vary.
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2.7-2. 
 

Answers will vary. 
 

2.7-3. 
 

Answers will vary. 


