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PREFACE

Analytical approaches to problem solving combine managerial creativity and judgment with quantitative and computer-based modeling support systems in an effort to deal more effectively with the difficulties arising from complexity and uncertainty which are present in any managerial decision making. This document contains a number of success stories where organizations, both from the private and public sector, have applied such analytic approaches which resulted in very significant benefits. These benefits, which I have termed White Collar Productivity Gains, represent in almost all instances improvements in performance - on a number of dimensions - which by far exceed the generally measured labor productivity gains.

The examples presented in this document are summaries of full-lengths articles which have appeared in INTERFACES, a journal dedicated to bridge the gap between theory and practice. It is worth noting that these success stories are published only when a senior executive of the respective organization verifies the application. The numbers in bracket following the title refer to volume and number of the journal.

For ease of navigating through the material I have provided summary tables which group the applications by either industry or business function and major approaches of analytical modeling and computer support. Naturally, the boundaries between these categories are fuzzy, thus certain applications could also be categorized differently. Furthermore, a number of applications is listed more than once since they span either more than one business function and/or analytical modeling approaches.     

Berlin, April 2004
Table 1: Productivity Gains by Industry and Analytical Approaches

	Models

Industry
	Linear Programming Models 

Mathematical Optimization

Inventory Models
	Simulation Modeling

Decision Analysis

Stochastic Processes

	Manufacturing Industry
	AGWAY (50(, 1992, 

  $250.000 p.a. reduction in material cost;

Americ. Edwards Labs. (18(, 1980, 

 $1,5 Mio p.a. reduction in input cost;

BLUE BELL (7(, 1983, 

  $1 Mio reduction in inventory cost;

CAHILL MAY ROBERTS (3(, 1977,

  $765.000 reduction in logistic cost;

DOWBRANDS (44(, 1993, 

  $1,5 Mio p.a. reduction in logistic cost;

General Motors (29(, 1982, 

  $2,9 Mio p.a. reduction in logistic cost; 

HARRIS SEMICONDUCTOR (52(, 1993,

  $115 Mio turnaround; 

Kelly-Springfield (4(, 1976, 

  $5 Mio additional profits;

Libbey-Owens-Ford (43(, 1993, 

  $2 Mio p.a. reduction in production  

  and logistic cost;

STANDARD BRANDS (14(, 1980, 

  $3,8 Mio p.a. reduction in inventory cost;

Trumbull Asphalt (23(,1985,

  $1 Mio p.a. additional profits;

SHRI SHAKTI LPG LTD [59], 1996,

  configuration of plants saves $1 Mio p.a.

CERESTAR [63], 1993,

  increased daily throughput by 20%

FORD MOTOR CO. [75], 1996

  Prototype optimization model cuts 

  prototype costs by more that $250 Mio

  annually.

CTI [78], 1990‘s 

  Structured modeling improves profitability

  by 13-24% or $3-6 million per year.

SCHINDLER [83], 2001,

  Optimization system saves over US$ 1 Mio
  in crew assignments.
	BECTON-DICKINSON (13(, 1979, 

  $575.000 reduction in operating cost;

DRESSER INDUSTRIES (42(, 1993, 

  39 % due-date-improvement;

Kelly-Springfield (4(, 1976,

  $5 Mio additional profits;

UNNAMED (22(, 1985, 

  union/management bargaining plan; 
XEROX (11(, 1977,

  model for new product decisions;

TEMPLE INLAND SAWMILL [54], 1991

  Improves profit margin by $5 Mio

ALCOA , [75], 1995,

  Cyclic planning increases output by 20% and

  almost eliminates backlogs,

PEUGEOT [82], 2001

  Increases throughput and contributes US$ 130  

  Mio to bottom line



	Retail / Wholesale
	Homart DevelopmENT (25(,1986,

  $40 Mio additional profits;

FINGERHUT (74(, 1997

  Developed optimization system for improved  

  catalog management leading to additional 

  profits of $3.5 Mio annually.


	LL BEAN (38(, 1991, 

  $10 Mio p.a. reduction in service cost;

LL BEAN (41(, 1989, 

  $500.000 p.a. reduction in personnel cost;

LL BEAN (51(, 1995, 

  $300.000 p.a. reduction in personnel cost;

TACO BELL [61], 1997,

  saved over $53 Mio in labor costs 1997

SEARS ROEBUCK & COMP. [65], 1995,

  $42 Mio in annual savings


Table 1: continued

	Models

Industry
	Linear Programming Models 

Mathematical Optimization

Inventory Models
	Simulation Modeling

Decision Analysis

Stochastic Processes

	Transportation

Telecommunication
	AMERICAN AIRLINES (36(, 1992,

  $1,4 billion additional profits over 3 years;

American Airlines (35(, 1989,

  $20 Mio p.a. reduction in staff cost;

BELL SYSTEM (17(, 1980, 

  $137 Mio p.a. reduction in bad debt;

Chessie System (5(, 1978, 

  $10 Mio p.a. additional profits;

GTE (37(, 1988, 

  $30 Mio p.a. saving in network cost;
NATIONAL AIRLINES (16(, 1977,  

  multi-million $-savings in fuel cost;

PROCTER & GAMBLE [57], 1993,

  contraction program saves $200 Mio

FEDERAL EXPRESS CORP [58], 1993,

  cross function modeling supports mayor 

  business decisions

AIR TRANSAT [68], 1993

  Optimization of aircraft routing, crew 

  pairing saves over $1Mio p.a.

AIR NEW ZEALAND [73], 1990‘s

  Optimization-based computer system 

  solve aircrew scheduling and led to 

  savings of NZ$ 16.000.000.

JEPPESEN SAnderson [72], 1999,

  OR models cut costs by 10% and increase

  profits by 24%,

BNSF [79], 1990’s

  Network pricing model improves    

  profitability by 3.5%

CONTINENTAL AIRLINES [81], 2001
  CrewSolver saves US$40 million in dealing
  with disruptions.
	AIR CANADA (20(, 1977, 

  5 % reduction in labour and material costs  

  for maintenance;

AT&T (47(, 1992, 

  $750 Mio of profits generated;

BELL SYSTEM (17(, 1980, 

  $137 Mio p.a. reduction in bad debt;

NORTH AMERIC. VANLINES (31(, 1988,

  $2,5 Mio p.a. additional profits;

WELLAND CANAL (15(, 1975-80,  

  multi-million $ savings;

NATIONAL CAR RENTAL [56], 1994,

  Improves revenues $6 Mio first year

FEDERAL EXPRESS CORP [58], 1993,

  cross function modeling supports mayor 

  business decisions

NORTEL NETWORKS [70], 1994 

  DDS for remanufacturing improves 

  performance by $75 Mio

TTX  [71], 1999,

  Simulation and network analyzer reduces  

  equipment commitments by half a billion 

  dollars annually.

BASF [76], 1995,

  Flexible distribution modeling reduces

  system costs by 6%,

US West  [80], 2000,

  model-based replacement process yields 
  annual benefit of more than $13 million.

	Chemical

Oil

Pharmaceuticals

	CITGO (24(, 1985, 

  $70 Mio p.a. additional profits; 

DALIAN DYESTUFF (46(, 1986, 

  $1 Mio p.a. additional profits;

MONSANTO CHEM. (19(, 1983,

  $1-3 Mio operating cost reduction;

PFIZER PHARM. (10(, 1983,   

   $24 Mio inventory level reduction;
Texaco (28(, 1980, 

  $30 Mio p.a. overall cost savings; 

TURPRAS (32(, 1988, 

  tool for analysis of multi-million-$   

  investments;

GAS LIGHT & COKE COMP. [61], 1997,

  improves performance $50 Mio p.a.
	CITGO (24(, 1985, 

  $70 Mio p.a. additional profits; 

ROHM AND HAAS [69], 1995

  Realignment of production saves several 

  millions of dollars,




Table 1: continued
	Models

Industry
	Linear Programming Models 

Mathematical Optimization

Inventory Models
	Simulation Modeling

Decision Analysis

Stochastic Processes

	Public Sector
	CAN. DEP. OF TRANSP. (9(, 1979,   

  $5,75 Mio investment savings;

DEP. OF PUBLIC TRANSPORT NORTH CAROLINA (49(, 1993,

  $53,1 Mio savings in capital & operating cost;

ELECTR. POWER RES. INST. (27(, 1987,

  $125 Mio reduction in inventory cost; 

SOC. TRANSP. MONTREAL (33(, 1989, 

  $4 Mio p.a. reduction in operating cost;

Southern Company (34(, 1989,

  $140 Mio savings in fuel cost;

THE NETHERLANDS (6(, 1983, 

  hundreds of million $ savings in  

  investment expenditures;

CHILEAN FOREST IND. [62], 1988,

  gains of $20 Mio p.a.
	ALBERTA ENERGY (40(, 1990, 

  10 % reduction in annual fuel cost; 

BLUE CROSS (45(, 1988, 

  5 % reduction in rejected claims; 

CITY GROSSE POINT PARK (30(, 1987,  

  $100.000 p.a. reduction in operating cost;

DEP. OF PUBLIC TRANSPORT NORTH CAROLINA (49(, 1993,

  $53,1 Mio savings in capital & operating cost;

ELECTR. POWER RES. INST. (27(, 1987,

  $125 Mio reduction in inventory cost; 

Mass. Dep. of Pub. Health (12(, 1981, 

  $7,7 Mio savings in capital;
Southern Company (34(, 1989,  

  $140 Mio savings in fuel cost;

US POSTAL SERVICE (2(, 1977, 

  $4,2 Mio savings in inventory cost;

CHILEAN FOREST IND. [62], 1988,

  gains of $20 Mio p.a.

	Financial Institutions

	Bancohio (1(, 1979, 

  $1 Mio p.a. savings in labour cost;

FEDERAL LAND BANKS (8(, 1977, 

  $1 Mio savings in capital cost;

FINANCIAL SERVICES GRP. (26(, 1985, 

  $300.000 savings in labour cost;

GE Capital (39(, 1992, 

  $37 Mio p.a. reduction in bad debt;

Yasuda Insurance (48(, 1992, 

  $79 Mio additional investment yield;

GMO COMP. [64], 1995,

  major improvements in several areas
	KEY CORP. (53(, 1991, 

  $20 Mio p.a. reduction in  personnel cost;
AT&T CAPITAL CORP. [55], 1992,

  reduces operating costs over $3 Mio p.a.


Table 2: Productivity Gains by Function and Analytical Approaches

	Models

Industry
	Linear Programming Models 

Mathematical Optimization

Inventory Models
	Simulation Modeling

Decision Analysis

Stochastic Processes

	Production & Operations
	AGWAY (50(, 1992, 

  $250.000 p.a. reduction in material cost;

American Airlines (35(, 1989,

  $20 Mio p.a. reduction in staff cost;

Bancohio (1(, 1979, 

  $1 Mio p.a. savings in labour cost;

ELECTR. POWER RES. INST. (27(, 1987,

  $125 Mio reduction in inventory cost; FINANCIAL SERVICES GRP. (26(, 1985, 

  $300.000 savings in labour cost;

Kelly-Springfield (4(, 1976, 

  $5 Mio additional profits;

MONSANTO CHEM. (19(, 1983,

  $1-3 Mio operating cost reduction;

NATIONAL AIRLINES (16(, 1977,  

  multi-million $-savings in fuel cost;

SOC. TRANSP. MONTREAL (33(, 1989, 

  $4 Mio p.a. reduction in operating cost;

Southern Company (34(, 1989,

  $140 Mio savings in fuel cost;

STANDARD BRANDS (14(, 1980, 

  $3,8 Mio p.a. reduction in inventory cost;

Texaco (28(, 1980, 

  $30 Mio p.a. overall cost savings; 

Trumbull Asphalt (23(,1985,

  $1 Mio p.a. additional profits;

CERESTAR [63], 1993,

  increased daily throughput by 20%

AIR TRANSAT [68], 1993

  Optimizing of aircraft routing, crew

  pairing saves over $1 Mio p.a.

JEPPESEN SANDERSON [72], 1999

  OR models cut costs by 10% and

  increase profits by 24%

AIR NEWZEALAND [73], 1990‘s

  Optimization-based computer system  

  solved aircrew scheduling and led to  

  savings of NS$16,000,000.

CTI [78], 1990’s 

  Structured modeling improves profitability

  by 13-24% or $3-6 million per year.

	AIR CANADA (20(, 1977, 

  5 % reduction in labour and material costs  

  for maintenance;

Bancohio (1(, 1979, 

  $1 Mio p.a. savings in labour cost;

BECTON-DICKINSON (13(, 1979, 

  $575.000 reduction in operating cost;

BLUE CROSS (45(, 1988, 

  5 % reduction in rejected claims; 

CITY GROSSE POINT PARK (30(, 1987,  

  $100.000 p.a. reduction in operating cost;

DRESSER INDUSTRIES (42(, 1993, 

  39 % due-date-improvement;
KEY CORP. (53(, 1991, 

  $20 Mio p.a. reduction in  personnel cost;
LL BEAN (38(, 1991, 

  $10 Mio p.a. reduction in service cost;

LL BEAN (41(, 1989, 

  $500.000 p.a. reduction in personnel cost;

LL BEAN (51(, 1995, 

  $300.000 p.a. reduction in personnel cost;

Southern Company (34(, 1989,  

  $140 Mio savings in fuel cost;

UNNAMED (22(, 1985, 

  union/management bargaining plan;

AT&T CAPITAL CORP. [55], 1992

  reduces operating costs over $3 Mio p.a.

NATIONAL CAR RENTAL [56], 1994

  Improves revenues $6 Mio first year,

TACO BELL [61], 1997,

  saved over $53 Mio labor costs in 1997,

ROHM AND HAAS [69], 1995

  Realignment of production saves several 

  millions of dollars

NORTEL NETWORKS [70], 1994

  DDS for remanufacturing improved 

  performance by US$ 75 Mio.

ALCOA [75], 1995,

  Cyclic planning increases output by 20% and 

  almost eliminates backlogs

PEUGEOT [82], 2001,

  Increases throughput and contributes US$
  130 million to bottom line.


Table 2: continued

	Models

Industry
	Linear Programming Models 

Mathematical Optimization

Inventory Models
	Simulation Modeling

Decision Analysis

Stochastic Processes

	Investment & Finance
	BELL SYSTEM (17(, 1980, 

  $137 Mio p.a. reduction in bad debt;

Chessie System (5(, 1978, 

  $10 Mio p.a. additional profits;
FEDERAL LAND BANKS (8(, 1977, 

  $1 Mio savings in capital cost;

GE Capital (39(, 1992, 

  $37 Mio p.a. reduction in bad debt;

GTE (37(, 1988, 

  $30 Mio p.a. saving in network cost;

Homart DevelopmENT (25(,1986,

  $40 Mio additional profits;

TURPRAS (32(, 1988, 

  tool for analysis of multi-million-$  

  investments;

Yasuda Insurance (48(, 1992, 

  $79 Mio additional investment yield;

PROCTER&GAMBLE [57], 1993

  Contraction program, over $200 Mio

SHRI SHAKTI LPG LTD [59], 1996,

  configuration of plants saves $1Mio p.a.

GMO COMP [64], 1995,

  major improvements in several areas
	BELL SYSTEM (17(, 1980, 

  $137 Mio p.a. reduction in bad debt;

Mass. Dep. of Pub. Health (12(, 1981, 

  $7,7 Mio savings in capital;

WELLAND CANAL (15(, 1975-80,  

  multi-million $ savings;

TTX [71 ], 1999, 

  Simulation and network analyzer reduced 

  equipment commitments by half a billion 

  dollars annually.



	Marketing & Hybrids

	AMERICAN AIRLINES (36(, 1992,

  $1,4 billion additional profits over 3 years;

CITGO (24(, 1985, 

  $70 Mio p.a. additional profits;

DALIAN DYESTUFF (46(, 1986, 

  $1 Mio p.a. additional profits;

HARRIS SEMICONDUCTOR (52(, 1993,

  $115 Mio turnaround; 

Homart DevelopmENT (25(,1986,

  $40 Mio additional profits;

THE NETHERLANDS (6(, 1983, 

  hundreds of million $ savings in  

  investment expenditures;

TURPRAS (32(, 1988, 

  tool for analysis of multi-million-$  

  investments;

Fingerhut (74(, 1997,

  Developed optimization system for improved 

  catalog management leading to additional

  profits of $3.5 Mio annually,

FORD MOTOR CO. (75(, 1996,

  Prototype optimization model cuts prototype

  costs by more than $250 Mio annually

BNSF (79(, 1990‘s

  Network pricing model improves

  profitability by 3.5%.
	AT&T (47(, 1992, 

  $750 Mio of profits generated;

CITGO (24(, 1985, 

  $70 Mio p.a. additional profits; 

WELLAND CANAL (15(, 1975-80,  

  multi-million $ savings;

XEROX (11(, 1977,

  model for new product decisions;

BASF (76(, 1995,

  Flexible distribution modeling reduces system

  costs by 6%,




Table 2: continued
	Models

Industry
	Linear Programming Models

Mathematical Optimization

Inventory Models
	Simulation Modeling

Decision Analysis

Stochastic Processes

	Logistics & Inventory
	Americ. Edwards Labs. (18(, 1980, 

 $1,5 Mio p.a. reduction in input cost;

BLUE BELL (7(, 1983, 

  $1 Mio reduction in inventory cost;

CAHILL MAY ROBERTS (3(, 1977,

  $765.000 reduction in logistic cost;

CAN. DEP. OF TRANSP. (9(, 1979,   

  $5,75 Mio investment savings;

DEP. OF PUBLIC TRANSPORT NORTH CAROLINA (49(, 1993,

  $53,1 Mio savings in capital & operating cost;

DOWBRANDS (44(, 1993, 

  $1,5 Mio p.a. reduction in logistic cost;

General Motors (29(, 1982, 

  $2,9 Mio p.a. reduction in logistic cost; 

HARRIS SEMICONDUCTOR (52(, 1993,

  $115 Mio turnaround; 

Kelly-Springfield (4(, 1976,

  $5 Mio additional profits;

Libbey-Owens-Ford (43(, 1993, 

  $2 Mio p.a. reduction in production  

  and logistic cost;

PFIZER PHARM. (10(, 1983,   

   $24 Mio inventory level reduction;

SOC. TRANSP. MONTREAL (33(, 1989, 

  $4 Mio p.a. reduction in operating cost;

FEDERAL EXPRESS CORP.[58], 1993,

  cross function modeling supports mayor 

  business decisions

GAS LIGHT &COKE COMP [61], 1997,

  improves performance $50 Mio p.a.

CHILEAN FOREST IND.[62], 1988,

  gains of -$20 Mio p.a.

SEARS, ROEBUCK &COMP [65], 1995,

  $42 Mio in annual savings

CONTINENTAL AIRLINES [81], 2001,

  CrewSolver saves US $ 40 million in 
  dealing with disruptions.

SCHINDLER [83], 2001

Optimization system saves over US$ 1million in crew assignments.

	ALBERTA ENERGY (40(, 1990, 

  10 % reduction in annual fuel cost; 

DEP. OF PUBLIC TRANSPORT NORTH CAROLINA (49(, 1993,

  $53,1 Mio savings in capital & operating cost;

ELECTR. POWER RES. INST. (27(, 1987,

  $125 Mio reduction in inventory cost;

Mass. Dep. of Pub. Health (12(, 1981, 

  $7,7 Mio savings in capital;

NORTH AMERIC. VANLINES (31(, 1988,

  $2,5 Mio p.a. additional profits;

US POSTAL SERVICE (2(, 1977, 

  $4,2 Mio savings in inventory cost;

TEMPLE INLAND SAWMILLS [54], 1991, improves profit margin by $5 Mio

FEDERAL EXPRESS CORP.[58], 1993,

  cross function modeling supports mayor 

  business decisions

CHILEAN FOREST IND.[62], 1988,

  gains of -$20 Mio p.a.

US WEST [80], 2000,

  model-based replacement process yields 
  annual benefit of more than $13 million.




1.
SHIFT SCHEDULING IN BANKING OPERATIONS (10.2):

The timely processing of checks in large banks is critical to reducing float costs which, in many cases, total thousands of dollars per day. One of the steps in check processing is encoding where the dollar amount is imprinted in magnetic ink at the bottom of each check. Unencoded check arrival volumes exhibit substantial hourly and daily variability. A new scheduling system at BANCOHIO resulted in annual saving of $78,988 due to reduction to full time clerks. In addition, management estimates that savings from further reduction in flow cost and labor savings to be in excess of $1,000,000.

2.
MAINTENANCE MANAGEMENT IN US POSTAL SERVICE:

Analysis of existing maintenance systems indicated an excess inventory of $19,000,000. Corrections in systems lead to audited savings of $4,200,000.

3.
A PLANNING SYSTEM FOR FACILITIES AND RESOURCES IN DISTRIBUTION 
NETWORKS:

A system for planning facilities and resources in distribution networks was applied to CAHILL MAY ROBERTS, one of Ireland's largest pharmaceutical companies. The model achieved savings in delivery and transport costs of 23.3% and 20% respectively, and increased customer service levels by 60%, resulting in overall savings of $765,000.

4.
PRODUCTIVITY GAINS WITH MANAGEMENT SCIENCE AT KELLY-
SPRINGFIELD TIRE COMPANY (10.6):

This paper describes how a major tire manufacturer has attained an increased in productivity through the application of Management Science. Like most manufacturers, the KELLY-SPRINGFIELD TIRE COMPANY has long recognized the difficulty and importance of coordinating sales forecasting, inventory control, production planning, and distribution decisions. The evolution of an integrated "Total System" approach is traced, with emphasis on the ability of the latest Management Science system to adapt to the constantly changing tire business.  The original total system, implemented in 1970, reduced production lead time to generate estimated annual savings of $500,000; benefits totaling over $5 million during the past decade. Since the implementation of the latest system in 1976, Kelly-Springfield's share of the auto and truck tire replacement market has increased about l% in an industry recently characterized by significant losses, excess productive capacity, and intense price competition. Average unit inventory decreased by 19% while customer service improved, productivity increased, and additional savings totaling $7.9 million annually resulted.

5.
FLEET PLANNING AT CHESSIE (10.6):

The CHESSIE SYSTEM, is the largest hauler of coal in the nation and a major transporter of merchandise freight. To maintain earning capacity, large amounts of money are invested annually in the purchase, building, and repair of freight cars (worth over $4 billion). Chessie's Management Science Team developed a linear programming model of the freight car fleet to maximize long-term net discounted cash flow without exceeding the capacity of physical facilities available. The first projections of the model output increased contribution to profits of the Chessie Fleet in 1978 by $2 million while reducing the yearly budget for the mechanical department by $6 million. Continued use of the model has resulted in a $2.5 million improvement in employee productivity, as well as a $28 million increase in car sales.

6.
PLANNING THE NETHERLANDS' WATER RESOURCES:

A comprehensive integrated system of 50 models was developed in the NETHERLANDS to evaluate policies that include mixes of building new facilities and changing operating rules to improve water supply, as well as adjusting prices and regulations to reduce demands.  Analysis performed with the system resulted in a new national water management policy, saving hundreds of millions of dollars in investment expenditures and reducing agricultural damage by about $15 million per year, while decreasing thermal and algae pollution.

7.
BLUE BELL TRIMS ITS INVENTORY:

Within 21 months BLUE BELL reduced its inventory by more than 31 percent, from 371 to 256 million dollars, with no decrease in sales or services by applying management science models. A combination of innovative problem solving and enthusiastic management support ensured success. Many of the models are standard, but a new marker design and selection model makes the systems approach practical. Management paid close attention to systems development and provided resources that enhanced the effectiveness of the project.

8.
BANK BORROWING STRATEGIES DEVELOPED BY MANAGEMENT 
SCIENCES:

The twelve FEDERAL LAND BANKS OF THE FARM CREDIT SYSTEM borrow large amounts in the capital markets to provide funds for their farm lending activities. Each year these privately owned banks sell $5 to $6 billion of bonds in a series of quarterly sales to refund maturing bonds and provide new funds for loan growth. The decision problem each quarter is to select maturities for the current sales. This is a complicated decision that must take into account current interest rates for alternative maturities, uncertain costs of future borrowing, perceived marketability of various maturities, and policy guidelines adopted by the Banks. The use of a Management Science model led the Chairman of the Finance Subcommittee to state that average cost savings are in the order of 5 to 10 "basis points". One basis point equals one-hundredth of one percent, so it translates into savings of $500,000 to $1,000,000 on $1 billion bonds.

9.
MANAGEMENT SCIENCE IN THE PUBLIC SECTOR:

A study commissioned by the CANADIAN DEPARTMENT OF TRANSPORT, (DOT), recommended that the oldest of the five ships then in service, the Estevan, be replaced, and furthermore suggested that a sixth ship might be needed to meet growing Coast Guard duty requirements. A second OR study, commissioned by the National Energy Board's OR Branch, led to the startling conclusion that the Estevan need not be replaced and that only three ships were required to perform all Coast Guard functions, thereby leaving one ship available for standby and emergencies. The decision to build a new ship was accordingly set aside. The economies realized because of this new orientation are difficult to quantify; however, an immediate saving of the investment of $5.75 million (Can.$, 1968) was realized.

10.
INTEGRATED INVENTORY MANAGEMENT AT PFIZER PHARMACEUTICALS:

PFIZER developed and implemented an integrated system to manage inventories in its US pharmaceutical business. A series of MS models covering the length of a complex supply chain and using a variety of mathematical methods was introduced. The program reduced inventories by $23.9 million and back orders by 95 percent over a three-year period.

11.
NEW PRODUCT PLANNING DECISIONS UNDER UNCERTAINTY AT XEROX:

New product decisions often must be made with considerable uncertainty relating to sales, product and process development outcomes, manufacturing costs, etc. Purchasing commitments (long and short-term) and product and process development decisions are required at early points in the product life-cycle and usually involve large expenditures. Management Science techniques have been used at XEROX to assist in new product purchasing and development decision-making, where the new product required significant technological innovation and was being introduced into a market in which there was little previous experience and resulted in substantially improved decisions. The specific savings, however, will not be known until later in the product life cycle.

12.
MANAGEMENT SCIENCE FOR HEALTH PLANNING IN MASSACHUSETTS (11.6):

More than $5.1 million in unnecessary kidney dialysis facilities, equipment, and staff has been saved in Massachusetts during the past two years as a result of a model used by the MASSACHUSETTS DEPARTMENT OF PUBLIC HEALTH (DPH) to predict future need for dialysis in the state. These savings constitute 63% of the total proposed capital and manpower costs for the two-year period, accomplished mainly through the denial of 59% of the 163 requests for new dialysis stations.


In addition to substantial savings in construction, new equipment and staff, the denial of these requests had several other benefits:

SYMBOL 159  \f "Wingdings"
Existing facilities have operated at more efficient levels, with lower per-patient treatment 
costs.

SYMBOL 159  \f "Wingdings"
Through the restriction of center dialysis supply, more patients were encouraged to utilize 
home dialysis. Greater reliance on home dialysis could translate into an annual savings 
of at least $2.6 million and an additional 333 person years as a result of the enhanced life 
expectancy for home dialysis patients. 

SYMBOL 159  \f "Wingdings"
The need model has also been useful in more equitably distributing dialysis resources to 
regions in Massachusetts which have previously been underserved.


The model has also been successful in predicting the need for kidney dialysis services to within 1% of actual demand. Versions of the model are now being used by the US Department of Health and Human Services and by six Health Systems Agencies of Massachusetts. Similar models can also be used to forecast the need for other types of specialized medical care technology, such as cardiac pacemakers.

13.
QUEUING THEORY APPLIED TO MACHINE MANNING:


Cost pressures, recent expansion, and a limited labor pool of BECTON DICKINSON CORPORATION triggered a study for a high volume manufacturing plant which produced optimal manpower/machine assignments with $575,000 savings during the first year of implementation.

14.
SCIENTIFIC MANAGEMENT OF INVENTORY ON A HAND-HELD 
CALCULATOR (11.6):

STANDARD BRANDS is using programmable hand-held calculators in its warehouses to apply state-of-the-art mathematics to calculating safety stocks, re-order points, and order quantities of planters peanuts items. Each item controlled by the new system has its own card with data recorded magnetically like the data on the back of credit cards. About $10 million favorable cash flow has been generated up front, and a profit impact of $7.6 million during the first two years has been made possible by using the hand-held calculator. The import will continue at $3.8 million per year.

15.
KEEPING AHEAD OF A $2 BILLION CANAL (11.6):

During the 2300-mile voyage from the Atlantic Ocean to the head of the Great Lakes, vessels climb to some 600 feet above sea level. The very locks which make this possible are at the same time obstacles to the free flow of traffic and the WELLAND CANAL, which bypasses Niagara Falls, is the major bottleneck in the system.  In 1964, the Welland experienced severe congestion and it was only in 1967, with a host of canal improvements, that capacity reached a point more consistent with demand. Steadily increasing demand since then has made it difficult to delay the construction of a $2 billion new canal. In 1978 a simulation model of the Welland Canal was used to fill the long standing need to structure planning -- to indicate when canal capacity should be increased and to compare improvement options objectively. The model has since supported several million-dollar decisions:


(1)
The new canal was put off yet another two years and revenue increased by $3 million per 
year through a relatively modest $6 million channel-widening project.


(2)
The $5 million field testing of a radically new operating concept was planned.


(3)
The components of a $175 million multifaceted canal improvement program are 
currently being ranked.

16.
FUEL MANAGEMENT VIA MANAGEMENT SCIENCE:


The Fuel Management and Allocation Model determines the optimal strategy for fueling aircraft and can be used to support both short and long-term planning. It has been used operationally by the Fuels Management and Flight Control Departments of NATIONAL AIRLINES for over two years, resulting in multi-million dollar savings.

17.
REDUCING UNCOLLECTaBLE REVENUE FROM RESIDENTIAL TELEPHONE 
CUSTOMERS (11.6):

Motivated by a dramatic growth in BELL SYSTEM uncollectable revenues, a set of uniform, objective, and nondiscriminatory credit-granting practices have been developed which will apply to the 12 million new residential telephone customers each year and result in an annual reduction of $137 million in bad debts. These savings will be factored into the regulatory rate-setting process, and thus a substantial benefit will accrue to the telephone customer.


The cornerstone of the new credit procedures is a set of credit-scoring rules to determine which new telephone service applicants should provide pre-service security deposits. By more accurately identifying high-credit risk applicants and requesting deposits only from them, the reduction in bad debt can be achieved with fewer total deposit requests.

18.
LINEAR PROGRAMMING AND THE PRODUCTION OF HEART VALVES (11.6):

The application of a linear programming model at AMERICAN EDWARDS LABORATORIES resulted in improved productivity in biological heart valve production. The valves are bioprostheses manufactured from porcine hearts and used for human implantation. Since valves demanded by the human population have a different size distribution than valves supplied by pigs, the result has been a supply and demand mismatch that generated hundreds of thousands of dollars of unwanted inventory.  The linear programming model was utilized to determine the combination of available suppliers that would provide the best match for the demand distribution. As a result, annual savings exceeded $1,500,000, and both availability and manufacturing control were improved.

19.
OPTIMIZING CHEMICAL PRODUCTION AT MONSANTO:

A chemical production economic optimization system has been developed for maleic anhydride operations at MONSANTO. The system is based on mathematical models that select the minimum cost operating strategy for a given production target with respect to operating parameters such as raw material feed rate, reactor air flow velocity, and pressure. Implementation of the system is generating estimated annual savings of one to three million dollars, dependent upon plant operating rates.

20.
AIRCRAFT MAINTENANCE SCHEDULING:

The planning of aircraft maintenance by AIR CANADA had become increasingly difficult in the early 1970's. It sometimes required several weeks for planning personnel to manually develop an acceptable aircraft schedule. The lack of an accurate and timely maintenance scheduling tool led to the development of the Aircraft Maintenance Operations Simulation (AMOS) model. Two years after its introduction, Air Canada has so improved the flying hours achieved between maintenance checks that a 5% reduction in the labor and material costs associated with the maintenance of aircraft has resulted. It should be noted that Air Canada's contractual work for outside customers nets in excess of $15,000,000 per year. This amount is a minor fraction of the total maintenance, material, and labor expenses incurred annually by Air Canada worldwide. It is on these worldwide maintenance expenses that the 5% reduction is based.

21.
PRODUCT BLENDING AT EXXON (12.6):


This Management Science application is an effort that grew out of a concern by one of EXXON'S refineries over the impact of the Environmental Protection Agency's and the State of California's proposed tetraethyl lead (TEL) phase-out regulations for motor gasoline and the State of California's proposed sulfur phase-down regulations for unleaded gasoline. Could a model be built that could evaluate the impact on gasoline production if these regulations were implemented? Furthermore, could the study results be available within two months so that EXXON could respond to appropriate governmental agencies? The answers are yes. As a result, Exxon was able to save at least $14,000,000.

22.
DECISION TREE MODELS IN MANAGEMENT-UNION BARGAINING (15.2):

The labor contract bargaining environment poses major challenges to the team bargaining with the union. A computerized decision tree model helped one team to develop reasonable bargaining positions that were acceptable to both management and the union. By graphically describing the gains and risks associated with alternative positions, the model enhanced communication within the team and with management.

23.
BUSINESS PLANNING AT TRUMBULL ASPHALT(15.6):

TRUMBULL ASPHALT, the world's largest producer of industrial asphalt products, uses an integer programming model in its business planning. The model assists planning efforts in several areas including sourcing of raw materials, distribution of raw materials and finished products, blending analysis, and facility configuration to save more than $1,000,000 annually.

24.
THE SUCCESSFUL DEPLOYMENT OF MANAGEMENT SCIENCE 
THROUGHOUT CITGO PETROLEUM CORPORATION (17.1):

During 1984 and 1985, CITGO Petroleum Corporation invested in management science applications that:



(1) involved mathematical programming, statistics, forecasting expert systems, etc.;



(2) have the support of top management and operational mangers;



(3) deal with acquisitions, supply and distribution, market planning, etc.; and



(4) integrated information systems and management science technologies.


These applications have changed the way CITGO does business and resulted in approximately $70 million per year profit improvement.

25.
ASSET DIVESTITURE AT HOMART DEVELOPMENT COMPANY (18.2):


For HOMART DEVELOPMENT COMPANY, one of the most important strategic issues is scheduling divestiture of shopping malls and office buildings. In the 1986 strategic plan, 170 assets were analyzed for possible divestiture over 10 years. The problem is complicated by requirements imposed by the parent corporation, Sears, Roebuck and Company, that HOMART meet a minimum aggregate return on equity each year. All divestiture decisions are linked with these constraints and evaluated with a model designed especially for problems of this structure. The first run of the model resulted in an additional profit of $40 million compared to the performance of the traditional techniques for solving the problem. This model is now institutionalized as a core element of a six-month strategic-planning cycle.

26.
RRSP FLOOD:  LP TO THE RESCUE (17.4):

During the early part of 1985, the FINANCIAL SERVICES GROUP, a division of CANADA SYSTEMS GROUP, INCORPORATED, began to plan its manpower needs for the upcoming surge in transaction processing demand of the popular and growing Registered Retirement Savings Program. The development of a model and its careful implementation produced - in spite of a 25 percent increase in volume - savings of over $300,000 over a short six-week period relative to the previous year.

27.
EPRI REDUCES FUEL INVENTORY COSTS IN THE ELECTRIC UTILITY 
INDUSTRY (19.1):

An industry-wide utility fuel inventory model (ELECTRICAL POWER RESEARCH INSTITUTE) has been used by electric utilities to manage the cost and the risks of holding inventory. The model, which is based on a combination of analytical and simulation models, has been successfully transferred to over 74 utilities for a realized savings of over $125 million.

28.
OMEGA:  AN IMPROVED GASOLINE BLENDING SYSTEM FOR TEXACO (19.1):

Gasoline blending is a critical refinery operation. In 1980, TEXACO began developing an improved optimization based, decision support system for planning and scheduling its blending operations. The system, OMEGA, is implemented on personal computers and on larger computer systems.  It relies on refinery data bases and on-line data acquisition and exploits detailed nonlinear models of gasoline attributes. TEXACO uses OMEGA in all seven US refineries as well as its Canadian and Welsh refineries. Its benefits include an estimated savings of $30 million annually, better quality control, improved planning and marketing information, and the ability to conduct a variety of what-if studies.

29.
REDUCING LOGISTICS COSTS AT GENERAL MOTORS (17.1):

Automobile and truck production at GENERAL MOTORS involves shipping a broad variety of materials, parts, and components from 20,000 supplier plants to over 160 GM plants. To help reduce logistics costs at GM, the decision tool TRANSPART was developed. In its initial application for GM's Delco Electronics Division, TRANSPART identified a 26 percent logistics cost savings opportunity ($2.9 million per year). Today, TRANSPART II - a commercial version of the tool - is being used in more than 40 GM plants.

30.
A PUBLIC SAFETY MERGER IN GROSSE POINTE PARK, MICHIGAN (18.4):

THE CITY OF GROSSE POINTE PARK, MICHIGAN, planned to totally merge its policy department and fire department, which also provided emergency medical services. Almost all personnel would be trained as both policemen and firefighters, and many as emergency medical technicians. Within 17 days of the merger the average response was cut by 50%, the operating costs reduced by as much as $100,000 per year, and patrol coverage increased.

31.
MAXIMIZING PROFITS FOR NORTH AMERICAN VAN LINES' TRUCKLOAD 
DIVISION:  A NEW FRAMEWORK FOR PRICING AND OPERATIONS (18.1):

The Commercial Transport Division of NORTH AMERICAN VAN LINES dispatches thousands of trucks from customer origin to customer destination each week under high levels of demand uncertainty.  Working closely with upper management, the project team developed a new type of network model for assigning drivers to loads. The model, LOADMAP, combines real-time information about drivers and loads with an elaborate forecast of future loads and truck activities to maximize profits and service. It provided management with a new understanding of the economics of truckload operations, integrated load evaluation, pricing, marketing, and load solicitation with truck and load assignment; and increased profits by an estimated $2.5 million annually, while providing a higher level of service.

32.
A MULTI-REFINERY, MULTI-PERIOD MODELING SYSTEM FOR THE 
TURKISH PETROLEUM REFINING INDUSTRY (20.4):

As part of Turkey's efforts to position itself to joining the European Economic Community before the end of the century, the TURKISH PETROLEUM REFINERIES CORPORATION (TURPRAS) is seeking to upgrade the specifications of her domestically refined petroleum products to approach and ultimately match the specifications that will be in effect throughout Europe. TURPRAS senior management commissioned the development of mathematical programming models for studying their strategic investment options, to exercise the models in performing an extensive analysis of the options, and to transfer to TURPRAS a decision support system based on the models for continuing analysis. The system is used by TURPRAS to analyze capital investments worth tens of millions of dollars.

33.
THE HASTUS VEHICLE AND MANPOWER SCHEDULING SYSTEM AT THE 
SOCIÉTÉ DE TRANSPORT DE LA COMMUNAUTÉ URBAINE DE MONTRÉAL (20.1):


Varying service levels during the day and complex work rules make transit scheduling a difficult task. The HASTUS-Macro decision support system uses linear programming methods to estimate the costs of changes in union contracts and service levels. HASTUS-Bus employs network-flow methods to generate optimal vehicle schedules. HASTUS-Micro generates operator assignments through a combination of specially-formulated heuristics and optimal matching algorithms. Its use at the CITY OF MONTREAL has produced annual savings in excess of $3,000,000 (three percent of operating costs) in manpower scheduling and $1,000,000 in vehicle scheduling.

34.
USING AN OPTIMIZATION SOFTWARE TO LOWER OVERALL ELECTRIC 
PRODUCTION COSTS FOR SOUTHERN COMPANY (21.1):

The electric utility business has traditionally been very capital-intensive. In the last 10 years, however, fuel costs have escalated at a faster rate than all other cost components. To minimize its fuel cost expenditures, SOUTHERN COMPANY installed a comprehensive operational-planning software package to forecast system loads, optimally schedule thermal and hydro units, and estimate future prices of power transactions. The heart of the package is the Wescouger optimization program, designed by the advanced system technology division of ABB Power Systems, Inc. By using state-of-the-art dynamic programming and branch-and-bound techniques, Wescouger has helped SOUTHERN COMPANY save over $140 million in fuel costs over the past seven years. Today, this optimization software is one of the key scheduling tools used in the control center in Birmingham to fulfill the pool's most import responsibility to deliver electricity to customers in the most reliable and least costly manner.

35.
RECENT ADVANCES IN CREW-PAIRING OPTIMIZATION AT AMERICAN 
AIRLINES (21.1):

Crew-pairing optimization, the most important and computationally intensive part of crew assignment, contends with union and FAA work rules and pay guarantees to arrive at a low cost solution for assigning crews to fly a monthly schedule. AMERICAN AIRLINES' trip reevaluation and improvement program (TRIP) generates annual savings in excess of $20 million. Considered the pre-eminent solution mechanism for problems of this type, TRIP has been sold to 10 major airlines and one railroad.

36.
YIELD MANAGEMENT AT AMERICAN AIRLINES (22.1):

Critical to an airline's operation is the effective use of its reservations inventory. AMERICAN AIRLINES began research in the early 1960s in managing revenue from this inventory. Because of the problem's size and difficulty, AMERICAN AIRLINES DECISION TECHNOLOGIES has developed a series of OR models that effectively reduce the large problem to three much smaller and far more manageable subproblems: overbooking, discount allocation, and traffic management. The results of the subproblem solutions are combined to determine the final inventory levels. AMERICAN AIRLINES estimates the quantifiable benefit at $1.4 billion over the last three years and expects an annual revenue contribution of over $500 million to continue into the future.

37.
NETCAP - AN INTERACTIVE OPTIMIZATION SYSTEM FOR GTE TELEPHONE 
NETWORK PLANNING (22.1):

With operations extending from the east coast to Hawaii, GTE is the largest local telephone company in the United States. Even before its 1991 merger with Contel, GTE maintained more than 2,600 central offices serving over 15,700,000 customer lines. It does extensive planning to ensure that its $300 million annual investment in customer access facilities is well spent. To help GTE Corporation in a very complex task of planning the customer access network, GTE Laboratories developed a decision support tool called NETCAP that is used by nearly 200 GTE network planners, improving productivity by more than 500 percent and saving an estimated $30 million per year in network construction costs.

38.
ALLOCATING TELECOMMUNICATIONS RESOURCES AT L.L. BEAN, INC. (21.1):

We developed and implemented a model for optimizing the deployment of telemarketing resources at L.L. BEAN, a large telemarketer and mail-order catalog house. The deployment levels obtained with economic optimization were significantly different from those formerly determined by service-level criteria, and the resultant cost savings were estimated as $9 to $10 million per year. To develop the economic-optimization approach, we used queuing theory, devised an expected total-cost objective function, and accounted for retrial behavior and potential caller abandonments through a regression model that related the abandonment rates to customer service levels.  Management at L.L. BEAN has fully accepted this approach, which now explicitly sets optimal levels for the number of telephone trunks (lines) carrying incoming traffic, the number of agents scheduled, and the maximum number of queue positions allowed for customers waiting for a telephone agent.

39.
MANAGING CONSUMER CREDIT DELINQUENCY IN THE US ECONOMY:  A 
MULTI-BILLION DOLLAR MANAGEMENT SCIENCE APPLICATION (22.1):

GE CAPITAL provides credit card services for a consumer credit business exceeding $12 billion in total outstanding dollars. Its objective is to optimally manage delinquency by improving the allocation of limited collection resources to maximize net collections over multiple billing period. We developed a probabilistic account flow model and statistically designed programs to provide accurate data on collection resource performance.  A linear programming formulation produces optimal resource allocations that have been implemented across the business. The PAYMENT system has permanently change the way GE CAPITAL manages delinquent consumer credit, reduced annual losses by approximately $37 million, and improved customer goodwill.

40.
ALBERTA'S ENERGY EFFICIENCY BRANCH CONDUCTS TRANSPORTATION 
AUDITS (22.2):

In 1988, the Energy Efficiency Branch of ALBERTA'S DEPARTMENT OF ENERGY launched a computerized transportation audit program. In the first 18 audits completed, the potential annual fuel savings averaged 34 percent. The program consists of four segments: vehicle selection, vehicle maintenance, driver training, and vehicle routing. The development and implementation of the vehicle routing component and its use by Scott National reduced annual fuel costs by 10 percent.

41.
ESTABLISHING TELEPHONE-AGENT STAFFING LEVELS THROUGH 
ECONOMIC OPTIMIZATION (23.2):

Implementation of an economic-optimization model for telephone-agent staffing at L. L. BEAN, a large telemarketer and mail-order catalog house for quality outdoor sporting goods and apparel, led to staffing levels which were very different from those used by the company in the past. For L. L. BEAN, the resultant savings were estimated to amount to more than $500,000 per year.

42.
IMPROVING DELIVERY PERFORMANCE IN GEAR MANUFACTURING AT 
JEFFREY DIVISION OF DRESSER INDUSTRIES (23.2):

Simulation of the gear manufacturing operation of a newly organized plant within a plant at Jeffrey Mining Equipment Division of DRESSER INDUSTRIES using due-date performance as the primary measure of effectiveness led to a change in the dispatching policy that realized 39 percent improvement over the existing policy at the highest demand level.

43.
INTEGRATED PRODUCTION, DISTRIBUTION, AND INVENTORY PLANNING 
AT LIBBEY-OWENS-FORD (23.3):

FLAGPOL, a large-scale linear-programming model of the production, distribution, and inventory operations in the flat glass business of LIBBEY-OWENS-FORD deals with four plants, over 200 products, and over 40 demand centers in a 12-month planning horizon. Annual savings from using this model are estimated at over $2,000,000.

44.
DESIGNING AN INTEGRATED DISTRIBUTION SYSTEM AT DOWBRANDS, INC. 
(23.3):

Merging two independent distribution systems into an integrated whole poses significant challenges and opportunities. In analyzing the trade-offs among facility, inventory, and transportation costs, as well as customer-service issues, an optimization-based decision support system (DSS) for designing two-echelon, multi-product distribution systems was applied to a problem facing DOWBRANDS, INC. The DSS produced savings in logistics which are conservatively estimated to be $1.5 million per year.

45.
A HYBRID SYSTEM IMPROVES CLAIMS AUDITING AT BLUE CROSS (23.6):


The PlanTracker system helps BLUE CROSS of WESTERN PENNSYLVANIA (BCWP) to analyze errors in claims records transmitted from other Blue Cross organizations with the goal of improving their accuracy. The development of PlanTracker was complicated by a complex and constantly changing data transmission environment. PlanTracker has reduced the time required to audit claims information from seven days to about one hour. As a result, BCWP has achieved a more timely and consistent billing cycle for its corporate accounts. Since 1987, the dollar volume of claims rejected annually has deceased from 10 percent to 4.5 percent.

46.
AN INTEGRATED DECISION SUPPORT SYSTEM IN A CHINESE CHEMICAL 
PLANT (23.6):

In July 1986, an integrated decision support system (DSS) at the DALIAN DYESTUFF PLANT, one of the largest chemical dye plants in China, was developed. The DSS combines a linear-programming-based optimization model with a rule-based artificial-intelligence model. The system contains subsystems for production planning, accounting and finances, inventory, and information services.  Operational results indicate that the system increased the annual profits by at least 4 million RMB in 1987 (about one million US dollars; the plant's total profits were about 40 million RMB per year at that time).

47.
AT&T's CALL PROCESSING SIMULATOR (CAPS) OPERATIONAL DESIGN FOR 
INBOUND CALL CENTERS (24.1):

Since 1978, AT&T has been developing the call processing simulator (CAPS) to design and evaluate inbound call centers. The current version of CAPS is a user-friendly PC-based system employing a discrete event simulation model and queuing models. Using CAPS, AT&T can model a network of call centers utilizing advanced 800 network features before its customers make capital investments to start or change their call centers. In 1992, AT&T completed about 2,000 CAPS studies for its business customers, helping it increase, protect, and regain more than one billion dollars in an eight billion dollar 800-network market.  While this is impressive alone, the CAPS tool is also the turnkey for more than $750 million in annual profit for AT&T's business customers who received CAPS studies.

48.
THE RUSSELL-YASUDA KASAI MODEL:  AN ASSET/LIABILITY MODEL FOR A 
JAPANESE INSURANCE COMPANY USING MULTISTAGE STOCHASTIC 
PROGRAMMING (24.1):

Frank Russell Company and THE YASUDA FIRE AND MARINE INSURANCE CO., LTD., developed an asset/liability management model using multistage stochastic programming. It determines an optimal investment strategy that incorporates a multiperiod approach and enables the decision makers to define risks in tangible operational terms. It also handles the complex regulations imposed by Japanese insurance laws and practices. The most important goal is to produce a high-income return to pay annual interest on savings-type insurance policies without sacrificing the goal of maximizing the long-term wealth of the firm. During the first two years of use, fiscal 1991 and 1992, the investment strategy devised by the model yielded extra income of 42 basis points (¥ 8.7 billion or US $79 million).

49.
IMPROVING PUPIL TRANSPORTATION IN NORTH CAROLINA (24.1):

DEPARTMENT OF PUBLIC INSTRUCTION, TRANSPORTATION SERVICES, NORTH CAROLINA uses data envelopment analysis (DEA) to produce a pupil transportation funding process that encourages operational efficiency and reduces expenditures. To do so, we extended the DEA methodology to nonhomogeneous units by integrating DEA with a regression model that adjusts the DEA output to account for variations in site characteristics and to ensure that the final funding allocations were fair. The new process had led to changes in bus routes and schedules, adjustments in school start and stop times, and reductions in the inventory of buses. Between 1990 and 1993, the state saved $25.2 million in capital costs and $27.9 million in operating costs, and it expects savings to increase.

50. 
Coldstart: fleet assignment at delta air lines (24.1):


Delta Air Lines flies over 2,500 domestic flight legs every day, using about 450 aircraft. The fleet assignment problem is to match aircraft to flight legs so that seats are filled with paying passengers. Recent advances in mathematical programming algorithms and computer hardware make it possible to solve optimization problems of this scope for the first time. Delta is the first airline to solve to completion one of the largest and most difficult problems in this industry. Use of the Coldstart model is expected to save Delta Air Lines $300 million over the next three years. 

51.
USING CHANCE-CONSTRAINED PROGRAMMING FOR ANIMAL FEED 
FORMULATION AT AGWAY (24.2):

AGWAY uses chance-constrained programming to formulate commercial feeds for animals. The finished feeds averaged 40 percent greater nutritional consistency and were lower in cost than feeds formulated by traditional linear programming with a margin of safety.  Formulating animal feeds by chance-constrained programming saves AGWAY, INC. more than $250,000 per year.

52.
L. L. BEAN IMPROVES CALL-CENTER FORECASTING (25.6):


Two forecasting systems have been developed to model incoming calls for L. L. Bean Call-Center Forecasting so that efficient staffing schedules for telephone agents can be produced. The forecasting systems which are based on time series analysis that track the seasonal call pattern have produced annual savings of $300,000 through enhanced scheduling efficiency.

53.
IMPReSS: AN AUTOMATED PRODUCTION-PLANNING AND DELIVERY-
QUOTATION SYSTEM AT HARRIS CORPORATION-SEMICONDUCTOR 
SECTOR (26.1):


IMPReSS, an optimization-based production planning system at Harris Corporation’s semiconductor sector, generates capacity-feasible production schedules for a world-wide manufacturing network and quotes product delivery dates in response to customer inquiries. The planning engine of IMPReSS is the Berkeley Planning System (BPS), which models the problem in a form that permits linear programming optimization. Its implementation raised on-time deliveries of line items from 75 to 95 percent without increasing inventories, enabled the sector to expand its markets and its market share, and helped move the sector from a loss of $75 million to profit of over $40 million annually.

54.
KeyCorp SERVICE EXCELLENCE MANAGEMENT SYSTEM (26.1):


Since 1991, KeyCorp has been developing its Service Excellence Management System (SEMS) to manage productivity and enhance service throughout its 1,300 branch banking franchise. The SEMS models measure branch activities and generate  reports on customers wait times and teller proficiency and productivity levels. The reports help managers to identify reengineering efforts, schedule staff to better match customer arrivals, and enhance productivity and service. For branches using the models, customer processing time has been reduced by 53 percent and customer wait time has improved dramatically. The SEMS models are expected to reduce personnel expenses by $98 million over five years. 

55. 
Sawtimber Valuation and Sawlog Allocation through 
Simulation of Temple-Inland Sawmills (26.6):


The cost of delivered sawlogs to a sawmill may account for 70 to 80 percent of all operating costs. But sawmills differ: one sawmill may process a certain group of sawlogs more efficiently and obtain a higher value from those sawlogs than another group. To determine sawtimber value and to allocate sawlogs to sawmills, Temple-Inland Forest Products has employed a simulation program (Micro-MSUSP) since 1991. Analysis has shown an approximate 3.3 percent ($5 million) improvement in profit margin through improved valuation of sawtimber and better allocation of sawlogs. Temple-Inland’s investment in simulation has amounted to two full-time employees and approximately $95,000 each year. 

56. 
Automating Credit and collections decisions at at&t capital 
corporation (27.1):


AT&T Capital Corporation, the largest publicly held leasing and financing company in the US, owns and manages over $12 billion in assets. In 1992, sets of decision automation systems and the associated decision strategies for front-end credit decisions, life-cycle credit-line management, and delinquent account collections were developed to enhance the viability and profitability of its small-ticket business. Productivity gains have enhanced competitiveness by reducing response times and increased profitability by reducing credit and collections operating costs by over $3.1 million annually. Finally, improvements in decision quality have led to business volume gains of $86 million annually, while reducing bad debt losses by $1.1 million annually. 

57.
Revenue Management saves national car rental (27.1):


In 1993, National Car Rental faced liquidation. General Motors Corporation (National’s parent) took a $744 million charge against earnings related to its ownership of National Car Rental Systems. National faced liquidation, with the loss of 7,500 jobs, unless it could show a profit in the short term. National initiated a comprehensive revenue management program whose core is a suite of analytic models developed to manage capacity, pricing and reservation. As it improved management of these functions, National dramatically increased its revenue. The initial implementation in July 1993 produced immediate results and returned National Car Rental to profitability. In July 1994, National implemented a state-of-the-art revenue management system, improving revenues by $56 million in the first year. In April 1995, General Motors sold National Car Rental Systems for an estimated $1.2 billion. 

58.
Blending OR/MS, judgment, and gis: restructuring p&g’s supply 
chain (27.1):


In 1993, Procter & Gamble (P&G) began an effort entitled strengthening global effectiveness (SGE), to streamline work processes. A principal component of SGE was the North American product supply study. The methodology developed to solve this problem drew on OR/MS and information technology, merging integer programming, network optimization models, and a geographical information system (GIS). As a result of this study, P&G is reducing the number of North American plants by almost 20 percent, saving over $200 million in pretax costs per year and renewing its focus on OR/MS approaches. 

59.
The federal express story (27.2):


Federal Express Corporation has used operations research (OR) to help make its major business decisions since its overnight package delivery operations began in 1973. An early failure pointed out the need for scientific analysis. A successful origin-destination model was followed by models to simulate operations, finances, engine use, personal assignments, and route structures. CEO and founder Frederick W. Smith played a central role in the use of OR at the company: he established a relationship with OR and management science personnel and this relationship supported the growth and success of the company. 

60.
Locating and Sizing plants for bottling propane in south india (27.6):

Shri Shakti LPG Ltd. imports and markets liquefied petroleum gas (LPG) in south India. It sells LPG in packed (cylinder) form to domestic customers and commercial establishments through a network of dealers. Dealers replenish their stocks from bottling plants, which in turn receive LPG in bulk from the cheaper of SSLPG’s two import-and-storage facilities that are located on the Indian coast. An integer program model helped in deciding on the locations and long-run sizes of its bottling plants. It is estimated that the recommended configuration of bottling plants is about $1 million cheaper annually than the one that SSLPG had initially planned. 

61.
An integrated labor-management system for taco bell (28.1):


Taco Bell Corporation has approximately 6,490 company-owned, licensed, and franchised locations in 50 states and a growing international market. Worldwide yearly sales are approximately $4.6 billion. In managing the company relied on an integrated set of operations research models, including forecasting to predict customer arrivals, simulation to determine the optimum labor required to provide desired customer service, and optimization to schedule and allocate crew members to minimize payroll. Through 1997, these models have saved over $53 million in labor costs. 

62.
The peoples gas light and coke company plans gas supply (28.5):

A gas utility's profits depend on its portfolio of gas supply and storage contracts and their effective utilization. Demand for natural gas depends on temperature. An optimization model that considers multiple weather scenarios in determining a supply portfolio has been developed. They originally developed it to support filings of integrated least-cost supply plans with the Illinois Commerce Commission. With deregulation of the natural gas industry, the company has used the model to restructure supply portfolios, saving more than $50 million annually. 

63.
Use oF OR systems in the chilean forest industries (29.1):

The Chilean forestry sector is composed of private firms that combine large timber-land holdings of mostly pine plantations and some eucalyptus with sawmills and pulp plants. Since 1988, to complete in the world market, the main Chilean forest firms, which have sales of about $1 billion, have started implementing OR models developed jointly with academics from the University of Chile. These systems support decisions on daily truck scheduling, short-term harvesting, location of harvesting machinery and access roads, and medium- and long-term forest planning. Approaches used in solving these complex problems include simulation, linear and mixed-integer LP formulations. The systems have led to a change in organizational decision making and to estimated gains of at least US $20 million per year. 

64.
Robust process Control at Cerestar's Refineries (29.1):

With annual sales of over $2 billion, Cerestar is Europe's leading manufacturer of made-to-order wheat- and corn-based starch products. Starting in 1993, they developed Robust Process Control (RPC) to increase average throughput and reduce throughput variation by combining engineering principles with OR / MS techniques. RPC includes a mathematical-programming model to reduce downtimes due to product switchovers, models for process optimization, and dynamic control models for process-flow synchronization. Cerestar implemented the resulting decision support system at eight refineries in six countries. It has increased average daily throughputs by 20 percent and reduced average throughput variation by 50 percent. 

65.
portfolio construction through mixed-integer programming at grantham, mayo, van otterloo and company (29.1):

Grantham, Mayo, Van Ottorloo and Company LLC (GMO) uses mixed-integer-programming (MIP) methods to construct portfolios that are close (in terms of sector and security exposure) to target portfolios, have the same liquidity, turnover, and expected return as the target portfolios, control frictional costs, and do so with fewer distinct stocks and with fewer transactions. The benefits from this implementation include (1) keeping the existing client business; (2) making possible important new growth opportunities; (3) reducing the number of stock names by an average 40 to 60 percent; (4) reducing the annual cost of trading the portfolios by at least $4 million by reducing the number of trading tickets written by 75 to 85 percent, (5) improving the trading process; and (6) improving performance in simulation in a US fund consisting of growth stocks with small market capitalization

66.
Applying GIS and OR Techniques to solve sears technician-dispatching and Home-Delivery Problems (29.1):

Sears, Roebuck and Company uses a vehicle-routing-and-scheduling system based on a geographic information to run its delivery and home service fleets more efficiently. Although the problems to be solved can be modeled as vehicle-routing problems with time windows (VRPTW), the size of the problems and thus practical complexity make these problems of both theoretical and practical interest. The combination of GIS and OR techniques makes the system quite efficient. The system has improved the Sears technician-dispatching and home-delivery business; resulting in over $9 million in one-time savings and over $42 million in annual savings. 

67.
Spicer off-highway products division - brugge improves its lead-time and scheduling performance (30.1):

Spicer Off-Highway Products Division asked us to develop OR tools to improve the due date performance and to shorten the manufacturing lead time of its powershift transmission plant in Brugge, Belgium. We modeled the manufacturing system as a queueing model and used the model to analyze and evaluate improvement schemes (layout changes, product mix 

decisions, lot-sizing decisions, and lead-time estimations). Our modelling effort contributed to the successful combination of analysis, planning, and detailed scheduling. The plant increased productivity by 27.3 percentage pints, decreased manufacturing lead times by a factor of two or three, increased its workforce by 41 percent, and decreased its operating costs.

68.
Air Transat Uses ALTITUDE  to Manage Its Aircraft Routing, Crew Pairing, and Work Assignment (30.2):

Air Transat operates charter flights to vacation spots. In 1993 it acquired the airline operations management system ALTITUDE, a three-module optimization package for aircraft routing, crew pairing, and monthly work assignment. The system helped the airline to streamline planning and scheduling. By reducing the planning cycle, increasing operational flexibility, and supporting marketing, the system helped the company to become the largest charter operator in Canada. By optimizing planning and scheduling problems and allowing easy interfacing among them, it thereby saved the company an estimated eight to twelve percent of total costs during the first year and over a million dollars during the second year in operation. 

69.
Divide and conquer: rohm and haas’ response to a changing specialty chemicals (30.6)

Rohm and Haas is caught between giant raw-material suppliers and powerful retailers at opposite ends of the supply chain. The company’s largest business unit, Polymers and Resins  (P and R) faced increasing price pressure from customers and calls to improve the rate of return to corporate shareholders. Over a three-year period, P an R operations were aligned around well-defined business policies, segregating products into make-to-stock and make-to-order supply channels, prioritizing customers, and serving nonstrategic customers through distributors. These changes saved millions of dollars, increased productive capacity, and transformed the business into a leaner, more disciplined operating unit.

70. A DECISION SUPPORT SYSTEM FOR PLANNING REMANUFACTURING AT NORTEL NETWORKS (30.6)

Nortel Networks, an international digital and internet network equipment manufacturer developed a decision support system (DSS) to improve the planning of its remanufacturing operations for circuit assemblies. The system embodies a reverse-logistic model that allows decision makers to better plan the outbound and inbound product flows involved in making design changes. Careful modeling of the decision-making process and its embodiment in appropriate information technology resulted in 1994 in about of US$ 75 million saving.

71. DETERMINING RAIL FLEET SIZES FOR SHIPPNG AUTOMOBILES (30.6)

Automobile manufacturers (shippers) provide railroad companies with annual forecasts of their monthly shipping volumes from various origins to different destinations. The railroad companies (carriers) jointly operate pools of railcars to transport automobiles. Each pool comprised equipment of a particular type and serves one or more shippers. A fleet management group manages the reposition of empty railcars of each type for the carriers. The problem is to determine the smallest fleet size that will provide adequate service. Static and dynamic fleet-sizing models were developed to recommend the number of railcars of each type that should be acquired for any year. The approach saves over half a billion dollars annually in reduced equipment comitments.

72.
 IMPROVING PERFORMANCE AND FLEXIBILITY AT JEPPESEN (31.1)

Jeppesen Sanderson, Inc, manufactures, and distributes flight manual containing safety information for over 300,000 pilots and 400 airlines worldwide. An optimization-based decision-support system developed for improved production planning reduced lateness and improved production processes, which led to a decrease in customer complaints, a reduction costs of nearly 10 percent, an increase in profit of 24 percent.

73.
 OPTIMIZING CREW SCHEDULING AT AIR NEW ZEALAND (31.1)

The aircrew-scheduling problem consists of two important subproblems: the tours-of-duty planning problem to generate minimum-cost tours of duty to cover all scheduled flights, and the rostering problem to assign tours of duty to individual crew members. Between 1986 and 1999. Air New Zealand staff and consultants of the University of Auckland have developed several application-specific optimization-based systems to solve all aspects of the tours-of-duty planning and rostering processes for Air New Zealand’s national and international operations. These systems have saved NZ$15,655,000 per year while providing crew rosters that better respect crew members’ preferences.

74. OPTIMIZING CUSTOMER MAIL STREAMS AT FINGERHUT (31.1)

Fingerhut mails up to 120 catalogs per year to each of its 7 million customers. With this dense mail plan and mailing decisions made independently for each catalog, many customers were receiving redundant and unproductive catalogs. Fingerhut developed an optimization system that selects the most profitable sequence of catalogs, called a mail stream, for each customer. With mail streams, Fingerhut makes better mailing decisions at the customer level, resulting in increased profits of US$3.5 million per annum.

75.
MANAGEMENT OF PROTOTYPE VEHICLE TESTING AT FORD MOTOR COMPANY (31.1)

The prototype vehicles that Ford Motor Company uses to verify its designs are a major annual investment. Ford adapted a set-covering methodology to develop a prototype optimization model (POM). Ford uses the POM and its related expert systems to budget, plan, and manage prototype test fleets and to maintain testing integrity, reducing annual prototype costs by more than $250 million. POM’s first use on the European Transit vehicle reduced costs by an estimated $12 million. The model dramatically shortened the planning process, established global procedures, and created a common structure for dialogue between budgeting and engineering.

76.
Using Cyclic Planning to Manage Capacity at alcoa (31.3)

ALCOA makes aluminium-tubing products to order. The product lines’ success caused a backlog of customer orders and long customer lead times. This problem was exacerbated by frequent machine breakdowns at a bottleneck operation. ALCOA implemented cyclic planning to improve capacity management. The results were immediate and dramatic. Over eight months, output increased by over 20 percent, almost eliminating the backlog of customer orders, improved workforce planning and better machine maintenance scheduling.

77.
optimization models for restructuring basf North america’s distributon system (31. 3)

By 1995, annual distribution costs for BASF North America’s packaged goods were nearly $100 million. The firm explored trade-offs between customer service and operating costs in a redesign effort using linear-programming-based models. A flexible modeling tool aided in implementing these formulations. The resulting revised distribution system reduced costs by 6% and improved customer service, and the modified distribution network took next-day deliveries from 77 percent to 90 percent. BASF also applied the models to operations in Scandinavia, Europe, and the Asia-Pacific area.

78.
A Production Planning DSS for CTi using structured Modeling (31.4)

An optimization-based decision systems to support production planning at CTI (an appliance-manufacturing firm) was developed using new methodologies and tools based on structured modeling. These tools can reduce the time and cost required to build such systems. The development strategy included close interaction with CTI’s decision makers, a well-structured training program and follow-up, and short response times for releasing new versions of the software. It is estimated that in the use of the system increased profits by 13 to 24 percent, an increase of $3 to $6 million per year.

79.
Intermodal Pricing model creates a Network pricing perspective at bNSf (31.4)

Burlington Northern and Santa Fe Railway (BNSF) is exploring methods of pricing its network of intermodal services effectively. The problem is challenging because cost interactions between the markets arise from equipment imbalances at endpoints in the network. BNSF has applied the model to many pricing scenarios and identified a potential for 3.5 percent improvement in net profitability through a 61 percent reduction in empty repositioning. 

80.
US WEST Implements a cogent analytical model for optimal vehicle replacement (31.5)

We developed and implemented a model-based replacement process for a diverse fleet of vehicles at US WEST, a major telecommunications company (since June 2000, Qwest Communications International). The model considers relevant age-dependent factors, including annual maintenance cost, opportunity cost of downtime, depreciation, and salvage value and assigns a replacement score to each candidate vehicle. The model then rank-orders the vehicles by score and identifies them for replacement subject to a budget constraint on fleet capital expenditure. Through implementation of the model-based process, the company expects an annual benefit of more than $13 million.

81.
A NEW Era for crew recovery at continental airlines (33.1)

Airlines face schedule disruptions daily because of unexpected events, including inclement weather, aircraft mechanical problems, and crew unavailability. These disruptions can cause flight delays and cancellations. As a result, crews may not be in position to service their remaining scheduled flights. Airlines must reassign crews quickly to cover open flights and to return them to their original schedules in a cost-effective manner while honoring all government regulations, contractual obligations, and quality-of-life requirements. CALEB Technologies developed the CrewSolver decision-support system for Continental Airlines to generate globally optimal, or near optimal, crew-recovery solutions. The system has dealt successfully with several high-profile events. Continental estimates that in 2001 the CrewSolver system helped it save approximately US$40 million for major disruptions only. 

82.
IMPROVING CAR BODY PRODUCTION AT PSA PEUGEOT CITROËN (33.1)
In 1998, following a change in top management, the new CEO of PSA Peugeot Citroën decided to adopt a triple-axis strategy of growth, innovation, and profitability and set an ambitious target for each. To meet these objectives, PSA decided to focus on the car-body shops, which were the bottlenecks of its plants. An R&D team conducted a project to support car-body production for PSA Peugeot Citroën. This project which combines simulation and Markov-chain models of series-parallel systems, have improved throughput with minimal capital investment and no compromise in quality–contributing US $130 million to the bottom line in 2001 alone. 

83.
OPTIMIZING PERIODIC MAINTENANCE OPERATIONS FOR SCHINDLER ELEVATOR CORPORATION (33.1)

Schindler, the world’s largest escalator company and second-largest elevator company, maintains tens of thousands of elevators and escalators throughout North America. Thousands of technicians are on the road each day to maintain, repair, and help in emergencies. Each technician’s route requires precise and optimized planning. Schindler developed an automated route-scheduling and planning system which is based on a geographic-information-system-integrated application that employs operations research techniques to optimize preventive maintanance operations. It assigns maintenance work to technicians and creates efficient day-routes by solving the periodic-vehicle-routing problem. The optimization system saves over $1 million annually and increases Schindler’s managers’ awareness of operating revenue.




