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What is Operations Research? 

Operations Research is the application of mathematics to solve 
problems. The problems are 11word problems", real problems converted into 
mathematical form and solved. The mathematics are 11 applications 11 according 
to real mathematicians. 

Operations Research is needed after emergencies because there will be 
plenty of problems. There may not be much time to solve them, but 
Operations Research already has solutions to fit the problems. 

Operations Researchers want to solve problems. They will be attracted 
to and challenged by problems that arise after emergencies because of their 
motivation to restore order, because the problems are different from 
everyday problems, and because of the challenge to get quick solutions. 

Operations Research requires computers because the days of simple 
solutions to simple problems have gone. There are still simple solutions, 
but they are applied to so much data that computers must store inputs and 
execute the simple solutions. The availability of personal computers makes 
Operations Research convenient after emergencies. 

This is how an Operations Researcher solves a problem. The Manager and 
Operations Researcher formulate the problem and describe alternatives. 
Then the Operations Researcher abstracts the problem into a mathematical or 
computer model, solves the model and suggests the solution to the Manager. 
That solution may not solve the manager ' s problem because it is a solution 
to an abstract model. With some iteration, the Manager and the 
Operations Researcher can usually improve the solution. They might even 
find alternatives that had been overlooked. This problem solving process 
can be employed during and after emergencies 

The Operations Researcher usually forces the problem into a standard 
form and uses standard solutions. Some solutions are preprogrammed so that 
problem solving a~ounts to gathering the data, applying the standard 
solution and reporting the results. The difficulties lie in problem 
formulation and data collection. 

Operations Research, Management Science and Systems Science are 
similar. The publications are similar. Table 1 lists the main topics of 
the core journals in each field. Table 2 describes some typical 
Operations Research problems. 

How does Operations Research help after emergencies? The obvious 
answer is it solves problems. Some solutions are already available. They 
were obtained in the course of designing systems for emergencies (Section 
2) or allocating resources after emergencies (Section 3). But applications 
are scarce judging from the small number of references. This is due to the 
infrequency of emergencies relative to the frequency of everyday problems. 

For example, a characteristic of mathematical programming makes it an 
attractive problem solving method after emergencies. The first step in 
mathematical programming is to find feasible solutions. After an 
emergency, feasible solutions may be scarce and all that is needed. 
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Table 1: Divisions of Soate Leading Journals 

Operations Research Management Science International Journal 
(Area Editors) (Departments) of Systems Science 

Mathematical Progranning & Mathematical Programming Math. Modeling 
Optimization and Networks 

Distribution Networks & Logistics , Distribution Optimization 
Facilities & Inventory 

Production Production and Operations Industry 
Management 

Simulation Simulation Simulation 

Decision Analysis Decision Analysis Control 

Stochastic Processes & 
Queuing 

Applied Stochastic Processes 

Social Systems, Health Public Sector Applications Bio. Systems 
& Service 

Natural Resources & Energy Finance; Infonnation Systems Environment 
and Accounting 

Re11abi 1 i ty 

Military Oper. Research 

Marketing; Organization Analysis 

Planning and Design; R & D and 
Innovation; Planning, Forecasting 
and Applied Game Theory 

Table 2. Typical Problems in Some Divisions 

1. Mathematical Pro~ra11111ing 
Find the best al ernative to aaximize one function subject to 
constraints on other functions of the alternatives. 

2. Probability and Stochastic Processes 
Find the probabil1tfes of some events or find the values of some 
functions of these probabilities. 

3. Simulation 
Build a computer 1110del of the problem and see what happens to the model 
when we change it. 

4. Game Theo~ 
Find straegies to satisfy SOIIM! objective in competition with 
adversaries. 

5. ~lti-objecthe Oec1sion Analysis 
Satisfy several objectives simultaneously as well as possible. 

, 
What Has Operations Research Been Used for Prior to Emergencies? 

Operations Research has been applied extensively in planning, design and 
operation of production, distribution and service industries. Some of 
these applications are planning for emergencies: 

l. design power generation and transmission systems for reliability 
in case of earthquake or fire (54, 55, 62), 

2. allocate resources, plan inventories, and distribute supplies 
(blood, food, etc.) (24, 44, 45, 47, 48, 65, 66, 67), 

3. design queuing, service and communication systems to handle 
overload or withstand electromagnetic pulse (63, 67, 63), 

4. estimate reliability of lifeline networks (16, 17, 18, 19, 20, 21, 
22, 48), 

5. construct models of contagion, epidemics and disasters for 
assessment of their effects (25, 26, 37, 38, 39, 43, 61, 68, 69), 

6. locate and dispatch emergency services such as health, police, 
fire and shelter (1, 23, 28, 29, 30, 31, 33, 41, 42), 

7. estimate insurance prem1ums and the value of life (53, 56, 57, 58, 
59, 60), 

8. plan fire control strategies (2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 
13, 26, 35, 36, 46), 
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The design for reliability of power, water and communication systems 
recently shifted emphasis. Systems have always been designed to avoid 
breakdown due to wearout or internal malfunction. But the need to 
withstand external shocks has been recently emphasized. Shocks could be 
earthquakes which shutdown power plants, knock over transmission towers, 
and break water mains. They could be electromagnetic pulses which scramble 
circuits. They could be storms which interrupt communications and cause 
damage. They could be fires inside nuclear power plants which can't be 
fought aggressively because of inaccessibility. Operations Research helps 
design for reliability in case of shocks and emergencies by estimating 
reliabi lity of components and systems. 

The typical model of component failure due to shock is that some load, 
mechanical, electromagnetic, or thermal, exceeds the component's capacity 
to withstand the load. The load and the component's capacity to withstand 
the load are modeled as random variables to represent inherent randomness. 
Component failure probability is 

P[Load > Strength] = P [X > Y] =fo
00 

{l-Fy{x} }f /x}dx {l } 

where Fy{x} = P[Strength .;; x] and fx{x}dx? P[ X< Load .;; x+dx]. 

The probability a system survives {reliability} is the probability that 
some combinations of components survive. System reliability is not the 
product of component ·reliabilities because components are dependent. They 
are dependent because the component loads are all caused by the same 
external load. 

For example, suppose two identical relays are used for redundancy in a 
circuit. Circuit failure probability is the probability both relays fail. 
Suppose the relays are in two different cabinets to reduce the probability 
that both are damaged by a fire. Suppose a fire occurs in the room 
containing the cabinets. Assume the relays fail if the peak temperatures 
in their cabinets exceed the capacities of their wiring insulations to 
withstand heat. Denote X1 and X2 the peak temperatures and Y1 and 
Y2 the capacities. Assume they are independent pairs of correlated 
nonnal random variables. The peak temperatures are correlated because they 
are due to the same fire. The probability of circuit failure increases 
with the correlation between X1 and X2. Incorrectly assuming X1 and 
X2 are uncorrelated underestimates circuit failure probability. 

The recent shift in emphasis of reliability analysis has required that 
dependence be accounted for. This is done {64}. In addition to handling 
dependence , t he shift in emphasis requires tnat the effect of secondary 
threat following a shock, such as fire following earthquake, be accounted 
for. 

For example, suppose earthquake load and subsequent fire can cause 
relay failures. Assume a relay fails if either the earthquake load exceeds 
the mechanical stsrength or if the fire temperature exceeds the insulation 
capacity. Let E and F denote earthquake and fire random 
variables. Then component failure probability is 

P[X1 {E} >Y1 {E} or Xl {F} >Yl {F}]. {2} 

If there is deterioriation due to earthquake, component failure probability 
is 

P[X
1

(E)>Y
1

(E)] + P[X
1

(F) >Y
1

(F) I Xi(E).;; Y
1

(E)] P[X
1

(E) .;; Y
1

(E)], (3) 
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earthquake failure probability plus earthquake survival and fire failure 
probability. The probability P[X1 (F) >Yl (F) I X1 (E) .;; Y1 (E)] 
conditions fire failure on earthquake survival allowing earthquake 
deterioriation to affect fire failure probability. 

What Good is Operations Research After an Emergency? 

There are many Operations Research methods useful after an emergency: 

1. Management of resources (50,65,52), 
a. perishable inventories (24), 
b. transportation and distrioution (27, 29, 34, 40, 41, 65, 67), 
c. rationing (47), 
d. canni balizatfon of spare parts (44, 45), 
e. feasible resource allocation (66). 

2. Model s of contagion, epidemic, and Tfre, 
a. stochastic process models of epidemics (68), 
b. Markov process models of fire spread in Wand 3D (26, 68), 

3. Models of control of emergencies 
a. Markov decision processes for control of fires (4, 5, 6, 7, 

8, 9, 11), 
b. dynamic lifeline analysis to construct the optimal network 

after damage (16, 17, 18, 19, 20, 21, 22), 
c. bottleneck transportation problems (27), 

4. Search (70). 
Because there areso many methods, I'll describe only feasible resource 
allocation. 

The typical resource allocation problem is to find the levels of 
activities Xj, j=l ,2, ••• ,n,to maximize some profit function where Pj is 
the profit per unit of activity j 

n 
z = pTx =~ p·x· (4) 

- j=l J J 

subject to constraints 
n 

-~ aiJ. xJ· ,;;; bi i=l ,2, ••• m 
J =l 
Xj ;;. 0. 

(5) 

(6) 

The bj are available resource quantities, the aij are the consumption 
rates of resource i per unit of activity j, and the product aij x· is 
the amount of resource i used by activity Xj. This problem is cailed a 
linear program. The constraints define a convex set in the vector space 
spanned by x. The set may be empty if resources are insufficient to 
satisfy intermediate production constraints. 

For example, there may be a limited amount of unpolluted water which 
can be used in three activities, drinking by humans, watering agriculture, 
and drinking by livestock. The variable x1 represents the amount of 
water for drinking by humans so its input~output coefficient a11=l and 
its profit may be assumed to be p1=l. The variable x2 represents the 
level of agricultural activity. Its input output coefficient a12 is the 
water consumption per unit of agricultural activity. The profit P2 per 
unit of agriculture is greater than from livestock, p3. 
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There may be other constraints which depend on population size that 
define the minimum levels of combinations of act ivities required for 
survival; e.g. 

x1 i b1 

a22x2 + a23 x3 ~ b2 

(water required by population} 

(calories required by population} 

After an emergency, the problem may be to find a feasible set of activity 
levels to support the population. 

The data for feasible resource allocation exists except for the amounts 
of resources and the population. As soon after an emergency as resource 
and population estimates become available, the feasibility problem can be 
solved and solutions recommended to resource managers. If no feasible 
solutions exist, sensitivity analyses can show which resources are most 
needed and how much. 

Conclusions 

Operations Research is ready and waiting to help after emergencies. 
One reason it has been used so little is no longer applicable, the lack of 
computer support. I recommend that emergency managers prepare the data, 
the programs, the operations researchers and themselves to use the su pport 
Operations Research can provide after emergencies . 
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