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An interesting facet of mathematical programming is that there
are normally many equally optimum programs allowing a choice of
the program actually put to use. There is therefore still scope for
executive decision after the mathematical programmers have done
their part.

Monte Carlo Method

The Monte Carlo technique is a form of simulation that provides
experimental, as contrasted to theoretical, answers to problems involv-
ing the complex interaction of many random events. It often can
be a useful element in a simulation solution.

Without being able to quote the authority for the following
historical note, it is believed that Monte Carlo was the code name
given by von Neumann and Ulan to the mathematical technique
v-hich they applied to solving a category of nuclear-shielding problems
which were too expensive for experimental solution and too compli-
cated for analytic treatment.

Originally the concept referred to a situation in which there is
a difficult non-probabalistic problem to be solved and for which a
stochastic process may be invented which has moments and distribu-
tions satisfying the relations of a non-probabilistic problem.

More general acceptance has employed the term ‘Monte Carlo’
for any problem which is solved by use of a chance process.

Network Analysis

It is hoped that the network analysis technique has been adequately
described in AAJ No 219 of August 1967.

A network is essentially the portrayal of a number of inter-
connected activities by means of arrows showing the sequences and
dependencies of the various activities. A network can be manipulated
by time processing and by inserting the restraints and this is called
network analysis.

Terms which may be more familiar to readers are Critical Path
Method (CPM) and Program Evaluation and Review Technique
(PERT). These may be considered as variations of the general net-
work analysis technique. CPM is deterministic in the sense that
the network is established with historically determined estimates of
activity duration. When things go wrong, then the network calcula-
tions are reviewed. PERT is probabalistic in that it uses ‘expected
times’ and ‘variances’. It has all the capabilities of handling un-
certainties.

What should be stressed is the very wide application of the net-
work technique. There are very few military spheres of activity
involving planning which cannot use network analysis to great advan-
tage. The normal outcry is that army planners have not got suffi-
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cient time to worry about charts and networks. What is not realized
is that the network charts and the isolation of the critical path of
activities are designed to save time. Also it is not realized that the
initial tedium of establishing the network is very quickly replaced by
a frame of mind which commences automatically to establish net-
works in all planning processes and mentally at least isolate the
critical activities.

Retometry is an all-embracing term covering network analysis
techniques and is interesting because of its artificial origin which is
attributed to P. Marsden and D. R. Moires of the UK Atomic Energy
Authority.

To rationalize the large range of terminology associated with net-
work analysis they decided to devise from first principles a new
word — ‘retometry’ (L. rete, net; Gr. metron, a measure) which they
defined as follows:

‘Techniques which have as their fundamental basis the concept of
graphical representation of the activities necessary for the achieve-
ment of the objectives of a project, with their logical inter-
relationships, and use this concept to analyse time or resource aspects
of the system.’

Operational Gaming

Operational gaming is a trial-and-error method of simulating
problems in which human players are involved. A situation is created
in which two or more players with conflicting interests are involved,
and the outcome is not completely deterministic.

For those who are familiar with the military tactics model room
the outcome may not be theoretically deterministic but a most
probable outcome is decided by an arbiter or directing staff. This
leads us to a rather facetious definition of the word ‘tactics’ as the
‘thought processes of the senior officer present.’

Optimization
This OR term is included mainly to deter people from using it

loosely in the sense of maximizing or continually making greater —
or always keeping costs to a minimum.

The problem of optimization may be expressed as that of maximiz-
ing or minimizing a given effectiveness function, subject to a given
set of restrictions. It is essential that all restrictions or restraining
conditions be taken into account in assessing the final optimum
value.

Probability and Statistics

As mentioned before, apart from defining probability in the
simplest way as the likelihood of the occurrence of various possible
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outcomes, it is not proposed to explore further the theory of proba-
bility and the kindred subject of statistics.

What may be emphasized, however, is the enormous part proba-
bility plays in OR, because probabilities are no longer associated
only with guesswork and uncertainty but can now be accurately
measured or predicted. The distinctive approach of OR is the develop-
ment of a scientific model of the system under study incorporating
measurement of factors such as chance and risk. This enables us
to predict and compare the outcome of alternative decisions, strategies
or control.

Queuing Theory. (Or Waiting Line Theory).

Most OR writers do not attempt to define queuing theory but
concentrate on describing the structural features of queues.

A large class of operational situations which can be described
mathematically in terms of probability are called queuing operations.
They are all concerned with the flow of people or equipment or
messages flowing through a ‘bottle-neck’, where the arriving units
sometimes pile up, waiting to get ‘service’ before they can continue
on their way.

The following characteristics'> are apparent:

(a) Some sort of unit which must be serviced, such as customers
in a shop.

(b) Service which must be performed on them, which may or may
not be independent of the number and type of customer,

(c) An arrival time distribution for the customers — usually a
random or partly periodic distribution.

(d) Lastly, an exit procedure by which the units leave the service
point,

There are two general types of problems. The first involves arrivals
which are randomly spaced and/or service time of random duration.
This class of problem includes situations requiring either determina-
tion of the optimal number of service facilities or the optimal arrival
rate (or times of arrival) or both. The second is concerned with
the order or sequence in which service is provided to available units
by a series of service points and is called a sequencing problem.

Search Theory

A theory of research'’ has been developed to enable the adoption
of an optimal strategy in the location of, say, enemy persons or
devices. Its application to traditional methods of military search
might be a more scientific approach to pattern of behaviour of the
enemy being sought.
1='ADpii;ation .of Operations Research to Indust;-;‘ by Ellis A, kJohnson (OR Office

John Hopkins University 1953) p.24.

' Notes on Operations Research assembled by OR Centre MIT (Crosly and Lockwood,
London, 1959). Chap. 2 'Search’ by B. O. Koopman of Columbia University.
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Traditionally, search operations have been based mainly on
systematic search patterns in a geographical or area sense.

Simulation Techniques.

Simulation is a systematic trial-and-error procedure for solving
complex problems. The basic technique is that of setting up a model
of the real situation and then performing experiments on the model.

‘Many management problems are so complex that it is practically
impossible to find the single provably best answer. It may even be
impossible to approximate the optimum by use of mathematical
analysis. Under these circumstances good answers can often be found
by simulating the interaction of important elements of the problem.
Simulation offers the possibility of comparing many alternative
courses of action and of assessing the profit significance of events
over which management will have no control.’14

With simulation it is possible to use several criteria (time, weather,
damage, efficiency, ete.) simultaneously without having at the outset
to relate them quantitatively (as in mathematical analysis). It is very
empirical in its approach rather than theoretical.

Stochastic Processes

The term ‘stochastic’ is loosely used for ‘probabilistic’ or ‘random’.
Strictly, stochastic should be used in an opposing sense to deter-
ministic. A deterministic process or model can be predicted with
certainty whereas a stochastic process includes an element of random-
ness or probability.

A stochastic mathematical expression would contain therefore
both a deterministic component and a random component.

An expression to predict the fall of artillery shot could contain
a determinate element e.g. temperature, and a random element e.g.
variability of burning rate of propellant. Gunners who object to
descriptions of their fire as random might accept the description of
stochastic quite happily.

Sub-Optimization

Relating it to the definition of ‘optimization’ it is not difficult
to perceive a definition of ‘sub-optimization’.

What is apparent, however, are the advantages of occasionally
sub-optimizing.

L. Tornquist of the Cowles Foundation'? observed that the decision
maker who tries to make only the best decisions may be beaten by
a decision-maker who deliberately takes the risk of making some less-
than-optimum decisions and as a result makes more and earlier

14 Lindsay, New Techniques for Management Decision Making.
15 As reported by Lindsay.
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decisions. The truly optimal strategy contains a large number of
approximately optimal decisions. Occasionally some bad decisions
have to be tolerated if the decision maker is to increase the speed
of decision making, and by studying the consequences of bad
decisions it will be easier later on to find better decisions.

As General Eisenhower said in his United States TV interview
as it appeared on ABC TV on 18 Jan 1967, ‘The first principle of
war is to win as quickly as possible’ To do this it may well be
necessary to make a few sub-optimal decisions for the sake of speed.

Symbolic Logic

Symbolic or mathematical logic is a method of logical reasoning
in formal mathematical terms. As a language of reasoning, it has a
great advantage over verbal language in that it is designed to be
rigorously free of contradiction and ambiguity.

It can describe and analyse very complex logical problems just
as the more familiar algebra provides a symbolic means of describing
and solving complex numerical problems.

An example of mathematical logic which is now being taught in
schools is as follows:
A + B means ‘either A or B’
AB means ‘both A and B’
Al means ‘not A'.

Theory of Value

Decision is based on two tvpes of consideration; consideration
of probability, that is, the probability of occurrence of various possible
outcomes, and consideration of the worth, or value, of these outcomes
to the executive. The product of probability and value summed over
all possible outcomes is the expected value, or simply the expectation
with respect to the given course of procedure.

The problem of elementary decision is to ascertain the course of
action of greatest expectation.

Some Military Applications of OR

It is not proposed to give an example, either historic or anticipated,
of the military application of each analytic tool of OR. A few
examples may however whet the appetite of the interested reader.

Operations research is acknowledged to have had its humble
beginnings in the United Kingdom during the Second World War when
it made its contribution to the winning of the war at the hands of
the ‘back room bhoys’. Although it was probably not referred to as
operational research at the time, OR techniques made their appearance
in submarine and aircraft tracking, bombing patterns and other fire
effectiveness studies.
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In considering areas for the military application of OR ‘the
application of science should not be restricted to ultra modern and
sophisticated areas, but should be extended to any area where a need
exists and where there is a reasonable expectation of valuable
results’16:

Equipment Replacement

Although one of the additional complexities in military situations
is the rapid obsolescence of equipment, it is still possible to decide
when it is of the greatest economic advantage to replace a machine,
the usefulness (and therefore output) of which declines with age.

This can be done by taking into account the conditions of equip-
ment replacement and identifying the objective or function which it
is required to maximize. An optimal replacement policy is used
throughout.

Such a problem may be handled through dynamic programming
techniques.

Transportation and Logistics

The ‘transportation problem’ is one of the subclasses of linear-
programming problems for which simple and computational proce-
dures have been developed to take advantage of the special structure
of such a problem. It is probably the most important special linear
programming problem in terms of relative frequency with which it
appears in application. The transportation problem as it is now known
was first formulated by Hitchcock (1941) who considered the problem
of minimizing the cost of distributing a product from several factories
to a number of cities. The technique, as later independently
formulated!”, was used in the well-known ‘tanker problem' concerning
the choice of shipping routes for a fleet of military tankers charged
with the task of making certain specified deliveries between designated
pickup and discharge points.

It is not difficult to visualize a number of military applications
of the general transportation problem. It could be used for example
in the location of stores depots to optimally serve other military
installations.

Four military examples selected from a broad range of problems!®
to which linear programming methods are being applied are as
follows:

(a) Provide spare engines for military aircraft as replacements

for failed engines, so as to minimize costs due to expected
shortage of spares.

18 ‘Logistic and Transport Operations’ an article by Dr. Glen D, Camp, the George
Washington University.

1T Koopmans [1947) and Koopmans and Reiter (1951).

B Dr, Merrill M. Flood.
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Assign bomber sorties from bases to targets so as to maximize
total bomb tonnage on targets.

Shift earth within a given region so as to conform to a
specified topography for the least total effort.

Design and utilize a complex communications network with
given types and quantities of facilities for handling messages
in the most economic manner.

Choose ammunition type in face of uncertainty regarding type
of opposing armour so as to maximize probability of destruc-
tion.

Quewing Theory

There is an extremely wide range of military problems which can
be solved by application of queuing theory. Wherever there are
customers in the form of soldiers, cargo-carrying trucks or tanks
awaiting service in some form or other, there exists a potential
queuing problem which should deserve some consideration.

Most mistakes in providing queue service facilities arise from a
non-recognition of a general characteristic of queues, that is, that
full utilization of the service facility is incompatible with speedy
service for the unit. As long as the service rate is much larger than
the arrival rate of customers, and therefore their inverse ratio is
low, the service channel is more than adequate to accommodate the
arrivals. The chance of their being a queue is quite small and few
arriving units have to wait for service.

If, however, the service channel can just barely keep ahead of the
average rate of arrival (the ratio above approaches unity) there is
a good chance of there being a long queue of waiting units.

As the ratio approaches unity, the queue length (believe it or not)
goes rapidly to infinity.

For the simple system (single channel, all units going through
the service, first come first served) if the service facility is busy more
than three quarters of the time most of the arriving units will have
to wait in a queue more than twice the mean service time before
service is started on them.

If it is costly to Keep the customers (soldiers, trucks etc) waiting
the ratio should never be close to unity.

On good service, if there are expected eight customers per hour
then a reasonable service facility might provide for ten customers
per hour. Even then the probability of having to wait is still 34,

There is obviously a necessity for manipulating the service facility
so that an optimum balance may be achieved between the cost of idle
facility time and the cost of idle customer time.
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Assignment Problem (Allocation to Corps)

As mentioned before the assignment problem is one which can
be solved using linear programming techniques.

The following problem is simply an adaptation of the well-known
travelling salesman problem.

The Army is faced with the problem of assigning soldiers to Corps.
Each soldier has particular characteristics that make him better suited
to some Corps than to others. But, as some soldiers are also generally
superior to others, the Army cannot have the single best soldier in
each Corps. The Army’s problem is to assign the best soldier to a
particular corps and to assign the second or third best to the remaining
corps and so on so that total ‘product’ will be maximized.

If the Army is able to set down some quantitative measures of
the relative productivity of each soldier in each corps it can use a
pattern.

As I have not attempted this type of assignment problem I am
not able to comment on its practicability although it would appear
to have potential.

Simulation

Once the model of any particular military operation is established,
it is necessary to simulate the progress of the operation. This is done
by choosing some significant changeable factor and selecting changes
randomly by use of a computer or some simple random device such
as the throwing of a dice.

With the computer, it selects at random one value for each varia-
tion according to a weighted distribution. For example if the
probability that a guerilla mortar attack on a remote outpost will
be delivered at night is 0.45 (45 times out of a 100 a mortar attack
will be delivered at night), that it will be delivered at dusk is 0.12
and that it will be delivered at dawn is 0.23, the computer will do
the equivalent of drawing at random one slip of paper from a jar
in which there are 45 marked ‘darkness’, 12 marked ‘dusk’ and so
forth.

To take a different example, if the stores handling facilities
at a depot were to be investigated, the throwing of a dice could
represent the random arrival of various stores loads — the throwing
of 1, 2, 3, 4, 5 and 6 could represent respectively 45, 50, 55, 60, 65
and 70 tons in an hour. A table showing initial holdings, delivery,
handled and carryover could be easily established.

Assessing Ememy Controlled Areas

As a simple, interesting and dangerous example of a stochastic
experiment to solve a non-probabilistic problem, we adapt the well-
known ‘water area problem’ and consider the problem of finding the
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in Saigon and Cholon, the role of the sects and, most important, the
significance of the piastre rackets which provided so much of the
motivation for individuals — officials, soldiers, businessmen, French,
Vietnamese, Chinese or Macanese — to keep supporting the war.
Bodard has also provided the only detailed account of events on the
Chinese border leading up to the flood of Giap's regiments which
engulfed the long line of isolated French outposts in late 1950. This
account is particularly useful because it casts doubt on yet another
statement made by Edgar O'Ballance in The Indo-China War, 1945-54,
and passed on by Joseph Buttinger in Vietnam.: A Dragon Embattled.
that the garrison of Lao Kay, the French post which controlled the
Red River Valley entrance to Tonking, was overcome by the Viet
Minh in February 1950. Bodard describes both the evacuation of the
garrison and the reasons which led to this withdrawal and it seems
most likely that this evacuation occurred in November, after the fall
of the border forts of Cao Bang and Lang Son, in October, rather than
eight months beforehand. However, the author’s judgement of omis-
sions necessary to keep the tale spiced with sensation, have robbed his
book of any hope of definitiveness in its field. Alongside lengthy,
coquettish accounts of high life in Cholon appear brief mentions of the
Ho-Sainteny Agreement, the Dalat Conference, and the Along Bay
meeting between Xuan, the ruler of Cochin China, Bao Dai, the
Emperor of Annam in exile, and the French in June 1948. Hence,
The Quicksand War is to be regarded more as a supplement to Donald
Lancaster’s renowned Emancipation of Indo-China than as a complete
history of the war in Indo-China between 1946 and 1950. [ ]

ARMY CIVIC ACTION IN SEPIK DISTRICT

The word ‘Army’ is taking on a new meaning for the people of
the Sepik District. The reason for this new Army ‘image’ is
civic action —something which is becoming synonymous with
Army exercises and patrols throughout the Territory.

‘A* Company of the 2nd Battalion, Pacific Islands Regiment,
based at Moem Barracks, near Wewak, has just completed a civic
action programme, which followed a company exercise in the Lumi
area.

Tasks undertaken by the soldiers included the construciion of
sections of road between the villages of Willium and Tangei,
building a 40ft by 60ft community centre at Waigoitei Village
and a new village aid post at Telotei Village.

All projects were carried out in conjunction with the Depari-
ment of District Administration and with the help of villagers
themselves,

Some tasks were only begun by the soldiers and left for the
villagers to complete, the aim of Army civic action being ‘to help
the people to help themselves',

The soldiers also helped install rainwater tanks at another village.
The Battalion’s next civic action venture will be a patrol to New
Ireland later this month.

— Dept. of External Territories Papua and New Guinea Newsletter,
2 May 1968






