
CHAPTER 8

Findings
This chapter presents the findings arrived at by applying the resource allocation nwdel

to tuberculosis control in the Republic of Korea. Optimum subprogrammes are obtained
for the four objectives of the programme: reduction of disability, impairment, excess
mortality, and economic loss. These subprogrammes are discussed in terms of the content
and operational level of the technologies selected and the stratum and age of the popu-
lation included. The use of resources is examined in relation to the optimality of the pro-
gramme. Shadow prices are introduced to provide guidance for modifying constraints in
order to render the programme more effective. The feasibility of modifying the ceilings
of resources and of introducing new constraints, and the significance of such variations,
are discussed. Methodological problems are identified and discussed.

The results of the first series ofcomputer solutions
ofthe allocation model described in Chapter 7 are pre-
sented here. The findings are considered successively
in terms of the activity content of the optimum
programmes, of their resource consumption, of the
binding constraints, and of the practical significance
of the shadow prices of the binding constraints.
The findings may be viewed from three different

standpoints. First, one may study them in terms of
programme content for tuberculosis control in the
Republic of Korea. Secondly, one would like to see,
through this illustration, what may be relevant for
the more general problem of resource allocation in
public health. Thirdly, one should look at the meth-
odological aspects as reflected in the solutions pre-
sented, and envisage further developmental work on
the method.

It is difficult to separate these three ways of view-
ing the findings. However, an attempt will be made
to consider the methodological aspects first, so that
they can be more easily identified as they reappear
in the course of the presentation and discussion of
specific findings of relevance to tuberculosis control
planners and public health planners.

METHODOLOGICAL CONSIDERATIONS

The model is designed to take into account, in the
objective function, all the benefits that would accrue
to individuals and to the community from the
implementation of a specific health programme. For
this purpose, it was proposed, in Chapter 6, that

the maximand should contain a weighting system,
Vk, that would, in principle, allow all these benefits
to be valued on a single scale. However, it has also
been pointed out that there is no readily operational
method for estimating Vk, though in principle there
should be no conceptual obstacle to making such
an estimate. In the absence of an acceptable utility
scale, it would appear worth while to investigate
whether, for a specific disease control programme,
an optimum programme for one type of benefit
would differ substantially from an optimum pro-
gramme for another type of benefit. This would
enable one to judge how essential is the knowledge
of a utility scale to decision-making in such instances.
This is achieved, in the present chapter, by con-
sidering separately four types of benefit as partial
objective functions. The outcome is four optimum
subprogrammes that minimize, respectively, tempo-
rary disability, permanent impairment, premature
death, and economic loss. A comparison of the sub-
programmes from the standpoints of their activity
content, of the resources consumed, of the binding
constraints, and of the expected resulting loss of
optimality will allow an estimation of the importance
that should be attached to Vk in the application of
the allocation model. Since the method is illustrated
by application to a single disease-namely, tuber-
culosis-the validity of the conclusions reached re-
garding the need for a utility scale are applicable
to tuberculosis alone and would have to be recon-
sidered if the model were more generally applied.
A second methodological issue involved in the
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application of the model concerns the reduction of
future benefits to their present value. This concept
has been introduced in Chapters 4 and 5 forhealth
and economic benefits respectively. In the results
presented here, a social preference discount rate of
3% has been used to relate health benefits accruing
at different points oftime to those at present available.
This is roughly equivalent to saying that, if a choice
has to be made, the saving of a life now is to be
preferred to the saving of two lives 25 years from
now. Similarly, future economic benefits have been
discounted at the current market rate of 5% to
give them their present value. The effect on the
optimality of a tuberculosis control programme of
varying these rates is discussed in the next chapter.

Thirdly, the linear programming formulation of
the allocation model stipulates that the selection
must be made among completely independent activi-
ties. Neither the inputs nor the outputs of any one

activity should depend on the operating level of
another activity. This was not the case in the model
described, because the yield of any case-finding
activity was shown to be dependent on the concur-

rent operation of other case-finding activities. How-
ever, in this case the problem was not serious and
an adjustment procedure, described in Chapter 7,
was introduced to remedy the difficulty. The implica-
tions of interdependence of disease control activities
in models for other disease entities and/or broader
public health problems should be further studied and
developed.

OPTIMUM PROGRAMME FOR TUBERCULOSIS CONTROL

The four objective functions of the model cor-

respond to the four benefits to be achieved in a

tuberculosis control programme:

(1) reduction in the number of years of tempo-
rary disability;

(2) reduction in the load of permanent impair-
ment over the years;

(3) reduction in the number of excess deaths due
to tuberculosis; and

(4) reduction of economic loss.

Table 14 indicates the composition of the optimum
programmes for each of the four benefits, assuming
complete independence of activities.
The programmes are identical and the solution is

remarkably symmetrical. In the age group 15-44
years in the rural stratum, two case-finding activities
are included: (1) simple primary case-finding to be
carried out among 100% of those eligible, and
(2) mass case-finding among 4.7% of the eligible
population in the same age group. It must be borne
in mind here that the eligible populations are not the
same (cf. page 15): the population eligible for pri-
mary case-finding is composed of those individuals
with chest symptoms, while the population eligible
for mass case-finding consists of the entire popula-
tion of selected high-risk groups. The two popula-
tions are not identical, but they overlap.

Table 14. Optimum activity levels for different objective functions, assuming independence of activities

Activity Activity level a (%) for objective function
based on reduction of:

Code Stratum Age group Content Temporary Permanent Excess Economic
number (years) disability impairment mortality loss

1 urban 0-14 direct BCG vaccination 100 100 100 100

5 urban 15-44 primary case-finding + domiciliary treatment 100 100 100 100

20 urban 45-64 primary case-finding + domiciliary treatment 100 100 100 100

51 rural 0-14 direct BCG vaccination 100 100 100 100

55 rural 15-44 primary case-finding + domiciliary treatment 100 100 100 100

65 rural 15-44 mass case-finding + domiciliary treatment 4.7 4.7 4.7 4.7

70 rural 45-64 primary case-finding + domiciliary treatment 100 100 100 100

a Activity level is expressed as the per_entage of the number of eligible individuals in the population subgroup (cf. p. 46, constraints
m7 to M20).
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Table 15. Optimum activity levels for different objective functions, adjusted for interdependence of activities

Activity Activity level a (%) for objective functionbased on reduction of:

Code Stratum Age group Cotet Temporary Permanent Excess Economic
number (years) onten disability impairment mortality loss

1 urban 0-14 direct BCG vaccination 100 100 100 100

5 urban 15-44 primary case-finding + domiciliary treatment 42.7 - 42.7 24.4

6 urban 15-44 primary case-finding + ambulatory treatment 24.7 63.6 24.7 75.6

8 urban 15-44 primary case-finding + institutional and ambulatory
treatment 32.6 36.4 32.6 -

20 urban 45-64 primary case-finding + domiciliary treatment 100 100 100 100

51 rural 0-14 direct BCG vaccination 100 100 100 100

55 rural 15-44 primary case-finding + domiciliary treatment 100 97.4 100 92.1

56- rural 15-44 primary case-finding + ambulatory treatment - 2.6 - -

58 rural 15-44 primary case-finding + institutional and ambulatory
treatment - - - 7.9

70 rural 45-64 primary case-finding + domiciliary treatment 100 100 100 100

85 rural >65 primary case-finding + domiciliary treatment 100 - 100 -

a Activity level is expressed as the percentage of the number of eligible individuals in the population subgroup (cf. p. 46, constraints
m7 to M20).

Nevertheless, the operation of two case-finding
activities among persons in the same age group
introduces a methodological problem, because the
expected yield from a given case-finding procedure
operated alone will be reduced if the procedure is
carried out concurrently with another case-finding
procedure. (See page 83.)

This interdependence of activities seriously dis-
turbs the linear formulation of the problem. Fortu-
nately, the difficulty could be overcome by solving
the problem in two stages. In the first stage a basic
solution was obtained assuming complete indepen-
dence of all activities. This is in effect represented
by Table 14. In the second stage the inputs and
benefits of all other case-finding activities were re-
computed on the basis that primary case-finding in
any age group would operate at the maximum level
whenever selected for that age group. It was esti-
mated that if primary case-finding were operated at
maximum level, the expected yield of mass case-
finding would be reduced to one-fourth of the yield
expected if mass case-finding were operated alone.
Similarly, the referral case-finding method would
then yield one-tenth of the case-load expected if that
method were operated alone.
The second-stage solutions-i.e., adjusted for the

interdependence of case-finding activities-are given
in Table 15. The optimum programmes for each of
the four benefits after adjusting for interdependence
are no longer identical, but the pattern retains its
symmetry.

Stratum
Rural and urban strata of all age groups (i.e.,

0-64 years) are represented; two of the subpro-
grammes also include an activity among the oldest
population group in rural areas. A second point is
that the activity content in the two strata is also
symmetric (activities 1 and 51 correspond, as do
5 and 55, 6 and 56, 8 and 58, and 20 and 70). Only
activity 85 in the rural stratum has no counterpart
in the urban. A third consideration is that the
operating levels of these selected activities are
consistently 100% for every age group. Thus the
solutions are symmetric in terms of operating levels,
as well as in activity content, and are therefore
remarkably stable.

Age
As mentioned above, activity 85-primary case-

finding with domiciliary treatment among the rural
population aged 65 years and over-appears in two
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of the subprogrammes, and this is the only activity
directed at the oldest age group. No control activities
are selected for this age group in the urban stratum.
It is not feasible to indicate all the factors involved
in the selection of any one activity for any one
age group. However, it is possible to surmise that
the absence of the oldest age group in most of the
solutions might be explained on epidemiological
grounds, the most significant being that the impact
on the community of the infectivity of the oldest
age group is less, and, further, that treatment of
this age group has been shown to be less effective
(page 68).

In both strata the age group 15-44 years is the
object of a more refined approach to tubercul-
osis control. In the selection of treatment methods
to follow primary case-finding, three alternative
procedures have been chosen for the urban stratum
and two for the rural. (It is interesting to note that
after the basic solution has been adjusted for inter-
dependence of activities, the mass case-finding
activity originally selected in the basic solution is
displaced by another primary case-finding pro-
cedure.) The selection of this age group for more
sophisticated control measures is easily understood
in terms of the epidemiological, technological, and
social considerations that form an essential part of
the model: there is a high incidence of tuberculosis
among persons in this age group; they respond well
to the available technology (awareness of symptoms,
acceptance of therapy); and the benefits derived
from applying the technology are more rapidly felt
in view of the high productivity of this group.

Technology
The activities selected, as mentioned previously,

are symmetric with regard to strata, age, and cov-
erage of the eligible population. With one exception,
in each age group the simplest possible alternative
was evidently the most cost-effective and was selected
for application to the entire eligible population.
Only in the age group 15-44 years-particularly in
the urban stratum-have other activities been intro-
duced for a certain percentage of the eligible popu-
lation. Some form of institutional treatment, for
example, is selected for roughly one-third of the
cases in this age group in three of the subpro-
grammes.

Objective functions
The observed stability of the solutions in terms

of stratum, age, activity content, and operating

level has already been remarked. Comparison of
the solutions for each benefit further shows that the
subprogrammes aimed at reducing temporary dis-
ability and excess mortality are identical, and that
the solutions for reducing permanent impairment
and economic loss differ from the former and,
though similar, slightly from one another. The
objective functions based on reduction of disability
and excess mortality are more " humanistic ": both
include, for example, an activity directed at the
age group 65 years and over. On the other hand,
the objectives of reducing permanent impairment,
and, more generally, economic loss, lead to ignoring
the oldest age group entirely and include instead
a more refined technology directed at the most
productive age group-15-44 years. The solution
aimed at reducing permanent impairment contains
two more refined treatment activities among the
urban age group 15-44 years; while the solu-
tion intended to achieve a reduction of total eco-
nomic loss shifts the emphasis slightly towards
simpler activities among the urban group but
includes slightly less of the rural stratum in the
simplest activity. On the whole, the basic stability
and similarity of the solutions in the four subpro-
grammes is more striking than the minor shifts in
emphasis.

However, if one focuses on the minor differences
that do exist in the subprogrammes for tuberculosis
control, it is clear that an optimum programme for
one single benefit can and will differ from the
optimum programme for another. We have assumed
in this case study that the overall objective of
the disease control programme is to minimize the
consequences of the disease as expressed by all four
objective functions. As any one subprogramme can-
not, in principle, simultaneously minimize all the
consequences of the disease, there would seem to
be a need to determine how a decision based on
the solution for one objective function affects the
degree to which another subprogramme will fall
short of the optimum. The losses were therefore
calculated, and the results show that if, for example,
the programme to minimize economic loss is
adopted, the number of years of disability and the
number of excess deaths are reduced by only 0.1 %
less than they would have been in the programmes
specifically designed to maximize these benefits, while
a similar loss with regard to reduction of permanent
impairment is even smaller. The implication of these
very minor differences is that, in tuberculosis
control at least, it is possible to choose a programme
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corresponding to any one of the four benefits without
incurring an undue drop below the optimum level
for the other three. The compatibility of the four
solutions, of course, reflects the very nature of the
benefits of tuberculosis control programmes. Any
programme designed to reduce the number of years
of disability will probably also reduce the number of
years of permanent impairment and excess mortality,
and a reduction of all three will per se result in
economic gain for the community.
A model for resource allocation in other specific

disease control programmes would most probably
give a quite different and possibly less compatible
pattern of subprogrammes. It would be interesting
to see a similar solution applied to a programme
for the control of poliomyelitis, for example, where
the reduction in the number of excess deaths is a
relatively unimportant consideration, but the reduc-
tion of permanent impairment is considerably more
critical, and compare this with a solution pertaining
to cancer control, where the health benefit of
reducing the number of deaths would considerably
outweigh the benefits of reducing disability and
impairment. Wherever the subprogrammes are
widely different, of course, the need to determine
their relative values will be more pressing, and
indeed critical, before a decision regarding an
optimum programme can be made.
One of the objective functions considered in this

paper is excess mortality in all ages. In computing
the results, the assumption has been made that all
deaths are of equal significance to the community.
(This is achieved by assigning each death a value
of 1.) But such an assumption may not be valid.
In a specific environment, the prevention of a death
in one age group may be considered of greater value
than the prevention of a death in another. One
might well seek to know whether or not this consi-
deration is of importance in shaping a tuberculosis
control programme, and if it is, to find a way of
expressing the value of preventing a death in one
age group compared to another.
The model was therefore used to select optimum

subprogrammes that would minimize the number
of excess deaths in each specific age group (0-14
years, 1544 years, 45-64 years, and 65 years and
over), disregarding the others. These solutions are
given in Table 16.
A comparison of the subprogrammes for the

individual age groups shows that-with the excep-
tion of BCG vaccination, which appears with a 100%
coverage in all subprogrammes-they differ consid-

erably among themselves both in activity content
and in level of operation (coverage). With the
exception of the subprogramme specifically designed
to reduce excess mortality in the age group 65 years
and over, none of the subprogrammes includes any
activity or service in that age group. Otherwise
the coverage of the various age groups remains
unchanged, but, in general, the target age group in
each subprogramme is the object of the most
sophisticated service programme.

Despite these observed differences, if each sub-
programme is compared with the subprogramme
for all ages, it is seen that the latter is essentially
the sum of the other subprogrammes, and most
closely resembles that for the age group 15-44 years.
From this it can be surmised that although each
excess death prevented was assumed to be of equal
value in the model, in fact the benefit of reduced
excess mortality accruing to the young adult age
group heavily influenced the content of the pro-
gramme for all ages. This is not surprising given
that this age group is numerically the largest, that
it manifests the peak incidence of tuberculosis, and
that at these ages the disease responds best to the
available technology.
To return to the original question posed, then,

it is clear that any value system that would give
further weight to a prevented death in the young
adult age group would not change the optimum
pattern. Various other weighting systems, however,
might exaggerate differences to the point of intro-
ducing a markedly different optimum tuberculosis
control programme. For example, when the health
planner includes service to the oldest age group in
his control programme, he is implicitly attaching a
considerable weight to each death in the age group
65 and over. Simulations with various value systems
might be helpful in providing the public health
planner with guidelines as to threshold values that
would significantly alter the programme content.
Such studies are currently under consideration.

USE OF RESOURCES

The aim of the resource allocation method
outlined in this paper is to help the public health
administrator and planner to select a disease control
programme that would provide maximum benefits
within the available resources. The availability of
resources is usually predetermined. It is therefore
necessary to study to what extent the resources
available in the Korean situation have in fact been
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Table 16. Optimum activity levels for objective functions relative to excess mortality, adjusted for interdependence
of activities

Activity Actviity level a (%) to reduce excess mortality
in age groups (years):

nCube Stratum Agegrs)p Content 0-14 15-44 45-64 >65 All ages

1 urban 0-14 direct BCG vaccination 100 100 100 100 100

5 urban 15-44 primary case-finding + domiciliary treatment 100 100 42.7

6 urban 15-44 primary case-finding + ambulatory treatment 75.6 24.7

8 urban 15-44 primary case-finding + institutional and
ambulatory treatment 24.4 32.6

20 urban 45-64 primary case-finding + domiciliary treatment 100 100 100

23 urban 45-64 primary case-finding + institutional and
ambulatory treatment 100

38 urban >65 primary case-finding + institutional and
ambulatory treatment 100

45 urban >65 mass case-finding + domiciliary treatment 100

51 rural 0-14 direct BCG vaccination 100 100 100 100 100

55 rural 15-44 primary case-finding + domiciliary treatment 75.7 97.4 100 100 100

56 rural 15-44 primary case-finding + ambulatory treatment 16.4

58 rural 15-44 primary case-finding + institutional and
ambulatory treatment 7.9 2.6

70 rural 45-64 primary case-finding + domiciliary treatment 100 100 61.1 100

71 rural 45-64 primary case-finding + ambulatory treatment 31.4

73 rural 45-64 primary case-finding + institutional and
ambulatory treatment 7.5

85 rural >65 primary case-finding + domiciliary treatment 10o

86 rural >65 primary case-finding + ambulatory treatment 32.6

88 rural >65 primary case-finding + institutional and
ambulatory treatment 67.4

97 rural >65 mass case-finding + institutional and
domiciliary treatment 33.9

a Activity level is expressed as the percentage of the number of eligible individuals in the population subgroup (cf. p. 46, constraints
m, to m20).

utilized in the optimum programmes for tuberculosis
control selected by applying the model.

Table 17 summarizes the resources consumed and
the total outputs obtained in the four subpro-
grammes. It will be recalled that the problem was
formulated with 20 constraints (see Chapter 3,
page 46). Fourteen of these were demographic
and/or epidemiological and 6 were related to money,
material, and manpower. Table 17 gives the level
of consumption of these latter 6 resources. It is
clear from the table that, whatever benefit is consid-
ered, the total budget and the budget for supplies
have been completely consumed. The manpower

resources, on the other hand, have scarcely been
tapped-or, put another way, the total budget and
the budget for supplies ran out long before the
available physician-, nurse-, or technician-hours. It
should perhaps be recalled here that the total public
health manpower of the Republic of Korea was
reckoned to be " available " for the tuberculosis
control programme. This assumption was arbitrary,
and clearly, if only a percentage of the public health
manpower were available for tuberculosis control,
the consumption figures given in Table 17 would be
correspondingly higher. Bed-days, too, were little
used. This is also apparent from the data in Table 15.
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Table 17. Resources consumed and outputs at optimum level, for different objective
functions

Level consumed a (%) for objective function based on reduction of:
Resource Temporary Permanent

disability impairment Excess mortality Economic loss

cost (US$) 100 100 100 100

supplies (US$) 100 100 100 100

doctors (man-hours) 9.4 8.7 9.4 8.7

nurses (man-hours) 0.6 0.6 0.6 0.6

technicians (man-hours) 8.4 8.0 8.4 8.0

beds (days) 4.8 5.3 4.8 5.3

(years) ( units ) (deaths) (US$)
output 55 289 95 078 37 281 77 104 300

a Level consumed is expressed as a percentage of the available resource (cf. p. 46, constraints
mI to mi).

Institutional treatment is more costly than domi-
ciliary and ambulatory treatment and was included
in only three of the optimum programmes for less
than half of a single age group. Optimum allocation
of available resources in the Republic of Korea
clearly does not call for extensive use of hospital
bed care.

It should be pointed out that any control pro-
gramme designed to consume all the allocated
resources will yield a less than optimum product,
since an increased use of manpower and beds will
require an increased use of drugs and other supplies
and thereby exhaust the supplies budget even sooner.
Evidently, the optimum programme is a combination
of the activities that give the greatest return for
every unit of supplies. In the situation described
in Table 17, the choice open to the health admi-
nistrator would be either to reassign the unused
(manpower and bed) resources to another sector or
to increase the current appropriation for supplies.
The consequences of hypothetical increases in the
total budget and in the budget for supplies are
studied in the next chapter.
The four subprogrammes shown in Table 17 are

very similar with regard to the pattern of consump-
tion of resources; the programmes for reduction
of disability and of excess mortality are identical,
as are those for reduction of permanent impairment
and of economic loss. Between these two sets there
are only very slight differences in consumption of
doctor- and technician-time and hospital bed-days,

reflecting the slight variation in activity content
already noted in Table 15.
The total budget for tuberculosis control in the

Republic of Korea in 1964 was USS 515 000. A
study of the total outputs in Table 17 shows that
the using up of the total budget in an optimum
programme aimed at reducing the number of dis-
ability years will result in a gain of 55 289 years-or,
in other words, a gain of 10.7 years per US$ 100
spent; similarly, with the programme for reducing
permanent impairment, 18.5 units would be pre-
vented per US$ 100 spent, and with the programme
to reduce excess mortality, 7.2 deaths 1 would be
averted for the same expenditure. The programme
maximizing economic benefits indicates that for
every US dollar spent there is, on average, a return
of USS 150 (assuming a per caput annual income
of US$ 140).

SHADOW PRICES

Table 13 has shown the extent to which the
available resources are consumed by implementing
the optimum subprogrammes and gives the optimum
output per total resources used. It would be of
interest to the health planner to know what advantage
would be gained by the expenditure of a further

I It must be remembered that the benefits are discounted
and are the cumulated effect of the programme over a period
of 75 years only. Thus the expenditure of USS 100 prevents
many more deaths over a period of 75 years, but that number
is equivalent to preventing 7.2 deaths now.
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Table 18. Binding constraints and shadow prices for different objective functions

Shadow prices a in terms of reduced:
Binding constraint Unit of input Temporary Permanent Excess

disability impairment mortality Economic loss

(years) ( units ) (deaths) (US$100)
Resource

budget (US$100) 0.1 0.1 0.1 112

budget for supplies (US$100) 3.2 6.2 2.4 5 432

Demographic (1 000 population)

urban population, 0-14 years 38.9 62.6 24.5 49 490

rural population, 0-14 years 38.9 62.6 24.5 49 490

Epidemiological (1 000 symptomatics)

urban population, 15-44 years 10.5 20.6 7.9 17 892

urban population, 45-64 years 2.0 3.4 1.5 2044

rural population, 15-44 years 18.0 35.1 13.6 30 520

rural population, 45-64 years 8.0 13.9 16.0 9 268

rural population, >65 years 0.9 - 0.5 -

a Marginal output per unit of input when each objective function has its optimum value.

USS 100 or the coverage of an additional 1 000
persons in the population. Study of these figures
would help the administrator to decide where extra
effort (planning, political, and budgetary) would pay
off best. The output to be expected from the next
increment of input is termed by economists the
marginal productivity, or the shadow price. The
shadow prices for each of the four objective func-
tions are given in Table 18 for various inputs that
were exhausted in the optimum programmes. (The
shadow price for an input that has not been exhausted
is, of course, zero.)
Table 18 shows that an increase of US$ 100 in the

total budget would correspond to a further reduc-
tion of 0.1 year of disability, 0.1 unit of permanent
impairment, 0.1 excess death, and USS 112 of eco-
nomic loss. A corresponding increase in the budget
for supplies would be more advantageous, giving a
-further reduction of 3.2 disability-years, 6.2 units of
permanent impairment, 2.4 excess deaths, and
US$ 5 432 of economic loss. In general, whatever
the programme, an increase of 0.01 % in the budget
for supplies could result in an increase of approxi-
mately 0.02% in the outputs. The higher shadow
prices for supplies mean that an increase in the total
budget without a corresponding increase in the
provision for supplies has little value.

The activities included in all the optimum sub-
programmes were to be applied to the total number
of eligible persons in the various population groups
(cf. Table 15 and page 91). It was pointed out in
Chapter 7 (page 81) that the tuberculosis control
programme in the year 1964 covered roughly 32 %
ofthe cases and 6.6% ofthe unvaccinated population.
Table 14 shows the advantage to be gained if a
greater percentage of the population could be cov-
ered in one year-i.e., the shadow prices for includ-
ing (1) 1 000 more urban and rural children aged
0-14 years in the direct BCG vaccination campaigns
and (2) 1 000 more persons with chest symptoms in
each of the older age groups in the primary case-
finding activities. The calculation of shadow prices
for increasing the demographic and epidemiological
constraints assumes an unchanged total budget and
budget for supplies; it shows simply what would
happen if a greater number of persons were
included.

Clearly, the greatest advantage would be obtained
by expanding the programme to include an extra
1 000 children aged 0-14 years, either in the rural
or in the urban stratum, or in both. This would give,
depending on the objective function, an additional
reduction of 38.9 years of disability, 62.6 units of
permanent impairment, 24.5 excess deaths, and
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US$49 490 of economic loss (that is, an economic
gain of nearly US$ 50 per vaccinated child). The next
most rewarding effort would be to increase the
intake in the case-finding programme of persons
with chest symptoms in the age group 15-A4 years
in rural areas.
With these shadow prices at his disposal, the

tuberculosis control planner is in a position to
judge how he might be able to reallocate his avail-
able resources so as to increase the output beyond
the optimum level of the first solution. This would
imply a reformulation of the problem with new con-
straints, but the magnitude of the shadow prices in
Table 18 indicates that such an undertaking would
be worth while, since slight and probably manage-
able variations in the resource constraints would
have considerable repercussions on the output of
the programme.

In practice, it is probably difficult drastically to
change an original budget allotment, since this usu-
ally has wide intersectoral implications. The total
budget constraint may be considered a " hard " con-
straint. But the ceiling on the budget for supplies,
for example, is usually arbitrary and really has no
underlying rationale, except perhaps tradition. The
restriction imposed in this case study-viz., that the
allotment for supplies must not exceed 25% of the
total budget-may reflect a general policy applicable
to other disease programmes as well, but it may

perhaps be regarded as flexible with respect to any
single programme. On the basis of the present find-
ings (Table 18), it would seem indicated to try to
discover what percentage of the total budget should
be allocated to supplies to achieve maximum output.
These budgetary variations have been tested and
the results are discussed in the next chapter. In any
event, the tuberculosis control officer might well
bring up the possibility of increasing his budget for
supplies, and he could defend such a request on the
evidence of the shadow prices given. Similarly, if
the ceilings set for possible population coverage ofthe
various demographic and epidemiological subgroups
could be adjusted within reasonable ranges, an
increased output of the optimum programme could
be projected.

It might be pointed out that the 20 constraints
implicit in the application of this model are those
considered important in the context of the tuber-
culosis control situation in the Republic of Korea;
at all events they serve to illustrate the methodology.
In any other actual situation, however, other con-
straints might well be operative-for example, the
need to include a minimum number of symptomatic
cases in certain defined population groups, such as
advanced or chronic cases, or even the use of
available institutional facilities. The inclusion of such
constraints, if they can be quantified, presents no
particular methodological problem.
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