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The qualitative reasoning in strategic planning is applied to linear program-
ming problem (LP). For short-term planning the LP sales mix problem is used
and for long-term planning the special methods for strategic planning are
developed. For the support of qualitative judgements the graphic schemes, such
as the BCG and GE matrices and trend graphs are organised with the guide of
decision support system. Qualitative reasoning uses the post-model analysis
approach. Information in the final simplex tableau analysed and used by deci-
sion maker, experts or artificial expert system utilise the framework of the
procedure. Algorithm is illustrated by an example.

Qualitative reasoning; LP sales mix problem; qualitative judgement; decision
support systems; strategic planning; short-term and long-term profits; BCG and
EG matrices; trend graphs; post-optimisation analysis

INTRODUCTION

Many practical strategies of planning in agriculture are divided into two
ig[roups depe.nding upon the relative l_ength of the planning horizon — short-
er‘m.pla.nnmg and long-term planning. For farmer’s short-term planning
optimisation models like sales mix models are widely used. If we consid;"
therpen production system to be a soft system the long-term planning and
various qualitative analysis techniques of strategic planning have been devel-
ggg:rigla VI{;éek 1996). Usually, these two approaches have been studied
i planniy. listor ically, the Fnost common gpproach to associate two levels
considerartl'g is df)ne by adding the constraints which reflect the important
iy 10n§ of the long—term plannmg.u? the shqrt—term optimisation mod-
iy noatlppxoach, howgvcr, 1S not galwiac?ory t‘or the following reasons:
B i?j)t,ht:irquatmy thg strategic considerations to 1‘1( the optimisation
between short-term ;\)/iijillllcﬁzr‘lz l(l)l:(’iletam Lh;‘f‘l(“[‘e{’ i thn ae—
B i oo profh f p g rn: profit O(‘L,U:r,’ the trade-offs bereen
profits and the non-quantified long-term profits are
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unavoidable. To overcome these difficulties, the post analysis of linear pro-
gramming model (LP) can be used. The methodology was created by Lee
(1985) and developed by Havlicek (1973, 1991).

SOLUTION PROCESS

Model

The method presents the opportunity costs of qualitative objectives in
terms of the quantitative objective values and supports the evaluation of
postoptimisation variants of the solution in terms of qualitative objectives.
The two steps are used:

1. For short-term planning, the LP model is used in the form of mix problem.
2. For long-term planning, various qualitative methods for strategic planning
are used.

The mix problem is a very popular LP model whose objective function is
the maximisation of profits or minimisation of costs subject to capacity con-
straints and budgetary limits, demands and so on. To respect qualitative
requirements, classical LP model is extended as follows:

Ax {<, =2} b (N
gg (x11) U gc (x11) (2
x>0 3)
7z = {¢x, qg; gc} — max 4)

In formulas (1) and (4) x is sales mix vector and ¢ profit contribution
vector, A = (a;) technological coefficient matrix, b = (b;) production capacity
vector. The judgement functions (2) are composed of judgement function g
for the qualitative goal of long-term profit maximisation and judgement func-
tion g. for the qualitative constraints where i = (i1, i2, ..., in) T€presents the
additional information not included in the quantitative parts of the model (1),
(4). The first part of the judgement functions (2) concerns objective function,
the second one concerns restricting conditions. The judgement functions util-
ise the additional information by formulating in (i) graphical display form,
(ii) by knowledge of experts or an expert system, (iii) by ad hoc inquiry to
the data base. The qualitative goals g, are treated as qualitative constraints
and can be computed in terms of ex, while supporting the qualitative judge-
ments. Qualitative constraints g. have the similar role for the restricting
conditions. Thus quantitative variables x are conditioned on qualitative vari-
ables i depending on qualitative human decision.
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FrameWOTk for processing the judgement functions

The available methods for strategic planning in the literature can be clas-
sified in the form presented by Wind (1983) into two groups: Product based
models and finance-oriented models. Product based models include standard-
ised models and customised models. Standardised models fit very well with
the need of judgements for (2), (4). Standardised models use five standardised
methods for strategic planning as shown below:

Uni-dimension models Growth/share matrix (BCG matrix)
Growth/gain matrix

Composite dimension models Business assessment matrix (GE matrix)
Business profile matrix (Hofer model)
Directional policy matrix (Shell matrix).

Among the five methods for strategic planning in the standardised models
the BCG matrix represents the single most popular method but it is no;
complete due to its uni-dimension. To compensate the weakness of BCG’s
method, the business assessment matrix (GE) and the growth/gain matrix can
be used additionally. Since the growth/gain matrix is concerned with the
location of products at markets, the graph which displays the trends of the
products’ sales and market size simultaneously may replace the role of the
growth/gain matrix and thus the graph describes additional information about
dynamic trend. Business profile matrix and directional policy matrix could
be dropped out, because information about market potential and company
capability is already utilised in GE matrix. Thus, it is sufficient number to
use three methods of strategic planning to evaluate effectively the judgement
functions with a minimum degree of duplication: (1) Growth/share matrix
(2) Business assessment matrix, (3) Trend graph. ’

Algorithms

The algorithms of the solution is depicted in Fig. 1 and can be described
as follows:
Step 1 We solve the LP model max{z | Ax {<, =, 2} b, x > 0} and look for
guantltauvely optimal solution x.
oltetl})l 2: The op.timal siolution x needs to be evaluated from the point of view
L © perspective of its long-term profit. Since the qualitative goal of long-
4 m profits cannot be represented in numeric form, supporting procedures
€ Involved into the solution process:
(1) graphical displays,
(ii) expertise with the guide of experts or expert systems.
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|. Solution process by post analysis approach

Optimal solution LP
“short-term’ plan

Evaluation the solution
from the long-term horizon

Satisfaction

Choose the product to be
adjusted

Adjust without aids 'j

Adjustment

Compare opportunity cost with
the enhanced strategic benefits

Satisfied with the
current solution

Best solution
found

Step 3: If the current solution fully meets the needs of the user, than the best
solution has been found and algorithms finished. In the other case we identify
the product that needs adjustment to effectively enhance the strategic benefits.
Step 4: We have to decide about the level of the adjustment using experts
and final information of the final simplex tableau. In this process we use
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«what-if* qnalysis using matrix of transformed coefficients, dual prices and
shadow Pnces. The upward and downward adjustment is us’ed to rEove from
the dqmmated solution to the non-dominated solution on both quantitative
objectl'ves anFl qualitative objectives depending on whether the ad'(uste(; "y
Jution 18 _feaSIble to the original quantitative model obtained in 1heJ ste lsgi_'
the algor.lthms or not. The outcome of upward/downward adjustménl%s the
Oppor.tun_lty cost. When the adjusted solution is unfeasible to the original
quantitative model, decision maker should decide whether to ex 'mdg the
Capagity ().f prqducti011 facilities to increase the feasibility of thgtcurren‘;
solution -_ln this case the required additional investments should be included
probably in calculating the opportunity costs. The procedure ends when th
opportunity cost of adjustment is determined. L )
Step 5: The decisi r S adijus S i

nitypcoSt . adjustlr(:;r:?akel computes the adjusted solution and the opportu-
S_tep 6: At this point, the decision maker has to decide whether the opport
glty c;)stﬂls acceptable to effectively enhance the strategic benefits e

tep 7: If it is necessary to modif jus jus |
B oty repeatyed. y the adjustment, the adjustment procedure

DECISION SUPPORT SYSTEM

HThe E)rvocedure of decision making is supported by decision support system
(Havlicek, 1994). Its architecture has the following subsystems:

Qllalltltatlve IllOdel Subsyste"l. It gene] ates quantltat]\/e m()del& [()1 Sh()rt—
term pIOjlt maximisation a“d serves t C g i al d

S €, retriev 11 Ild m l

0 stora, a aintenance o

Qualitative model subs i
ystem. It consists of both the knowledge-
pert systems and graphs. s
T ins
s (f}lfag}r]apzs bgsg contains a set of graphs useful for strategic evaluation:
phs describing decision maker’s products (BCG i i
: matrices, d >
By I(B}CG matrices, GE matrices). e
raphs describing the competitor’ i
g petitor’s products (BCG matrices amic
) o ey ( rices, dynamic
T 7 C o 2
) S;an graphs (for deplSlOn maker’s sales versus market size, competitor’s
ales versus market size, decision maker’s sales versus competitor’s sales).

Expert System includes:
(1) The groups of experts.

E? The collection of artificial expert systems.
) Knowledge base.
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Trade-off supporting subsystem supports the trade-offs between the
achievement of qualitative goals and the opportunity costs.

Data base subsystem. The data base contains all data required for the models
and graphs, namely: (1) Set of decision variables. (2) Set of constraints. (3)
Coefficients in the objective function. (4) Technological coefficients. (5)
Resources of right hand side. (6) Forecast of demand for each product. (7)
Interval of possible changes for each ajj, bi, ¢;. (8) Relative market share of
each product — for decision maker and competitors for BCG matrices. (9)
Industry growth rate of each product — for decision maker and competitors
for BCG matrices. (10) Sales of each product — for decision maker and
competitors for BCG matrices. (11) Market attractiveness of each product —
weighted sum for GE matrices. (12) Product strength of each product —
weighted sum for GE matrices. (13) Market size of each product. (14) Sales
history of decision maker’s products — for trend graphs for decision maker
products and competitor’s products. (15) History of market size of all prod-
ucts.

Dialogue subsystem. It suggests user-friendly features among algorithm,
computer and user.

ILLUSTRATION BY EXAMPLE

To illustrate the procedure, the following example is presented. Let’s sup-
pose a farm that produces 5 crops and realises 5 other activities in order to
maximise its profit in a competitive market and owner (Mr Smith) wants to
establish a plan to maximise his farm’s profit from the long-term point of
view. Based on his own experience, he knows the existence of conflicts
between long-term profits and short-term profits. Therefore, his major con-
cern is, how to strike a balance between long-term profits and short-term
profits.

To apply the procedure and to follow the algorithm above, we need the
internal information about Smith own farm’s available resources as well as
the external information about the market and the farmer’s competitors. To
follow formulas (1) — (4) Mr Smith formulated linear programming model of
his farm as follows:

(1) The set of restricting conditions Ax {<, =, 2} b

1 xl+xz+)C3+X4+X5S200
2. xj—x2—x3—2xa<0

3. —0.4x; + 10x7 + 10x3 £0

4. 24x1 +x9+x10<0
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x71 <5

x9 =0

—7.5x3 — 9.52x4 — 6.05x5 —0.08x6 + 3.1xg — 2.3x10 < 0

—0.6x3 — 0.52x4 — 0.14x5 — 0.007x6 + 0.36x3 — x10 < 0
9., —3.48x3 —553x4 —3.8x5 — 0.07x6 + 2.3xg — 1.61x10<0
10. —30x3 + 3.5% < 0 -

11. =35x3 +4x6 <0

12. xs <10

® o w

(2) The set of qualitative constraints g, (x 1i) U g. (x 1)

13. g (51i) U ge glip.j= 1,2, ..., 10

(3) Nonnegativity constraints x > 0
4oz =0, j=1,2, ..., 10.

(4) Objective function z = {¢xX, gg; gc} — max

15. z={12.5xs5 + 20x6 + 1.2x7 + 4.5x9; g, (xj11j) U g¢ (xj 1))} — max

Varlabl.es X1, oo X10 describe the optimal levels of farm products

'I"he objective 15 describes the aim of the short-term plan in terms .of profit
subject'to qualitative human decisions concerning goal and rcstric:tionls fh
con.stramls-1~12 describe limitations of available rgsou1'ces: productio;; C‘\e
pacity, caplt.al budget, etc. The constraints 13 are associated with the 'uaO;_
ment. functions for the qualitative goals of long-term profits 'lrfd tbh:
associated strategic constraints respectively. i ‘ )
Coggztirtl(())rtsat(l)(;nthz_/ m.ezcllns‘ the .additional information about the market and
o Shojl([inf) uchx/, JE 1 2,‘ ey }O. The cor}stl'ainls 13 imply that
L 1contrx ute tq the farm for the mammisation of long-term
o s also e)_(ternal influences concerning restricting conditions,

9 as t e regulations of government and the reaction of competitors.
modz]tltilﬁ first .step of the procedure, the quantitative feasible solution of the

ear programming 1-15 was computed to maximise short-term profit.

The optimal feasibl i
' sible solution and corresponding o ‘tunity costs
ues) is presented as follows: g B G ot o el

Va[’lﬂ le G - -
Xy X X3 X, X. X, J X X
2 4 5 6 X7 8 Y X0

Onti
0Pllmal value 12501636 | 291 | 2.85 | 52.8 | 0.0 5.0 | 25.0 (3928 0.0
Pportunity cost 00| 00100 |00 0.0 |74.75| 0.0 0.0 00| 45
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The next steps focus constraints 13 and follow the algorithms. To evaluate
the solution from the long-term profit’s point of view, the quantitatively
optimal solution is displayed in BCG matrices, GE matrices and trend graphs.
To draw matrices and graph Mr Smith can use the help of a consulting firm,
available information and opinion of his neighbours. We shall illustrate the
case of the product x. The optimal solution does not recommend to produce
this product but it has a good position on the market. BCG and GE Matrices
and Trend Graph for variable x6 illustrate this situation in Figs. 2,3 and 4.
Mr Smith used following rules to obtain conclusion:

(1) If the decision maker’s product is located in the north-east arca of the
BCG matrix, the product is a question mark product.

(2) If the competitor’s product is positioned in the north-west area in the
competitor’s BCG matrix, the competitor product is a star product.

(3) If the product is positioned in the north-west area on the GE matrix, the
product is a strong product.

(4) If the growth rate of the product is less than the market growth rate, the
product is losing its market share.

(5) If the growth rate of the competitor’s product is less than market growth
rate, than increasing market share is relatively easy.

(6) If the product is a question mark product and (i) increasing market share
is relatively easy, (ii) the competitor’s product is a star product, then the
product is a potential star product.

(7) If the product 1s potential star product and (1) increasing market share 1s
relatively easy, (i) the product is losing the market share, then augment
production of this question mark product to increase its market share.

In this example we assume for x¢ that the growth rate of 10% is the
subjective threshold of a higher growth rate”. In graph on Fig. 2 the product
xe is positioned in the north-east area in BCG matrix. The product xe is thus
question mark product. In graph on Fig. 3 the product xe 18 positioned in the
north-west area in the EG matrix. The product xe is thus a strong product
owing to the high market attractiveness and intensive product strength. Fig. 4
shows the growth rate of the competitor’s product and the market growth rate
for years 1991-1995. The competitor’s growth rate is less than the market
growth rate and thus increasing market share 1s relatively easy; competitor’s
product is a star product. The competitor is losing its market share. Mt
Smith’s market share of his product is also decreasing. Mr Smith can con-
clude: the product xe has significant potential to be a star product in the

I ———

* In the Czech Republic agriculture is in the transition process and the subjective measure of a high
growth rate is much lower than in the western countries where it would be about 20%.
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Relative Market Share
2 2. BCG matrix for

N Smith’s product x¢

X Smith

o]

high

low

Industry Growth Rate
—
n

W
o
(=]

high low

Product Strength
3. GE matrix for com-

@ petitor’s product x¢
; high
=]
(%]
=
g
ftj ) a middle
: of: §
=)
= /
low
high middie low

futur i i i
re]ati?elilzzz tthoei mam‘competltor’s product is losing market share, it is
Bt prOductyx i ncrease.t the market share of x¢ unless there is a hidden trap.
B tghes lnot produced, the market share will be lost and that is not
- .or‘\g—tefm perspective. Mr. Smith should increase the mar-

e .of Xg by increasing production.

s ;6Yilr8gt(§h§ fingll simplex tab'le, the production of x¢ can be increased
e maﬁt— h: Iliowever, mcr;asing production of x¢ will influence
d Correspongin w 1?1 Wlll be decline. I?ecreasing of profit is described
e g oppoxtumty cost to xs which 1s equal to 74.75 per unit of
ucts xe is added to the new solution, profit will be less and equal
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* Market Growth Rate

Sales

F\‘,o/‘_—_’\' ___Competitor’s Sales Growth
I———l/‘_—_‘\| ~ Smith

TS = @ = @ ~e-

1991 1993 1995 t

4. Trend graph of competitor for product xo

to 74.75 x 21, e.g. 1569.75. The loss is acceptable from the long-term point

of view.
The new optimal feasible solution and the opportunity cost of the addi-

tional constraint were computed as follows:

Variable X X5 X3 X4 X5 X X7 Xy Xy \ X1
Optimal value 11971 320| 29 | 2.8 | 42.8| 210} 50 | 250 0.0 | 00
Opportunity cost 0.0|1260] 00 | 00 |213.0]1260| 0.0 | 00 0.0 | 0.0

The product xe replaces the less attractive products.

The new BCG matrix is shown in Fig. 5. Mr Smith can continue the same
procedure until he is satisfied for the product xi and repeated similarly the
procedure for the other products and activities x2, x3, ..., X10-

CONCLUSION

The post model analysis in the example above uses dual values in the
optimal solution of the extended sales mix problem of linear programming.
The judgement function utilises the additional information not included in the
quantitative model combining graphical display, knowledge of experts and
inquiry to the data base.
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5. New BCG matrix
for Smith’s product x¢

high

®

high low
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i H};‘{(%E;t;tlzn;}meérgi programovéni se'vyuZiYé v systému podpory rozhodovani
. odeZeI{ E:})nu_ trategie dl?uhodobc‘holplallovzini se opird o informace, které
R \)}/ kl kaOdSh»J systemtx s’kratkym ¢asovym horizontem, (ii) z analyzy
N VYS]Cd(l)(rZ urs:m/nnp prostre,dl’(BCG, GE matice a vyvojové grafy), (iii)
hOdnoty ke u prlmarm!}o a dualfnho .modelu linedrniho programovani (dudlni

, € ceny, transformovana matice koeficientt linearniho modelu). Kva-
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litativni podminky lze tak kvantifikovat nezavisle pomoci tfi zdroji informaci, pfi
analyze informaci (i) a (iii) Ize vyuzit experti. Hustrativni piiklad dlouhodobé vy-
robni strategie farmy demonstruje navrzeny algoritmus feSeni.

kvalitativni uvazovani; model lineérniho programovani; kvalitativni odhad; systémy
pro podporu rozhodovani; strategické fizeni; zisky v kratkodobém a dlouhodobém
horizontu; BCG a EG matice; vyvojové grafy; postoptimalizacni analyza
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