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Abstract

The mathematical and statistical modeling of the problem of poverty is a ma-
jor challenge given Burundi’s economic development. Innovative economic
optimization systems are widely needed to face the problem of the dynamic of
the poverty in Burundi. The Burundian economy shows an inflation rate of
—1.5% in 2018 for the Gross Domestic Product growth real rate of 2.8% in 2016.
In this research, the aim is to find a model that contributes to solving the prob-
lem of poverty in Burundi. The results of this research fill the knowledge gap in
the modeling and optimization of the Burundian economic system. The aim
of this model is to solve an optimization problem combining the variables of
production, consumption, budget, human resources and available raw mate-
rials. Scientific modeling and optimal solving of the poverty problem show the
tools for measuring poverty rate and determining various countries’ pov-
erty levels when considering advanced knowledge. In addition, investigating
the aspects of poverty will properly orient development aid to developing
countries and thus, achieve their objectives of growth and the fight against
poverty. This paper provides a new and innovative framework for global scien-
tific research regarding the multiple facets of this problem. An estimate of the
poverty rate allows good progress with the theory and optimization methods
in measuring the poverty rate and achieving sustainable development goals.
By comparing the annual food production and the required annual consump-
tion, there is an imbalance between different types of food. Proteins, minerals
and vitamins produced in Burundi are sufficient when considering their con-
sumption as required by the entire Burundian population. This positive con-
tribution for the latter comes from the fact that some cows, goats, fishes, -,
slaughtered in Burundi come from neighboring countries. Real production re-
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mains in deficit. The lipids, acids, calcium, fibers and carbohydrates produced
in Burundi are insufficient for consumption. This negative contribution proves
a Burundian food deficit. It is a decision-making indicator for the design and
updating of agricultural policy and implementation programs as well as pro-
jects. Investment and economic growth are only possible when food security
is mastered. The capital allocated to food investment must be revised up-
wards. Demographic control is also a relevant indicator to push forward Bu-
rundi among the emerging countries in 2040. Meanwhile, better understand-
ing of the determinants of poverty by taking cultural and organizational as-
pects into account guides managers for poverty reduction projects and pro-
grams.

Keywords

Poverty Problem, Mathematical Modeling, Applied Statistics, Operational
Research, Symplectic Partitioned Runge Kutta Algorithm, Dynamic
Programming, Matlab and Simulink, AMPL, KNITRO, Gurobi,
Economic Optimization, Technology Transfer, Incubation of

Results, Sustainable Development Goals

1. Introduction

Burundi and the African continent exist four billion years ago. Burundi remains
poor in view of the world economic balance. Burundi has more resources and
more potential than many countries in the world. Africa remains poor despite its
human resources, raw materials and natural wealth. Several systems of governance
have followed one another and yet poverty remains an exponential function in
some regions. The question is to know the reason of this almost eternal pov-
erty.

The government of Burundi Reta Nkozi, Reta Mvyeyi has made its priority: the
eradication of poverty. All Burundi population must have in a dignified and eternal
manner Inoti y'ibihumbi cumi (10,000 BIF) mu mufuko. ISTA wants to make its
contribution to the resolution and scientific mastery of the problem of poverty
in Burundi.

In this paper, it is about developing a predictive mathematical and statistical
modeling of the poverty problem in Burundi. Concretely, it is a question of
identifying the variables of poverty and their mathematical interactions by modeling
the dynamics of the problem of poverty in Burundi, the National efficiency objective
function in view of all its variables and national potential and finally the production
and consumption constraints of all layers of the Burundian population.

National positioning: The mathematical and statistical modeling of the pov-
erty problem in Burundi is a major challenge in view of the economic place of
Burundi in the concert of nations. Innovative economic optimization systems are

widely needed in order to address the problem of poverty in Burundi. Indeed, the
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national GDP is 310 US Dollars per capita per year for a population of
12,044,164 in 2019. The national area is 27,834 km? while the total revenue (exclu-
ding donations) in 2018 is estimated at 5562.4 billion BIF. The Burundian econo-
my shows an inflation rate of —1.5% in 2018 for a real GDP growth rate of 2.8%
in 2016. In this paper, it is a question of finding models contributing to the reso-
lution of the problem of poverty in Burundi. The results of this research come to
fill the knowledge gap in the modeling and optimization of the Burundian economic
system. It is a question of finding an optimization model combining the variables
of production, consumption, budget, human resources and available raw mate-
rials.

International positioning: The scientific modeling of the problem of poverty
and its optimal resolution allows measuring the poverty rate well and allowing
comparing the levels of poverty from various countries on the basis of a new com-
parison approach using advanced knowledge internationally. In addition, know-
ledge of the other aspects that eliminate poverty will make it possible to properly
orient development aid to developing countries and thus achieve their objectives
of growth and the fight against poverty. This theme provides a new and innovative
framework for scientific research on a global scale in view of the multiple facets
of this problem [1] [2].

Scientific positioning: Better estimating the poverty rate will allow good
progress with the theories and optimization methods in the measurement of the
rate of poverty in general. In particular, the completion of this research work will
make it possible to correctly assess the level of achievement of the sustainable
development goals. In addition, getting to know better the killers of poverty, taking
into account cultural and organizational aspects, will help to orient those in charge
of projects and programs to fight against poverty and take effective and efficient
actions.

Problem: The main problem of this research is to develop a scientific model
of the problem of poverty in view of the available resources and ‘eradicate and
plan well the economic future of Burundi.

Research hypotheses: Hypothesis 1: The current statistical and economic models
are far from adequate to face poverty and the exponential population. Hypothesis
2: The development of a scientific model of the problem of poverty in view of the
available resources is essential for a good mastery of the indicators of aid to decision
at the micro and macroeconomic level.

Research objective: The objectives of the projects are:

e To develop a more complete scientific model of the problem of poverty in
view of the resources available in Burundi for mastery of indicators of aid to
poverty decision at the micro and macroeconomic level.

e Eradicate and plan well the economic future of Burundi.

o Establish a normative component providing a series of indicators for those
responsible for the fight against poverty to enable them to better understand

the economic, administrative and organizational stakes in the fight against
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poverty.

e To support the choice of economic and political decision-makers within the
framework of interventions in favor of Burundi.

e Model and plan the process of transfer and incubation of research results.

For the mathematical modeling of the problem of poverty in Burundi, it is
concretely to work on: Identification of Variables, Modeling of the dynamics of
poverty, Constraints Modeling, Objective Function Modeling, Modeling of the Opti-
mal Poverty Control Problem, Resolution digital by an Algorithmic implementation
under a Matlab programming language with global optimization tool-boxes Simu-
link, the Demonstration of algorithmic convergence and commutation, Extraction
of the solutions which are the indicators of the decision on the quantity of pro-
duction, consumption, monetary and non-monetary yield in relation to the varia-
bles of the problem identified including the technical variables of control and
mastery poverty in Burundi. Finally, it is about the Popularization and Validation
of decision indicators, the Process of setting up a reference center on the in-
cubation of the results of this research, the Knowledge transfer process to the
community, the technology sustainability process, the Burundi economic fu-
ture prediction process, Innovation at the service of the community. A res-
ponsible and enlightened elite is the future of the nation. Wealth begins with
“the thinking design”, Twese turi hamwe vyose birashoboka \og together we
can \fg.

Figure 1 shows that this research touches on several sustainable development
objectives. This figure clarifies the interaction between these SDGs and all the varia-

bles of the model according to their relevance degree.

2. Mathematical Modeling of the Poverty Problem in
Burundi

The mathematical modeling of the poverty problem in Burundi mainly concerns
the identification of variables, the modeling of the dynamics of poverty, the model-
ing constraints, the modeling of the objective function and finally the combination
of all these functions for a complete modeling of the optimal poverty control

problem.

2.1. Identification of State Variables and Technical
Control Variables

We have identified variables according to the different categories of raw resources

available across all areas of agricultural, industrial and artisanal production. These

are mainly the following resources:

o Raw materials: Gold, coltan, nickel, limestone, aluminum, silver, zinc, clay sand,
rocks, peat, quartz, monazite, uranium, diamond, etc.

e Agricultural products: Tea, coffee, mushrooms, beans, corn, wheat, sorghum,
eulesine, palm, bananas, potato, sweet potato, cassava, colocases, soybeans, cab-

bage, carrots, cotton, tobacco, pineapples, mangoes, oranges, lemons, papayas,
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SDGs involved in the project

Description

The project variables in relation
to the SDG

SDG 1: No poverty

End poverty in all its forms
and everywhere

Population

National Budget
Production companies
Consummer products

SDG 2: Zero hunger

End hunger, achieve food security
and improved nutrition and
promote sustainable agriculture

Population

National Budget
Production companies
Consummer products

SDG 3: Good Health
and well being

Ensure healthy lives and
promote well-being for all
at all ages

Population

National Budget
Production companies
Consummer products

SDG 8: Decent work
and economic growth

Promote sustained,
inclusive and sustainable
economic growth, full and
productive employment
and decent work for all

Economic growth
Population

The National Budget
Production companies
Consummer products

SDG 9: Industry, Innovation
and Infrastructure

Build resilient

infrastructure, promote inclusive
and sustainable industrialization
and foster innovation

Raw materials
Population

The National Budget
Production companies
Consummer products

SDG 12: Responsible
consumption and
production

Ensure sustainable
consumption and
production patterns

Raw materials
Population

The National Budget
Production companies
Consummer products

Figure 1. The sustainable development goals involved in the project.

strawberries, avocados, pasta, sunflower, sugar cane, rice, peas, peanuts, etc.

o Livestock products: Cow meat, goat meat, pork meat sheep meat, rabbit meat,

duck meat, chicken meat, fish, eggs, butters, etc.

o Industrial products: Yoghurt, cow cheese, goat cheese, organo-mineral ferti-

lizers, agricultural lime, primus, small primus, primus nyongera, amstel blon-

de 65 cl, amstel royal, amstel bock, amstel blonde 50 cl, lemonades, wine, kin-

ju, aquavie, sangwe, fungus, akezamutima juice, maracuja juice, pineapple

juice, cement, mattress, soap, wheat flour, corn flour, corn flour cassava, sor-

ghum flour, alien flour, sesame flour, cotebu loincloths, pona pharmaceu-

tical products, siphar products, bread, nails, baking iron, metal bars, tdles,

etc.

e Consumption variables: Men, women and children.

This model considers animals as production variables. Mathematically, we have

the state variables Y-+, y, which give a vector function y=(Y;,"--,, )T , Tech-

-
nical variables for poverty control W= (Wl, O Wp) as well as their interaction

for the complete modeling of the mathematical model.
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2.2. Modeling the Dynamics of Poverty [1]-[7]

The dynamics of poverty is a system of first-order, non-linear and non-convex
differential equations, all the more so as the problem of poverty is complex and

multi-variable with implications for consumption, depletion and regeneration of

resources.
d
.%:f@ma%wwGXMU) W
— FGT,
1&(z2-R )
‘W;[ : jI(RiSZ) @
with:

when y=FGT,,et R =PC, /N, the income per individual. The component of

the dynamics of poverty is modeled as follows:
yi:f(Ti’Ki’Ei’Di):eriXTiaKiﬁEinis (3)
While the Production function Pis given by the following model:

n
P=2 mxrxT K/E/D; (4)

i1
when m is a parameter, z is the poverty line, a is the aversion coefficient
which will determine the significance of the index. If o is high, a large weight

of the poor will be taken into account. r=(r,---,r,) is the productivity,

n

T = X the work component, K; = L', is the component of capital where a’
- a

I

is the yield, E, =c'R,+E, with ¢'= i—E' the consumption component. The
term C, is the function of the reduced costs [3]. Overall we have that

T(Yyo¥y)=(Ty,--~,T,) is the work with T; which depends of y;,i=1---,n,
K(Yy Yy ) =(Ky,--+, K,) is the Capital, E(y,,---,Y,)=(E,E,) isthecon-
sumption, D(y,,,Y,,W)=(D,--, D,
tems. The differential equation f (t, A (t),---, A (t),W(t)) is the function de-
fining the dynamics of poverty in Burundi. By mathematical transformation, we

JY%Y@R+QYW

n y?+ﬂ
=> mxr? AT(CR +E,) D
i=1

) represents the volume of financial i-

have:

Pzzn:mxri X[L
i1 #

)

Considering the fluctuations of financial elements, their volume D; can be

expressed by the following stochastic differential equation:
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(1) + 4 (t)c; (t)dt - E; (t)dt

| (6)
+N; (t)c (t)o; (t)dw (t)
={z(t)D, (1) +[ 4 (1)+ 2 (1) 7 (1) Ju; (1) - E; (1)} dt + o (t)u () dW (),
D = T(t) D, (t)+|:ﬂ’| (t)+ﬂi (t)—T(t)]UI (t)— E, (t)+0'| (t)U. (t) dw (t) ?)

=0t e (8),2(0), 4 (1), 1), 1),Dy (1), E, (1) W (1) ®

where 7(t), A(t), £ (t), o (t) et u (t)=N;(t)c(t),i=0,---,n are respec-
tively the interest rate, the appreciation rate, the dividend rate, the volatility and
the wealth of the investment on the £ variable.

The Derivation of the individual income function is modeled by replacing P

by its value in the individual income R;:

a+p
{Z?_lmxrﬁa ); (CR+EY Df}c,

R = N )
The technical control variables w(t) are given by:
W(t) = (g (£), W, (£), W (t), W, (t), s (1), W (1)) (10)

=(P(1).T(t).K(t).E(1).D(t).C(1))

By injecting all these equations into (2), the real dynamic therefore takes the
following form:

5, = a(t, (1) A(1), 44 (1)1 (1), (1) D (1) (9. 1)

= (0D, (0 +[A ()4 (0~ (0] (0 )+ (0w (0 ) )

Y= 16y (6), v (1), w(t)) (12)
S L en gy ote, |

=%Z o A I(R<z)  (13)

s Nz{Z?lmxr‘”ﬁj(C'RI+EO)yDS}Cr P

The next section shows the relationship between state variables and control

variables with the required raw resources.
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2.3. Constraints of the Poverty Problem in Burundi [1]-[6]
[8]-[23]

Constraints are parameters and equations defining the problem. Considering the
mathematical and economic complexity of the poverty problem, the constraints
have ramifications for consumption, resource availability, and production. The
combination of the required primary resources, the available primary resources
and the variables constitute the mixed constraints given by the following system:
A Y +apY, taYs tayY, bt a, Y, < bl

Ay Yy t8pnY, T 85Y3 + 85y, to+3,, Y, < bz
By Y1+ Y, +85Y; + 85 Y, T+ 85, Y, <b (15)

A Yy Fan Yo Ty Fan, Y, oA Y, < bm
y; 20

where f(t,y,,---,y,,w) is the function defining the dynamics of poverty in

Burundi in time and space, the @, i=L1--,m, j=1---,n, are the required

i
primary resources and the b, are tjhe available primary resources. In practice,
the constraint matrix will be modeled on the basis of data collected in the field in
the pilot provinces and will follow a generalization of the problem throughout
Burundi country.

Figure 2 shows the constraints matrix A where Tech = technology, En = ener-
gy, Eau = investment or production water, HR = human resources, Arg = invest-
ment money, Fum org = organic manure, Fum. non org = non-organic manure,
Insect = insecticide, Lev = yeast, Sorg = sorghum, four = animal fodder, far =

flour, Suc = sugar, salt, oil, Sav = soap, milk, dye.

2.4. Objective Function

The cost function of the poverty problem is J (y,,---,y,,w). It means the nation-
al yield function in view of the primary resources sold and consumed. This func-

tion is mathematically modeled as follows:

I(2(8)r ¥ (1), W(E)) = G (£) s (1) +++++ G (£) ¥ (1)

LT (16)
Cmi (t) = M

ovRa m=1234;i=1---,n
where m is the cropping season index. This function will be submitted to the
maximization operator by ruling on the national maximum yield. In other wor-
ds, it is a question of modeling the budgetary function if we consider all the pos-
sible economic variants. The C (t) = (C1 (t),-.c, (t)) is the function of the co-
sts of the available resources sold. This function is vectorial with n variables de-
fined above, namely r=(r,---,r,) productivity T =(T,,---,T,) work,

K =(K,---,K,) capital, E=(E,---,E,) consumptionand D=(D,,--,D,)
volume of financial items, which include, in addition to the profits, all the items
of the operating accounts more or less rebellious to the decomposition in volume

and price index (interest, indirect taxes, etc.). In the absence of objective bases,
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[Variables [vi ] Toch [ Bn_ | Bau [ RH [ Fum org. | Fum non org. | Insect | Lev_ | Sorg | four | far [ suc__ | sel | huile ] Sav__ | Lait__| Dyc
Gold v1 a1y g agy ay1 ag1 a7 agy agy a101 a111 a121 a131 a141 a151 a161 a171 a181
Coltan y2 [3P) a2 a3 a42 a6 ary agg agy @102 a112 a122 a132 @142 a152 a162 a172 a182
Nickel y3 a13 az3 a33 a43 a63 ars as3 ag3 @103 a113 a123 a133 a143 a153 a163 a173 a183
Limestone ya a14 a4 a3q a4q a64 a7y agy ag4 @104 @114 a124 a134 @144 4154 a164 a174 @184
Aluminium Ys a1s5 a2s a3s5 a45 ags ars ags ags @105 a115 a125 @135 2145 a155 a165 a175 @185
The silver metal. Y6 a16 a2 a36 a46 a66 are ase a96 @106 ai16 a126 @136 a146 a156 a166 a176 a186
Zinc yT a17 ag7 a7 a47 a7 a7 ag7 ag7 a107 a7 a127 a137 a147 a157 a167 a177 @187
Clay s a1g asg asg as8 ag8 a78 agg agy a108 a118 a128 a138 a148 a158 a168 a178 a188
Sand Yo a19 a9 asg a9 a9 a9 agy agy a109 a119 a129 a139 a149 a159 2169 a179 a189
Rock yio | e1i0 | @210 | @310 | @410 a610 a710 ag10 | @910 | @100 | @110 | @1210 | @1310 | @110 | @1510 | @1610 | @1710 [ a1s10
Peat yii e [ a1 [ aznn | aann ag11 a711 ag11 | @o11 | e1o11 | @unn | @211 | @311 | @411 | 61511 | @1e11 | @171 | 61811
quartz vi2 [ a2 | a2z [ a1z [ asrn ag12 a712 ag12 | @12 [ aio12 [ @2 | @212 | a1312 [ aia12 [aisi2 | ae12 | aimie [ aisie
Monazite vi3 | ens | a3 | asiz | aaig a613 a713 ag13 | @013 | @1013 | @1113 | @1213 | a1313 | e1a13 | @1513 | @1613 | @171z | 6isis
Uranium Y14 | 6114 | @214 | @314 | G414 ag14 a714 agi4 | @o1a | @1014 | @1114 | @1214 | 01314 | 01414 | G1514 | G1614 | 1714 | G1814
Diamond Y15 | ans | a5 | as1s [ aais a615 a715 ag15 | @o15 | @105 | @115 | @1215 | @1315 | ana1s | aisis | @1615 | @17 | a1sis
Tea vie | a6 | @26 | @316 | aaie 616 a716 agi6 | ao16 | @1016 | @116 | @1216 | @1316 | a1a16 | ais16 | @1616 | @171 | 41816
Coffee yi7_| enr | eni7 | asiz | aair ag17 arr agir | ao17 | e1017 | einir | @217 | @1317 | eia1r | @is17 | @1617 | @irir | eisi7
mushrooms yis [ ans | azig | asis [ aais ag18 a718 ag1s | @o1s | a1018 | @118 | @1218 | @1318 | a1a18 | @158 | @1618 | @178 | a1sis
Beans y1o | a9 | @219 | asio [ arg a619 a719 ag19 | ag19 [ a1019 [ @19 | @210 | a1310 [ a1a19 [ aisi0 | @619 | @719 [ aisio
Maize Y20 | a120 | @220 | asz0 | a420 a620 a720 ag20 | @920 | @1020 | @1120 | @1220 | @1320 | 61420 | @1520 | @1620 | 1720 | 61820
Corn Y21 | a121 | aza1 | asa1 [ sz ag21 a791 agar | @go1 | @101 | @i1n | 1221 | @1321 | a14o1 [ 61521 | aie21 | @171 | a1san
Sorghum Y22 [ a1 | azo [ asyy [ aszn a622 a722 agyy | agpp [ @102 [ @119o | @129 | 1322 [ angzp [ aiso2 | @162 | ai7en [ aisen
Eulesin y23 | a123 | a3 | ages | auzs a623 a723 aga3 | ages | a1023 | @1123 | a1203 | a1323 | a1423 | a1523 | @1623 | ai7e3 | aises
Palm Y24 | 6124 | @24 | a3oq | a4z4 ag24 a724 aga4 | @gp4 | @1024 | @1124 | @1224 | 01324 | 01424 | G1524 | @1624 | @1724 | 01824
Bananas Y25 | a125 | @25 | asas [ asss a625 a725 agys | @ops | @105 | @115 | @1225 | a1325 [ ansps | aises | 1625 | @17as [ a1sos
Potato y26 | 0126 | @226 | a326 | a4z 626 a726 ag26 | aop6 | a1026 | @1126 | @1226 | a1326 | a1d26 | a1526 | @1626 | @172 [ a1s26
Yam y27_| a127 | aza7 | asar | asa7 ag27 a727 aga7 | agar | @107 | @i1e7 | a1227 | a1327 | aise7 | @157 | @ie27 | airer | aiser
Cassava Y28 | a128 | azos | asos [ asss a628 a728 agos | @gos | @108 | @1128 | @1228 | a1328 | aisos | a1so8 | 1628 | @ai7es | aisos
Colocases Y20 | 0120 | a0 | asgg [ aazo 629 a729 ag20 | agpo [ a1020 | @1129 | @122 | a1320 [ anap0 | @150 | @1620 | @179 [ aispo
Soy y30 | a130 | @230 | asz0 | @430 a630 a730 ag30 | @930 | @1030 | @1130 | @1230 | @1330 | @1430 | @1s30 | @1630 | @730 | @1s30
Cabbage Y31 [ o131 | @31 | ags1 [ asm ag31 a731 ag31 | @gs1 [ @1031 | @1131 | @1231 | @1331 | 01431 | 01531 | 01631 | @1731 | 41831
Carrots Y32 [ a1z | a3p [ aszy [ aszo 632 a732 agsy | a3z [ a1032 [ @11z | @1232 | a1332 [ a1a32 [ a1s32 | a1e32 | @173z [ a1sse
Coton Y33 | a133 | a3z | aszz | asss 633 a733 ag33 | ag33 | a1033 | @1133 | @1233 | a1333 | a1433 | 01533 | @1633 | @173z | aiss3
Tabac Y34 | 0134 | @34 | a3z | a434 ag34 a734 ag3s | @34 | G1034 | G1134 | G1234 | 01334 | 01434 | 01534 | @1634 | 1734 | 01834
Ananas Yss | 6135 | @235 | asss [ asss 635 ar3s ag3s | @935 | 61035 | @1135 | @1235 | @1335 | 41435 | 01535 | @1635 | @1735 | 01835
Mangoes Y36 | 0136 | @236 | @336 | 43¢ 636 ar36 ag36 | @936 | @1036 | @1136 | @1236 | a1336 | 01436 | 01536 | @1636 | a1736 | 01836
Oranges y37 | 9137 | @237 | assr | aas7 ag37 ar3r ag37 | agy | a1037 | @1137 | 1237 | a13s7 | e1a37 | a1s37 | @1637 | aivar | aissr
Citrons yss | o138 | asss | asss | asss a638 a738 ag3s | @oss | @1038 | @1138 | @1238 | a1338 | 01438 | G1538 | 1638 | @173 | a1sss
Papayas Y30 | o139 | @30 | aszo [ aszo 639 a739 ag39 | aos9 [ a1030 | @139 | @1230 | a1330 [ a1430 | a1530 | @1630 | @173 [ aisse
Strawberries ya0 | a140 | @240 4440 a640 a740 agi0 | @940 | 01040 | @1140 | 1240 | @1340 | G1440 | @1540 | @1640 | @1740 | 61840
Avocado ya1 | aia1 | azq1 a441 ag41 a741 agar | @os1 [ a10a1 [@nar | @041 | @isa1 [ 01441 [ 01541 [ @res1 | 1741 | @184
Watermelons vaz | o142 | a2 Q442 642 a742 aga2 | @942 [ @102 | @1142 | @124 | 01342 [ G142 | 01542 | @1642 | @1742 [ a184
Tournesol va3 | a143 | @243 @443 a643 a743 ag43 | G943 | 01043 | @1143 | 01243 | @1343 | 01443 | @1543 | 1643 | 01743 | 1843
peanuts yas | 0144 | G244 444 ag44 a744 G844 | G944 | G1044 | G1144 | 1244 | 01344 | 01444 | G1544 | G1644 | 1744 | O1844
avocado oil yas | a145 | @245 a445 a645 ar4s agys | @945 | @1045 | @1145 | @1245 | @1345 | 01445 | @1545 | @1645 | @1745 | G1845
Palm vae | 0146 | @246 4446 4646 a746 a846 | @946 | 01046 | ®1146 | 31246 | G1346 | 01446 | @1546 | @1646 | @1746 | 01846
Sugar cane yar | a1a7 | @z a447 ag47 a747 aga7 | @oar | @1047 | @117 | @1247 | @1347 | 01447 | G1547 | G1647 | 1747 | G1sar
Rice vag | aras | asss a448 a648 a748 ag4s | @48 | @108 | @1148 | @1048 | @1348 | 0148 | a1548 | 1648 | @1748 [ a1sas
Peas va9 | a149 | azg a449 a649 a749 aga9 | @949 | @1049 | @1149 | @124 | @1349 [ @149 | a1549 | @1649 | a1749 [ aisa0
Peanut oil Y50 | a150 | a2s0 4450 a650 a750 agso | ags0 | @1050 | @1150 | @1250 | @1350 | @1as50 | @1s50 | @16s0 | @ivso | aisso
Cow Meat ys1 | a151 | ass1 a451 ag51 a751 agsy | ags1 | @101 | @151 | @1251 | @1351 | a14s1 | 61551 | @iesy | @i7s1 | aissi
Goat Meat ys2 | a152 | a2s2 a452 ag52 a752 agsy | ags2 | @105z | @152 | 1252 | ai3s2 | aiase | aiss2 | @16s2 | aivs2 | aisse
Pork meat Y53 | a153 | ass3 a453 a653 a753 ags3 | ags3 | @103 | @1153 | @125 | a1353 | a1453 | a1553 | @1653 | ai7s3 | aiss3
Meat of sheep ysa | @154 | azsa a454 ag54 a754 agse | @os4 | G1054 | @1154 | G1254 | 01354 | Q1454 | Gi554 | @1654 | @1754 | G1854
Rabbit meat yss | a155 | @255 a455 ag55 ars5 agss | @gss | @1055 | @1155 | @1255 | @1355 | 01455 | @1555 | @1655 | @1755 | 21855
Duck meat Y56 | a156 | a2s6 456 656 a756 agse | @956 | @106 | @1156 | @1256 | @1356 | 01456 | @1556 | @1656 | @1756 | 21856
Chicken meat ys7_| a157 | asst a457 ag57 a757 ags7 | ags7 | @1057 | @1157 | @1257 | a1357 | aids7 | ais57 | @1657 | @175 | aisst
fish yss | a1ss | asss a458 ag58 a758 agss | agss | @108 | @1158 | @1258 | a1358 | aiass | aisss | 1658 | ai7ss | aisss
eggs Y50 | a150 | azs0 459 a659 a759 agso | agso | a10s9 | @1150 | @1250 | a1350 | aiaso | aisse | 1650 | ai7so | aisso
Beurres Y60 | @160 | @260 4460 4660 a760 age0 | @960 | @1060 | @1160 | 31260 | @1360 | @1460 | @1560 | @1660 | @1760 | 41860
Yaourt Y61 | a161 | aze1 a461 a661 a761 agel | @oe1 | @1061 | @1161 | @1261 | @1361 | 01461 | 61561 | @1661 | @1761 | @1861
Cows Fromage ve2 | o162 | az62 462 662 a762 age2 | age2 | a1o62 | @162 | @1262 | a1362 | aide2 | a1se2 | @1662 | a1762 | a1se2
Goat Fromage ve3 | a163 | a263 a463 a663 a763 ag63 | @963 | 01063 | @1163 | 31263 | 21363 | 01463 | 01563 | @1663 | a1763 | 21863
organo-mineral fertilizers || yea | a164 [ @264 a464 a664 a764 aged | @964 | 01064 | @1164 | @1264 | 01364 | 01464 | G1564 | ®1664 | @1764 | 01864
agricultural lime Y65 | @165 | @265 a465 a665 a765 ages | @965 | @1065 | @1165 | 31265 | @1365 | 01465 | @1565 | @1665 | 21765 | 21865
Primus Y66 | 0166 | 266 2466 666 a766 ag66 | @966 | @1066 | @1166 | 31266 | 21366 | 01466 | 01566 | @1666 | @1766 | 21866
Small Primus Y67 | @167 | @267 a467 a667 a767 a867 | age7 | @1067 | @1167 | 01267 | @1367 | 41467 | 01567 | 91667 | 41767 | 41867
Primus Nyongera yes | a168 | ases a468 a668 a768 ages | @oes | @1068 | @1168 | @1268 | a1368 | o168 | a1568 | @1668 | @1768 | 01868
Amstel ve9 | a169 | a269 469 669 a769 ag6o | aoeo | a1069 | @1169 | @1260 | a1369 | a1d69 | a1569 | @1660 | a1769 | aisey
Amstel Blonde 65 cl y70 | a170 | @270 a470 a670 a770 ag70 | ag70 | @1070 | @170 | @1270 | @1370 | @1470 | 01570 | @1670 | @1770 | 41870
Amstel Royal y11_ | o | aamn a471 ag71 a771 ag7y | agr1 [ arom1 [ eumn | e1onn | e [ ewarn [ eism [ eenn | et | a1sma
Amstel Bock y2_ | a1r2 | asr2 a472 ag72 ar72 agra | agr2 | aror2 | @uire | @1o72 | @137z [ anar2 [ aisve | aier2 | airre [ aisme
Amstel Blonde 50 cl y73 | a173 | asr3 a473 a673 a773 agr3 | ag73 | aior3 | auivs | @1p73 | a1373 | anar3 | ais73 | @ie73 | @177 | aisvs
Limonades Y74 | o174 | G274 a474 ag74 a774 ag74 | @74 | G1o74 | @1174 | G1274 | Q1374 | 01474 | G1574 | G1674 | @1774 | O1874
Wine yrs | a175 | azrs a475 a675 ar7s agrs | agrs | a1o7s | @1175 | @1275 | a137s | e14rs | @1s75 | @1675 | @177s | 41875
Kinju yr6 | a1re | azre a476 a676 a776 agre | agre | atore | aiive | @1276 | a1376 | aiave | aisve | 1676 | airve | a1ste
Aquavie yr7_| eir7 | a7 a477 ag77 a777 ag77_| @orr | aiorr | @iirr | e1p77 | @137z | aiarr | aistr | @ie77 | eirrr | aiser
Sangwe y7s | airs | asrs a478 ag78 a778 ag7s | ag7s | aiors | @iirs | @1o78 | a1378 | aiars | aists | 1678 | air7s | aists
Fungus y7o_| a1rg | azro a479 a679 a779 agro | agro | atore | aiivg | @ip79 | a1379 | aiaro | aisve | aie79 | airre | aisto
Al ima juice yso | @180 | aszso a480 a680 a780 agso | @oso | @1080 | @1180 | @1280 | a1380 | 61480 | @i580 | 1680 | ai7so | a1sso
Maracuja juice ys1 | a181 | ass1 a481 ag81 argy agg1 | ags1 | @1081 | @1181 | @1281 | @1381 | @1481 | @1581 | @1681 | @1781 | 1881
Ananas juice vg2 | a1g | asse 482 a682 a782 agsy | ags2 | aios2 | aiiso | @ios> | ai3gy [ aiaga | aiss2 | aies2 | aivsy [ aiss2
ciment ys3 | a1s3 | asss a483 a683 a7s3 ags3 | ags3 | a1083 | @1183 | @1o83 | a1383 | a1483 | ai583 | 1683 | ai7s3 | a1ss3
Matelas ysa | a1s4 | asss 484 ag84 a784 ags4 | @os4 | G1084 | @1184 | @1284 | @1384 | 01484 | Gi584 | @164 | @1784 | G1ss4
Soap vgs | a1ss | asss a485 685 a785 agss | @oss | a1o8s | @185 | @1o85 | a1385 | a1485 | a1sss | @165 | @178 | aisss
Wheat flour ys6 | a6 | azse 486 686 a786 agse | aos6 | a1086 | @1186 | @1286 | a1386 | a1486 | @1586 | @1686 | ai786 | a1sse
Maize flour yg7 | ais7 | assr a487 agsr argy agg7 | aggy | a1o87 | @1187 | 1287 | ai3s7 | e1487 | @1s87 | @1687 | @787 | 41887
Cassava flour yss | aiss | asss a488 688 a788 agss | aoss | a1oss | @1188 | @1288 | a1388 | aiss | aisss | @168 | ai7ss | aisss
Sorghum flour vgo | a1go | azso 489 689 a789 agso | aogo | a1080 | @1189 | @1280 | a1380 | a1480 | aisso | 1680 | ai7sg [ aissy
Eulsin flour Y90 | a190 | az90 a490 ag90 a790 ago0 | aggo | @100 | @1190 | @1200 | @1300 | a1a90 | @150 | @1690 | 1790 | a1sgo
Sesame flour yo1 [ a101 | azo1 a491 a691 a791 agor | ago1 [ aioo1 [ @101 | 1201 | 1301 [ a1401 [ a1501 [ areor | a17o1 | a1s01
Loincloths from Cotebu || yop | a192 [ a9 492 a692 a792 agoz | ago2 | a1o92 | @112 | @1202 | a1302 [ ana92 | a1s02 | 1602 | ai7o2 [ a1se2
Pona Pharm. products Y93 | a193 | azgs a493 a693 a793 ag93 | age3 | @1093 | @1193 | @1203 | a1303 | a1493 | a1503 | 1693 | ai793 | a1s03
SIPHAR Products Y94 | @104 | @294 a494 a694 a794 ago4 | @994 | 01004 | @1104 | @1204 | @1304 | 01494 | 01504 | @1694 | @1794 | @1894
Bread yo5 | a195 | @295 495 695 a795 ag9s | @o95 | a1095 | @1105 | @1205 | a1305 | a1495 | @155 | @1605 | @1705 | a1so5
Clous Y96 | @106 | a206 4496 696 a796 ago6 | @996 | @1096 | @1196 | 31206 | 21306 | a1496 | @1506 | @1696 | a1796 | 21806
Concrete Iron yor_| aro7 | ager a497 ag97 a797 ago7 | ager | a1097 | @11o7 | @1207 | a1307 [ aiao7 | a1so7 | a16o7 | a1797 | aisor
Metal bar yos | a198 | azgs a498 a698 a798 aggs | ag9s | @1098 | @1198 | @1208 | a1398 | @1498 | @1508 | @1698 | a1798 | a1898
Tles Y99 | a199 | azgo a499 a699 a799 ago9 | agg9 | @1099 | @1199 | @1200 | a1399 | @199 | a1509 | 1699 | a1799 | a1seo
Plastic ¥100 | 61100 | @2100 a4100 a6100 a7100 a8100 | @9100 | 610100 | @11100 | 12100 | @13100 | 014100 | 615100 | @16100 | @17100 | 18100
Wood y101 | a1101 | @2101 44101 46101 a7101 a8101 | @9101 | @10101 [ @11101 | @12101 | @13101 | @14101 | @15101 [ @se101 | @17101 | 18101
Charbon y102 | 01102 | 2102 44102 6102 ar102 ag8102 | 9102 | @10102 | @11102 | @12102 | @13102 | @14102 | 015102 | @16102 | @17102 | @18102
Suggar y103 | 61103 | @2103 44103 46103 a7103 a8103 | #9103 | ¢10103 | @11108 | @12103 | 913103 | 014103 | @15108 | 16108 | @17103 | 618103
Levure Y104 | 01104 | 2104 44104 46104 a7104 08104 | @0104 | 010104 | @11104 | @12104 | @13104 | 014104 | 015104 | G16104 | @17104 | G18104
hubro Y105 | 01105 | 2105 24105 6105 a7105 a8105 | @9105 | @10105 | @11105 | @12105 | @13105 | @14105 | @15105 | @16105 | @17105 | @18105
Water Y106 | 21106 | 32106 44106 46106 a7106 ag8106 | 29106 | 210106 | @11106 | @12106 | 213106 | 214106 | ¢15106 | @16106 | 17106 | 918106

Figure 2. The constraints matrix A ([8], [10]-[23]).
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D can be calculated by admitting that it varies, for example, like the volume of all

the factors of production.

2.5. Mathematical Modeling of Optimal Control of the
Poverty Problem

The combination of all the above equations demonstrated and their mathematical
transformation allow us to pose the problem. The mathematical modeling of the
optimal control of the poverty problem is therefore an optimization problem

written as follows:

maxJ (3 (1) 3o (1) w(t))

y= f (t, yl(t)""' Yn (t)'W(t)) (17)
Aty (1), v, (1), w(t))<b
¥i 20

In this system, the first equation is the objective function of the national yield
applied to a maximal optimization operator, the second differential equation is
the dynamics of poverty and finally the last equations represent the system of
constraints involved in the model. In order to simplify the writings for algorithmic

rewriting questions, the problem takes the following form:
maxJ (y (t), w(t))
y= f(t,y(t),w(t)) (18)
A(t,y(t),w(t))<b

t,y
y; 20

3. Algorithmic Resolution Approach and Commutation
3.1. 4th Order Runge Kutta Algorithm

1) Given a time step A, a maximum number of iterations Nand an initial con-
dition <t01 Y100 Y200 Ymo ) 5

2)a) For 0<n<N

For 1=1,23,m: kiy=hf(t,, Y0, Yo Ynn)

. h k11 I(21 I(ml
b) For 1=123,--m: k,=hf |t +=, Y, +——, Vo, +—— Yo o +——
) For 2 [ > ' 5 Y>, 5 Y, 5

. h ok k k,
¢)For i=12,3--,m: ki,3:hfi(tn+E,y1'n+%2,y2’n+%,---,ym,n+—2'3J

d)For 1=123-,m: K, =hf (t,+h, Y, +Ks Vo +Kogos Yoop +Kp5)
e) For i=12,3,-,m: yiM:yi,n+%(km+2ki2+2ki,3+ki,4)

f) t,,=t +h

g For i=123:,m: A (y;,,W,)<0

h) m‘"‘YXJ()’1,"'-yn-Wn)=01y1+--~+cnyn+rTe‘K/’EyDS
ye

i) Display t.,;, et V,.,, J(V,W);3
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3) Stop.

3.2. Symplectic Partitioned Runge Kutta Algorithm

The above modeled problem is a nonlinear and complex optimization problem.

Let us state the Hamilton function:
H(ty, pw)=p(t, y'W)q(t’T(t)”i(t)'ﬂi (t),0i (1), u; (1), D, (1), Ei (1), W (t)>
+p(ty.w) f(ty,w)-A (ty.w) ‘

To solve this problem, it is a question of making a discretization of Runge Kutta
combined with a symplectic partitioned method within the framework of a dyna-
mic programming of which the resulting algorithm is as follows:

Symplectic partitioned Runge Kutta algorithm (SPRK)

t -t
T 0 Nis the

1) By discretizing the time [to,tf :I in Nstep h=t , -t =

maximum number of iterations.
2)Pour 0<n<N,

H,, (Wi, Yiir P ) =0
Dina =D+ h;kap (Wnk » Yo ), D;(t)=Dio,

D, =Di, +hZ;aijp (an Yo, ),k =18
=

Yo = Yo N2 DT, (W s Vi )Y (1) = Yo,

Yo = yn+h2aijp(an,ynj ),k =1,---,8
=1

Pos = P, —thS;t?kHy(pnk,ynk )opw =¢'(t;),
B (19)

]

Py, = P —hiﬁkﬂy(pnwyw )
=
H(ynk J p“k): H (l//(y”k » Po )’y”k’ Pn, )'

) b, )
a,:=b, —b—’ajk,bj =bj,Aa(yn,wnk)§0,

k
DISpIay tn+1' ynJrl’Wnl< ’ pn+1'
3) Stop.
In this algorithm, a digitization of the state variables and the co-state variables

as well as the control variables emerges.

3.3. Details of the Equations of the Symplectic Partitioned
Runge Kutta Algorithm

Consider that the variable index i=1,---,N and that nis this time the iterative

index, the system (19) becomes explicitly:
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H,,i (Wkiiyki’ pki)zovi =1---,N
Di,n+1 = Di,n + th:kap (Wnk ’ ynl< )v Di (to): Di,o
=)

Di,nk = Di,n +hiaijp (an s ynj ),k :1,-..]3
i
Vi = Yin + N0 H, (Wi Yin )o Vi (f) = Youi =L+, N
)

Yin = Yin +hzslaiyijp(wivnj,yiynj ),k:l,...,s;i =1---,N

j=1

Pina = Pin— thi;BkHyi ( Pin Vi, )v Pin = ¢,(tf ),i =1---,N (20)
Pin, = Pin —hiaijy(pi'nj,yivnj ),i =1---,N
j=1
H(yi,nk ' pi,nk ) =H (l/l(yi,nk ' pi,nk )l yi,nk ' pi,nk )’

- b; ~ .
akj = bj _iajkybj :bj,l Zl,"',N

A,a(yi,mwi,nk)goli =1---,N

AfﬁCher I:n+l1 yi,nJrl’Wi,nl< 1 pi,n+1'

An AMPL programming language will be coupled with Gurobi, KNITRO SNOPT
solvers for the extraction of solutions. The following section is devoted to the discus-
sion and interpretation of the solutions as well as the optimization and conver-

gence criteria.

4. Data Capturing and Description

Considering complexity constraints matrix, questionnaire survey of administrative
real data is used in order to complete the optimal modeling problem. This adminis-
trative data concerns statistical stratifications of Burundian pilot province. The
data consist of the state and control variables representing a non analytical abstract
optimal modeling of the poverty problem. Details of this Data are included in

the numerical process programming.

5. Numerical Output and Convergence Process

By using the following numerical scheme, we demonstrate the commutation of
the two RK4 and SPRK4 numerical methods.

Figure 3 shows the solving method of this problem by demonstrating the
Commutation Process of RK4 and SPRK4 Numerical Methods, to run through a
robust algorithm implementation under an AMPL programming language A S-
treamlined Modeling for Real Optimization combined with Gurobi & SNOPT
solvers.

AMPL integrates its modeling language with a command language for analysis

DOI: 10.4236/0jop.2021.104008

112 Open Journal of Optimization


https://doi.org/10.4236/ojop.2021.104008

F. Nahayo et al.

Runge Kutta 4" order
RK, Discretization
of Poverty Problem

Y

Predicted Poverty
Problem
(PPP)

-

- Discretized
{ Poverty Problem <<DPP>>
In finite I—

dimension

Discretized Optimality - Control

Conditions Optimal

- = - solution

of Predicted

Poverty

In finite | - Problem
dimension

SPRK
coefficiehts ]‘

Optimality Conditions
(OC)

Partitioned Symplectic
of Runge Kutta
4t order Discretization
(SPRK,)

Principle of
- Pontryagrin — -
Maximun (PPM)

Figure 3. The commutation process of RK4 and SPRK4 numerical methods.

and debugging, and a scripting language for manipulating data and implementing

optimization strategies. All use the same concepts to promote streamlined mod-

el-building. When you reach the stage of embedding your optimization models
into applications and deploying them in enterprise systems, AMPLs APIs for

C++, C#, Java, MATLAB, Python, and R insure that you have a reliable and main-

tainable implementation.

The AMPL system is a sophisticated modeling tool that supports the entire
optimization modeling lifecycle: development, testing, deployment, and main-
tenance. By using a high-level representation that represents optimization models
in the same ways that people think about them, AMPL promotes rapid devel-
opment and reliable results. AMPL integrates a modeling language for describ-
ing optimization data, variables, objectives, and constraints; a command lan-
guage for browsing models and analyzing results; and a scripting language for
gathering and manipulating data and for implementing iterative optimization
schemes. All use the same concepts and syntax for streamlined application-buil-
ding.

AMPL Powerful modeling language features:

e Broad support for sets and set operators. AMPL models can use sets of pairs,
triples, and longer tuples; collections of sets indexed over sets; unordered, or-
dered, and circular sets of objects; and sets of numbers;

o General and natural syntax for arithmetic, logical, and conditional expressions;
familiar conventions for summations and other iterated operators;

e Automatic handling of linear and convex quadratic problems in continuous
and integer variables;

e Nonlinear programming features such as initial primal and dual values, user-
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defined functions, fast automatic differentiation, and automatic elimination of
“defined” variables;

e Convenient alternative notations for network flows, piecewise-linearities, com-

plementarity conditions, and logical implications.
Valuable modeling support features

¢ Interactive command environment with batch processing options. Powerful
display commands let you view any model component or expression, browsing
on-screen or writing to a file, using automatic formatting or your own prefer-
ences;

e Powerful scripting language including looping and if-then-else commands.
Programs in the AMPL command language can define sophisticated iterative
schemes that process input data, repeatedly adjust and solve instances of multi-
ple models, and prepare results for analysis;

o Separation of model and data. AMPL models remain concise even as sets and
data tables grow. Models may incorporate many kinds of conditions for validi-
ty of the data;

e Data input and output connections. Concise statements relate the model data
and results to the contents of relational data tables;

In order to demonstrate the switching and the relevance of the solution, an algo-
rithmic implementation under a Matlab programming language with global opti-

mization toolboxes Simulink will also be carried out.

6. Analysis Relationship for Consumption versus Production

The daily intake varies according to age, physical expenditure and sex for a moder-
ately active person, per day. The following Table 1 shows the Burundi Popula-
tion Necessary Consumption Nutritive Value in Calories.

Figure 4 shows the population size when considering the following categories
and their nutritive value needs. Those categories are so very meaningful and they
are considered as Decision-maker indicators. By modeling the optimal control po-
verty problem, the population consumption needs are used to canalize poverty con-

trol variables with the production system.

Table 1. The Burundi population necessary consumption nutritive value in calories.

Person daily Year

Population type Population size
P P P consumption (Ca) consumption (Ca)

Children: 0 - 17 5,905,136 2700 5.8354553952¢e12
Man: 18 - 65 years 2,956,808 2500 2.70547932e12
Women: 18 - 65

3,611,520 2100 2.775814272e12
years
Old person: 65

357,713 2000 2.61845916el11
years and over
Total 12,831,177 - 9.1436635152e12
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Figure 4. The Burundi population size.
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Figure 5 shows the matching between population size categories and necessary
Consumption Nutritive Value in Calories.

Table 2 and Table 3 show relationship between population Necessary Con-
sumption Nutritive Value in Calories and the national system Nutritive Value.

In fact of eradicating poverty problem, state variables show quantity of produc-
tion food when constraints applied are consumption, resource availability and pro-
duction.

Table 4 and Table 5 characterize the food groups by their main nutrient in-
takes. They are called food constituents and their composition is different. All foods
from a menu can be placed in any of them.

We show you the types of foods to control in your diet. These elements are
meats, fish and eggs, Dairy products, fats, Cereals and Starches, Fruits and vege-
tables, Drinks and Sweet products. It is important to respect the balance be-
tween all these elements to enjoy their benefits, in bodybuilding or in all other
sports.

Analyzing Tables 4-7, the comparing of the annual food production and the
required annual consumption shows an imbalance between different types of
food. Proteins (1.2075834566e12 Ca), minerals (5.9566475835e11 Ca) and vitamins
(1.363975366€e12 Ca) produced in Burundi are sufficient when considering their
consumption being divided concretely into (1.12631534844e12 Ca) for proteins,
(3.98401163088e11 Ca) for minerals, (1.2635893068e11 Ca) for vitamins as required
by the entire Burundian population. This positive contribution for the latter
comes from the fact that some cows, goats, fishes, -, slaughtered in Burundi
come from neighboring countries. Real production remains in deficit. The lipids
(2.6453448701e12 Ca), acids (5.80712e9 Ca), calcium (6.385756e10 Ca), fibers
(7.066505032e10 Ca) and carbohydrates (9.321735891ell Ca) produced in Bu-
rundi are insufficient for consumption. Indeed, their necessary annual consumption
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Figure 5. The Burundi population necessary consumption nutritive value in calories.

is distributed (3.4242924132e12 Ca) for lipids, (4.3706226354e10 Ca) for acids,
(6.750047598e10 Ca) for fibers, (1.9680209241e12 Ca) for calciums and
(1.5022572297e12 Ca) for carbohydrates. This negative contribution proves a Bu-
rundian food deficit. It is a decision-making indicator for the design and updat-
ing of agricultural policy and implementation programs and projects. Investment
and economic growth are only possible when food security is mastered. The cap-
ital allocated to food investment must be revised upwards. Demographic control
is also a relevant indicator to establish Burundi in the list of Emerging Countries
in 2040 [7].

Figure 6 shows the real simulation of necessary national year nutritive value
consumption by type of food. Considering the categories of population, it is noted
that the consumption is very high in carbohydrates and lipids. This means that
national production must take this indicator of decision support into account in
planning for optimal food production. The deficient consumption of acids and cal-
cium remains minimal, which does not put much emphasis on production meas-
urements.

The optimal results will be obtained using AMPL (A Mathematical Program-
ming Modeling Language) programming and the KNITRO solver. We must test
also the Algorithmic implementation under a Matlab programming language with
global optimization toolboxes & Simulink. The results must demonstrate the com-
mutation process.

The expected solutions are the decision indicators on the quantity of produc-

tion, consumption, monetary and non-monetary yield in relation to the identified
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Table 2. The national production nutrition value in calories (1).

Variables Year production (Ton) Production (Ca)/(100g) Year production (Ca)
Fish 2.7706e4 0.208e3 5.762848e10
Vegetables 3.71892e5 0.33e3 1.2272436e12
Cucumber 0.18e4 0.13e2 2.34e8
Squash 0.1875e4 0.30e2 5.625€8
Zucchini 0.1875e4 0.30e2 5.625e8
Tea 1.1382e4 0.8e2 9.1056€9
Coffee 1.4058e4 0.1e4 1.4058el1
Mushrooms 0.393e3 0.28e2 1.1004e8
Bean 6.19151e5 0.12e3 7.429812el1
Maize 2.80813e5 0.356e3 9.9969428e12
Wheat 0.5628e4 0.149e3 8.38572e9
Sorghum 0.8851e4 0.328e3 2.903128el0
Eleusine 0.3084e4 0.151e3 4.65684€9
Palm 0.18e3 0.56e2 1.008e8
Bananas 1.179759¢e6 0.9e2 1.0617831e12
Potato 3.7644e5 0.9¢e2 3.38796el1
Sweet potato 1.023458e6 0.11e3 1.1258038e12
Cassava 2.114848e6 0.14e3 2.9607862e12
Rice 2.52853e5 0.9e2 2.275677ell
Soja 1.2436e4 0.446e3 5.546456e10
Cabbage 4.4e4 0.28e2 1.232el0
Cauliflower 0.45e3 0.3e2 1.35e8
Onions 2.12e5 0.46e2 1.35e8
Leek 0.48e4 0.42¢2 9.752e10
Carrots 0.45¢e4 0.38¢e2 1.71e9
Ananas 0.2e5 0.51e2 1.02e10
Mangoes 0.3e4 0.62€2 1.86€9
Oranges 0.35e4 0.42e2 1.47€9
Lemons 0.28e4 0.4e2 1.12e9
Papayas 0.24e4 0.44e2 1.056€9
Strawberries 0.175e4 0.4e2 0.7¢9
Avocados 3.6e5 0.2e3 7.2ell
Watermelons 0.42e4 0.3e2 1.26e9
Sunflower oil 1.469e4 0.9e3 1.3221ell
Peanut oil 1.469¢4 0.9¢3 1.3221el1l
Palm oil 1.9216e4 0.56e2 1.076096e10
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Continued
Sugar cane 2.18115e5 0.387e4 8.4410505el1
Small weight 1.238%¢4 0.7e2 8.6723e9
Butters 0.1e5 0.76e3 7.6e10
Pepper 2.12e5 0.22e2 4.664e10
Tomatoes 8.75e4 0.2e2 1.75e10
Coconut 0.le2 0.371e3 3.71e7
Guava 0.2¢4 0.64e2 1.28e9
Cow meat 4.7071e4 0.25e3 1.176775el1
Yam 0.108e3 0.1e3 1.08e8
Goat meat 8.1456e4 0.3e3 2.44368ell
Pork meat 1.2655e5 0.3e3 3.7965el11
Mutton 6.8376e4 0.265e3 1.811964el1
Rabbit meat 0.15e4 0.16e3 2.4e9
Duck meat 7.03428e5 0.25e3 1.75875e12
Turkey 0.12e4 0.26e3 3.12¢9
Pigeon 0.8e3 0.108e3 8.64e8
Chicken 8.1456e4 0.3e3 2.44368ell

Table 3. The national production nutrition value in calories (2).

Variables Year production (Ton) Production (Ca)/(100g) Year production (Ca)
Chicken Meat 8.1456e4 0.15e3 1.22184el1
Eggs 0.5e5 0.28e2 1.4el0
Yogurt 0.2e5 0.55e2 1.1el0
Cow cheese 0.2e5 0.8e2 1.6e10
Goat cheese 0.5e4 0.8e2 0.4e10
Primus Beer 9.45562e5 0.8e2 7.564496el1
Amstel Beer 9.45562e5 0.76e2 7.1862712ell
Lemonades 9.45562e5 0.37¢2 3.4985794el1
Akezamutima juice 0.8e3 0.48e2 3.84e8
Maracuja juice 0.7e3 0.48e2 3.36e8
Ananas juice 0.8e3 0.54e2 4.32¢8
Carrots 2.12e5 0.38¢e2 8.056e10
Carrots juice 0.7e3 0.24e2 1.68e8
Céleri 0.48e4 0.2e2 9.6e8
Beetroot 0.4e4 0.4e2 1.6e9
Aubergine 0.35e4 0.29¢2 1.4e9
Wheat flour 0.5628e4 0.364e3 2.048592e10
Maize flour 2.70813e5 0.37e3 1.0020081e12
Cassava flour 2.1665e5 0.35e3 7.58275el1
Bred 2.5e5 0.255e3 6.375ell
Sugar 2.0428e4 0.398e3 8.130344e10
Water - 0 0
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Table 4. The national year production by type of food (calories (1)).

Type of food N:(::Ii)(())lslistifg:d Ca/100g Year production/100g ie);a;ep(f??olf;?g:;y Total E)};:iype of
Beans 16.64 6.19151e9 1.03026726400e11
Soja 153.87 1.2436€9 1.91352732el1
Cow cheese 6.4 0.2e9 1.28e9
Goat cheese 6.4 0.5e7 3.2¢8
Maize 10.68 2.80813e9 2.99908284e10
cow meat 61.5 4.7071e8 2.8948665e10
Yam 1.69 1.08e8 1.8252e6
Potatoes 17.73 3.7644e9 6.6742812e10
Proteins Goat meat 143 8.1456e8 1.1648208el1
Pork meat 75 1.2655€9 9.49125e10 1.2075834566€e12
Mutton meat 88.51 6.8376e8 6.05195976e10
Rabbit meat 32.8 1.5e8 4.92¢9
Duck meat 58.25 7.03428e9 4.0974681ell
Turkey meat 24.19 1.2e7 2.9028e8
Pigeon meat 25.812 0.8e7 2.06496€8
Chicken 76.20 8.1456€8 6.206472€e10
Chicken meat 45.15 8.1456e8 3.6777384el0

Table 5. The national year production by type of food (calories (2)).

Type of food Nutritiou's food Ca/100g Ye'zar Year production by Total by
composition production/100g type of food (Ca) type of food
Butter 62.472 0.1e9 6.2472e9
Avocado 41.2 5.2776el10 2.1743712e12
Pork meat 31 1.2655€9 3.92305e10
Mutton meat 14.6 6.8376€10 9.982896¢10
Rabbit meat 9.2 1.5e7 1.38¢8
Peas 3.5 1.2389¢e8 4.33615€9
Lipids Duck meat 30.5 7.03428e9 2.1454554el1
Turkey meat 4.74 1.2e7 5.688e9
Pigeon meat 11.35 0.8e7 9.08e9
Chicken 10 8.1456€8 8.1456€9 2.6453448701el2
Chicken meat 9.8 8.1456e8 7.982688e9
Cow meat 2.5 4.7071e8 1.176775€9
Fish 5.65 2.7706e8 1.565389¢10
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Continued
Palm oil 100 1.9216e8 1.9216e6
Peanut oil 96.7 1.469e8 1.420523e10
Sunflower oil 100 1.469¢8 1.469¢6
Corn 1.5 2.80813e9 4.212195e10
Bananas 0.35 1.17975%¢10 4.1291565€9
Corn 51 2.80813e9 1.4321463el1
Bananas 83 1.179759¢e10 9.7919997e10
Primus beer 23 9.45562e9 2.1747926el1
Amstel beer 23 9.45562e9 2.1747926el1
Ananas juice 139 0.8¢e7 1.112e10
Minerals Akezamutima 25 0.8¢7 0.2¢9
juice
Maracuja juice 8 0.7¢e7 5.6e8 5.9566475835e11
Carrot juice 1.85 0.7¢e7 1.295e7
Coffee 15 1.4058e8 2.1087¢9
Yogurt 7 0.5e9 3.5e9
Sweet potatoes 4 1.023458e10 4.093832¢10
Cow cheese 0.1 0.2e9 0.2e10
Goat cheese 0.4 0.5e8 0.2e9
Acids
Peas 0.2 1.2389¢8 2.4778e9 5.80712e9
Tomatoes 0.3 3.7644e9 1.12932€9
Cow cheese 78 0.2e9 1.56e10
Goat cheese 13 0.5e8 6.5€9
Calcium Eggs 9 0.5e9 4.5e9 6.385756e10
Beans 6 6.19151e9 3.714906e10
Orange 0.031 0.35e8 0.1085e9
Eggs 197 0.5e9 9.85e10
Fish 254 2.7706e8 7.037324e10
Yogurt 56 0.2e9 1.12e10
Mangoes 91 0.3e8 2.73e9 1.363975366€e12
Sweet potatoes 69 1.023458e10 7.0618602e11
Vitamins Lemon 95 0.28e8 2.66e9
Orange 94 0.35e8 3.29¢9
Ananas 44 0.2e9 8.8e9
Papayas 0.0653 0.24e8 1.56106€6
Avocado 127 3.6e9 4.572ell
Carrot 64 0.45e8 2.88e9
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Table 6. The national year production by type of food (calories (3)).

Year production

mecotios Umeni g o e
a
Lemon 1.5 0.28e8 4.2e9
Orange 1.5 0.35e8 5.25e9
Ananas 1.2 0.2¢9 2.4el0 7.066505032e10
Papayas 1.3 0.24e8 3.12¢9
Fibers
Avocado 4 3.6e9 1.44e10
Soja 15.1 1.2436e8 1.877836e10
Small weight 5.8 1.2389¢8 7.18562¢8
Beans 3.2 6.19151e9 1.9812832e8
Rice 28.8 2.52853e9 7.2821664e10
Bread 44.3 2.5e9 1.1075e7
Carrot 9.58 0.45e9 4.311e9
Wheat flour 69.3 0.5628e8 3.900204€9
Maize flour 80 2.70813€9 2.166504el1
Cassava flour 35 2.1665€9 7.58275e10
Potatoes 16.2 3.7644€9 6.098328e10
Orange 8.03 0,35e8 2.8105e8
Leeks 4.9 0.48e8 2.352e8
Cabbage 4.8 4.4e8 2.112¢9
Sugar 96.7 2.0428e8 1.9753876e10
Carbohydrates Primus beer 1.6 9.45562€9 1.5128992e10 9.321735891el1l
Amstel beer 4.6 9.45562€9 4.3495852e10
Ananas juice 13.1 0.8e7 1.048e8
Akezamutima 10 0.8¢7 0.8¢8
juice
Maracuja juice 10.2 0.7¢7 7.14€7
Carrot juice 9.58 0.7e¢7 6.706e7
Wheat 27.4 0.5628e8 1.542072€9
Sorghum 93.7 0.8851e8 8.293387¢€9
Beans 15.01 6.19151e9 9.29345651e10
Sweet potatoes 12.2 1.023458e10 1.24861876ell
Maize 67.2 2.80813e9 1.88706336e11
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Table 7. The necessary national year consumption by type of food (Ca).

Population Size Proteins Lipids Minerals Acids Calcium Vitamin Fibers Carbohydrates
Man:
18-65 2.956808¢6 200 700 87 13 20 30 450 1000
years
‘Women:
18-65  3.61152e6 180 650 80 10 10 20 350 800
years
Children:
0-17  5.905136e6 300 800 87 13 20 30 450 100
years
old
person: 65
3.57713e5 180 600 80 10 10 20 350 750
years and
over
Total per
da - 3.077364340¢9  9.3559902¢9  1.088527768¢9  1.19415919e8  1.8442753e8  3.4524298e8  5.377106350e9  4.10452795¢9
y
Total
oripet - 1.12631534844¢12 3.4242924132¢12 3.98401163088e11 4370622635410 6.750047598¢10 1.2635893068e11 1.9680209241e12 1.5022572297¢12
year
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Figure 6. The necessary national year consumption by type of food (Ca).

project variables. The technical variables of the control show the mastery of pov-
erty in Burundi. This solving problem can be extended to big production area as
other country and continent with some complexity and cost considerations be-

cause of the big number of states and control variables.
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7. Conclusions

This paper develops the predictive mathematical and statistical modeling of the
dynamic poverty problem in Burundi. It is an innovative economic optimization
system which determines the dynamic and optimal control problem when consi-
dering the poverty problem.

The numerical program had been coded with the Ubuntu Linux system. The
programming software combines dynamic programming technic for mathematical
computing and optimization system, whose are run under Ampl and KNITRO
Solver.

High running performance is demonstrated with results giving feasible trajecto-
ries and decision support indicators with a robust optimiztion of the national mone-
tary yield objective function. The national food production and the necessary an-
nual consumption in terms of calories per person per day are determined.

By comparing the annual food production and the required annual consumption,
there is an imbalance between different types of food. Proteins, minerals and vita-
mins produced in Burundi are sufficient when considering their consumption as
required by the entire Burundian population. This positive contribution for the
latter comes from the fact that some cows, goats, fishes, -, slaughtered in Bu-
rundi come from neighboring countries. Real production remains in deficit.
The lipids, acids, calcium, fibers and carbohydrates produced in Burundi are in-
sufficient for consumption. This negative contribution proves a Burundian food de-
ficit. It is a decision-making indicator for the design and updating of agricultural
policy and implementation programs as well as projects. Investment and eco-
nomic growth are only possible when food security is mastered. The capital al-
located to food investment must be revised upwards. Demographic control is
also a relevant indicator to push forward Burundi among the emerging countries
in 2040.

8. Future Perspective

Challenges are so many in an innovative economic optimization. The perspective
future is to establish the decision support indicators for all the economic areas.
This problem can be extended to regional area. This is the process of setting up a
reference center on the incubation of this research results, the knowledge transfer
process to the community, the process of perpetuating this technology, the process
of predicting the economic future of Burundi, the innovation in the community.
A responsible and enlightened elite is the future of the nation and wealth begins

with \og the thinking design \fg.
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