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Abstract- Assessing the intensity of diseases with the spread of bacteria among plants through a trivariate stochastic model is proposed
in this study. The parameters of disease spread are varying with the type and stage of the plant. This study has considered three stages
of plants namely Nursery stage, Transplantation stage and completely grown/Yielding stage as three variates for getting the joint
probability functions. Stochastic differential equations were formulated through trivariate point processes for deriving several
statistical measures based on the proposed parameters of bacteria growth, spread and loss. Model behavior was observed through the
sensitivity analysis. The statistical measures based on moments are obtained for varying values of single parameters when all the
remaining parameters are unchanged.

Index Terms-Trivariate Stochastic Processes, Bacterial Diseases, Stochastic Differential Equations, Sensitivity Analysis, Statistical
Measures.

l. INTRODUCTION

Bacterial diseases in plants are quite common during its different stages. Their intensity is varying and depends on several
controlling and regulating factors. Certain diseases will grow at very faster rate within no time. These types of diseases will
leads to heavy losses to the agriculturalists. Appropriate and timely assessment of the disease intensity will save the crop from several
unwarranted situations. This activity will in turn help in boosting the healthy crop growth so as increase the expected yields of the
crop . Hence there is an increasing need of these studies. Understanding the dynamics of bacterial diseases will help in designing the
effective crop management, treatment protocols and intervention methods. Manual and plant pathological laboratory approaches may
not be suitable for immediate assessment of certain disease intensities. Mathematical biology will help in studying the severity of the
bacterial disease in terms of growth and spread. Due to many uncertainty reasons the growth and spread of these diseases are
stochastic in nature. Hence, the suitable probabilistic tools can measure the essential growth and control parameters.

A Trivariate stochastic model is proposed in this study to assess the intensity and spread of the said diseases in plants by grading them
as plants in nursery stage, plants in transplantation stage and plants in full grown stage. The bacterial diseases in plants are influenced
by several factors and a few of them are like the age of the plant, the variety of plant, the location and environment of the plant
growing, etc. The changing patterns of plant diseases in small and infinitesimal intervals of time will differentiate the plant's growth.
Stochastic differential equations will help in formulating the changing intensities of the diseases among plants. Hence this study is
focused on recording the variations over a period of time during (0,t) based on the changing dynamics in a time (t, t+At). Various steps
in the study include defining assumptions and formulation of postulates based on plant pathology, developing difference equations,
deriving the differential equations, obtaining probability functions through transient state of equations, deriving various statistical
measures, and carrying sensitivity analysis with numerical data sets.

The pioneering work on mathematical theory of epidemics with deterministic model was reported in 1927 by Kermack and
McKendrick. Another significant development in the contemporary period is development of chain binomial stochastic model on
epidemiology by Reed and Frost (1928). Xu and Ridout (2000) have developed stochastic simulation model for studying the initial
epidemic conditions and the spatial pattern of initially infected plants along with the relationships of spatio-temporal statistics and
underlying biological/ physical factors. Baily (1975) contributed a significant study on epidemic modeling. Anderson and Britton
(2000) have made a good overview of other important works on epidemiology modeling. A stochastic model based on a Poisson
branching process for analyzing surveillance data of infectious diseases was developed by Hofmann et al. (2004). The studies on
cancer growth using differential equations with Poisson postulates were contributed by Tirupathi Rao et al., (2006, 2011, 2012, 2013).
Segarra et al. (2001) proposed that Infected plants lose their infectiousness and proceed into post-infectious stage at rate which is the
inverse of mean infectious period.

The initial movement of pathogen will be from an infected plant. The infection of the plant may be in latent stage for much period
before it becomes infected and is considered to be the inverse of mean latent period. This study has considered the philosophy of
modeling behind the spread of epidemiology and cancer like diseases. Further, this study is on predicting the severity of plant based
bacterial diseases with mathematical and stochastic models. The objective of the study includes on assessing the intensity of the
bacteria in a unit area of plant through a trivariate stochastic model. This work is based on the invasion and expansion of the infectious
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diseases among plants. Exploring the indicators of the disease lethality through several arrival and departure issues of bacteria on the
plant.

It is assumed that there are three stages of plant namely nursery, transplantation and full grown/yielding. Logging of bacteria on the
plant at all the mentioned stages are may be due to either immigration from other plants or from the influence of some other vectors.
The arrival, moving and death of bacteria at each stage of the plant may be done due to (i) new arrival of bacteria through immigration
from other sources, (ii) new and internal growth of bacteria from its existing size, (iii) transferring or moving the bacteria from one
stage plant to the other stage plant, (iv) moving or emigration of bacteria from each stage plant to the other areas, and (v) death of
bacteria at each stage of plant, etc. The processes of birth, death and migrations will influence the dynamics of growth, loss and
transition of the bacteria within same aged plant or between different aged plants.

Il. TRIVARIATE STOCHASTIC MODEL FOR SPREAD OF BACTERIAL DISEASES AMONG PLANTS

This model is proposed by considering the plant pathology and other biological issues of bacterial growth, loss and migrations. The
assumptions of plant diseases and bacterial growth were defined using mathematical principles. Further it is assumed that the
transition of bacterial disease is purely random and influenced by complete chance factors. The study is based on the mathematical
and biological postulates while constructing the model. The parameters of the model are assumed to follow Poisson processes. The
following is the schematic diagram of bacterial growth, transition and loss in three stages of plants.

4 a, /@ a,
M Q)

Stage-I | Stage-II1
(Nursery) i (Yielding)

Schematic Diagram for Spread of Bacterial Diseases

A. Assumptions and Postulates of the model

1) Let the initial sizes of bacteria during the time (O,t) in stage-1 (say nursery), stage-11 (say transplantation) and stage-111 (say
yielding) be ‘n’, ‘m’ and ‘k’ units of bacteria respectively. Initially, here one unit denotes the number of bacteria in a square area
(say mm?).

2) Let the events be occurred in non-overlapping intervals of time and they are statistically independent.

3) Let At be an infinitesimal interval of time in which the phenomena of bacterial growth/transition/loss will be observed.

4) Let‘a,a, and a,’ be the rates of immigration of bacteria per unit time to stage-1, stage-11 and stage-111 plants respectively;

5 B0 and B, are the rates of growth due to new arrivals (births) of bacteria per unit time in stage-l, stage-1l and stage-11I
respectively;
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6) 7, and 7, are the rates of transition of bacteria per unit time from stage-I to stage-I1l and from stage Il to stage-11l plants
respectively;

7 &,8 and &, are the rates of emigration of bacteria per unit time from stage-1, stage-1l and stage-I11 plants respectively to the
other areas;

8) 0,0, and 0, be the rates of bacteria loss due to death per unit time in stage-I, stage-11 and stage-111 plants respectively.

9) Further it is assumed that the said parameters follow Poisson processes.

Basing on the above assumptions, the proposed postulates of the model are as follows:
1) The probability for arrival of bacteria to stage-l plants during At time through immigration from external sources is

a,At+0(At);

2) The probability for arrival of bacteria to stage-1 during At time through internal birth process provided there exits ‘n” units of
bacteria at time ‘t” is NB,At+0(At);

3) The probability for transition of bacteria from stage-I to stage-11 during At time provided there exits ‘n” units of bacteria at time
‘t” in stage-1 is N7, At + O(At) ;

4) The probability for emigration of bacteria from stage-I to the other areas during At provided there exits ‘n” units of bacteria at
time ‘t” is Ng;At+0(At);

5) The probability for death of bacteria in stage-1 during At provided there exits ‘n” units of bacteria at time ‘t” in stage-1 is
NS, At+0(At);

6) The probability for arrival of bacteria to stage-11 during At through immigration from external sources is &, At + O(At);

7) The probability for growth of bacteria to stage-11 during At through internal birth process provided there exits ‘m’ units of
bacteria at time ‘t” is M/3,At +0(At);

8) The probability for transition of bacteria from stage-I1 to stage-111 during At provided there exits ‘m’ units of bacteria in stage-II
attime ‘t” is mz,At + O(At) ;

9) The probability for emigration of bacteria from stage-11 to the other areas during At provided there exits ‘m’ units of bacteria in
stage-ll at time ‘t” is Mg,At+0 (At) ;

10) The probability for death of bacteria in stage-11 during At provided there exits ‘m” units of bacteria in stage-1l at time ‘t” is
m&,At+0(At);

11) The probability for arrival of bacteria to stage-111 during At through immigration from external sources is a;At +0 (At) ;

12) The probability for growth of bacteria to stage-111 during At through internal birth process provided there exits ‘k” units of
bacteria in stage-111 at time “t” is K ,At + O(At) ;

13) The probability for emigration of bacteria from stage-111 to the other areas during At provided there exits ‘k’ units of bacteria in
stage-111 at time “t" is K&, At +0(At) ;

14) The probability for death of bacteria in stage-111 during At provided there exits ‘k” units of bacteria in stage-111 at time “t” is

ké,At+0(At);
15) The probability for no arrival of bacteria to stage-1, stage-Il and stage-I1l; no birth of bacteria in stage-1, stage-Il and stage-IIl;
no transition of bacteria from stage-I to stage-11 and from stage-Il to stage-111; no emigration of bacteria from stage-I, stage-Il

and stage-I11; to the other area and no death of bacteria in stage-1, stage-Il and stage-Ill; during an infinitesimal interval of time
Al is
1-{a,+n(f,+7)+o, +Mm(B, +7,) +a, +KB, +n(g, + ) +M(e, + 5,) +K(g; + 5,) } At+0(At)

www.ijsrp.org


http://ijsrp.org/

International Journal of Scientific and Research Publications, VVolume 6, Issue 3, March 2016
ISSN 2250-3153

100

16) The probability for occurrence of other than the above events during an infinitesimal interval of time At is O(At)z.

B. Differential Difference Equations of the Model

Let Pn,m,k (t) be the joint probability of existence of ‘n’, ‘m” and ‘k’ units of bacteria in stage-1, stage-11 and stage-111 respectively per

unit time‘t’.
n m, k(t +At) n m, k(t)[l_{al + n(ﬂl +Tl) +(Z2 + m(ﬂz + TZ) +a3 + kﬁB
+ n(g1+5)+m(g2 +0,) +k(g;+0,)}. At +0O(At)]

P ®[{a+(k-1)B,} at+0(At) [+ P, |, O[{(k+1)(&, +5,)} At + O(At) |
P {@ +(Mm=1)B,} At+0(At) |+ P, ., (O (Mm+1)(g, +5,)} At +O(At)]
+P kO (M+D)7, L AL+ O(AD]+ P, (O[{ ey + (1) B, } At + O(At)]
+P ok O (+1)(&, +6,)} At +O(A)]+ P, oy (D[ (1+1)7, ) At + O(AL)]
+ Pt maiea (D[O(AL)?] for i>2
d o, +n(f +7)+ o, +m(B, +7,)+ o, +KS,
dt «(® :{ +n(g, +6,)+m(e, +6,) +k(g; +8)}P, (1)
+[{os + (k=0)B,} P ® [+ {(K+ D85+ 8,)} P pica® |
+ {2, + (M=) 3, }. nm_lk(t)]+[{(m +1)(&; + )} Py s (V)]
+[{(M+D)7,} P, i O+ [{en + (=D B P, (D]
+{(+1)(&, + )} Py O+ [{(0+D)7,} Py 1 O] for nym,k >1

Other differential equations for n, m, k= 0,1 are

d
apo,o,l(t) (0(1+0£2+a3+ﬁ3+83+5) 001(t)+(0‘3) ooo(t)+2(53+5) ooz(t)"'

(32 + 52) Poas )+ (72 ) Poso )+ (‘91 + é‘1) Plos (t)

d
apo,l,o(t) (a1+a2+a3+ﬂ2+72+52+5) 010(t)+(53+5) 011(t)+(a2) o,o,o(t)“‘

2(52 + 52) Po2o(®)+ (51 + 51) Rio®)+ (71) Poo(®)
%Pl,o,o(t) (a1+a2+0‘3+ﬂ1+71+‘91+5) 1oo(t)+(53+5) 101(t)+(52+5) 110(t)+
(al) Pooo(t)+ 2(51 + 51) Pooo(t)

d
EF’M’O(t) —(+ay o+ f+1+ B+ 1, + 6+ 0,+6,+6,) By (1) +(&,+ 6, By, () +

(0‘2) Poo(t)+ 2(‘92 + 52) Pao(t)+ (0‘1) Foso(t) + 2(51 + 51) Pao(t)+ 2(71) Pyoo(t)
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apl,o,l(t) (a1+a2 tag+P+T+ By tE+0,+E+0, ) 101(t)+(a3) 1,0,o(t)+

2(‘93 + 53) Ro.(®)+ (‘92 + 52) PR OR: (Tz) Pio()+ (051) Pooa(®) + 2(51 + 51) P01 (1)

apo,l,l(t) (051+052+a3+ﬁ2+72+ﬁ3+82+5 +53+5) 011(t)+(0{3) 0,1,o(t)+

2(53"'5) 012(t)+(a2) oo1(t)+2(52+5) 021(t)+2(72) 0,2,0(t)+
(‘91"'51) 1,1,1(0"‘(71) 1,0,1(t)

The initial conditions are P, mk(t) 0; for n<No; m<My; k<Ko; for t=0 and P, mk(t) 1; for n=Ng; m=My; k=Kg;

Using the boundary conditions and differential-difference equations, the probability generating function (p.g.f.) s,

(x,y,z;t) ZZZX”y 2P (1) -

n=0 m=0 k=0

Differentiating on both sides, we get

d 0 0 0 0 0 0

Sb 00 zt) =2 335 0y 280, 0= 5350y (5,0, 0)
n=0 m=0 k=

The above equation can be solved by multiplying the differential-difference equation with X"y™ on both sides and summing over n,
m from 0 to c and using the approaches of cumulant generating function (c.g.f.).

333y (P ) =
[, +n(B,+ 1)+, +M(B, +1,) +a, +Kp,

+n(g +0,)+m(e, +6,) +K(g; + o) }X"y"2"P, . (1) +
[{as+ (k=B X"y 2" P,y () |+ [ {(K+1) (&5 + )} XY™ 2" P, (D) ]
S|+ {o, + (M=DBIX"Y"2" R,y (O [+ [{(M+1)(e, + 5,)} X"Y"2"P, 1y (D]
H{(M+D 7, } X"y 2" P, s O]+ [y +(0-D) B} x"y"2"P,, (O] +
_[{(n+1)(€l +)}X"Y" 2" Py O+ (+ D)7 X"y 2" P o (0]

The statistical measures after solving the above differential equations using initial conditions and joint cumulant generating function
are:

Expected number of bacterial units in stage-1 at time “t” is

At
m,oo(t) = Nj.e (2.2.1)
Expected number of bacterial units in stage-11 at time ‘t” is

At
N8 ,e¥ (2.2.2)
(A-B)

Expected number of bacterial units in stage-111 at time “t” is

My (t) =
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2'12'2N0.eAt N rZMO.eBt N ct
(A-B)(A-C) (B-C) °
Variance of number of units of bacteria in stage-I at time ‘t’ is
At
—(2a,+ B, +7,)N, e +C, et
A

Variance of number of units of bacteria in stage-I1 at time “t” is

m0,0,l(t) =

M, .0 (t) =

N, ™ +(—JrlNo.eBt)+ (—JMo.eBt)+ {~27,(a,— )N, e}

M2 = a2 T aleE) T (@) (A—2B)(B)
(-2e47/N, ) (20,7, M, ™) {27 (2, + B, +7,)N, "}
+ +
(A—B)B)(A—28)_ (A)B) (A—2B)(A)B)

2 2At (A+B)t
N 7;C, e _ D,e N EO.eZBt
(A-B) (A-B)

Variance of number of units of bacteria in stage-I11 at time ‘t’ is

102

(2.2.3)

(2.2.9)

(2.2.5)
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27N, " +(72M0.e3‘)+ (Dz,z,N, &) N (Dz,M, ™)
(A-B)(A-2C) (B-2C) (A-B)(A-C)(A-2C) (B-C)(B-20C)
(—DKO.eCt) {21112 (o, —Tz)No.eAt} .\ {—272 (g —Tz)Mo.eBt}
© (A-B)(A-B-C)(A-2C) C(B-2C)
20,7,2%N, " . {-2c}a,M, ™} +(2azrzKo.e°‘)
(A B)(A-C)(A-B-C)(A-2C) (B-C)C(B-2C) (BC)
-2t,7,0,N, ™ N { 2“17172N eAt}
C(A B-C)(A-2C) (A-B)(A-C)C(A-B-C)(A-2C)
N {—ZTlrzalMo.eBt} +{—271r2a1K0.e }+ {21172 (az—rz)NO.eA‘}
(B-C)(B-A-C)C(B-2C) (ABC) BC(A-B-C)(A-2C)
. {20{12'12722 No.eAt} . {ZalrlrzzMo.eBt} .\ 2027220, + B, +1,)N, "
(A—B)BC(A—B—C)(A—ZC) AC(B-A-C)(B-2C) ABC(A-B-C)(A-2C)
72t2C, e** .\ {21’12'2D e(A+B)‘} (21’12'2': e(A+C)t)
(A B)(A-C)’(2A-B-C) (B-C)(A-C)(A+B-2C) (A-B)(A-C)
27,02N_ e N (JZTerN eBt) +(J21'2M0.eBt)
(A 2B)(A-B-C)(A-2C) (A-B)BC(B-2C) BC(B-2C)
{—42’12'2 (az—rl)No.eAt} {—405;1 N, eAt}
+ +
B(A-2B)(A-2C)(A-B-C) (A-B)B(A-2B)(A-2C)(A-B-C)
{_4a171722Mo-eBt}+ 4clci (20, + B +1,)N, N N (TITZC ezm)
ABC(B-2C) AB(A-2B)(A-B-C)(A-2C) (A-C)(A-B)*(2A-B-C)
202D, gl+o) (3E,e%¥) 2.G, et@on
(A B)(A-C)(A+B-2C) (B-C)’ (B-C)
Covariance of number of units of bacteria of stage-1 and stage-11 at time “t’ is
{~(a,—t)N,e"} (-arN ™) (-eM ™) {z,(2a, + B, +1)N, e}
+ + +
(B) (A-B)(B) (A) (A)(B)
(z'lco.em)
(A-B)

Covariance of number of units of bacteria of stage-1 and stage-111 at time “t’ is

My 0,2 (t) =

+

(2.2.6)

+H,.e%"

My (t) =

(2.2.7)

+ D e(A+B)'[
o
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(—asNo.eAt)+ (—alrlero.eAt) N (alz'zMO.eBt) +(—alKO.eCt)

hoa(D) =
Mros(9) (©) (A-B)(A-C)(C) (B-C)(B-A-C) (A)

{2'2 (a, —rz)NO.eAt} N (alrlero.eAt) (—alrzMo.eBt) 229

(B)(C) (A-B)(B)(C) (A)(B-A-C)
{—rlrz Lo+ p,+ Tl)No.eAt} . (rerCo.e““) . (72 D, .e(A+B)t) g
(A)(B) (A-B)(A-C)  (B-C)

Covariance of number of units of bacteria of stage-11 and stage-111 at time “t’ is
() = (a;—1,)7,N ™ +(—(053—2'2)M0.eBt) (azrlero.eA‘) (—azrzMo.eBt)

P (A-B)(A-B-C) (C) (A-B)(A-B-C)(A-C) (C)(B-C)
+(—0[2K0.eCt) (—asrlNO.eAt) N (—alrfero.eAt) (—alz'lrzMo.eBt) +(alrlK0.eCt)
(B) (C)(A-B-C) (A-B)(A-C)C(A-B-C) (B-C)B-A-C)C AB

{rlrz (a, - rz)NO.eAt} (alz'lzz'zNo.eA‘) (alrlrzMo.eB‘) {—z‘frz(Zal + B +1,) No.eAt}

(BC)(A—B-C)  (A—B)(BC)C(A—B-C) (AC)(B—A-C) ABC(A-B-C)

. (rerCo.ezm) . (1112 Do.e(A+B)t) (TlFo.e(mc)t) (TszNo.eAt) (Jrlero.eBt)
(A—B)(A—C)2A-B-C) (B—C)(A-C)  (A-B)  (A—2B)YA—B-C) (A—B)BC
. (JrzMo.eBt) . {—22'12'2 (a, —Tl)NO.eAt} —20,7°7,N, " N —2a,7°7,M &
BC B(A—2B)(A-B-C) = (A—B)B(A-2B)(A—B-C) ABC
2c°7,(2a, + B, +1,)N,, € 7°1,C, " (r2 D, .e(A+B)t) (r2 E, .e(ZB)t)

(B+C)t
+G,.e

AB(A-2B)(A-B-C) (A-B)’(2A-B-C) (A-B)(A-C) (B-C)
(2.2.9)

Where
A=[B-(r,+&+8)];B=[B,—(1,+&,+5,)];C =[S, —(&+6,)]; D =[20,+ By + &, + & ];
J=[2a,+ p,+7,+&,+6,]; N, My, K, are initial valuesand C,, D,, E,, F,, G,, H, are

constants which can be evaluated.
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NUMERICAL ILLUSTRATION
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In order to verify model behavior, a hypothetical numerical data set is obtained for various statistical measures from equations from 2.2.1 to 2.2.9, such as average number of bacteria
units on first stage, second stage and third stage; variances of bacterial units in first, second and third stages; and covariance between the number of bacterial units in first and second
stages, second and third stages, first and third stages. While computing the values of mygo(t), Mogo(t), Mooy (t), Maoo(t), Moo (t), Mooz (t), Muge(t), Myes () and Moy (t) with MATHCAD,
it is considered for changing values one parameter and for the fixed values of the remaining parameters among au; B1; T1; 02; B2; T2; a3; Ba; €1; 81; €2; 82; €3; 83; No; Myg; Ko and t.

Table-3.1: The values of mloo(t), m010(t), m001(t), mzoo(t), mozo(t), mooz(t), mllo(t), m101(t) and m011(t) for Changing and fixed values of o Bl, T1, Ol2; Bz, T2, O3, Bg, €1; 01, €2; Oo;

€3; 03; No; My; Kgand t

o1 | Br [ ti |0 | PBo|To o3| PBs] &1 | &1 | € | 8| &3] 63| No| Mo | Ko t Moo Mo1o Mooz M20o Mo2o Moo2 M1 M1 Mo

11 | 9 3 | 14| 8| 15|11 9 |05 | 025 |3 |1 |1 |1 | 20] 100 | 5 | 065| 383108 | 159.707 | 4.33E+03 | 1.26E+04 | 2.15E+03 | 1.30E+07 | 5.21E+03 | 1.48E+05 | 6.52E+04
2 | 9 3 | 14| 8| 15|11 9 |05 | 025 |3 |1 |1 |1 | 20] 10 | 5 | 065 383108 | 159.707 | 4.33E+03 | 1.33E+04 | 2.26E+03 | 1.37E+07 | 5.49E+03 | 1.56E+05 | 6.80E+04
13 | 9 3 | 14| 8| 15|11 9 |05 | 025 |3 |1 |1 |1 | 20] 100 | 5 | 065| 383108 | 159.707 | 4.33E+03 | 1.40E+04 | 2.37E+03 | 1.44E+07 | 5.77E+03 | 1.63E+05 | 7.09E+04
14 | 9 3 | 14| 8| 15|11 9 /o5 | 025 |3 |1 |1 |1 | 20] 100 | 5 | 065 383108 | 159.707 | 4.33E+03 | 1.47E+04 | 2.48E+03 | 1.50E+07 | 6.05E+03 | 1.70E+05 | 7.37E+04
15 | 9 3 | 14| 8| 15|11 9 |05 | 025 |3 |1 |1 |1 | 20] 10 | 5 | 065 383108 | 159.707 | 4.33E+03 | 1.54E+04 | 259E+03 | 1.57E+07 | 6.32E+03 | 1.77E+05 | 7.65E+04
16 | 9 3 |14 8| 15|11 9 o5 | 025 | 3 |1 |1 |1 | 20] 100 |5 | 065 | 383108 | 159.707 | 4.33E+03 | 1.61E+04 | 2.70E+03 | 1.64E+07 | 6.60E+03 | 1.84E+05 | 7.93E+04
11| 9 [ 3 | 14| 81511 9 o5 | 025 | 3 |1 |1 |1 | 20] 100 | 5 | 065 | 383.108 | 159.707 | 4.33E+03 | 1.26E+04 | 2.15E+03 | 1.30E+07 | 5.21E+03 | 1.48E+05 | 6.52E+04
11 | 95 |3 | 14| 8 | 15|11 9 o5 | 025 | 3 |1 |1 |1 | 20] 100 | 5 | 065 | 530233 | 212.172 | 4.15E+03 | 2.13E+04 | 3.37E+03 | 7.53E+06 | 8.47E+03 | 2.06E+05 | 8.54E+04
11 | 10 |3 | 14| 8 | 15|11 9 o5 | 025 | 3 |1 |1 |1 | 20] 100 | 5 | 065 | 733.859 | 282.332 | 3.89E+03 | 3.62E+04 | 5.32E+03 | 4.53E+06 | 1.39E+04 | 2.88E+05 | 1.14E+05
11 1053 | 14| 8 | 15|11 9 o5 | 025 | 3 |1 |1 |1 | 20] 100 | 50 | 065 | 1.02E+03 | 376.258 | 3.48E+03 | 6.21E+04 | 8.49E+03 | 2.40E+06 | 2.29E+04 | 4.08E+05 | 1.53E+05
11| 11 |3 | 14| 8151 9 o5 | 025 | 3 |1 |1 |1 | 20] 100 | 5 | 065 | 141E+03 | 502.128 | 2.85E+03 | 1.07E+05 | 1.37E+04 | 5.31E+05 | 3.83E+04 | 5.81E+05 | 2.09E+05
11 | 9 3 |14 8| 15|11 9 /o5 | 025 |3 |1 |1 |1 | 20] 100 | 5 | 065 141E+03 | 301.308 | 3.60E+03 | 9.61E+04 | 4.68E+03 | 7.95E+04 | 2.14E+04 | 3.69E+05 | 8.24E+04
11| 9 [35] 14| 8 | 15|11 9 |05 | 025 |3 |1 |1 |1 | 20] 100 | 5 | 065 102E+03 | 263404 | 3.85E+03 | 5.72E+04 | 4.01E+03 | 1.09E+06 | 1.52E+04 | 2.97E+05 | 8.06E+04
1 | 9 4 | 14| 8| 15| 1 9 |05 | 025 |3 |1 |1 |1 | 20] 10 | 5 | 065 733.859 | 225.881 | 4.05E+03 | 3.43E+04 | 3.33E+03 | 2.78E+06 | 1.07E+04 | 2.37E+05 | 7.65E+04
11| 9 |45 14| 8 | 15| 11 9 |05 | 025 |3 |1 |1 |1 | 20] 100 | 5 | 065 530233 | 190.963 | 4.21E+03 | 2.07E+04 | 2.70E+03 | 5.95E+06 | 7.49E+03 | 1.88E+05 | 7.11E+04
1 | 9 5 | 14| 8| 15|11 9 |05 | 025 |3 |1 |1 |1 | 20] 100 |5 | 065| 383108 | 159.707 | 4.33E+03 | 1.26E+04 | 2.15E+03 | 1.30E+07 | 5.21E+03 | 1.48E+05 | 6.52E+04
11| 9 |55 14| 8 | 15|11 9 |05 | 025 |3 |1 |1 |1 | 20] 100 | 5 | 065 | 276806 | 132.464 | 4.43E+03 | 7.76E+03 | 1.69E+03 | 3.61E+07 | 3.62E+03 | 1.17E+05 | 5.93E+04
1 | 9 3 14| 8|15 11 9 o5 | 025 | 3 |1 |1 |1 | 20] 100 | 5 | 065 | 383108 | 159.707 | 4.33E+03 | 1.26E+04 | 2.15E+03 | 1.30E+07 | 5.21E+03 | 1.48E+05 | 6.52E+04
1 | 9 3 |15 81511 9 o5 | 025 | 3 |1 |1 |1 | 20] 100 | 5 | 065 | 383108 | 159.707 | 4.33E+03 | 1.26E+04 | 2.17E+03 | 1.31E+07 | 5.25E+03 | 1.53E+05 | 6.73E+04
1 | 9 3 |16 8| 15|11 9 o5 | 025 | 3 |1 |1 |1 | 20] 100 | 5 | 065 383108 | 159.707 | 4.33E+03 | 1.26E+04 | 2.18E+03 | 1.32E+07 | 5.28E+03 | 1.57E+05 | 6.95E+04
1 | 9 3 |17 | 81511 9 o5 | 025 | 3 |1 |1 |1 | 20] 100 | 5 | 065 | 383.108 | 159.707 | 4.33E+03 | 1.26E+04 | 2.20E+03 | 1.33E+07 | 5.32E+03 | 1.61E+05 | 7.16E+04
1 | 9 3 |18 8|15 11 9 o5 | 025 | 3 |1 |1 |1 | 20] 100 | 5 | 065 | 383.108 | 159.707 | 4.33E+03 | 1.26E+04 | 2.21E+03 | 1.34E+07 | 5.35E+03 | 1.65E+05 | 7.37E+04
1 | 9 3 |19 81511 9 o5 | 025 | 3 |1 |1 |1 | 20] 100 | 5 | 065 | 383108 | 159.707 | 4.33E+03 | 1.26E+04 | 2.23E+03 | 1.35E+07 | 5.39E+03 | 1.70E+05 | 7.58E+04
11 | 9 3 | 14| 8 | 15|11 9 |05 | 025 |3 |1 |1 |1 | 20] 10 | 5 | 065| 383108 | 159.707 | 4.33E+03 | 1.26E+04 | 2.15E+03 | 1.30E+07 | 5.21E+03 | 1.48E+05 | 6.52E+04
1 | 9 3 |14 9 | 15|11 9 |05 | 025 |3 |1 |1 |1 | 20] 100 |5 | 065| 383108 | 174.29 | 4.30E+03 | 1.26E+04 | 252E+03 | 1.73E+07 | 5.65E+03 | 1.48E+05 | 7.07E+04
1 | 9 3 |14a]10] 15|11 9 |05 | 025 |3 |1 |1 |1 | 20] 100 | 5 | 065 383108 | 191.842 | 4.25E+03 | 1.26E+04 | 3.00E+03 | 2.37E+07 | 6.17E+03 | 1.46E+05 | 7.71E+04
11 | 9 3 |1a|lun]1s|n 9 o5 | 025 |3 |1 |1 |1 | 20] 100 | 5 | 065 383108 | 213.39 | 4.20E+03 | 1.26E+04 | 3.62E+03 | 3.37E+07 | 6.79E+03 | 1.44E+05 | 8.47E+04
1 | 9 3 |14 121511 9 |05 | 025 |3 |1 |1 |1 | 20] 10 | 5 | 065 383108 | 240499 | 4.13E+03 | 1.26E+04 | 4.47E+03 | 4.96E+07 | 7.54E+03 | 1.39E+05 | 9.45E+04
11 | 9 3 | 14| 8|15 |11 9 o5 | 025 |3 |1 |1 |1 | 20] 100 | 5 | 065| 383108 | 159.707 | 4.33E+03 | 1.26E+04 | 2.15E+03 | 1.30E+07 | 5.21E+03 | 1.48E+05 | 6.52E+04
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11 | 9 3 14 | 8 | 16 | 11 9 |05 | 0253 |1 |1 |1 | 20/ 100 | 5 | 065]| 383108 | 147.39 | 4.34E+03 | 1.26E+04 | 1.86E+03 | 1.09E+07 | 4.84E+03 | 1.45E+05 | 5.89E+04
1 | 9 3 14| 8 |17 | 11 9 |05 | 0253 |1 |1 |1 | 20| 100 | 5 | 065 | 383.108 | 136.846 | 4.34E+03 | 1.26E+04 | 1.62E+03 | 9.13E+06 | 451E+03 | 1.41E+05 | 5.34E+04
1 | 9 3 14 | 8 |18 | 11 9 |05 | 0253 |1 |1 |1 | 20| 100 | 50 | 065 | 383.108 | 127.714 | 4.35E+03 | 1.26E+04 | 1.42E+03 | 7.66E+06 | 4.23E+03 | 1.37E+05 | 4.86E+04
1 | 9 3 14 | 8 |19 | 11 9 |05 | 0253 |1 |1 |1 | 20] 100 | 5 | 065 | 383108 | 119.727 | 4.35E+03 | 1.26E+04 | 1.26E+03 | 6.40E+06 | 3.98E+03 | 1.33E+05 | 4.44E+04
1 | 9 3 14 | 8 | 15|11 ] 9 |05 | 0253 |1 |1 |1 | 20] 100 | 5 | 065]| 383108 | 159.707 | 4.33E+03 | 1.26E+04 | 2.156E+03 | 1.30E+07 | 5.21E+03 | 1.48E+05 | 6.52E+04
1 | 9 3 14 | 8 | 15|12 | 9 |05 | 0253 |1 |1 |1 | 20] 100 | 5 | 065]| 383108 | 159.707 | 4.33E+03 | 1.26E+04 | 2.156E+03 | 1.31E+07 | 5.21E+03 | 1.54E+05 | 6.73E+04
1 | 9 3 14 | 8 | 15|13 ] 9 |05 | 0253 |1 |1 |1 | 20] 100 | 5 | 065 | 383108 | 159.707 | 4.33E+03 | 1.26E+04 | 2.156E+03 | 1.32E+07 | 5.21E+03 | 1.59E+05 | 6.95E+04
1 | 9 3 14 | 8 | 15|14 | 9 |05 | 0253 |1 |1 |1 | 20] 100 | 50 | 065 | 383108 | 159.707 | 4.33E+03 | 1.26E+04 | 2.156E+03 | 1.33E+07 | 5.21E+03 | 1.64E+05 | 7.16E+04
11 | 9 3 14| 8 | 15|15 | 9 |05 | 02| 3 |1 |1 |1 |20/ 100 | 5 | 065]| 383108 | 159.707 | 4.33E+03 | 1.26E+04 | 2.15E+03 | 1.35E+07 | 5.21E+03 | 1.69E+05 | 7.37E+04
11 | 9 3 14| 8| 15|11 | 9 |o5 02| 3 |1 |1 |1 | 200]| 100 | 5 | 065]| 383108 | 159.707 | 4.33E+03 | 1.26E+04 | 2.15E+03 | 1.30E+07 | 5.21E+03 | 148E+05 | 6.52E+04
11 | 9 3 14 | 8 | 15|11 | 1005 | 025]3 |1 |1 |1 |20/ 100 | 5 | 065]| 383.108 | 159.707 | 8.72E+03 | 1.26E+04 | 2.156E+03 | 452E+07 | 5.21E+03 | 2.40E+05 | 1.07E+05
11 | 9 3 14| 8| 15|11 | 12|05 [025] 3 |12 |1 |1 | 20| 10 | 5 | 065| 383108 | 159.707 | 1.71E+04 | 1.26E+04 | 2.15E+03 | 1.56E+08 | 5.21E+03 | 3.98E+05 | 1.80E+05
11 | 9 3 14 | 8 | 15|11 |12 |05 | 0253 |1 |1 |1 |20/ 100 | 5 | 065]| 383108 | 159.707 | 3.30E+04 | 1.26E+04 | 2.15E+03 | 5.33E+08 | 5.21E+03 | 6.75E+05 | 3.10E+05
11 | 9 3 14| 8| 15|11 | 13|05 [ 02| 3 |12 |1 |1 | 20| 200 | 5 | 065 383108 | 159.707 | 6.35E+04 | 1.26E+04 | 2.15E+03 | 1.82E+09 | 5.21E+03 | 1.17E+06 | 5.41E+05
1 | 9 3 14 | 8 | 15 | 11 9 |05 0253 |1 |1 |1 | 20 100 | 5 | 065 | 1.02E+03 | 376.258 | 3.48E+03 | 5.97E+04 | 8.18E+03 | 2.07E+06 | 2.21E+04 | 3.92E+05 | 1.48E+05
1 | 9 3 14 | 8 | 15| 11 9 1 | 025 3 |1 |1 |1 | 20] 100 | 50 | 065 | 733.859 | 282.332 | 3.89E+03 | 3.53E+04 | 5.19E+03 | 4.28E+06 | 1.35E+04 | 2.81E+05 | 1.11E+05
1 | 9 3 14 | 8 | 15 | 11 9 |15 | 025 3 |1 |1 |1 | 20 100 | 50 | 065 | 530233 | 212172 | 415E+03 | 2.10E+04 | 3.33E+03 | 7.37E+06 | 8.36E+03 | 2.03E+05 | 8.44E+04
1 | 9 3 14 | 8 | 15| 11 9 | 2 o253 |1 |1 |1 | 20] 100 | 5 | 065]| 383108 | 159.707 | 4.33E+03 | 1.26E+04 | 2.15E+03 | 1.30E+07 | 5.21E+03 | 1.48E+05 | 6.52E+04
1 | 9 3 14 | 8 | 15 | 11 9 |25 | 025 3 |1 |1 |1 | 20 100 | 50 | 065 | 276.806 | 120.429 | 4.45E+03 | 7.65E+03 | 1.40E+03 | 2.92E+07 | 3.28E+03 | 1.10E+05 | 5.12E+04
1 | 9 3 14 | 8 | 15 | 11 9 |05 025 | 3 |1 |1 |1 | 20] 100 | 50 | 065 | 623.792 | 244703 | 4.03E+03 | 2.72E+04 | 4.15E+03 | 5.65E+06 | 1.06E+04 | 2.39E+05 | 9.66E+04
11 | 9 3 14| 8 | 15| 11 9 |05 | 05 | 3 |1 |1 |1 | 20| 100 | 50 | 065 ]| 530233 | 212172 | 415E+03 | 2.10E+04 | 3.33E+03 | 7.37E+06 | 8.36E+03 | 2.03E+05 | 8.44E+04
11 | 9 3 14| 8 | 15| 11 9 |05 o075 | 3 |1 |1 |1 | 20| 100 | 50 | 065 | 450.707 | 184.041 | 4.25E+03 | 1.63E+04 | 2.67E+03 | 9.66E+06 | 6.59E+03 | 1.73E+05 | 7.41E+04
11 | 9 3 14 | 8 | 15| 11 9 | 05 1 3 |1 |1 |1 | 200 100 | 5 | 065 | 383.108 | 159.707 | 4.33E+03 | 1.26E+04 | 2.15E+03 | 1.30E+07 | 5.21E+03 | 1.48E+05 | 6.52E+04
11 | 9 3 14| 8 | 15| 11 9 |05 | 125 | 3 |1 |1 |1 | 20| 100 | 50 | 065 | 325648 | 138.652 | 4.40E+03 | 9.82E+03 | 1.74E+03 | 1.84E+07 | 4.13E+03 | 1.27E+05 | 5.77E+04
11 | 9 3 14 | 8 | 15| 11 9 |05 | 025 3 |1 |1 |1 | 20] 100 | 5 | 065]| 383.108 | 159.707 | 4.33E+03 | 1.26E+04 | 2.15E+03 | 1.30E+07 | 5.21E+03 | 1.48E+05 | 6.52E+04
11 | 9 3 14 | 8 | 15| 11 9 |05 | 025 4 |1 |1 |1 | 20] 100 | 5 | 065]| 383108 | 147.39 | 4.36E+03 | 1.26E+04 | 1.86E+03 | 1.01E+07 | 4.84E+03 | 1.48E+05 | 6.04E+04
1 | 9 3 14 | 8 | 15| 11 9 |05 | 025 | 5 |1 |1 |1 | 20| 100 | 50 | 065 | 383.108 | 136.846 | 4.39E+03 | 1.26E+04 | 1.62E+03 | 8.14E+06 | 451E+03 | 1.48E+05 | 5.61E+04
1 | 9 3 14 | 8 | 15| 11 9 |05 | o025 6 | 1 |1 |1 | 20 100 | 50 | 065 | 383108 | 127.714 | 4.41E+03 | 1.26E+04 | 1.42E+03 | 6.72E+06 | 4.23E+03 | 1.48E+05 | 5.23E+04
1 | 9 3 14 | 8 | 15| 11 9 |05 | o025 | 7 |1 |1 |1 | 20] 100 | 50 | 065 | 383.108 | 119.727 | 4.43E+03 | 1.26E+04 | 1.26E+03 | 5.69E+06 | 3.98E+03 | 1.48E+05 | 4.89E+04
1 | 9 3 14 | 8 | 15| 11 9 |05 | 025 | 3 1 | 1 | 1 | 200 | 100 | 50 | 0.65 | 383.108 | 159.707 | 4.33E+03 | 1.26E+04 | 2.15E+03 | 1.30E+07 | 5.21E+03 | 1.48E+05 | 6.52E+04
1 | 9 3 14 | 8 | 15| 11 9 |05 | 025 3 | 2 |1 |1 | 20 100 | 50 | 065 | 383.108 | 147.39 | 4.36E+03 | 1.26E+04 | 1.86E+03 | 1.01E+07 | 4.84E+03 | 1.48E+05 | 6.04E+04
1 | 9 3 14 | 8 | 15| 11 9 |05 | 025 3 | 3 |1 |1 | 20 100 | 5 | 065 | 383.108 | 136.846 | 4.39E+03 | 1.26E+04 | 1.62E+03 | 8.14E+06 | 451E+03 | 1.48E+05 | 5.61E+04
11 | 9 3 14 | 8 | 15| 11 9 |05 | 0253 | 4 |1 |1 | 20] 100 | 5 | 065]| 383.108 | 127.714 | 4.41E+03 | 1.26E+04 | 142E+03 | 6.72E+06 | 4.23E+03 | 1.48E+05 | 5.23E+04
1 | 9 3 14 | 8 | 15| 11 9 |05 | 0253 | 5 |1 |1 | 20] 100 | 5 | 065]| 383108 | 119.727 | 4.43E+03 | 1.26E+04 | 1.26E+03 | 5.69E+06 | 3.98E+03 | 1.48E+05 | 4.89E+04
11 | 9 3 14 | 8 | 15| 11 9 |05 | 025 |3 |1 1 | 1 | 200 | 100 | 50 | 0.65 | 383.108 | 159.707 | 4.33E+03 | 1.26E+04 | 2.15E+03 | 1.30E+07 | 5.21E+03 | 1.48E+05 | 6.52E+04
11 | 9 3 14 | 8 | 15| 11 9 |05 | 0253 |1 [15] 1 | 20 100 | 50 | 065 | 383.108 | 159.707 | 2.98E+03 | 1.26E+04 | 2.15E+03 | 6.81E+06 | 5.21E+03 | 1.18E+05 | 5.12E+04
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o1 | Br [t |0 | PBo|To o3| PBs] &1 | &1 | € | 8| &3] 63| No| Mo | Ko t Moo Mo1o Mooz M20o Mo2o Moo2 M1 M1 Mo

11 | 9 3 14 | 8 | 15| 11 9 |05 | 025 |3 |1 2 | 1 | 200 | 100 | 50 | 0.65 | 383.108 | 159.707 | 1.99E+03 | 1.26E+04 | 2.15E+03 | 3.51E+06 | 5.21E+03 | 9.37E+04 | 4.04E+04
11 | 9 3 14 | 8 | 15| 11 9 |05 | 0253 |1 |25] 1 | 20| 100 | 50 | 065 | 383.108 | 159.707 | 1.25E+03 | 1.26E+04 | 2.15E+03 | 1.75E+06 | 5.21E+03 | 7.49E+04 | 3.20E+04
1 | 9 3 14 | 8 | 15| 11 9 |05 | 025 |3 |1 3 | 1 | 200 | 100 | 50 | 0.65 | 383.108 | 159.707 | 690.837 | 1.26E+04 | 2.15E+03 | 8.10E+05 | 5.21E+03 | 6.00E+04 | 2.53E+04
1 | 9 3 14 | 8 | 15| 11 9 |05 | 025 |3 |1 |1 1 | 200 | 100 | 50 | 0.65 | 383.108 | 159.707 | 4.33E+03 | 1.26E+04 | 2.15E+03 | 1.30E+07 | 5.21E+03 | 1.48E+05 | 6.52E+04
1 | 9 3 14 | 8 | 15| 11 9 |05 | 0253 |1 |1 |15 20| 100 | 50 | 065 | 383.108 | 159.707 | 2.98E+03 | 1.26E+04 | 2.156E+03 | 6.81E+06 | 5.21E+03 | 1.18E+05 | 5.12E+04
1 | 9 3 14 | 8 | 15| 11 9 |05 | 025 |3 |1 |1 2 | 200 | 100 | 50 | 065 | 383.108 | 159.707 | 1.99E+03 | 1.26E+04 | 2.15E+03 | 3.51E+06 | 5.21E+03 | 9.37E+04 | 4.04E+04
1 | 9 3 14 | 8 | 15| 11 9 |05 | 025 3 |1 |1 |25 20| 100 | 50 | 065 | 383.108 | 159.707 | 1.25E+03 | 1.26E+04 | 2.156E+03 | 1.75E+06 | 5.21E+03 | 7.49E+04 | 3.20E+04
1 | 9 3 14 | 8 | 15| 11 9 |05 | 025 |3 |1 |1 3 | 200 | 100 | 50 | 065 | 383.108 | 159.707 | 690.837 | 1.26E+04 | 2.15E+03 | 8.10E+05 | 5.21E+03 | 6.00E+04 | 2.53E+04
11 | 9 3 14 | 8 | 15| 11 9 |05 | 0253 |1 |1 |1 |20/ 100 | 5 | 065]| 383.108 | 159.707 | 4.33E+03 | 1.26E+04 | 2.15E+03 | 1.30E+07 | 5.21E+03 | 1.48E+05 | 6.52E+04
11 | 9 3 14 | 8 | 15| 11 9 |05 | 025 |3 |1 |1 |1 | 210 200 | 5 | 065| 402264 | 167.688 | 4.31E+03 | 1.33E+04 | 2.26E+03 | 1.35E+07 | 5.47E+03 | 1.54E+05 | 6.73E+04
11 | 9 3 14 | 8 | 15| 11 9 |05 | 0253 |1 |1 |1 |20/ 100 ]| 50 | 065| 421419 | 17567 | 4.29E+03 | 1.39E+04 | 2.37E+03 | 1.41E+07 | 5.73E+03 | 1.59E+05 | 6.93E+04
11 | 9 3 14 | 8 | 15| 11 9 |05 | 025 | 3 |1 |1 |1 | 230 200 | 50 | 065 | 440574 | 183.651 | 4.27E+03 | 1.45E+04 | 2.47E+03 | 1.47E+07 | 6.00E+03 | 1.64E+05 | 7.14E+04
11 | 9 3 14 | 8 | 15| 11 9 |05 | 0253 |1 |1 |1 | 240 100 | 50 | 065 | 459.73 | 191633 | 4.25E+03 | 152E+04 | 2.58E+03 | 152E+07 | 6.26E+03 | 1.69E+05 | 7.35E+04
11 | 9 3 14 | 8 | 15| 11 9 |05 | 025 |3 |1 |1 |1 | 20| 100 | 50 | 065 | 383.108 | 159.707 | 4.33E+03 | 1.26E+04 | 2.15E+03 | 1.30E+07 | 5.21E+03 | 1.48E+05 | 6.52E+04
1 | 9 3 14 | 8 | 15| 11 9 |05 | 0253 |1 |1 |1 | 200] 110 | 50 | 065 | 383.108 | 159.715 | 4.33E+03 | 1.26E+04 | 2.156E+03 | 1.27E+07 | 5.21E+03 | 1.48E+05 | 6.52E+04
1 | 9 3 14 | 8 | 15| 11 9 |05 | 025 | 3 |1 |1 |1 | 200 120 | 50 | 065 | 383.108 | 159.723 | 4.33E+03 | 1.26E+04 | 2.15E+03 | 1.25E+07 | 5.21E+03 | 1.48E+05 | 6.52E+04
1 | 9 3 14 | 8 | 15| 11 9 |05 | 0253 |1 |1 |1 | 20| 130 | 50 | 065 | 383.108 | 159.73 | 4.33E+03 | 1.26E+04 | 2.15E+03 | 1.22E+07 | 5.21E+03 | 1.48E+05 | 6.52E+04
1 | 9 3 14 | 8 | 15| 11 9 |05 | 025 | 3 |1 |1 |1 | 200 140 | 50 | 0.65 | 383.108 | 159.738 | 4.33E+03 | 1.26E+04 | 2.15E+03 | 1.20E+07 | 5.21E+03 | 1.48E+05 | 6.52E+04
1 | 9 3 14 | 8 | 15| 11 9 |05 | 025 3 |1 |1 |1 | 200] 100 | 50 | 065 | 383.108 | 159.707 | 4.33E+03 | 1.26E+04 | 2.15E+03 | 1.30E+07 | 5.21E+03 | 1.48E+05 | 6.52E+04
1 | 9 3 14 | 8 | 15| 11 9 |05 | 0253 |1 |1 |1 | 20] 100 | 60 | 065 | 383.108 | 159.707 | 5.28E+03 | 1.26E+04 | 2.156E+03 | 1.39E+07 | 5.21E+03 | 1.58E+05 | 7.00E+04
11 | 9 3 14 | 8 | 15| 11 9 |05 | 0253 |1 |1 |1 | 200] 100 | 70 | 065 | 383.108 | 159.707 | 6.23E+03 | 1.26E+04 | 2.15E+03 | 1.48E+07 | 5.21E+03 | 1.68E+05 | 7.48E+04
11 | 9 3 14 | 8 | 15| 11 9 |05 | 0253 |1 |1 |1 | 20] 100 | 80 | 065 ]| 383108 | 159.707 | 7.17E+03 | 1.26E+04 | 2.156E+03 | 156E+07 | 5.21E+03 | 1.77E+05 | 7.95E+04
11 | 9 3 14 | 8 | 15| 11 9 |05 | 0253 |1 |1 |1 | 20| 100 | 9 | 065 | 383.108 | 159.707 | 8.12E+03 | 1.26E+04 | 2.156E+03 | 1.65E+07 | 5.21E+03 | 1.87E+05 | 8.43E+04
11 | 9 3 14 | 8 | 15| 11 9 |05 | 0253 |1 |1 |1 | 20] 100 | 5 | o065]| 383108 | 159.707 | 4.33E+03 | 1.26E+04 | 2.15E+03 | 1.30E+07 | 5.21E+03 | 1.48E+05 | 6.52E+04
11 | 9 3 14 | 8 | 15| 11 9 |05 | 025 | 3 |1 |1 |1 | 20] 10 |5 | o075 4234 176.443 | 9.09E+03 | 1.70E+04 | 2.91E+03 | 5.33E+07 | 7.04E+03 | 3.54E+05 | 1.55E+05
11 | 9 3 14 | 8 | 15| 11 9 |05 | 0253 |1 |1 |1 | 20 100 | 5 | 085 | 467.929 | 194979 | 1.87E+04 | 2.26E+04 | 3.87E+03 | 2.18E+08 | 9.34E+03 | 8.28E+05 | 3.60E+05
1 | 9 3 14 | 8 | 15| 11 9 |05 | 0253 |1 |1 |1 | 200 100 | 50 | 095 | 517142 | 215.479 | 3.81E+04 | 2.95E+04 | 5.07E+03 | 8.87E+08 | 1.22E+04 | 1.91E+06 | 8.28E+05
1 | 9 3 14 | 8 | 15| 11 9 |05 | o025 3 |1 |1 |1 | 20] 100 | 5 | 105 | 57153 | 238139 | 7.72E+04 | 3.82E+04 | 6.57E+03 | 3.60E+09 | 159E+04 | 4.37E+06 | 1.89E+06
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IV DISCUSSION AND ANALYSIS

A. Observations with changing values of immigrant bacterial growth rate to stage-I plants
From the table-3.1, it is observed that mjq, Moo and mog; are invariant functions of ovy; My, Moo and mog, are increasing functions
of a1; My, Mygy, and Moy are positive and increasing function of a;. Hence it may conclude that the growth of bacteria through
immigrations have no impact on the average sizes in each stage; the variances of three stages have increasing patterns with immigrated
growth of bacteria; further there are positive and increasing correlations between the sizes of bacteria in (i) stage-I and stage-11 (ii)
stage-1 and stage-111 (iii) stage-1l1 and stage-Ill, influenced by the arrivals through immigrations of bacteria from outside the plants
group.

B. Observations with changing values of internal growth of bacteria in stage-I plants
From the table-3.1, it is observed that (i) myg Moo and (ii) mee; are increasing and decreasing functions respectively of B1; further (i)
Mo Moz and (ii) meo, are increasing and decreasing functions respectively of B1; mye My and mgy are positive and increasing
functions of B1. Hence it may conclude that there is a positive relation between average size of bacterial units in stage-I plants and the
internal growth of bacteria in stage-I plants; positive relation between the internal growth rate of bacterial units in stage-I plants and
the average size of bacteria in stage-1l plants; negative relation between the internal growth rate of bacterial units in stage-1 plants and
the average size of bacteria in stage-111 plants; the variances of bacterial units in first two stages are positively related and in third
stage, negatively related with the internal growth rate of bacteria in stage-l plants; Further, there is a positive and increasing
correlation between the sizes of the bacterial units in (i) stage-1 and stage-Il (ii) stage-1 and stage-111 (iii) stage-1l1 and stage-Ill,
influenced with the internal growth rate of plants in stage-I.

C. Observations with changing values of transition of bacteria from stage-I plants
From the table-3.1, it is observed that (i) migo, Moo and (ii) Mgy are decreasing and increasing functions respectively of t,; further (i)
My Moz and (ii) mog, are decreasing and increasing functions respectively of t;; my My, and meyy are positive and decreasing
function of t;. Hence it may conclude that there is a negative relation between average size of bacterial units in first two stages of
plants and the transition of bacteria from stage-1 plants to stage-Il; positive relation between the average size of bacteria in stage-I1l
plants and transition rate of bacterial units from stage-I to stage-1I plants; the variances of bacterial units in first two stages of plants is
negatively related and the variance of bacterial units in third stage plants is positively related with the transition rate of bacteria from
stage-1 plants to stage-Il; Further, there is a positive and decreasing correlation between the sizes of the bacterial units in (i) stage-I
and stage-11 (ii) stage-1 and stage-111 (iii) stage-1l and stage-111, plants influenced with the transition rate of bacteria from stage-I plants
to stage-II.

D. Observations with changing values of immigrant bacterial growth rate to stage-11 plants
From the table-3.1, it is observed that myg, Moo and Mo, are invariant functions of a,; further myg, Moo and mqg, are also invariant
functions of az; M1p Mg, and myy; are positive and increasing function of a,. Hence it may conclude that the growth of bacteria
through immigrations have no impact on the average sizes in each stage; the variances of bacterial units in all three stages are not
influenced by immigrated growth of bacteria; further there are positive and increasing correlations between the sizes of bacteria in (i)
stage-1 and stage-11 (ii) stage-l and stage-11l (iii) stage-11 and stage-Ill, influenced by the arrivals through immigrations of bacteria
from outside the plants group.

E. Observations with changing values of internal growth of bacteria in stage-I1 plants
From the table-3.1, it is observed that (i) mo and (ii) moy, Mooy are invariant and decreasing functions respectively of ,; further (i)
Moo @and (ii) Moy Mogy are invariant and increasing functions respectively of B,; (i) my Moy are positive and increasing function of
B2; and (ii) myg, is positive and decreasing function of 3,; Hence it may conclude that there is no impact of the internal growth of
bacteria in stage-11 plants on average size of bacterial units in stage-1 plants and it has negative relation with the average size of
bacteria in stage-11 and stage-111 plants; the variance of bacterial units in stage-1 plants has no impact of the internal growth of bacteria
in stage-11 plants; the variance of bacterial units in stage-11 and stage-111 plants are positively related with the internal growth rate of
bacteria in stage-Il plants; Further, there is a positive and increasing correlation between the sizes of the bacterial units in (i) stage-I
and stage-I1 (ii) stage-11 and stage-111 and positive and decreasing correlation between the sizes of the bacterial units in stage-1 and
stage-111 plants influenced with the internal growth rate of plants in stage-II.

F. Observations with changing values of transition of bacteria from stage-I1 plants
From the table-3.1, it is observed that myg, Mg and myg are invariant functions of t,; further myy Mgy and meg, are increasing
functions of t,; My, Moy and My are positive and increasing function of t,. Hence it may conclude that there is no influence on
average size of bacterial units in all three stages of plants by the transition of bacteria from stage-I1 plants to stage-111; the variances of
bacterial units in all three stages of plants are positively related with the transition rate of bacteria from stage-11 plants to stage-IllI;
Further, there is a positive and increasing correlation between the sizes of the bacterial units in (i) stage-I and stage-1I (ii) stage-I and
stage-111 (iii) stage-11 and stage-I11, plants influenced with the transition rate of bacteria from stage-11 plants to stage-I11.
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G. Observations with changing values of immigrant bacterial growth rate to stage-11I
From the table-3.1, it is observed that myg, Mgy and mgg are invariant functions of as; further (i) Mgy Moy and (ii) meg, are
invariant and increasing functions of as; (i) My is invariant (i) my; and mey; are positive and increasing function of a;. Hence it
may conclude that the growth of bacteria through immigrations in stage-111 have no impact on the average sizes in each stage; the
variance of bacterial units of stage-1 and stage-I1 are not influenced by immigrated growth of bacteria; the variance of bacterial units
of stage-I11 has increasing pattern with immigrated growth of bacteria; further there is no correlations between the sizes of bacteria in
stage-1 and stage-11; there is positive and increasing correlations between the sizes of bacteria in (i) stage-1 and stage-I11 (ii) stage-11
and stage-I11, influenced by the arrivals through immigrations of bacteria from outside the plants group.

H. Observations with changing values of internal growth of bacteria in stage-I plants
From the table-3.1, it is observed that (i) myg Moy and (ii) mee, are invariant and increasing functions respectively of B3; further (i)
My Moo @nd (ii) mog, are invariant and increasing functions respectively of Bs; (i) myyo is invariant (ii) myg; and mqy; are positive
and increasing functions of B3. Hence it may conclude that there is no impact of the internal growth of bacteria in stage-111 plants on
the average size of bacterial units in first two stages; positive relation between average size of bacterial units in stage-I11 plants and the
internal growth of bacteria in stage-111 plants; the variances of bacterial units in first two stages are invariant and in third stage,
positively related with the internal growth rate of bacteria in stage-111 plants; Further, there is no correlation between the sizes of the
bacterial units in stage-1 and stage-1I; a positive and increasing correlation between the sizes of the bacterial units in (i) stage-I and
stage-111 (ii) stage-11 and stage-I11, influenced with the internal growth rate of plants in stage-111.

I.  Observations with changing values of emigrant bacterial loss rate to stage-I plants
From the table-3.1, it is observed that (i) myg Moo and (ii) meo; are decreasing and increasing functions respectively of q; (i) Mg,
Moy and (ii) meg, are decreasing and increasing functions respectively of €;; my;q My, and mqy; is positive and decreasing function
of &1; Hence it may conclude that the loss of bacteria through emigrations from stage-I plants have negative relation with the average
sizes of bacteria in first two stages; positive relation with the average size of bacteria in third stage; the variance of bacterial units in
first two stages of plants is negatively related with the loss of bacteria in stage-1 plants; the variance of bacterial units in stage-IlI
plants is positively related with the loss of bacteria in stage-I plants; further there is a positive and decreasing correlations between the
sizes of bacteria in (i) stage-1 and stage-11 (ii) stage-1 and stage-I11 (iii) stage-11 and stage-I11, influenced by the loss of bacteria from
stage-1 plants.

J.  Observations with changing values of bacterial loss (death) rate in stage-1 plants
From the table-3.1, it is observed that (i) Mg, Moo and (ii) mograre decreasing and increasing functions respectively of 8;; (i) Mg,
Moz and (ii) mog, are decreasing and increasing functions respectively of 8;; mye Mie; and mey;y is positive and decreasing function
of 8;; Hence it may conclude that the loss of bacteria due to death in stage-1 plants have (i) negative relation with the average sizes of
bacteria in first two stages; (ii) positive relation with the average sizes of bacteria in third stage; the variance of bacterial units in first
two stages of plants is negatively related with the loss (death) of bacteria in stage-1 plants; the variance of bacterial units in stage-I11
plants is positively related with the loss (death) of bacteria in stage-1 plants; further there is a positive and decreasing correlations
between the sizes of bacteria in (i) stage-1 and stage-11 (ii) stage-1 and stage-I11 (iii) stage-11 and stage-1ll, influenced by the loss
(death) of bacteria from stage-I plants.

K. Observations with changing values of emigrant bacterial loss rate to stage-Il plants
From the table-3.1, it is observed that (i) myqo is invariant (ii) mqyo is decreasing and (iii) moo, is increasing function of €5; (i) My IS
invariant (ii) Mgy and mog, are decreasing functions of &,; (i) myyg is positive and decreasing (ii) myg; is invariant (iii) Moy is
positive and decreasing function of €,; Hence it may conclude that the loss of bacteria through emigrations from stage-11 plants has no
impact on the average size of bacteria in stage-I plants; the loss of bacteria through emigrations from stage-Il plants has (i) negative
relation with the average size of bacteria in stage-11 plants (ii) positive relation with the average size of bacteria in stage-111 plants; the
variance of bacterial units in stage-I plants is not influenced by the loss of bacteria in stage-Il plants; the variance of bacterial units in
stage-11 and stage-111 plants are negatively related with the loss of bacteria in stage-11 plants; further there is a positive and decreasing
correlations between the sizes of bacteria in (i) stage -1 and stage-11 (ii) stage -1l and stage-111; no correlation between the sizes of
bacteria in stage-1 and stage-I11, influenced by the loss of bacteria from stage-11 plants.

L. Observations with changing values of bacterial loss (death) rate in stage-11 plants
From the table-3.1, it is observed that (i) myqo is invariant (ii) mgye is decreasing and (iii) mqo, is increasing function of &,; (i) My IS
invariant (ii) Mgy and Moo, are decreasing functions of 8,; (i) myyo is positive and decreasing (ii) Mg, is invariant (iii) mey; is positive
and decreasing function of 8,; Hence it may conclude that the loss of bacteria due to death in stage-1l plants has no impact on the
average size of bacteria in stage-1 plants; the loss (death) of bacteria in stage-11 plants has (i) negative relation with the average size of
bacteria in stage-11 plants (ii) positive relation with the average size of bacteria in stage-I1l plants; the variance of bacterial units in
stage-1 plants is not influenced by the loss (death) of bacteria in stage-I1 plants; the variance of bacterial units in stage-11 and stage-Il1
plants are negatively related with the loss (death) of bacteria in stage-I1 plants; further there is a positive and decreasing correlations
between the sizes of bacteria in (i) stage -1 and stage-I1 (ii) stage -11 and stage-I11; no correlation between the sizes of bacteria in stage-
I and stage-I11, influenced by the loss (death) of bacteria from stage-11 plants.
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M. Observations with changing values of emigrant bacterial loss rate to stage-111 plants
From the table-3.1, it is observed that (i) myg Moo are invariant (ii) meo; is decreasing function of €3; (i) Mg Moy are invariant (ii)
Moo IS decreasing function of e3; (i) My is invariant (ii) my;, Moy are positive and decreasing function of €3; Hence it may conclude
that the loss of bacteria through emigrations from stage-I11 plants has no impact on the average size of bacteria in first two stages of
plants; the loss of bacteria through emigrations from stage-I11 plants has negative relation with the average size of bacteria in stage-I11
plants; the variance of bacterial units in first two stages of plants are not influenced by the loss of bacteria in stage-1l1 plants; the
variance of bacterial units in stage-Ill plants are negatively related with the loss of bacteria in stage-111 plants; further there is a
positive and decreasing correlations between the sizes of bacteria in (i) stage -l and stage-I11 (ii) stage -1l and stage-I11; no correlation
between the sizes of bacteria in stage-1 and stage-I1, influenced by the loss of bacteria from stage-I11 plants.

N. Observations with changing values of bacterial loss (death) rate in stage-I11 plants
From the table-3.1, it is observed that (i) myp Moyo are invariant (ii) Mgy is decreasing function of 83; (i) Mage, Moy are invariant (ii)
Mooz IS decreasing functions of 33; (i) myye is invariant (ii) my; Moy are positive and decreasing function of &3; Hence it may
conclude that the loss of bacteria due to death in stage-111 plants has no impact on the average size of bacteria in first two stages of
plants; the loss (death) of bacteria in stage-111 plants has negative relation with the average size of bacteria in stage-111 plants; the
variance of bacterial units in first two stages of plants are not influenced by the loss (death) of bacteria in stage-11l plants; the
variance of bacterial units in stage-111 plants is negatively related with the loss (death) of bacteria in stage-111 plants; further there is a
positive and decreasing correlations between the sizes of bacteria in (i) stage-1 and stage-I11 (ii) stage -1l and stage-I11; no correlation
between the sizes of bacteria in stage-1 and stage-I1, influenced by the loss (death) of bacteria from stage-I11 plants.

O. Observations with changing values of initial number of bacterial units in stage-1 plants
From the table-3.1, it is observed that (i) myg Moy are increasing (ii) Mooy is decreasing function of Ng; further, my, Mg and Mo,
are increasing functions of Ng; my; myo; and mey; are positive and increasing function of Ny. Hence it may conclude that there is a
positive relation between the initial number of units of bacteria in stage-l and average size of bacterial units in first two stages;
negative relation between the initial number of units of bacteria in stage-1 and average size of bacterial units in stage-111; the variances
of bacterial units in plants of all three stages are positively related with the initial number of units of bacteria in stage-1 plants; Further,
there is a positive and increasing correlation between the sizes of the bacterial units in (i) stage-I and stage-I1 (ii) stage-1 and stage-IlI
(iii) stage-11 and stage-I11 plants, influenced with the initial number of units of bacteria in stage-I.

P. Observations with changing values of initial number of bacterial units in stage-I1 plants
From the table-3.1, it is observed that (i) mygs Moo, are invariant (ii) moy is increasing function of My; further, (i) Mg Moy are
invariant (ii) mog, are decreasing functions of Mg; my;9, Mye; and moy; are invariant functions of My. Hence it may conclude that there
is no impact of initial number of bacteria in stage-1l on average size of bacterial units in stage-1 and Stage-111; positive relation
between the initial number of units of bacteria in stage-11 and average size of bacterial units in stage-I1; the variances of bacterial units
in first two stages of plants are not influenced by the initial number of units of bacteria in stage-11 plants; the variances of bacterial
units in stage-111 plants are negatively related with the initial number of units of bacteria in stage-1l plants; Further, there is a no
correlation between the sizes of the bacterial units in (i) stage-1 and stage-I1 (ii) stage-1 and stage-111 (iii) stage-11 and stage-I11 plants,
influenced with the initial number of units of bacteria in stage-I1.

Q. Observations with changing values of initial number of bacterial units in stage-I11 plants
From the table-3.1, it is observed that (i) myg Moy are invariant (ii) moo, is increasing function of Ky; (i) mag, Moy are invariant (ii)
Moo IS increasing function of Kgy; mye myg; and meyy are positive and increasing functions of Ky. Hence it may conclude that there is
no impact of initial number of bacteria in stage-111 on average size of bacterial units in first two stages; positive relation between the
initial number of units of bacteria in stage-I11 and average size of bacterial units in stage-111; the variances of bacterial units in plants
of first two stages are not influenced by the initial number of units of bacteria in stage-11l plants; the variance of bacterial units in
stage-111 is positively related with the initial number of units of bacteria in stage-111 plants; Further, there is a positive and increasing
correlation between the sizes of the bacterial units in (i) stage-I and stage-I1 (ii) stage-1 and stage-111 (iii) stage-11 and stage-I11 plants,
influenced with the initial number of units of bacteria in stage-111.

R. Observations with changing values of time period
From the table-3.1, it is observed that myo, Mg and mqy; are increasing functions of time t; myy, Mgy and meg, are increasing
functions of time t; my;q Mg and mqyy is positive and increasing functions of time t. Hence it may conclude that there is a positive
relation between average size of bacterial units in all three stages and the time; the variances of bacterial units in plants of all three
stages are positively related with the time. Further, there is a positive and increasing correlation between the sizes of the bacterial units
in (i) stage-1 and stage-I1 (ii) stage-I and stage-111 (iii) stage-Il and stage-I11 plants, influenced by the time.
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