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Abstract.

Inventories are considered to be one of the inapbriveapons of supply chain to improve the efficienf any
manufacturing unit. Continuous availability of imteries are the prime requirement for uninterrdpt®rking .To

effectively manage inventory levels, it is essdnt@ consider the appropriate reorder points all ag the
optimized ordering quantity. The proposed systesasuthe Genetic algorithm to find the optimizedeoirty

quantity at proper reorder point , by considering power plant live data as a practical case stullg. proposed
approach is implemented in Matlab platform versiatD

Key words. Inventories, supply chain, Genetic algorithm, Rieo point, ordering quantity, manufacturing unit,
power plant, raw materials.

1.Proposed work

RTPP(Rayalaseema Thermal power plant) utilizes nmamymaterials in their working process. From thasthor
has selected some of the raw materials in the gexpavork. In this research work an attempt has lbeade to
improve the performance of present methodologydphéng the ‘supply chain tools’ using genetic aigfum. The
raw materials that are use in this case are &s®l

. Al cladding sheet
.MS Electrodes

. SS Electrodes
.Fire proof wool
.Gaskets

.Steam seals

~N O OB WDN B

.Bearings.
2.Generation Of Associated Solution Demand Matrix

The associated solution demand mat2 ={D2u |D2ij <N :i=1-,|R[1<j<|M |} which contains
the expected solution demands for every raw mateniahe period ofM is generated using the predicted demand

rate D1 whereN, ,, = Max(D1) + 020x Max(D1). The randomly generated solution demand ratevery

raw material is less thalN . and every row of the associated solution demartdixrgives the expected ordering

quantity of each raw material iR respectively.(i.e.) the first row oD 2 is the expected solution demand for the
raw material R1for the period of M ' months , the second row is the expected solutiemand for the raw
material R2 and so on.

Specimen calculations: , =350+0.20%x350=420
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Hence the generated demand values of Raw matdtiaiidum cladding sheet in every month(correspondavg)

will be less than the value of }\..
3. Population generation and chromosome represenian

The genetic algorithm which incorporates a fitnesstion to numerically evaluate the quality of kahromosome
within the population searches for the optimizedeoing quantity and reorder point. The populationsists of a
group of individuals called chromosomes each ofcivhiepresents a complete solution to the definedlem.

Initially N¢ No of chromosomes are randomly generated. Eack gggresents a randomly generated number

IRI
between 0 and2 —1 which is subsequently encoded by employing a dalctmbinary encoder whereR | is

the number of raw materials. The raw materials uis¢lis case is 7, hence the population is géedras 2 -1=127.
12 chromosomes (12*12) gene values in binary famngenerated as shown in Table 3
3.1 Fitness evaluation of chromosome

The genetic algorithm searches for the chromosoitiehighest fitness, where the fithess functionsed to assess
the quality of a given chromosome within the pofiata To find the optimized ordering quantity arsbrder point
the proposed system uses B the demand matrix arld2, associated solution demand matrix for finding the
fithess of the chromosome. The fithess of the closame is calculated as follows.

; where,1<j <M , Where R is the length of chromosome and

FC, =<

> FG

Hc If D2, > D,

FGh  If P=H

FG, =) on “land P={ sc If D2, <D,
FGs |If P=Sc

0 If D2, =Dy

FGh =X, (@0* (V, +V,,) * P) + (Pur, *D2,) +Ord ) and
FGs =X, (B0* (V) * P)+(Pur; *D2,) +Ord,) whereV, =Dl - D2,

Depends on the deviation value of tH82; with D1, , the fitness of the gene value changesD2;

the associated solution ordering quantity of theaiv material for the"jmonth is greater than theDlij then the

fitness of the corresponding gene is calculated ttie holding cost. IfD2ij is less than thd1. , the gene value

ij ?
is calculated with the shortage cost. The fitnesgtion is carried out for the every chromosome thredbest two

parent chromosomes are selected according tohtggirvalue in fitness.

3.2 Cross over

Crossover is also known as recombination of compbmaterials due to mating. The outcome of crossheavily
depends on the chromosomes selected from the pimpul&rossover is a binary genetic operator actngwo
parents. Different crossover operators have beeelalged for various purposes. In this work, thegnpoint
crossover operator selects a crossover point withichromosome at random by using the cross owver ra
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Subsequently, genes of the two parent chromosombestieen the point are interchanged to produceneve off

springs. The crossover poinGs is determined as follows.
Cl=|M[*R,
R, denotes the cross over rate and M denotes monghe & cross over rate of 0.4 is used to genemte n

offspring’s. The 12 chromosomes that are produnegopulation generation(Table 3) are utilized davss over

and 6 new offspring’s are generated as shown ifTtable3.2)

3.3 Mutation

One or more gene values in a chromosome fromitialistate is altered by the genetic operator kn@s mutation,
which may lead to entirely new gene values beirdpddo the gene pool. The genetic algorithm magapable of
arriving at a better solution than the solutionvizasly achieved, possible by employing these newegvalues.
Owing to the fact that mutation helps to prevest plopulation from stagnating at any local optinhé considered
as an important part of the genetic search. Mutadiperator occurs in accordance with a user-deftnatutation
probability during the evolution.

The Mutation operation can be effectively perfodnusing the index value “I” and the Mutation vald&Vv”. The
new offspring’s produced from cross over operatiom Mutated by randomly generated Index value auathtion
value. The first offspringl is Mutated with I=5gthandomly generated value and the value of MAlde generated
randomly within 2-1=127 say MV=87. This value of 87converted in to binary form 1010111.As the kdealue
is taken as 5 the corresponding gene at theell is replaced by the binary form of MV as shownable 3.3. This
process is followed for generating other offspringhd 6 mutated offspring’s are generated as slovtable 3.4

4 . Generation of optimized chromosome

In order to produced the most efficient chromosgnamin the % six parent chromosomes from population
generation(Table 3) and six Mutated offspring’sk{f€a3.4) are applied with all the above operatdr€oA”.

5. Generation of inverted chromosome

In order to produce the inverted chromosome all gbsitive status ‘1’ of the best chromosome arengkd to
negative ordering status ‘0’ and the negative stdilis changed to positive status ‘1’

6. Performance Evaluation

The performance of the proposed approach is exaduating the different data set. The total coditbérent data
set is evaluated using the proposed approach dsawseior the inverted chromosome obtained from lhbet
chromosome. The optimized reordering point and épéimized ordering quantity is obtained by the best
chromosome and the total cost is calculated, caresdly inverted reordering point is generated fribrta best
chromosome.(i.e.) All the positive status ‘1’ oéthest chromosome are changed to negative ordaangs ‘0’ and
the negative status ‘0’ is changed to positiveust&t’ subsequently the total cost is calculatediie same inverted
chromosome. The total cost of proposed systemristdd by T cost and the total cost of present systedenoted
by T costl.

7. conclusions

The main aspects of the inventory control i@ thanufacturing plant is to reduce the total cBgtapplying the
tools of genetic algorithm for the real data cakecfrom RTPP the performance of the proposed syste
and the present system are compared and the rpsotsd that the proposed is more efficient and tie
cost can also be reduced.
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Table 1. Demand matrix (D1)

Raw materials| M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 N1
Aluminum 100 100 100 100 150 150 200 250 350 300 1Q 1
cladding

sheet(kgs)

M.S welding 5000 | 5000 | 5000| 5000 600( 6000 100d 12000 12000 001002000 | 2000
electrodes(nos

S S welding 1000 | 2000 | 2000| 1500 250( 2500 4500 4000 4500 3500000 1} 1000
electrodes

(nos)

Fire proof 100 50 50 50 50 50 150 150 150 100 50 50
wool

(sg mts)

Gaskets(kgs) 5 3 5 5 4 1 12 10 10 15 5 5
Steam 2 25 25 4 5 2 2 2 1 2 25 25
seals(kgs)

Bearings(nos) | 200 200 250 250 200 150 200 150 100 100 50 15

The various cost of the raw materials incurredR®PP are shown below.
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S.no | Raw Purchasing | Transpor | Total Holding cost| Shortage cost| Ordering
material cost tation cost 5% of TC 4% of TC cost
cost TC
1 Al cladding | 185/- 15/- 200/- 10/- 8/- 21/-
sheet
2 MS welding | 3.50 per 0.15 3.65/- | 0.18/- 0.15/- 4/-
electrodes | piece
3 SS welding | 20/- per 1.60/- 21.60/-| 1.08/- 0.9/- 6/-
Electrodes | piece
4 Fire proof 160/-per 13/- 173/- 9/- 71- 2/-
wool sgm
5 Gaskets 350/- perkg 15/- 365/ 18.25/- 14.60/- /- 8
6 Steam seals| 3200/- per| 30/- 3230/- | 161.50/- 130/- 2/-
kg
7 Bearings 400/- 5/- 405/- 20.25/- 17/- 3/-
Table 2. Associated demand matrix
246 132 283 167 93 102 163 15 146 232 235 29
8380| 6853 9532 11320 2737 13846 7405 13170 9298 0 p21752| 217
1061 | 2850 798 395 2997 5299  8B0 846 884 A24 38800 R4
92 109 159 22 53 12 26 13 34 139 162 94
16 5 8 7 13 17 4 14 1p 14 16 5
6 1 4 6 2 3 2 4 3 K 4 §
249 245| 287 54 202 221 246 205 100 11 37 86
Table 3. population generation
'0001001" '1100011' '1101001' '0011001' '0110111" '0011111" '0110000' '0101001" '1010001' '0101100' '0101100' '0110110'
'0101001' '0110110' '1111101" '0110111" '0101000' '1110101' '0011010' '1100100' '1111010' '1100100' '1100100' '1111101'
'1000100' '0001100' '1011101' '0111110' '0010101' '0100011' '0111111' '0111100' '0011111' '1010110' '1010110' '0100111'
'1010100' '0100010' '0101100' '0010000' '0010111" '1100010' '0101100' '0000101" '1010110' '0000001' '0000001" '1011010'
'0110100' '0010100' '1001011" '1001011" '0110110' '0011000' '1111001' '0010111' '0100101' '1001101' '1001101' '1010101'
'1101001' '0100100' '0001110' '0011101' '0001100' '0100101' '1110101' '1011100' '1010110' '0110010' '0110010' '1000101'
'1011100' '0111000' '1110100' '0110001' '1001101' '0001100' '0000111' '0111101' '1011001' '1110101' '1110101' '1011001'
'1111100' '1000011' '1110000' '1001011" '0111100' '1001010' '1011110' '0010100' '0001001' '0000001' '0000001" '1010101'
'1000100' '0111011' '1101000' '0100000' '1011001' '1010111' '0100011' '0101100' '0100001' '0111011' '0111011' '0010111'
'0101010' '1110000' '0100010' '0100101' '1011001' '1000110' '0110110' '1001110' '0011101' '0110110' '0110110' '0010001'
'0001110' '1000010' '1001100' '1001111' '1010010' '0110111' '1000110' '0011001' '1010101' '0111011" '0111011' '1111111"
'1001110' '1111000' '0000011' '0100010' '0000101' '1010010' '1111000' '1011110' '1101100' '1100010' '1100010' '0010110'
Table 3.1 Fitness values of chromosome
1.87E-| 1.48E-| 1.47E-| 1.37E-| 1.34E-| 1.32E-| 1.32E-| 1.27E-| 1.25E-| 1.25E-| 1.15E-| 1.04E-
06 06 06 06 06 06 06 06 06 06 06 06
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Table3.1.1 process of cross over.

‘0001001 ‘0001001 '0001001' | '1100011'
‘0101001 ‘0101001 '0101001' | '0110110
'1000100 '1000100 '1000100' | '0001100
‘1010100 ‘1010100 '1010100' | '0100010'
‘0110100 ‘0110100 ‘'0110100' | '0010100'
‘0100100 '1101001 '0100100' | '0100100'
‘0111000 ‘1011100 ‘0111000' | '0111000'
'1000011" ‘1111100 '1000011' | '1000011'
‘0111011 '1000100 '0111011' | ‘0111011
'1110000' ‘0101010 '1110000' | '1110000
'1000010' ‘0001110 '1000010' | '1000010
‘1111000 ‘1001110 '1111000' | '1111000'

Table3.2 Generation of offspring’s

Offspring 1 2 3 4 5 6

'0001001" '1100011" '1101001" '0011001" '0110111' | 0011111
'0101001" ‘0110110 '1111101" ‘0110111 '0101000" | 1110101
'1000100" '0001100' '1011101" ‘0111110 '0010101' | 0100011
'1010100 '0100010' '0101100' '0010000 '0010111' | 1100010
‘0110100 ‘0010100 '1001011" '1001011' '0110110" | 0011000
'0100100" '0001110' '0011101" '0001100 '1101001' | 1101001
'0111000 '1110100' '0110001" '1001101 '1011100" | 1011100
'1000011" '1110000 '1001011" ‘0111100 '1111100" | 11121100
'0111011" '1101000 '0100000" '1011001' '1000100" | 1000100
'1110000 '0100010' '0100101" '1011001' '0101010" | 0101010
'1000010 '1001100 '1001111" '1010010' '0001110" | 0001110
'1111000 ‘0000011 '0100010 ‘0000101 '1001110" | 1001110

Table 3.3 Mutation process

1=5 1=5 1=2 1=2 1=5 1=4

Offspring Mv=87 Offsing2 Mv=121 Offspring MV=91 Offspring4 MV=16 Offspring MV=58 Offspring

1 1010111 1111001 3 1011011 0010000 5 0111010 6

'0001001" '0001001' '1100011' '1100011' '1101001' '1101001' '0011001' '0011001" '0110111" '0110111" '0011111" '0011111"
'0101001" '0101001' '0110110' '0110110' '1111101' '1011011' '0110111' '0010000' '0101000' '0101000' '1110101' '1110101'
'1000100' '1000100' '0001100' '0001100' '1011101' '1011101' '0111110' '0111110' '0010101' '0010101' '0100011' '0100011'
'1010100' '1010100' '0100010' '0100010' '0101100' '0101100' '0010000' '0010000' '0010111' '0010111' '1100010' '1010101'
'0110100' '1010111' '0010100' '1111001' '1001011' '1001011' '1001011' '1001011' '0110110' '0111010' '0011000' '0011000'
'0100100' '0100100' '0001110' '0001110' '0011101' '0011101' '0001100' '0001100' '1101001' '1101001' '1101001' '1101001'
'0111000' '0111000' '1110100' '1110100' '0110001' '0110001' '1001101' '1001101' '1011100' '1011100' '1011100' '1011100'
'1000011" '1000011' '1110000' '1110000' '1001011' '1001011' '0111100' '0111100' '1111100' '1111100' '1111100' '1111100'
'0111011' '0111011' '1101000' '1101000' '0100000' '0100000' '1011001' '1011001' '1000100' '1000100' '1000100' '1000100'
'1110000' '1110000' '0100010' '0100010' '0100101' '0100101' '1011001' '1011001' '0101010' '0101010' '0101010' '0101010'
'1000010' '1000010' '1001100' '1001100' '1001111' '1001111' '1010010' '1010010' '0001110' '0001110' '0001110' '0001110'
'1111000' '1111000' '0000011' '0000011' '0100010' '0100010' '0000101' '0000101' '1001110' '1001110' '1001110' '1001110'

Table 3.4 Mutated Offspring’s

'0001001" '1100011' '1101001' '0011001' '0110111' '0011111"
'0101001' '0110110' '1011011' '0010000' '0101000' '1110101'
'1000100' '0001100' '1011101' '0111110' '0010101' '0100011'
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1010100 '0100010' 0101100 '0010000" | '0010111"
'1001011' 1001011 | 0211010/ '0011000'
0100100 0001110’ 0011101 '0001100' | '1101001' 1101001
0111000 1110100 0110001 1001101 | '1011100° 1011100
1000011 1110000 1001011 0111100 | '1111100° 1111100
0111011 1101000 0100000 1011001 | '1000100° 1000100
1110000 '0100010' 0100101 1011001 | '0101010° 0101010
1000010 1001100 1001111 1010010' | ‘0001110 0001110
1111000 0000011 0100010 '0000101__| '1001110° 1001110

Table 4. New chromosomes ,6 from population geretion and 6 from mutated offspring’s.

'0001001' | '1100011' | '1101001' | '0011001' | '0110111' | '0011111' | '0001001' | '1100011' | '1101001' | '0011001' | '0110111' | '0011111'

'0101001' | '0110110' | '1111101' | '0110111' | '0101000' | '1110101' | '0101001' | '0110110' | '1111101' | '0110111' | '0101000' | '1110101'

'1000100' | '0001100' | '1011101' | '0111110' | '0010101' | '0100011' | '1000100' | '0001100' | '1011101' | '0111110' | '0010101' | '0100011'

'1010100' | '0100010' | '0101100' | '0010000' | '0010111' | '1100010' | '1010100' | '0100010' | '0101100' | '0010000' | '0010111' | '1100010'

'0110100' | '0010100' | '1001011' | '1001011' | '0110110' | '0011000' | '0110100' | '0010100' | '1001011' | '1001011' | '0110110' | '0011000'

'1101001' | '0100100' | '0001110' | '0011101' | '0001100' | '0100101' | '0100100' | '0001110' | '0011101' | '0001100' | '1101001' | '1101001'

'1011100' | '0111000' | '1110100' | '0110001' | '1001101' | '0001100' | '0111000' | '1110100' | '0110001' | '1001101' | '1011100' | '1011100'

'1111100' | '1000011' | '1110000' | '1001011' | '0111100' | '1001010' | '1000011' | '1110000' | '1001011' | '0111100' | '1111100' | '1111100'

'1000100' | '0111011' | '1101000' | '0100000' | '1011001' | '1010111' | '0111011' | '1101000' | '0100000' | '1011001' | '1000100' | '1000100'

'0101010' | '1110000' | '0100010' | '0100101' | '1011001' | '1000110' | '1110000' | '0100010' | '0100101' | '1011001' | '0101010' | '0101010'

'0001110' | '1000010' | '1001100' | '1001111' | '1010010' | '0110111' | '1000010' | '1001100' | '1001111' | '1010010' | '0001110' | '0001110'

'1001110' | '1111000' | '0000011' | '0100010' | '0000101' | '1010010' | '1111000' | '0000011' | '0100010' | '0000101' | '1001110' | '1001110'

Table 4.1 optimized chromosome.

O|O|r| O
o|0|0| O

R|lo|k|o|r|k|lolo|lojlo|o] -
o|r|o|o|o|o|o|o|o|o|o| o
R |O|o|r|Olo|o|Cr|o|lo| o
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Table 6. Performance Comparison results of total csi.

Data Set:1, Iteration Limitation =

Total cost o

Proposed ordering point(T cost)

Total cost of invers

Ordering point(T costl)

5460742.00000(

9366567.50000(

3161336.200000(

9983010.800000(

3771384.00000( 9864896.00000(

4733264.900000( 9575622.100000(

5500463.500000( 10031103.50000(

7. Convergence graph of total cost for various érations.
X axis= Iterations

Y axis = Fitness values

Figure 1.Graph
7.1 Bar chart showing the difference between tiop@sed system and present system.
Tcostl(Total ordering cost of present system) 3:66,567.500
T cost(Total ordering cost of proposed system)4#£6,742.00

Difference(savings by the proposed system)39,85,825.00
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Figure 2. Bar chart comparison.

Interpretation. The above bar chart clearly represents that tia¢ dodering cost of proposed system is less
compared to the total ordering cost of presentesyst
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