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INTELLECTUALIZATION OF A METHOD FOR SOLVING A
LOGISTICS PROBLEM TO OPTIMIZE COSTS WITHIN THE
FRAMEWORK OF LEAN PRODUCTION TECHNOLOGY

Eugene Fedorov, Peter Nikolyuk, Olga Nechporenko, Esta Chioma. “Intellectualization of a
method for solving a logistics problem to optimize costs within the framework of Lean Production
technology”. In the article, within the framework of intellectualization of the Lean Production technology, it is
proposed to optimize the costs arising from the insufficient efficiency of placing goods in the warehouse by
creating an optimization method based on the immune metaheuristics of the T-cell model, which allows solving
the knapsack constrained optimization problem. The proposed metaheuristic method does not require
specifying the probability of mutation, the number of mutations, the number of selected new cells and allows
using only binary potential solutions, which makes discrete optimization possible and reduces computational
complexity by preventing permanent transformations of real potential solutions into intermediate binary ones
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and vice versa. An immune metaheuristic algorithm based on the T-cell model has been created, intended for
implementation on the GPU using the CUDA parallel information processing technology. The proposed
optimization method based on immune metaheuristics can be used to intellectualize the Lean Production
technology. The prospects for further researches are to test the proposed methods on a wider set of test
databases.

Keywords: lean manufacturing, immune metaheuristics, T-cell model, conditional optimization,
knapsack problem.

€ezeH (QPedopoe, lempo Hikoniok, Onvea HeyunopeHko, Ecma Yioma. "lHmenekmyaneHa
peanizayia Memooy Ji02icmuyHO20 piwleHHA 0nA onmumizayii eumpam 3a mexHonozieio Lean
Rroduction". ¥ cmammi 6 pamkax iHmenekmyanizayii mexHonoeii Lean Rroduction nponoHyemeca
onmumizysamu sumpamu, WO BUHUKAIOMb 8 pe3ysbmami s8iocymHocmi egekmusHOCMi po3miljeHHsA
moeapie Ha cky1aodi, WSXOM CMBOopeHHS Memoody onmumi3ayii Ha 0OCHO8i iMyHHOT Memaespucmuku moodesi T-
KNimuH, wo 00380/1A€ supiwumu npobsemy yMO8HOI onmumisayii npo piok3ak. 3anponoHosaHul
MemaespicmuyHUl Memo0O He 8UMA2A€E 3a0AHHA UMO8IpHOCMI Mymaduji, Kinbkocmi mymayid, Kinekocmi
8i0ibpaHux HoBUX KIIMUH i 00380J1€ BUKOPUCMOBYBAMU MinbKU BIHApHI nomeHyiliHi pilueHHs, uwo pobume
MOX/1UBOI0 OUCKpemHy onmumi3auito i 3HUXY€E 064UCITI08AbHY CKIIAOHICMb WI/IAXOM 3anobieaHHA nocmiliHit
mpaHcgopmauii isuyHUX nomeHyiliHUX piweHb 8 NPoMixHi GiHapHi i 38opomHi. CmeopeHo iMyHHUU
aneopumm mMemaespucmuKku Ha ocHosi modesni T-kiimuH, npusHadeHul 0718 8nposadxeHHsa Ha GPU 3a
0onoMozoto mexHosioeii napasnenbHoi 06pobku iHgopmayii CUDA. 3anponoHogaHuli Memod onmumizauii Ha
OCHOBI IMyHHOI Memaespucmuku Moxe 6ymu sukopucmaHul 0719 iHmenekmyanizayii mexHosnoeii Lean
Rroduction. [Tepcnekmugu nodanbluux 00C/1iOXeHb BK/IIOYAIOMb MeCcmy8aHHA 3aNPONOHOBAHUX Memodis Ha
6inbw wupokomy Habopi mecmosux 6a3 OaHUX.

Knioyoei cnoea: owapnvee BMPOOHMUTBO, iMyHHa MeETaeBPUCTMKA, MoAenb T-KNiTWUH, YyMOBHA
onTMmisadifa, 3agava NpPo proK3ak.

EezeHuli  @edopoe, [lemp  Hukoniok, Onvea  HewunopeHko, 3cma Yuoma.
"Unmennekmyanusayus memooda peuieHus Jiocucmuyeckoli 3a0ayu 014 onmumusayuu sampam &
pamkax mexHosnoauu Lean Production". B cmamee 8 pamkax uHmesnnekmyanausayuu mexHosnoauu Lean
Production npednazaemcs onmumu3auyus 3ampam, B803HUKAWUX 8ciedcmeue HedocmamoyHou
3ghpekmusHOCMU pazmeujeHuUs Mmoeapos Ha CKaaoe, NOCPEOCMBOM CO30aHUS Memood onmumMu3auuu Ha
OCHOBe UMMYHHOU Memasspucmuku modenu T-K/1emok, Komopelli no3gossem pelwiams 3adady yci08HouU
onmumu3ayuu o piokzake. [IpednoxeHHbil Memasspucmuydeckuli mMemod He mpebyem 3a0aHus
8epoAMHOCMU Mymauyuu, Koaudecmesa Mymayud, Koaudecmaa omoupaembix HOB8bIX K/IeMOK U N0380J15em
UCno/1b308aMb MOJIbKO OUHAPHbIE NOMEHYUA/IbHble peuwleHus, Ymo Oesidem B803MOXHOU OUCKpemHyio
oONMUMU3AYUIO U CHUXAem 8blMUC/IUMe/IbHYI0 CJIOXHOCMb 3a cdem npedomspaujeHus NOCMOAHHbIX
npeobpazogaHull selWecmseeHHbIX NOMEeHYUAIbHbIX peuleHul 8 NpoMexXymoyHble 6UHApHblE U 0bpamHo.
C030aH UMMYHHbIU Memasspucmudeckul anzopumm Ha ocHose Mooesu T-kiiemok, npeoHAa3Ha4YyeHH eIl 014
peanusayuu Ha GPU nocpedcmsom mexHonoz2uu napannensHol obpabomku uHgpopmayuu CUDA.
pednoxeHHbIl Memod onmMUMU3aUUU Ha OCHO8e UMMYHHOU MemasspucmuKu MOXem Ucno/b308ambCA
0718 UHMeneKmyanusayuu mexHonoauu Lean Production. lNepcnekmussl OanbHelwux ucciedosaHull
3aK/1I04AIOMCA 8 MeCMUpPOB8AHUU NPeOsIoXKeHHbIX Memodo8 Ha 6osiee WUpokoMm Habope mecmoseix 6a3
OGHHbIX.

Knrouesbie cnoea: GepexnvBoe MPOU3BOACTBO, MMMYHHasi METasBPUCTUKA, MOAeNb T-KNeTok,
yCloBHasA onTUMU3aLnA, 3aflaya O proK3ake.

Introduction. At  present  many costs that do not create value for final buyers,

worldwide companies are optimizing their
business processes based on Lean Production
technology. The concept of Lean Production
is that it clearly identifies seven groups of

and therefore, the primary efforts of any
company should be directed to minimizing
these costs. However, the problem of finding
models to minimize these costs is quite
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complicated and requires searching for the
new solutions. As a result, the relevance of the
development of methods for the
intellectualization of Lean Production
technology, which is based on the solution of
optimization problems, significantly
increases.

Literature and research review. Highly
computationally  complex  optimization
methods that find an accurate solution.
Optimization methods that find an
approximate solution through directional
search have a high probability of hitting a
local extremum. Random search methods do
not guarantee convergence. Consequently,
there is a problem of insufficient efficiency of
optimization methods, which needs to be
addressed.

Metaheuristics (or modern heuristics) [2-
5] are used to find an accelerate quasi-optimal
solution optimization problems and reduce
the probability of hitting a local extremum.
Metaheuristics empowered of heuristics by
combining heuristic methods based on a
high-level strategy [6-9].

The current metaheuristics have one or
more of the following disadvantages:

— there is only an abstract description of
the method or the description of the method
is focused on solving only a certain problem
[10];

- the influence of the iteration number
on the process of finding a solution is not
taken into account [11];

- the convergence of the method is not
guaranteed [12];

- it is not possible to use non-binary
potential solutions [13];

- the procedure for determining the
values of parameters is not automated [14];

— it is not possible to solve the problems
of conditional optimization [15];

- the lack of accuracy of the method [16].

In this regard, the problem of
constructing effective metaheuristic
optimization methods arises [17].

One of the popular metaheuristics are
immune metaheuristics [18, 19], among
which the T-cell model [20] can be

7-17
v.3 (2020)
https://smart-scm.org

distinguished,  which  allows
constrained optimization problems.

Aims and Objectives. The aim of the
work is to optimize the costs arising from the
insufficient efficiency of placing goods in the
warehouse by creating an optimization
method based on immune metaheuristics
that solves the knapsack problem.

To achieve the goal, the following tasks
were put and decided:

1. Conduct an analysis of existing
optimization methods aimed at optimizing
costs within the framework of lean
manufacturing technology.

2. Create an immune metaheuristic
method based on the T-cell model for solving
the knapsack problem.

3. Create an algorithm of the immune
metaheuristic method based on the T-cell
model, intended for implementation on the
GPU using the CUDA technology.

4. Conduct a numerical study.

Results, analysis, and discussion.
Optimization of costs associated with
inefficient placement of goods in a
warehouse can be reduced to the problem of
a knapsack. To solve this problem, the work
proposes an immune metaheuristic - a
modified model of T cells that uses imitation
of annealing.

As a function of the goal F, it is proposed
to use the inverse function of income

solving

-1
M
F(x)=| D v;x; | —>min
j=1 X

v_vhere Vi is the income from the goods of
the J -th type, defined,

Wi _ weight of goods of the I _th type,
defined,

X _ goods presence of the j -th type
(corresponds to the T-cell),

M _ the number of types of goods.
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As a limit, it is proposed to use the

following function
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1. Cells initialization

J

2. Creation of a subpopulation of new cells

|

3. Calculating the dynamic tolerance value for a
subpopulation of new cells

A 4

4. Creation of a subpopulation of executive cells

'

5. Modification of a subpopulation of executive cells
based on mutation

\4

6. Calculation of the dynamic tolerance value for a
subpopulation of executive cells

'

7. Creation of a subpopulation of memory cells

Y

8. Modification of a subpopulation of memory cells

based on mutation

9. Streamlining the subpopulation of memory cells

\4

10. Determining of the global best cell

11. Stop condition
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Figure 1 — The structure of the proposed immune metaheuristic method for solving the
knapsack problem

M
g(x) =max30,> w;x; -W
=1

where W - is the maximum total weight
of all goods, defined.

The structure of the proposed immune
metaheuristic method is shown in Fig. 1.

The proposed metaheuristic method
makes possible to find the quasi-optimal
number of placed goods and consists of the
following blocks:

Block 1 - Initialization:

- setting the number of the current
iteration N to one;

- setting the number of iterations N ;

- setting the cell length M ;

- setting the size of the subpopulation of

new cells LV ;
- setting the number of selected new

cells, taking into account the restrictions L
as L1, =L,/ 4;

- setting the number of selected new
cells without taking into account the

L2, =L, /4

restrictions "2V as —<V Ly ;

- setting the number of mutations of
each executive cell Ne as Ne =N ,

- setting the size of the subpopulation of

memory cells Lv as Ly =Ly /4;
- setting the number of mutations of

Ny, =N

each memory cell Nm as ,

- setting a static tolerance Av for a
subpopulation of memory cells;
- setting the probability of mutation of

executive cells as M ;

- setting the probability of mutation of

1
pM ==

memory cells as M ;
- randomly create the best cell X"
X = (X X)),
o _JL U@©D<05
i =)0, U(01)=>05
where Y (01 _is 3 function that returns
a uniformly distributed random number in

the range of [0,
Block 2 — Creation of a subpopulation of

new cells P"
PV ={(x.8)} kell,

X = (Xigseeor X )
(1 U@01)<05
=10, U(01)>05

sk = max{0, g(x)}

Block 3 - Calculation of the dynamic

\Y
tolerance value AV for a subpopulation P
1
Ay = L Z Sk
V k=1
it A <AM | then Ay =01

Block 4 — Creation of a subpopulation of

executive cells P with capacity Le
4.1. Dividing a subpopulation of new cells

P1Y ={(x1,,51,)}

sl, <Ay

P'into a subset

containing cells for which and a

P2 ={(x2,,52y)}

subset containing cells

for which Szk
i P1Y

4.2. Ordering the subset by target
F(XL) < F(X1y,1)

function, i.e.
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i p2"
4.3. Ordering the set by the sum of
the values of all bounding functions, i.e.

S2, <S2 4

4.4, LlV of the first cells from an ordered

\Y
set P1" and L2, the first cells from an

ordered set P2" forms a subpopulation of

E _
executive cells P™={(x.s)} with capacity

7-17
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, while the first there are

Vv
cells from the set P1
Block 5 - Modification of a subpopulation

E
of executive cells P based on mutation

For each I th cell is performed NE,
once as the following operations are
performed:

— mutation

r=u(0,)

jelM

_ {1, (r<p®Aax;=0)v(r=p°Ax; =1 —
ij —

0, (r<p®ax;=0v(r=p°Ax;=0)’

where round() - is the function that
rounds the number to the nearest integer.

— calculating the value of the
constraint function

S; =max{0, g(X;)}

— replacement by a mutant cell if the
condition is met
then Xi = )zi, S =5

Block 6 - Calculate the value of the

If

dynamic tolerance At for a subpopulation
PE
1 &
Mo &
E k=1
if A8 <AM then Ae = Am

Block 7 - Creation of a subpopulation of

memory cells P* with capacity 1w
7.1. Dividing the subpopulation of

. E .
executive cells P into a subset

P1® ={(x1;.sL)}
sl, <Ag

containing cells for

which and subset

E _
P2 —{(sz’szk)}, containing cells for

which % = Ae

7.2. Ordering the subset P1E by target
function, i.e. F(x1y) < F(xy.1)

7.3. Ordering the set P25 by the sum of
the values of all bounding functions, i.e.

S2 <S2y 1

L'V' the first cells from
E E
P1=UP2 form a

executive cells

74.1fN= 1, then

the ordered union
subpopulation of

pM ={(x, )}
if N >1 then L /2 the first cells from
E E
the ordered union P1=UP2

are replaced
by the worst (last) cells, a

M
subpopulation of executive cells P
Block 8 - Modification of a subpopulation
of memory cells P" based on mutation

For each I -th cell is performed Nwm, once
as the following operations are performed:

— mutation
r=u(02)
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jelM

T

0, (r<p"axy=Dv(r=p"Ax=0)

— calculating the value of the
constraint function

s; =max{0, g, (X;)}
— replacement by a mutant cell if the
condition is met

Xi =X;i S =
then ! ro
Block 9 - Ordering the subpopulation of

If

)

w

memory cells P"
Dividing the subpopulation of memory

PIM = {(xL, sL)}

cells P" into a subset

containing cells for which sl <Aw ,and a
P2M ={(x2,,52,)}

s2, > A,

subset containing cells

for which

M
9.2. Ordering the subset P1 by target

function, i.e. F(Xlk) < I:(Xlk+1)

M
9.3.Ordering the set P2 by the value of

the bounding function, i.e. 52y <82y

o4, PM = pIM UP2M ={(x;,s)}

Block 10 — Determining of the global best
cell

*

Block 11 - Stop Condition

if N<N  then increase the iteration
number N by one and go to block 2.

For the proposed method, using the
example of optimization of costs arising from
insufficient efficiency of placing goods in a
warehouse, an algorithm is considered
intended for implementation on a GPU using
the technology of parallel processing of
information CUDA and shown in Fig. 2. This
block diagram functions as follows.

Step 1 - Operator's input of the number

of iterations N, the cell length M , the size of

the subpopulation of new cells LV, the
number of selected new cells taking into

account the limitations L, , the number of
selected new cells without taking into

account the limitations L2y , the number of

mutations of each executive cell Ne , the size
of the subpopulation of memory cells Ly,
the number of mutations of each memory cell

Ny , static tolerance Av for a subpopulation

of memory cells, the probability of mutation
E
of executive cells P, setting the probability

M
of mutation of memory cells as P

Step 2 - Randomly create the best cell X"
Step 3 - The creation of a subpopulation

of new cells P" using GPU threads I‘Vthatare
grouped into 1 block. Each thread randomly

creates a cell X< and calculates the value of
the bounding function for this cell S

Step 4 - Computation based on
reduction of the dynamic tolerance Ay value
for the subpopulation PY across all cells
using GPU threads LV, which are grouped
into 1 block. If Ay <Ay ,then Ay =01

Step 5 - Dividing the subpopulation of
new cells P¥ into a subset PLY ={(d,, sL)}

containing cells for which sl <Ay ,and a
A
subset P2" ={(x2y. 52, )} containing cells
>
for which 52y 2 AV.

Step 6 — Ordering the subset P1' by

FOd) < F(y.s)

target function, i.e. using
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Vv
GPU threads |PL |

1 block

which are grouped into

Step 7 - Ordering the subset P2" by the
sum of the values of all bounding functions,

v
i.e. 82 <S2y4 using GPU threads |P27]

which are grouped into 1 block
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Step 8 - Ly first cells from the ordered
set PL' and 2

set P2’ form a subpopulation of executive

V' first cells from the ordered

E_
cels P =16s)}  ih  capacity
Le = L1, + L2, , and the first cells from the
set P

{ 1 / 12
\ 4 \4
2 13
=V Y
3 14
Y Y
4 15
\ 4
5 16
6 17

\ 4
7 18
\4
8 19
9 20
A
10
\ 4 +
11

Figure 2 - Block diagram of the algorithm of the proposed immune metaheuristic method
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Step 9 - Modification of a subpopulation
of executive cells P® based on mutation

using GPU threads Le thatare grouped into 1

block. Each thread N & once mutates a cell i
and calculates the value of the limiting

function for this cell

Step 10 - Reduction computation of the
dynamic tolerance  value Ae  for the
subpopulation P® across all cells using GPU
threads L€ that are grouped into 1 block. If
Ae <Ay then Mg = A

Step 11 - Dividing the subpopulation of

. E .
executive cells P into a subset

E _
P1 —{(Xlk’81k)}containing cells  for

which sk < AE, and a  subset
E _

P27 ={(x2.52,)} containing cells for

which 52 2 AE.

Step 12 - Ordering the subset P1% by
target function i.e. FOxd) < F(x) using

E
GPU threads | P17 | which are grouped into 1
block

Step 13 - Ordering the set P2% by the
sum of the values of all bounding functions,

E

i.e. 82 <52 using GPU threads |P2™ |
which are grouped into 1 block

Step 14 — If N =1, then Lm the first cells

E E
P1=UP2 form a

executive cells

from the ordered union
subpopulation of

M _
P _{(Xi’si)}, otherwise v /2 first cells

E E
from the ordered union P1=UP2 are
replaced Lw /2 the worst (last) cells, a

subpopulation of executive cells pY
Step 15 - Modification of a

subpopulation of memory cells P" based on
the mutation using GPU threads L , Which
are grouped into 1 block. Each thread N

7-17
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X.
once mutates a cell ™' and calculates the

value of the limiting function for this cell S
Step 16 - Dividing the subpopulation of

M .
memory cells P into a subset

M _
P1 _{(Xlk’sj'k)}containing cells for

which Sl <Ay , and a
P2Y = {(x2,,52,)}

subset

containing cells for
which 522 Ay )

Step 17 - Ordering the subset P by
target function i.e. F(Xlk) < F(X1k+1)

M
using GPU threads | PL™ |

into 1 block

Step 18 - Ordering the set P2 by the
value of the bounding function, i.e.

s2,

which are grouped

M
<S2kn using GPU threads | P27 ]
which are grouped into 1 block

Step 19 — Ordered sets P1' and P2’
form a new subpopulation of memory cells
pM o PM = PIM UP2Y ={(x,5)}

Step 20 - Determining the global best cell
according to the following rule

¢ F %) <F(x ),then X =X

Step 21 - Stop Condition

if N<N  then increase the iteration
number by one and go to step 4.

Step 22 - Writing the obtained global
best position to the database.

In the work, the number of iterations N =
100, the size of the subpopulation of new cells

L _ 100, the number of selected new
cells taking into account the constraints Uy

= Ly / 4 = 25, the number of selected new
cells without taking into account the

constraints L2y == I‘V/4:25, the number of

mutations of each executive cell Ne = N =
100, the size of the memory cell
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subpopulation Ly == v /4 =25, the number
of mutations of each memory cell Nm = N =

100, the static tolerance 2m = 0.0001 for the
memory cell subpopulation.

For the knapsack problem, the search for
a solution was carried out on the standard
KNAPSACK_01 databases. For the proposed
method, a root-mean-square error of 0.02 was
obtained.

The traditional method for optimizing a
T-cell model requires:

- setting the probability of mutation, the
number of mutations, the number of selected
new cells;

- real potential solutions, which makes
discrete optimization impossible;

- constant transformations of real
potential solutions into intermediate binary
ones and vice versa.

The proposed method eliminates these
disadvantages.

Conclusions.

1. To minimize losses that do not create
consumer value and are the basis of Lean
Production  technology, an immune

7-17
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metaheuristic method based on the T-cell
model was developed to solve the knapsack
problem. The use of this method is aimed at
minimizing costs arising from insufficient
efficiency of the placement of goods in the
warehouse.

2. The proposed metaheuristic method
does not require setting the probability of
mutation, the number of mutations, the
number of selected new cells and allows
using only binary potential solutions, which
makes discrete optimization possible and
reduces computational complexity by
preventing constant transformations of real
potential solutions into intermediate binary
ones and back.

3. There was created an immune
metaheuristic algorithm based on the T-cell
model, intended for implementation on a
GPU using the CUDA parallel processing
technology.

4. The proposed optimization method
based on immune metaheuristics can be used
to intellectualize the Lean Production
technology. Prospects for further research are
in testing the proposed methods on a wider
set of test databases.
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