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AnHoTtaumsi: B nanHO# cratebe paccmarpuBaercs OubOmmoreka PuLP. PuLP — sto
CPEACTBO MOAENHPOBaHMA JUHEHWHOro mnporpammupoBanust (JIII) Ha s3pike Python. s
peanmsarmu HeoOxoaum Python 3.4 nys apromaTuzanuu 3ana4, Wid 0ojee IPOIBUHYThHIE BEPCHHL.
PaccMOTpUM MOCTOAHHO NPUMEHSAEMBIE KJIACChI, KOTOPBIE MOKHO UCIIONIB30BaTh B PULP:

LpProblem — ucnonb3yem npu onpeneneHny 3a1ayuu.

LpVariable — ncnonp3yem aist CO3aHMUS HOBBIX MEPEMEHHBIX.

LpConstraint — uCHONB3yeM TSl CO3aHUST OTPAHUYESHUSI.

IpSum — ucnonap3yem st CO3AAHUS JTUHEHHOTO BBIPAYKEHHUSI.

Value — ucnonp3yem IJ1st TOro, 4To0bI OJTYYUTh 3HAYSHHS IIEPEMEHHON MITH BBIPAKEHHS.

JluneliHast mporpaMMma-mMaTeMaTU4YecKas MOIENb 3a1add, KOTOpas YIOBIETBOPSIET
CIEOVIOIIUM TPEM YCIIOBUAM:

- NepEMEHHBIE, ICIIOJIb3YEMbIE MPH PEIIEHUH, JOJKHBI OBITh PEATbHBIMU,

- neneBasi PyHKIUS, UCTIOIb3yeMasi P PEIIEHHUH, JOJDKHA OBITh JIMHEHHOI,

- OTPaHUYEHUS], UCTIOb3yEMbIe TIPU PELICHUH, TOJDKHBI ObITh JIMHEHHBIMI.

JIIT ucione3yeTcst ANl HAXOXKIEHUS] MAKCUMyMa W1 MUHMMYMa YHCJIOBOTO 3HAYEHUS U
SBJISIETCS ONHUM M3 YacTO HCIOJB3yeMbIX METONOB [UJIsl HAXOXIEHHUs ONTHMAJIbHOTO
UCTIONB30BaHUsT MarepuajoB. PasznmunbiMu (axropamu JIII ObIBarOT mepeMEHHBIE pPELICHHS,
orpaHudYeHusi, naHHble u ueneBas ¢QyHkuus. JIII npumensercs B oOpabarbiBaroineit
MPOMBIIIJIEHHOCTH, TPAHCIIOPTHON OTPACIIH, MAITUHOCTPOSHUH, SHEPTETUKE U T. [I.

OTansl ONTUMU3ALNHA;

- onpezeNieHue 3a1a4u;

- (bopMHUPOBaHKE YPABHEHUS,

- pelLIeHne ypaBHEeHNS,

- aHaJIN3 peLIeHNUs,

- NPE3EHTANs PELICHHUS.

3anava 1o pacrpeneaeH’o MaTeprualoB

3amada Mo pacmpeneNeHHI0 MaTepuatoB — 3To mpobnema onrtumuzanun. OHa CTaBUT
CBOEH LIeJIbI0 HAaXOKIEHHE ONTHUMAJbHOIO paclpeiesieHus MaTepualioB IO MeCTaM U 3ajadaM.
Kaxaplit MaTepuan IMeeT CTOUMOCTD, CBA3aHHYIO C HUM, HO YUCIIO MaTepraiioB pukcupoBaHo. B
HAIIEM CJIy4ae B KOJE Mbl YUYUTBIBAIM YHCIIO MATEPHUAJIOB TSI KAKAOH paboThl, KaK LEJI0oe YHCIIO.
OnTuMH3aIMI0  paclpeneNieHlsl MaTepHajoB MOXKHO HCIIONb30BaTh IPU  IUIAHUPOBAHHUU
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MPOM3BOJACTBA, OpPraHU3alMu Ouepenel, pacrnpenefeHud Harpy3ku U T.4. Llenbro sBisiercs
HAXOXKIeHNE MIHUMAJIbHBIX OOIIHMX 3aTPaT U MAaKCUMHU3ALIUs TPOU3BOJICTBA.

TepMunosorus:

- 1eneBast QyHKIUS - 3TO JIMHEWHOE YpaBHEHUE, PEIIEHHe KOTOPOro JAOIKHO OBbITh
MaKCHUMAJIbHBIM WJIM MUHUMAJIbHbIM,

- MepEMEeHHasi — 3TO BEJIMYMHA, KOTOpask UCMOJb3YETCs B YPABHEHUU,

- OrPaHUYECHUSI - 3TO YCJIOBHS JONMYCTHUMBIX BO3MOXXHOCTEH MPOU3BOACTBA M
noTpebeHNs, MaTePHAJIOB U T.1.;

- MPAaBUJIO  HEOTPULATENILHOCTH.  3HAYEHHUS IMEPEMEHHBIX JOJDKHBI  OBITh
MOJIOKUTENbHBIMU.

KuroueBble caoBa: mNpou3BOACTBO, OyTHIIMPOBAaHHAS MHHEpaNbHAas BOJA, 3amada
JIMHEMHOrO MPOrpaMMHUPOBAHUs, ONTUMU3ALUS, METOAbI PELIEHUs, MporpaMmMa, TPaHCIOPTHAs
3a7aya.
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Abstract: This article discusses the PuLP library. PuLP is a linear programming (LP)
simulation tool in Python. Implementation requires Python 3.4 for task automation, or higher.
Consider the commonly used classes that can be used in PuLP:

LpProblem - used when defining a problem.

LpVariable - used to create new variables.

LpConstraint - use to create a constraint.

IpSum - used to create a linear expression.

Value - used to get the values of a variable or expression.

A linear program is a mathematical model of a problem that satisfies the following three
conditions:

— the variables used in the solution must be real;

- the objective function used in the solution must be linear;

- the constraints used in the solution must be linear.

A linear program is a mathematical model of a problem that satisties the following three
conditions:

— the variables used in the solution must be real;

- the objective function used in the solution must be linear;

- the constraints used in the solution must be linear.

LP is used to find the maximum or minimum of a numerical value and is one of the
commonly used methods for finding the optimal use of materials. Various LP factors are decision
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-
variables, constraints, data, and objective function. LP is used in the manufacturing industry,
transport industry, mechanical engineering, energy, etc.

manufacturing industry, transport industry, mechanical engineering, energy, etc.

Optimization steps:

- task definition;

- formation of the equation;

- solution of the equation,;

- solution analysis;

- presentation of the solution.

Material distribution task

The problem of material distribution is an optimization problem. It aims to find the optimal
distribution of materials in places and tasks. Each material has a cost associated with it, but the
number of materials is fixed. In our case, in the code we took into account the number of materials
for each job, as an integer. Material distribution optimization can be used in production planning,
queuing, load balancing, and more. The goal is to find the minimum total cost and maximize
production.

Terminology:

- objective function is a linear equation, the solution of which should be maximum
or minimum;

- variable is the value that is used in the equation;

- restrictions - these are the conditions of acceptable possibilities of production and
consumption, materials, etc.;

- the rule of non-negativity: the values of variables must be positive.

Key words: production, bottled mineral water, linear programming problem, optimization,
solution methods, program, transport problem.

BBenenne. B nanHoii ctatbe paccmarpusaercst Ondnmoreka PuLP. PuLP — 3to cpenctso
MozenupoBaHus JuHeiiHOro mnporpammuposanus (JIII) nHa s3eike Python. [lns peanmszaumm
HeoOxonuM Python 3.4 st aBToMaTH3amuy 3ana4, uin Ooiee MpOIBUHYThIC Bepcun. PaccMoTpum
MOCTOSTHHO MPUMEHSIEMbIE KJIaCChL, KOTOPbIE MOKHO UCHOJb30BaTh B PULP:

LpProblem — ucnons3yem npu onpeneneHny 3aaaqm.

LpVariable — ncnonp3yem aist CO3MaHMUST HOBBIX MEPEMEHHBIX.

LpConstraint — UCTIOIB3yeM TSl CO3IAHUST OTPAHUYESHUSI.

lpSum — ucnonb3yem it CO3MaHUS JIUHEHHOTO BhIPAKEHUS.

Value — ucnosb3yem AJisi TOro, YToObI MONYYUTh 3HAYSHHUS IEPEMEHHO HITH BbIPaXKEHHSL.

MarepuaJjibl H METOABI HCCIEA0BAHMS.

JluHeitHasi mporpaMMa-mMaTeMaTH4YecKas MOAeb 3a7adi, KOTopasl YIOBJETBOPSET
CIENVIOIIUM TPEM YCIIOBUAM:

- nepeMeHHbIe, HCTOJb3YeMble MPH PEIIEHHH, TOJUKHBI ObITh pEaTbHBIMU,

- Henesast (PyHKLHsI, UCTIONb3yeMasi PU PELISHUH, IOKHA ObITh JIMHEWHOM,

- OrpaHUYEHHs], UCTIONB3yEeMbIE MPH PELICHUH, TOJKHBI ObITh JIMHEWHBIMH.

JIIT ucnonb3yeTcst Uil HAXOXKIACHUST MAKCUMyMa WJIM MUHUMYyMa YHCJIOBOTO 3HAYCHHS U
SIBJSIETCSl OOHHM M3 4YacTO HCIOJAb3yeMbIX METOJOB JJisi HAXOXAEHHS ONTHMAJbHOIO
UCMOJIb30BaHMs MaTtepuajioB. PasmuunbiMu (axropamu JII1 ObIBalOT MepeMeHHbIE pPeLIeHUs],
OorpaHudYeHusi, nAaHHble u ueneBas ¢QyHkous. JIII npumensercs B oOpabarbiBaromeit
MPOMBILIICHHOCTH, TPAHCIIOPTHOM OTPACIH, MAIIUHOCTPOSHHUHU, SHEPTE€THKE U T. [I.

Ttansl ONTUMHU3ALNH |

- orpezeeHue 3a0a4H;

- (dbopMHUPOBaHKE YPABHEHUS,

- pelIeHre YpaBHEHHUSI;

- aHaJIU3 PeLICHHUS;

186



Jnoxa Hayku Ne 30 — Uronb 2022 1.
.

- NPE3EHTALNS PELICHHUS.

3amayda mo pacnpeneeHHI0 MaTePUaIoB

3amada Mo pacmpeneNeHHI0 MaTepuatoB — 3To mpobnema ontumuzanun. OHa CTaBHUT
CBOEH LENIbI0 HAXOXIEHHE ONTHMAJBHOIO PACHpEAeNeHHsT MaTEPUAIOB MO MECTaM H 3aJadaM.
Kaxaplit MaTepuan IMeeT CTOUMOCTD, CBS3aHHYIO C HUM, HO YHCJIO MaTepHajioB (pUKCUpoBaHO. B
HAIIEM CJIy4ae B KOJE Mbl YUYUTBIBAIM YHCIIO MATEPHUAJIOB IS K&KAOH paboThl, KaK LIEJI0oe YHCIIO.
OnTuMHU3aIUI0  paclpenesieHHsl MaTepHajoB MOXKHO HCIIONb30BaTh IPU  IUIAHUPOBAHUU
NPOM3BOJCTBA, OPraHU3AIMH OuepeneH, paclpeneNeHuu Harpy3ku u T.4. Llenbro siBisercs
HAXOKICHHE MUHUMAJIbHBIX OOIIUX 3aTPaT U MAKCUMH3ALHS TPOU3BO/ICTBA.

TepMunosorus:

- neneBasi GyHKIMS - 3TO JIMHEHHOE ypaBHEHHE, PELICeHHEe KOTOPOTro IOJKHO OBITh
MaKCHUMaJIbHBIM MJIH MUHUMAJIbHBIM,;

- NepEMEHHAsl — 3TO BEJIMYUHA, KOTOPasl UCTIONb3YETCS B YPABHEHUU,

- OTPAaHUYEHUS] - 3TO YCJIOBHUS JOMYyCTUMBIX BO3MOXKHOCTEH NPOHM3BOACTBA U
notpeOeHus, MaTepUaIOB U T.11.;

- NPaBUJIO  HEOTPHLATENPHOCTH. 3HAYEHUS  IEPEMEHHBIX  JOJDKHBI  OBITh
MIOJIOXKUTETBHBIMH.

IHocranoBka 3aza4n

B nanmseiii  mMomeHT B KbIpremckoidt PecnyOnmke pBIHOK 1O H3TOTOBICHHIO
OyTHJIMPOBAHHBIX MHHEPAJIbHBIX BOJ HM300MIIyeT CBOUM pasHOOOpasueM. OTOT PbIHOK
NpPEACTaBIeH OOJBIINM aCCOPTUMEHTOM OYTHJIMPOBAHHBIX MHMHEPAJIBHBIX BOJ, TAaKHX Kak,
HAIIMOHAJIbHBIE MUHEPAJIbHBIE BOABL, a TAKXKE MPOAYKLHS M3 JAIbHEro M OJMKHEro 3apyOesKbst
[1].

CornacHo 3aK0OHaM >KOHOMHYECKOH TEOPHUH, C yIyUIIEHHEM KauecTBa Oy THIINPOBAHHBIX
MHHEPAJbHBIX BOJI, TIOBBILIAETCS CIIPOC HA 3TOT MPOAYKT. B COOTBETCTBUU € 3TUM MPOHCXOIUT
MOSIBJICHHE HOBBIX KOHKYPEHTOB Ha PbIHKE IO BBIMTYCKY JAHHOTO MPOAYKTA.

PaccmoTpuM 3amady ymOpOINEHHOrO THMA TEPEBO3KH. Y HAC €CTb OIPENeIeHHOe
KOJIMYECTBO 3aKA3YHUKOB OYTHIIMPOBAaHHBIX MHHepaibHbiXx BOoA | = {1,2,3.45} u kakoe-ToO
KOJIMYEeCTBO mpennpuatuii mo ux Beimycky J = {1,2.3}. V moboro mnokymarens ecTb
(UKCHUPOBAHHBIN CIPOC HAa OYTHIIMPOBAHHYIO MUHEPAIBHYIO BOAY Pi, M Y JIFOOOTO MpennpusaTus
uMmeercs: (PUKCUPOBAHHAS MPOU3BOACTBEHHass MOUTHOCTH Mj. Taxke ectb (PUKCHpPOBaHHBIE
TPaHCIIOPTHBIE PACXO/IbI HA ITOCTABKY OAHON €UHHIIBI TOBAPA C MPOU3BOACTBA | MOKYNATEHO 1.

MatemaTudeckuM crocodoMm, 3Ty 3a1a4y ONTHMH3ALHUH MOKHO IPEACTABUTD CICAYIOIIIM
obpazom [2,3,4]:

Haxonum MuHUMyM:

L(x) = Yier Xjej CijXij (D
NIPU YCIIOBUSIX:
YiesXij =pi L €1, (2)
YierXij < M;,j €], (3)
xijZO,iEI,jE] (4)
Teneps, ycnosue 3anaun (1)-(4) MokHO 3amucathb B Buae cieayromeid Tadaunsl (Tadnmmuna
1).
Tabnuua 1 - Ycnosue 3amaun
MMOKYTIATENb |
TPAHCHOPTHBIE PACXOABI I |2 3 4 5 IIpousBoacTeeHHas
Cji MOLIHOCTb M
OyTUIHpPOBaHHAS 1[4 |5 6 8 10 500
MHHEpAJIbHAsA BOAA f 216 |4 3 5 8 500
319 |7 4 2 4 500
CHIPOC P 80 | 270 | 250 |160 | 180
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Peanuszauus nporpammsbl Ha si3bike Python[S].
NmnopT Oubnmorex:
Mpi1 Gynem ucnonb3osats Oubmmorekn NumPy i PulLP.
import numpy as np
p = {1:80, 2:270, 3:250, 4:160, 5:180}
M = {1:500, 2:500, 3:500}
1=11,2,3,4,5]
J=[1,2,3]
st per={(1,1):4, (1,2):6, (1,3):09,
(2,1):5, (2,24, (2,3)7,
(3,1):6, (3,2):3, (3,3)3,
(4,1):8, (4,2):5, (4,3)3,
(5,1):10, (5,2):8, (5,3)4
}
import pulp
x = pulp.LpVariable.dicts("amount of goods", ((i, j) foriin I forj in J), lowBound =0,
cat = 'Continuous')
ob = pulp.LpAftineExpression(e = [(x[i,j],st_per][i,j]) for i,j in x], name = 'selevaia
funcsia')
model = pulp.LpProblem(name = "minimizasia transportnih rashodov",
sense = pulp.LpMinimize)
model += pulp.lpSum(ob)
foriin[:
vrExpression = pulp.LpAffineExpression(e = [(x[i,j], 1) forj in J if (i,)) in x])
vrConstraint = pulp.LpConstraint(e = pulp.lpSum(vrExpression),
sense = pulp.LpConstraintEQ,
rhs = pli])
model.addConstraint(vrConstraint)
forjinJ:
vrExpression = pulp.LpAffineExpression(e = [(x[i,j], 1) forj in J if (i,)) in Xx])
vrConstraint = pulp.LpConstraint(e = pulp.lpSum(vrExpression),
sense = pulp.LpConstraintLE,
rhs = M[j])
model.addConstraint(vrConstraint)
#solver = pulp.solvers. GLPK _CMD(msg=1)
results = model.solve()
if model status == 1:
print('optimalnoe reshenie : %s' %opulp.LpStatus[model .status])
else:
print('Failed to find solution: %s' %epulp.LpStatus[model .status])
print('znachenie selevoi funcsii =', pulp.value(model.objective))
EPS =1.e-06
for (1,j) in x:
if x[1,j].varValue > EPS:
print("kolichestvo otpravlennix tovarov %10s s proizvodstva %3s k zakazchiku %3s"
% (x[1,j].varValue,j,i))
ITonyuum cneayromui OTBET:
optimalnoe reshenie : Optimal
znachenie selevoi funcsii = 3350.0
kolichestvo otpravlennix tovarov ~ 80.0 s proizvodstva 1 k zakazchiku 1
kolichestvo otpravlennix tovarov ~ 270.0 s proizvodstva 2 k zakazchiku 2
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kolichestvo otpravlennix tovarov 250.0 sproizvodstva 2 k zakazchiku 3

kolichestvo otpravlennix tovarov 160.0 sproizvodstva 3 k zakazchiku 4

kolichestvo otpravlennix tovarov 180.0 sproizvodstva 3 k zakazchiku 5

3ak/oyeHue

WTak, U3 onTMManbHOro peLleHns cnegyeT BbIBOA: MPU 3afaHHbIX YCNOBUAX 3agaum (2) -
(4), Mbl HawwK 3HaveHWe LeneBoin yHkumm L(x) = 3350.

B aToi cTaTbe 06Cyxganach 3ajaya MMHeNHOW ONTUMM3aL KN, KOTOPYH MOXHO PeLlmnTb C
nomoubto 6ubnmoteku PULP. CoOTBETCTBEHHO, MOXXHO NMPOTECTMPOBATL BbllLIEYKa3aHHbIA KOJ,
Ha Apyrux 3afayax onTUMMU3aLUM 1 NPOBepPUTL Pe3ynbTaThbl.
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