JIOJATOK A

['padiunnmii matepian kBanidikaiiiHoi poooTH
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Kadegpa EOM

Keanidikauilina pobota
Ha TEMY:

eToq plmenua 3anaqi

AKTyanbHicTb npo6emu

Bymaaxpemworouacymenmema BMTPAT Ha JOCTaBKY BaHTawKie €
AKTYaNbHOI NPOBAEMOIC ANA BENWKOT KinbkoCT mignpuemcre. 3i ﬁmumm.
obcarie BUpOBHMUTEA 3pPOCTAE CKNagHiCTh po3noginy pecypcis, rpaﬂcnop'rm
saooSu umqm: BUMKOPMCTOEYBaTMCh HEeedEeKTUBHO. Y 3B8°A3KY 3 UMM B oGnacnf-

TPaHCNOPTHOT NOricTMEM € notpeda y 3aCTOCYBaHHI aBTOMATM3OBAHMX CUCTEM
ana supiwenHs 3MT, 3 MeTo 3aowagKeHHa pecypcie.

¥ knacuuHomy BapiaHti 3MT €
HeoOMEXeHui  napk
TPaHCNOPTHMX 3acodie 1 KiHUEeBa
MHOMMHA  cnokusavie.  [loTpiGHo
noByaysatn Takuii HaBip mapwpyTis,
mo6 m KITEHTH 6ynu obcnyweni, a

MapwpyT
-Maﬂbca Ta 3aKIHYYETLCA B AENO.

mesmea [\
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AHani3 icHyl4YMX pilleHb
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lNocraHoBKa 3aaavi

Metowo poBotm € pospodka ridpmaHux MmeTogie BupiweHHs 3MT s
ypaxyBaHHAM ODMEXEHb Ha BaHTAHONIAMOMHICTE Ta YaCOBMX BIKOH, a TaKOXK
nporpamHa peanizayia po3podneHnx MmeTogie T2 NnpoeeAeHHA
EKCNEPUMEHTANbHUX 4OCAIAHKEHD.

Ana TecTyBaHHA Ta AOCAIAKEHHA anropuTMiE HeoOXigHO CTBOpUTH
NpOorpamMHMiA 3aCTOCYHOK, SKWI A03BONUTL:

* reHepysary 3MT 2 3agaHrmK NapameTpamm;

* HaNAWTOBYEATM NApameTpu po3pobneHux anroputmie Ta dyHKUIT ouiHKM
pilieHHS;

* 3anyckatu HabopM HANaWTOBAHWX ANTOPUTMIE Ana BupiweHHA Hadopie 3MT,
3  MOMAMBICTIO NOAANLWOre nNepernsgy Ta NOPIBHAHHA  OTPUMMAHMUX
pesynbTarie podoTu;

* OTPUMYBaTHM AeTanbHy iHdopmauilo npo BHYTPIWHK poboty obpaHoro
AnropuUTMY.
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FeHeTUYHUM ANrOPUTM

Drvares polare

¢

- Dahla MOATA DUSETLMAN IaeTY

¢

Crnepuons vuinoect oeay sl

S aposrwy el aom s SacrecyRAmRE sevpiropis
S spenpls nmea e ey Baw
azcopuray? ‘
'“.l TICTOCYRANNE SEwpas opés My Tl
N, polore Outmscs scolien pereos|
ey sacll
" W Clnpas Tex | Sasehms coofammo mrpamol |

"'*:;"':z"u ——Drocalens wiln paace o ofease 8
'°°-u" .N“M' AT R o

;.,‘|, :

Dopnnsamce wonal noas sanll

BukopucTaHi anroputMu gnsa redepadil
NO4YaTKOBO1 nonyasauil

HMagibHui anropuTm - 3aCHOBaHWIA Ha BMOOPI HAWKPaAWOEro NOKANBHOMO
PIESHHA Ha KOXHOMY €Tani NowWyKy rnobanbHOro pilleHHa.

Mogudikayia xagibHOro anropuTMmy - 3acHOBaHa Ha Makcumizauii
3aBAHTAKEHHA TPAHCNOPTY BAHTAXKEM, HE BPAXOBYIOUM BAPTOCTI NEPEMIlSHb.
Anroputm 36epewenb (metog Knapka-Pairta) - sacHosaHwit Ha npoueci
3/MTTA KOPOTWMX MapwpyTie y Oinbw A0Bri, SKWMIA NPOBOAWMTBCA AOKU €
MOMMBICTD 3MEHWMTH CYMapHY BapTicTe 00713ay.

Metoa rinok 3 BiAcCiKaHHAM - 33CHOBaHMM Ha YacTKOBOMY nepedopi

MHOMMHM ZONYCTUMMX PilleHb 3 BIACIIOBAHHAM MIAMHOMMUH, WO 33BIA0OMO HE
MICTATE HAMKOPOTIWOro PilleHHA.
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KpocuHrosep

B pobori sukopuctanmin PMX-kpocunroeep (awrn. Partially Mapped
Crossover) - meToa cxXpewysaHHA, WO CTEOPIOE HAWaAKie waaxom subopy
YacTUHKM NOCNIAOBHOCTI €NeMEeHTIE Big oaHoro Gartbka Ta 20epirae Nopsgok i
NONOHEHHA AKoMOra DiNblUCT KINbKOCTI €enemMeHTiE Big iHworo Garbka. YactuHa
NOCAIAOBHOCTI €NeMEeHTIE 0OMPaETLCA WAsXoM BnDOpY AEOX BUNAAKOBMX TOYOK
po3pisy {aKi € mexamu oBpaHol NOCAIZOBHOCT).

Baruxincara ocofuma Nel
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> |93 |2 g 567l 1|8
E 4
9| 3 |'T |82 06027 1|4
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MyTauis
IHBEepCcHa MyTawia:
- —m __j = ] e —
1|2 |3 &S slr] s |0 > 1123 Flels]4]s 9]

3CyE NIAMHOXMWHM BEPLUMH B MEXKAX 0AHOrO MapLIpyTy:
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}",' o =t -
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112314567 ]8 0

OBMiH NIAMHOMKMHAMM BEPLIMH MiZK PISHUMM MAPLWPYTaMK OQHOrO PilLEHHA:

|12 |3 |4|5|6|7|8|9|  [1|23{15)16547|6 |7 8|9

1011 12 1314 4|5 18
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110 111213 14 1516]17 18
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OuiHKa 3HauaeHMUX pilleHb

Ana ouiHku 3HaRASeHUX pilleHb BUKOPUCTOBYETHCA ditHec-dyHKuia (1), gka
BPAxoOBYE CyMapHy BapTiCTb NEepeMilleHb, HaNOBHEHICTL  BaHTAKEM
TPAHCNOPTHUX 3acoBiB, AOTPUMAHHA YACOBMX BIKOH Ta KiNbKICTE MaplpyTis.

+mM__ +kK

f=c . C ; -d'uD NN ‘1)

X Koo nexh Ao

88 Cuoup s Dives s Misess Kiosp, - KOSDILIEHTH, WO BNAMBAIOTL HA 3HAYMMICTL
XapaKkTepUCTUK OTPUMAHOIO PIlLEHHS;

C.. - 3aranbHa BapTiCTb NEPEMIEHb Y PIlIESHHI;

d... - 3aranbHuit oBCar BINbHOTO MiCUS Y BCIX TPAHCNOPTHMX 3acobis;

117 - KiAbKICTE MaplpyTiE ¥ pilleHHi;

k - KiNbKICTE BEPIWMH, AN3 SKMX ODCNYroByBaHHA BiADYEAETLCA 33 MEHKaMH
YaCOBOro BikHa.

MypalwmHUU anropmuTm

Howaton: polors

¢

Dosha sbannis soearaonny sanns

Sn aecano ek oxmw 3~ Hi Inavesaenns ycmmumo‘ i
_ sperepls nwman _b Ay pRaLon & R0 vouil |
. amepamat - = & .
'.,1 Ombucs sadanen peoea, |
b .
Riwem. pobomn Pemnienns $eporconin
b .
Badrapom samnn Seporecitin 1

[avkeas caofarnm wallapatzors | Tax W ¢ madacpame =
| ke e o a < pEeER & DT oe .
| T oacaeudi rwdanss -

malspamne? -

P P
® Deroadh ot xaul

Hi|
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Mypaxu

PeanizoeaHuii MyPaWMWHWIA anropuTM A03BOMAE BUMKOPUCTOBYBaTH Oinblue
OAHOMD TUMY Mypaxu OAHOYACHO 1 OKPEMO ANA KOMHOMO TUMY HaNalWTOBYBATH

napamMeTpu.
BUKOPUCTOBYIOTHCA HACTYNHI TUNK Mypax:

KnacuuHa - Ha KOXHOMY €Tani poboTi OOMPaE BEPWMHY 3 YCIX AOCTYNHMX.
Bubip BigbyEaETbcs Ha OCHOBI PO3paxoBaHMX MMOBIPHOCTEN NEPEXoay B KOMHY
BEPLMHY.

EnitapHa - Ha KOKHOMY eTani poboTu oOuMpac BEpWMHY 3 HaMDIALLLOKD
MMOBIPHICTIO Nnepexoay B Hel.

Panrosa - poznunioe $GEPOMOH B 3aNSKHOCTI Big paHry 3HaMgeHoro
pileHHA.

JlinBa - Ha KOXHOMY eTani podoTv Anas BMOODY HACTYNHO! BESPLIMHM
PO3rNA4aEThCa TINbKM YACTMHA BEPLUMH.

Po3paxyHOK MMOBIpHOCTiI nepexoay

Po3paxyHOK MMOBIPHOCTI Nepexoay 3 NOTOYHOT BEPLWMHM Y KOMHY HACTYNHY
34INCHIOETBCA 3a hopmynoio (2).

a7
Py= ot — @)

U n
o, g
Z Tallin X

=l
ae Pj; - MMOBIpHICTL Nepexoay 3 NyHKTY i B NYHKT j;
T - KinbkicTe epOMOHY Ha WANAXY;
17 - BEAWYMHA 3BOPOTHA BAPTOCTI NEPEMILEHHS;
a, B - KOHCTaHTI 3HAYEHHA, WO € NAPAMETPaMK MypPaxK;
X - BiHapHa 3MiHHA, WO NOKA3YyeE, YM AOCTYNHA BEPLIMHA ANA NEPEMILLEHHS;

N - 3aranbHa KiNbKICTb BEPWMH.
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NapameTpu 3MT

Ana npoeegeHHA eKCNepUMEHTIE Oynu BMKOPUCTaHI 3reneposani 3MT, aki
ONMUCYIOTBCA NOBHO3B a3HMMM rpadamu, wo cknagatoteca 3 200, 400, 600, 800
ta 1000 sepwwmH.

KomHa sreHepoeana 3MT mae HacTynHi napameTpum:
* BAaHTAKONIAMOMHICTE KOMHOro TpaHcnopTHoro sacoty 3000;
* BApTICTh NEPEMIWEHHS MiX JBOMA BY3naMu NexuTe B gianazodi eig 1 go
2000, maTpuua - aCUMETPUYHA;
* noTpedu KNIEHTIB ¥ BaHTaXI Nexarts B gianasoi sig 1 ao 1000;
* Yac NepeMilleHHa MK ABoMa By3namu B mexax sig 1 go 1000;

* KOMEH KMIEHT MAE YyacoBe BIKHO, AKE BCTAHOBAKETLCA B Aianazodi sig 1 go
3000, npoTaxkHicTe Yacosoro sikHa B mexax sig 1 go 2000.

MapameTpu A

B pobori A HanawToBaHMIit HACTYNHUM YUHOM:
* AnA reHepauii NoYaTtkoBOoT NoNyNaull BMKOPMCTAHO KadiOHui anroputm Ta
moaudikauio Ha Moro ocHoei, anroputm Knapka-Paitta, MeTO4 rinoK Ta MeX;

* ANnA cXpeulysaHHAa 3actocosyeTbca oneparop PMX. MligMHOMMWHA BeplimMH
KOMEH pas reHepyeThca B mexkax sig 2 go 10;

* gnbip DartbkiBCcbKMX 0CcOOMH BIAOYBAETLCA WANAXOM TypHipHOro Bigbopy 3 3
YYACHUKIB TYPHIpPY;
* BMKOPMCTOBYIOTBCA TPW TUMM MyTauli: iHBEpCHa, BMNAAKOBa NEPECTAHOBKA
BEPWWH B OAHOMY Mapwpyti Ta o0OMiH NIAMHOMWH BEPIWMH MK PisHMMM
mapwpytamu. 3 imosiprictio 0.1, 0.1 1a 0.4 signosigHo.

Ana ouinku piweHb 3actocosyeTbea ditHec-hyHkuia (1) 3 HacTynHWMMK

koediuientamm: Cons = 0.1, Dy = 1, Mypas. = 100, Koo = 10.
Pesynbratn dikcyeanucs npu AOCArHEHHI OAHOMO 3 KPMTEPIIE 3YNMHEM:

anroputm eukoHae 5000 irepauin ado 150 ©Ges nokpaweHHa nNOTOYHOrO

HalKkpaworo pileHHs.
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MapameTpu MypaluMHOro anropuTmy

B aaniit poBoTi MypalmHi aNrOpUTMM HANAWTOBAHI HACTYNHWUM YUHOM:
* MNOYATKOBA KiNbKICTE HEepOMOHY Ha KOXKHOMY NepemiweHHi 1;
* roediuieHT sunaposysaHHa 0.2;
* KOHCTaHTW a 1a B maroTe 3HavenHs 0.9 Ta 1.1 eignoeigHo;
* moaudikarop 6amsbrocti 300;
* mogudikatop posnuaeHHa depomorie 50000;
* Kinekicte mypax 40.

Peszynbratn dikcyeanuca npu gocarHeHHI OAHOMC 3 KPUMTEPIE SynuHKM:
anroputm BukoHas 1000 irepauinn abo 200 ©e3 nOKpauwle€HHR NOTOYHOro
HaWKpaWoro pilleHHs.
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AHani3z po6oTu pisHOBMUAIB MypaLUIMHUX
anropwrMiB
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BukopucTaHi TexHonorii ta 3acoou
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BucHOBKMU

B pobfori gocnigkeno ridpuani nigxoau ana piwends 3MT, sacHoeaHi Ha
MYyPaWMHUX aNropuTMax 3 PisHMMM TUNaMu mMypax, Ta Ha noegHandi [A Ta
KNacuuHux anroputmie. Hanbinbwy TOYHICTE Ta WEMAKOAID, Y NOPIBHAHHI 3
HWWMK Migxogamu, sadezneuye ridpuamsadis A 1a mogudikauii xapibHoro
anroputmy. MypawuHi anroputmu noTpedyioTe B Aekinbka pasie Dinblie yacy
ana supiwennda 3MT, ritk A, wo pobute HegoUinbHMM TX BUKOPUCTaHHS.

Ana TecTyBaHHA Ta HaNaroAKeHHA ANrOPUTMIE PEanizoBaHO NpPOrpaMHMiA
33CTOCYHOK 3 rpadiuHmm iHTepdeicom KOPUCTYBaYa, WO A03BONSE rEHEpyBaTH
3MT 2 3agaHMMm napameTpamu, NPoBOAWTM 3anyck Habopie anroputmis ana
BUpileHHs chopmoBaHMx HabopiB 33434 Ta NEPEernsgaTtv OTPUMaHI pesynLTaTH.

Pesynbratn pobotu Oynm onybnikosaHi & ypHani «Cucremu ynpasaiHHA,
Hagirayii ta 3g’asky» Ta NPeACTAaBAEH] B pamKax ASE'ATOl MiXHApPOAHOT HAYKOBO-
TEXHIYHOT KoHdepeHuil «[Ipodaemu iHdopmaTusauii».
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JIOJIATOK B
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UMVL-niarpamu KjaciB po3po0JIeHUX aJITOPUTMIB

Route

=<Enum== AlgorithmType

VrpMap

+Nodelds: List<int=

+DeliveredResources: int

+Add(int, resources) : Route
+Finish() : Route

+CreateRouteFrom(int) : Route

+Merge(Route) : Route
+Clone() : Route

Greedy
MaxPacker
Savings
BranchAndCut
Genetic

AntColony

+Nodes: List<Node=
+Weight: double[][]
+Time: double[][]
+MaxTruckCapacity: int
+MaxTruckCount: int

+RandomWeight: bool

Solution

Node

+Id: int
+Type: NodeTvpe
+RequiredResources: int

+TimeWindow: TimeRange

—t ¢

+Routes: List=Route=

<<Interface>> [Algorithm

+Type: AlgorithmType

+GetSolution(): ISclution

+FinishAndAddRouteIfNeeded(Route)

v

=<Inferface== ISolution

+FitmessValue: double

+Clone(): [Selution

+SetMap(VrpMap): IAlgorithm
+Reset(): [Algorithm
+WithCollectStats(): IAlgorithm

GreedyAlgorithm

TimeRange <=Enum=> NodeTvpe
+MinTime: int Depot
+MaxTime: int Consumer
MinElements

+OtherIndex: int
+Valuel: double

+Value2: double

+TrvSetValue(int, double)

¢

-SelectionCount: int

BaseAlgorithm

MatrixResult

-IsInTimeWindow(TimeRange, double): bool
-IsResourcesEnough(Node, int): bool

#Map: VrpMap

#CollectStats: bool

+Sum: double

SavingsAlgorithm

-BuildInitialRoute(Node): Route
-GetSavings(): [Enumerable=Savingltem=
-SatisfyFirstCondition(Savingltem, Route): bool
-SartisfySecondCondition{SavingItem, Route, Route): bool
-CheckNodeId(int, Route): bool
-Satisfy ThirdCondition(Route, Route): bool

I

+MinElementsByI: Dictionarv<int, MinElements:=

+MinElementsByJ: Dictionary<int, MinElements=

BranchAndCutAlgorithm

-Availablels: List<int=
-AvailableJs: List<int=

-InitMatrix(): double[][]

-SolveMatrix(double[][].

-GetRequired Transitions(): Dictionary<int, int=

int?, int?): MatrixResult

-SelectZeroElement(double[][], MatrixResult, int?): (int, int)
-CopyMatrix(double[][].

double[][])

-MakeSolution(Dictionary<int, int=): Solution

Savingltem

MaxPackerAlgorithm

+Nodel: int
+NodelJ: int

+5aving: double

-EstimateCount(int): int
-PackNodesTo(List=<Route=, int, [Enumerable=Node=): List<int=
-MakeFirstTryToPackNode(IReadOnlvList=Route=>, int, int. int): int?
-MakeSecondTryToPackNode(Node, List=Route=): bool




MutationInfo GeneticInfo ClassicAlgorithmInfo SelectorType
+Type: MurtationType +MaxGenerations: int +GreedySelectionCount: int? TakeFirst
+Probability: double +MaxGenerationFailures: int Tour

Q +InitialSolutions: int SelectorInfo Roulette
+ClonelInitialSolutions: bool *Type: SelectarType Pan)Mix

MutationType +ClassicAlgorithmType: AlgorithmType ~Count: inc? InBreeding

Tverse +ClassicInfo: ClassicAlgorithmInfo +TournamentParticipants: int?
SwapInRoute +PopulationSelector: SelectorInfo c j j ]
SwapBetmeenRoutes +ParentsSelector: SelectorInfo e .cm SSD.‘ S
+Type: CrossoverType SinglePoint
BasedlgorithmsStare +Crossovers: List=CrossoverInfo= +Probability: double Cycle
+GenerationFailures: int Huations: Lit=Mutation nfe= +MaxSubRouteNodes: ini? PartiallyMapped

+(CenerationIndex: int
+CurrentPopulation: Population

+BestSolution: Solution

+NewPopulation(): Population
+ChangeBestSolution(Solution)

+IncrementPopulationFailures()

A

GeneticAlgorithmState

#Stats: GeneticAlgrorithmStats

Q

BaseGeneticAlgorithm

<J.____

StandardGeneticAlgorithm

#Info: GeneticInfo

#State: GeneticAlgorithmState
#ClassicAlgorithm: IAlgorithm
#Fitness: IFitness
#PopulationSelector: ISelector
#ParentsSelector: [Selector
#Crossovers: List<ICrossover=

#\utations: List<IMutation=

+BuildNew(): BaseGeneticAlzorithm

ISelector

+Type: SelectorType

+3elect(Population): IEnumerable=Solution=

+Clone(): GeneticAlgorithmState

L

GeneticAlgrorithmSrats

NewPopulationTime: TimeSpan
SelectedForMutation: int

MutatedCountBylId: Dictionary<long. inr=

MutationTicksById: Dictionary=long, long=

SelectedForCrossover: int

CrossedCountById: Dictionary<long. int>

CrossoverTicksById: Dictionary<long, long=

TotalFitnessTime: TimeSpan

TotalSortingTime: TimeSpan

Basedlgorithm

#CollectStats: hool

+SetClassic{IAlgorithm): BaseGeneticAlgorithm

+SetFitness(IFitness): BaseGeneticAlgorithm
+SetPopulationSelector(ISelector): BaseGeneticAlgorithm
+SetParentsSelector(ISelector): BaseGeneticAlgorithm
+SetCrossovers(List<ICrossover=): BaseGeneticAlzorithm

+SetMutations(List<IMutation>): BaseGeneticAlgorithm

#InitComponents()
#Init()
#NextPopulation()
#MakeNewPopulation()
#MakeMutation()
#MakeFitness()

#MalkeSorting()

#C1 BestSolutionIfNeeded()

92

+SetMap(VrpMap): ISelector
[>| +Reset(): [Selector
A A A
PanMixSelector TakeFirsiSelector
-Count: int? ! |-Count: int?
InBreedingSelector TournamentSelector
-Count: int? -Count: int?
-Participants: int?
RouletteSelector
-Count: int?

#Map: VrpMap SRR

IMutation

+Type: MurtationType

BaseMutation

N +Probability: double

#\Map: VrpMap
#Info: MutationInfo

+Mutate(Solution)

#TryGetRandomAvailableRoute (Solution, out route): bool

+Reset(): IMutation

+SetMap(VrpMap): IMutation

ICrossover

+TIype: CrossoverType

+Praobability: double

+Cross(Solution, Solutien): Solution

+SetMap(VrpMap): ICrossover

+Reset(): ICrossover

A

BaseCrossover

#Map: VrpMap

#Info: CrosseverInfo

SwapBetweenRoutesMutation

-GetFirstIndexAmountAndRes(Route): (int, int, int)
-TryGetSecondRoute{Solution, Route, int, int, our Route): bool
-SatisfvEesourceCondition(route. int. int): bool

-GetSecondIndexAmountAndRes(route, int, int): (int, int, inf)

| SwapInRouteMutation

#ParentAsArray(Solution): int[]
#MakeChild(int, Func<IEnumerable<int==): Solution

#ChildNodes(int[]. Dictionary<int. int=): IEnumerable<int=

o

PartiallyMappedCrossover

-MaxSubRouteNodes: int

+PartiallyMappedIndexes{int[], mt[], int, int): Dictionary<int, int>

| InverseMutation

CycleCrossover

-CycleIndexes(int[], int[]): HashSet<int=

SinglePointCrossover
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AntColonyStats

AntColonyState

BaseAlgorithmState

InitPheromonesTime: TimeSpan
TotalFitnessTime: TimeSpan
TotalDispersionTime: TimeSpan

TotalEvaporationTime: TimeSpan

+Pheromones: double[][]

| #Stats: AntColonyStats

+GenerationFailures: int

-[>| +GenerationIndex: int

+InitPheromones(int, double)

+Clone(): AntColonyState

+CurrentPopulation: Population

+BestSolution: Solution

TotalTimeByAntInfold: Dictionary<long, TimeSpan= ‘

Basedlgorithm

#Map: VrpMap

#CollectStats: bool

AntColonyInfo

+NewPopulation(): Population

+ChangeBestSolution(Solution)

BaseAntColonyAlgorithm

+IncrementPopulationFailures()

""""""" #Info: AntColonyInfo

#5tate: AntColonyState
#RankingsEnabled: bool
#Fimess: [Fitness

#Ants: List=TAnt=

+MaxGenerations: int
+MaxGenerationF ailures: int
+InitialPheromone: double
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Jlictuar 1 — daiin 1Algorithm.cs

using VRP.Model.Algorithms.Solutions;
namespace VRP.Model.Algorithms.Base

{

public interface IAlgorithm<in TMap, out TSolution>

where TMap : class

where TSolution : ISolution<TSolution>

{
AlgorithmType Type { get; }
TSolution GetSolution{() ;

IAlgorithm<TMap, TSolution> SetMap (TMap map) ;
IAlgorithm<TMap, TSolution> Reset ()
IAlgorithm<TMap, TSolution> WithCollectStats()

}
}

Jictuur 2 — daiin BaseAlgorithm.cs

using VRP.Model.Algorithms.Solutions;
namespace VRP.Model.Algorithms.Base

{

public abstract class BaseAlgorithm<TMap, TSolution>

IAlgorithm<TMap, TSolution>
where TMap : class

where TSolution : ISolution<TSolution>

{

public abstract AlgorithmType Type { get; }

protected TMap Map = null!;
protected bool CollectStats;
public virtual IAlgorithm<TMap,
{

Map = map;

return this;

}

public virtual IAlgorithm<TMap,
{

Map = null!;

CollectStats = false;

return this;

}

public virtual IAlgorithm <TMap,

TSolution> SetMap (TMap map)

TSolution> Reset ()

TSolution> WithCollectStats ()
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{

CollectStats = true;

return this;

}

public abstract TSolution GetSolution () ;
}

}

Jictunr 3 — daiin GreedyAlgorithm.cs

using System.Ling;

using VRP.Common;

using VRP.Model.Algorithms.Base;

using VRP.Model.Algorithms.Solutions;

using VRP.Model.Map;

namespace VRP.Model.Algorithms.Classic

{

public class GreedyAlgorithm : BaseAlgorithm<VrpMap, Solution>
{

public override AlgorithmType Type => AlgorithmType.Greedy;
private readonly int selectionCount;

public GreedyAlgorithm(int selectionCount = 1) =>
_selectionCount = selectionCount;

public override Solution GetSolution ()

{

var availableConsumers = Map.Nodes.Where (x =>

x.IsConsumer) .ToList () ;

var solution = new Solution();
var route = Route.CreateRouteFrom (Map.DepotId):;
var routeTime = 0d;

while (availableConsumers.Count > 0)

{

var availableCapacity = Map.MaxTruckCapacity -
route.DeliveredResources;

var prevNodelId = route.Nodelds.Last();

Node[] nextNodes = null;

var nextNodesWithTimeWindows = availableConsumers
.Where (x => IsResourcesEnough(x, availableCapacity))
.Where(x => IsInTimeWindow (x.TimeWindow, routeTime +
Map.TimeMatrix [prevNodeId] [x.Id]))

.OrderBy (x => x.TimeWindow.MaxTime)

.ThenBy (x => Map.Weight[prevNodeId] [x.Id])

.Take (_selectionCount)

.ToArray () ;

if (!'nextNodesWithTimeWindows.IsNullOrEmpty ())

nextNodes = nextNodesWithTimeWindows;

if (nextNodes == null)

{

var nextNodesWithoutTimeWindows = availableConsumers
.Where (x => x.TimeWindow == null)

.Where (x => IsResourcesEnough (x, availableCapacity))



.OrderBy (x => Map.Weight [prevNodeId] [x.Id])

.Take (_selectionCount)

.ToArray () ; if
(!nextNodesWithoutTimeWindows.IsNullOrEmpty ())
nextNodes = nextNodesWithoutTimeWindows;

nextNodes ??= availableConsumers

.Where (x => IsResourcesEnough(x, availableCapacity))
.OrderBy (x => Map.Weight [prevNodeId] [x.Id])

.Take (_selectionCount)

.ToArray () ;

if (nextNodes.Length == 0)

{

solution.FinishAndAddRouteIfNeeded (route) ;

route = Route.CreateRouteFrom (Map.DepotId) ;

routeTime = 0;

}

else

{

var nextIndex = ConcurrentRandom.Next (0, nextNodes.Length);
var nextNode = nextNodes|[nextIndex];
availableConsumers.Remove (nextNode) ;

route.Add (nextNode.Id, nextNode.RequiredResources ?7? 0);
routeTime += Map.TimeMatrix[prevNodeId] [nextNode.Id];
}

}
solution.FinishAndAddRouteIfNeeded (route) ;

return solution;

}

private static bool IsInTimeWindow (TimeRange window, double
routeTime) =>

window !'= null && window.MinTime < routeTime && window.MaxTime
routeTime;

private static bool IsResourcesEnough (Node node, int
availableCapacity) =>

node.RequiredResources <= availableCapacity;

}

}

Jlictunr 4 — ®aiin MaxPackerAlgorithm.cs

using System.Collections.Generic;

using System.Ling;

using VRP.Model.Algorithms.Base;

using VRP.Model.Algorithms.Solutions;

using VRP.Model.Map;

namespace VRP.Model.Algorithms.Classic

{

public class MaxPackerAlgorithm : BaseAlgorithm<VrpMap,
Solution>

{

public override AlgorithmType Type => AlgorithmType.MaxPacker;
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public override Solution GetSolution()

{

var totalRes = Map.NodesWithoutDepot.Sum(x =>
x.RequiredResources! .Value) ;

var estimatedCount = EstimateCount (totalRes) ;

var finalRoutes = new List<Route> (estimatedCount) ;
var notPacked = PackNodesTo (finalRoutes, estimatedCount,

Map.NodesWithoutDepot) ;
while (notPacked.Count > 0)
{

totalRes = notPacked.Select (x => Map.Nodes[x]) .Sum(x =>

x.RequiredResources! .Value) ;
estimatedCount = EstimateCount (totalRes) ;

notPacked = PackNodesTo (finalRoutes, estimatedCount,

notPacked.Select (x => Map.Nodes([x]));

}

foreach (var route in finalRoutes)
route.Finish () ;

return new Solution (finalRoutes);

}

private int EstimateCount (int totalRes)

{

o)

var lastRouteCount = totalRes % Map.MaxTruckCapacity != 0 2?2 1

0;

return totalRes / Map.MaxTruckCapacity + lastRouteCount;

}

private List<int> PackNodesTo (List<Route> finalRoutes, int

routesCount, IEnumerable<Node> nodes)

{

var routes = new List<Route> (routesCount);
var notPackedOnFirstTry = new List<int>();
var routelIndex = 0;

foreach (var node in nodes.OrderByDescending(x =>

x.RequiredResources))

{

if (routelIndex >= routes.Count)

routes.Add (Route.CreateRouteFrom (Map.DepotId)) ;
var res = node.RequiredResources!.Value;

var addedIndex = MakeFirstTryToPackNode (routes, routelndex,
node.Id, res);

if (addedIndex == null)

notPackedOnFirstTry.Add (node.Id);

else if (addedIndex == routelndex && ++routelndex >=
routesCount)

routeIndex = 0;

}

finalRoutes.AddRange (routes) ;

var notPackedOnSecondTry = new List<int>();

foreach (var nodelId in notPackedOnFirstTry)

if (!'MakeSecondTryToPackNode (Map.Nodes[nodeId], finalRoutes))

notPackedOnSecondTry.Add (nodeld) ;
return notPackedOnSecondTry;

}
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private int? MakeFirstTryToPackNode (IReadOnlyList<Route> routes,
int routelIndex, int nodeld, int res)

{

for (var i = routelndex; 1 < routes.Count; i++)

{

var route = routes[i];

if (route.DeliveredResources + res > Map.MaxTruckCapacity)
continue;

route.Add (nodelId, res):;

return 1i;

}

return null;

}

private bool MakeSecondTryToPackNode (Node node, List<Route>
routes)

{

var neededRes = node.RequiredResources!.Value;

foreach (var routel in routes)

foreach (var route2 in routes)

{

if (routel == route?2)

continue;

var resl = Map.MaxTruckCapacity - routel.DeliveredResources;
var res2 Map.MaxTruckCapacity - route2.DeliveredResources;

if (resl + res2 < neededRes)
continue;
for (var i = 1; i < routel.Nodelds.Count; i++)

{
var nodel = Map.Nodes[routel.NodeIds[i]];

for (var 7 = 1; j < route2.NodeIds.Count; j++)

{

var node?2 = Map.Nodes[route2.NodeIds[j]];

var newResl = (routel.DeliveredResources -
nodel.RequiredResources + node2.RequiredResources) !.Value;
var newRes2?2 = (route2.DeliveredResources -
node2.RequiredResources + nodel.RequiredResources) !.Value;
if (newResl > Map.MaxTruckCapacity || newRes2 >
Map.MaxTruckCapacity)

continue;

Route selectedRoute;

if (newResl + node.RequiredResources!.Value <
Map.MaxTruckCapacity)

selectedRoute = routel;

else if (newRes2 + node.RequiredResources!.Value <
Map.MaxTruckCapacity)

selectedRoute = route?Z;

else

continue;

routel .NodelIds[i] = node2.Id;
route?2.NodelIds[]j] = nodel.Id;
routel.DeliveredResources = newResl;
route2.DeliveredResources = newRes2;

selectedRoute.Add (node.Id, node.RequiredResources!.Value);



return true;
}

}

}

return false;
}

}

}

Jlictunr 5 — daiin SavingsAlgorithm.cs

using System.Collections.Generic;

using System.Ling;

using VRP.Model.Algorithms.Base;

using VRP.Model.Algorithms.Solutions;

using VRP.Model.Map;

namespace VRP.Model.Algorithms.Classic

{

public class SavingItem

{

public readonly int NodeI;

public readonly int NodedJ;

public readonly double Saving;

public SavingItem(int nodeI, int noded, double saving) =>
(NodeI, Noded, Saving) = (nodel, nodedJ, saving);

}

public class SavingsAlgorithm : BaseAlgorithm<VrpMap, Solution>
{

public override AlgorithmType Type => AlgorithmType.Savings;
public override Solution GetSolution()

{

var routeByNodeId = Map.NodesWithoutDepot

.Select (BuildInitialRoute)

.ToDictionary(x => x.Nodelds.First(y => y != Map.DepotlId), x =>
x);
foreach (var savingItem in GetSavings () .OrderByDescending (x =>

X.5aving))

{

var routel routeByNodeId[savingItem.Nodel];

var routed = routeByNodeld[savingIltem.NodeJ];

if (! (SatisfySecondCondition (savingltem, routel, routed)
&& SatisfyThirdCondition (routelI, routed)

&& SatisfyFirstCondition (savingItem, routel)))

continue;

routel.Merge (routed) ;

foreach (var nodelId in routeJ.NodelIds)
routeByNodeId[nodeId] = routel;

}

return new Solution (routeByNodelId.Values.Distinct () .ToList()):;

}

private Route BuildInitialRoute (Node node) =>
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Route

.CreateRouteFrom (Map.DepotId)

.Add (node.Id, node.RequiredResources ?? 0)
.Finish () ;

private IEnumerable<Savingltem> GetSavings ()

{

for (var i = 0; 1 < Map.NodeCount; i++)
for (var j = 0; J < Map.NodeCount; j++)
{

if (L == 3 [| 1 == Il J == 0)

continue;

var saving = Map.Weight[i] [Map.DepotId] +
Map.Weight [Map.DepotId] [J] - Map.Weight[i][]]-
yield return new Savingltem (i, j, saving);

}

}

private bool SatisfyFirstCondition (SavingItem item, Route
routeI) => !routel.Nodelds.Contains (item.NodedJ) ;

private bool SatisfySecondCondition (SavingItem item, Route
routel, Route routed) =>

CheckNodeId (item.NodeI, routel) && CheckNodelId (item.Nodeld,
routed) ;

private bool CheckNodeId(int nodeId, Route route) =>

nodeId == route.NodelIds[1l] || nodeId == route.NodelIds["2];
private bool SatisfyThirdCondition (Route routel, Route routeld)
=> routel.DeliveredResources + routeJ.DeliveredResources <=
Map! .MaxTruckCapacity;

}

}

Jictuur 6 — daiin BranchAndCutAlgorithm.cs

using System.Collections.Generic;

using System.Ling;

using VRP.Common;

using VRP.Model.Algorithms.Base;

using VRP.Model.Algorithms.Solutions;

using VRP.Model.Map;

namespace VRP.Model.Algorithms.Classic

{

public class BranchAndCutAlgorithm : BaseAlgorithm<VrpMap,
Solution>

{

private class MatrixResult

{

public double Sum;

public readonly Dictionary<int, MinElements> MinElementsByI;
public readonly Dictionary<int, MinElements> MinElementsByJ;
public MatrixResult (int countI, int countd)

{

MinElementsByIl = new Dictionary<int, MinElements> (countI);



101

MinElementsByJ = new Dictionary<int, MinElements> (countd);
Sum = 0;

}

}

public override AlgorithmType Type =>
AlgorithmType.BranchAndCut;

private List<int> availablels = null!;

private List<int> availableJs = null!;

public override Solution GetSolution ()

{

var requiredTransitions = GetRequiredTransitions();
_availableIs = null!;
_availableds = null!;

return MakeSolution (requiredTransitions);

}

private Dictionary<int, int> GetRequiredTransitions ()
{

_availableIs = new List<int>(Map.NodeCount -
Map.DepotIds.Count);

_availableJs = new List<int>(Map.NodeCount -
Map.DepotIds.Count) ;

foreach (var node in Map.NodesWithoutDepot)

{

_availablelIs.Add (node.Id);

_availableJs.Add (node.Id);

}

var leftMatrix = InitMatrix():;
var rightMatrix = InitMatrix();
var requiredTransitions = new Dictionary<int,

int> (Map.NodeCount) ;

var (zerol, zeroJ) = SelectZeroElement (leftMatrix,
SolveMatrix (leftMatrix));

var isLeft = true;

while ( availableIs.Count > 1)

{

if (isLeft)

CopyMatrix (rightMatrix, leftMatrix);

else

CopyMatrix (leftMatrix, rightMatrix);

leftMatrix[zerod] [zerol] = double.PositiveInfinity;

var leftResult = SolveMatrix(leftMatrix, zerol, zerod);
rightMatrix[zeroI] [zeroJ] = double.PositiveInfinity;

var rightResult = SolveMatrix (rightMatrix) ;

isLeft = leftResult.Sum <= rightResult.Sum;

if (isLeft)

requiredTransitions.Add (zerol, zerod);
availableIs.Remove (zerol);

_availableJs.Remove (zerod) ;

(zerol, zeroJ) = SelectZeroElement (leftMatrix, leftResult,
zerol, zerod);

}

else
(zerol, zerod)

SelectZeroElement (rightMatrix, rightResult);
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}

foreach (var 1 in availablels)

foreach (var j in _availableJs)

{

if (requiredTransitions.ContainsKey(i))
continue;

requiredTransitions.Add (i, 7Jj);

}

return requiredTransitions;

}

private double[][] InitMatrix()

{

var matrix = new double[Map.NodeCount] [];
foreach (var i1 in _availablels)

{

matrix[i] = new double[Map.NodeCount];
foreach (var j in _availableJs)
matrix[i][j] = 1 != 7 ? Map.Weight[i][]]

double.PositiveInfinity;

}

return matrix;

}

private MatrixResult SolveMatrix (double[][] matrix, int?
disabledI = null, int? disabledJ = null)
{

var result = new MatrixResult( availableIs.Count,
_availableJs.Count);

#region Rows

foreach (var i1 in _availablels)

{

if (disabledI == 1)

continue;

var minElements = new MinElements

{

Valuel = double.PositiveInfinity,

Value?2 = double.PositiveInfinity,

i

foreach (var J in _availableJs)

{

if (disabledJ == 7)

continue;

minElements.TrySetValue (j, matrix[i][]])
}

foreach (var J in _availableJs)

{

if (disabledJ == 7)
continue;
matrix[i] [j] -= minElements.Valuel;

}
result.MinElementsByI.Add (i, minElements);
result.Sum += minElements.Valuel;

}

#endregion



#region Columns

foreach (var j in availabledJs)

{

if (disabledd == 9)

continue;

var minElements = new MinElements
{

Valuel = double.PositivelInfinity,
Value? double.PositiveInfinity,
i

foreach (var i1 in _availablels)

{

if (disabledI == 1)

continue;
minElements.TrySetValue (i, matrix[i][]])
}

foreach (var i1 in availablels)

{

if (disabledI == 1)
continue;
matrix[i] [j] -= minElements.Valuel;

}

result.MinElementsByJ.Add(j, minElements) ;
result.Sum += minElements.Valuel;

}

#endregion

return result;

}

private (int, int) SelectZeroElement (double[][] matrix,
MatrixResult result, int? disabledI = null,
int? disabledJd = null)

{

var maxSum = double.MinValue;

var zerol = -1;

var zerod = -1;

foreach (var 1 in availablels)

{

if (disabledI == 1)

continue;

foreach (var jJ in _availableJs)

{

if (disabledd == 7j)

continue;

var value = matrix[i][]j];

if (!'value.IsZero())

continue;

var iMinElements = result.MinElementsByI[i];
var JjMinElements = result.MinElementsByJ[]];
var localSum = (iMinElements.OtherIndex == j ?
iMinElements.Value? : iMinElements.Valuel) +
(jMinElements.OtherIndex == 1 ? jMinElements.Value?

jMinElements.Valuel) ;
if (localSum < maxSum)
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continue;
maxSum = localSum;
zerol = 1i;
zerod = Jj;

}

}

return (zerol, zerod);

}

private void CopyMatrix (double[][] matrixForFill, double[][]
matrixForRead)

{

foreach (var i1 in _availablels)

foreach (var j in availabledJs)

matrixForFill[i] [j] = matrixForRead[i][]];

}

private Solution MakeSolution (Dictionary<int, int>
requiredTransitions)

{

var count = Map.NodesWithoutDepot.Sum(x =>
x.RequiredResources) !.Value / Map.MaxTruckCapacity;
var solution = new Solution (count);

var transition = requiredTransitions.First();

var nextNodeld = transition.Key;

var route = Route.CreateRouteFrom (Map.DepotId);
route.Add (nextNodeld,

Map.Nodes|[transition.Key] .RequiredResources!.Value) ;
while (requiredTransitions.Count > 0) {

var prevNodeId = nextNodeId;

nextNodeId = requiredTransitions|[prevNodeId];
requiredTransitions.Remove (prevNodelId) ;

var resources = Map.Nodes[nextNodeId].RequiredResources! .Value;
if (nextNodeld == transition.Key)

{

requiredTransitions.Remove (nextNodeId) ;
solution.FinishAndAddRouteIfNeeded (route) ;

if (requiredTransitions.Count == 0)
break;
transition = requiredTransitions.First();

nextNodeId = transition.Key;

resources = Map.Nodes[nextNodeId].RequiredResources!.Value;
route = Route.CreateRouteFrom (Map.Depotld);

}
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if (route.DeliveredResources + resources > Map.MaxTruckCapacity)

{
solution.FinishAndAddRouteIfNeeded (route) ;
route = Route.CreateRouteFrom (Map.Depotld);
}

route.Add (nextNodeld, resources):;

}

return solution;

}

}

}



