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Along with the strong development of the economy and the current
commerce, the transport industry is also making great strides in both
quantity and quality. One of the most important factors influencing
the productivity of the transport process is the process of packing and
dispatching to the transport. In this article we present the Bin Packing
2D problem and the areas of the problem application. Bin Packing is a
problem that items of different volumes must be packed into a finite
number of bins. To answer this question, this article has studied some
of the methods used through research and synthesis based on articles
of reputable publishers to filter out original articles and the most
influential articles to survey and analyze. The article gives the
advantages and disadvantages of each method and suggests future
development directions.
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Cung Vvéi su phat trién manh mé ciia nén kinh té va giao thuong hang
hoa hién nay, nganh van tai ciing dang c6 nhimg budc tién vuot bac vé
ca sb lugng va chat lugng. Mét trong nhiing yéu té quan trong anh
huong dén nang sudt ciia qua trinh van tai chinh 1a qua trinh dong gbi
va diéu phdi hang héa vao cac phuong tién van chuyén mot cach phu
hop. Trong bai b4o nay ching tdi trinh bay vé bai toan Bin Packing 2D
va cac linh vyc tng dung bai toan. Bin Packing la dang bai toan dong
thiing sao cho tat ca cac dd vat co thé tich khac nhau dugc dong goi
vao sb luong thung st dung 12 it nhat. Dé tra 1i cho cau hoi nay, bai
béo nay da nghién ciu vé mot s6 phuong phép da timg sir dung théng
qua viéc khao ciru va téng hop dua trén cac bai bao cua cac nha xuét
ban uy tin dé loc ra céc bai bao gdc va cac bai c6 anh huong nhat dé
khao sét va phan tich. Bai b4o da dua ra cac uu nhuoc diém trong timng
phuong phap va dé xuat huéng phét trién trong twong lai.
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1. Gigi thiéu

Van tai 1a qua trinh di chuyén céc vat thé tir mot vi tri ban dau dén vi tri khac, van tai c6 vai
tro va y nghia quan trong trong doi séng sinh hoat, san xuat ciia con nguoi [1]. Cac hoat dong so
khai vé van tai da dugc hinh thanh trong xa hoi nguyén thUy nhu khuén, véc, nang,... Sau nay,
khi c4c hinh thai kinh té tro nén da dang va _phuc tap thi cac hinh thuc van tai cang duoc cai tién
va da dang hoa. Trong khoang thoi gian gan ddy, qué trinh van tai don thudn ban dau da hinh
thanh nén cac dich vu van tai, nganh van tai (logistics) da tr¢ thanh nganh kinh té - ky thuat quan
trong dé gan két qué trinh san XU4t va qua trinh giao luu, phan phdi hang hoa

Trong nhiéu thap ky gan day, container [2] la mot don vi trong tai thlet yéu c6 tam quan trong
trong van tai hang hoa duong bién quoc té. Vai viéc ngay cang gia ting sd luong cang bién va sd
luong container tai mdi cang da dwa dén su canh tranh trong van tai duong bién. Van dé nghién
ctru dé cai thién nhitng hoat déng tai cang container hién nay dang duoc nhiéu nha khoa hoc quan
tam. Véan dé nay rat kho thuc hién néu cac phuong an khong duoc nghién ciu, thir nghiém hiéu
qua str dung cac phuong phap téi wu hoa thich hop. Trén thé giéi va Viét Nam hién nay, van d&
khai thac cang bién, rat ngin thoi gian cho tau va boc dd hang héa dang nhan dugc su quan tam
tir nhiéu nha nghién ctu. V6i su phét trién cua giao thuong hang hoa, sb luong tau va container
cap cang la rat 16n. Hang loat cac yéu t6 lién quan dén van dé khai thac cang bién nhu: bén bai,
thiét bi, nhan luc, cong nghé bdc xép, ching loai hang hoa, ha tang két ndi voi cac loai hinh,
phuong thirc van tai khéac, tha tuc hanh chinh,...

Trong bai béo nay, ching toi giGi thiéu mot s6 huéng tiép can lién quan dén téi wu cong nghé
sap xép hang hda phuc vu cho van tai tai cang bién, tir d6 dé xuat mot sé husng phat trién cho
céc nghién ctu tiép theo. Pam bao khai thac bén bai mot cach hiéu qua, giam thiéu thoi gian cho
va tiét kiém chi phi cho tau, ¢dam bao hang hoa dugc luu thong thuan loi,... Loi ich cia viéc tim
cach sap xép hop ly sé lwong hang héa vao mot container sao cho sé lwong hang hoa nhiéu nhiat
1a vin d& duoc céc cong ty van tai rat quan tam. Chinh vi thé bai béo nay ching toi da tong quan
lai cAc vén dé lién quan dén bai toan Bin Packing 2D, tim hiéu cdc huéng giai quyét bai toan va
dua ra dé xuat Ve mot phuong phap t6i wu dé giai bai toan nay nham muc dich ning cao hiéu qua
cua qua trinh sap xép hang hoa tai cang bién.

Ciing trong nghién ctu nay, chling tdi tap trung tim hiéu bai toan Bin Packing 2D (bai toan
déng thung 2 chiéu) [3] va dua ra mot sé cach giai quyét bai toan dya trén ky thuat quy hoach
rang bugc. Ky thuét nay phu hop dé giai quyét cac bai toan c6 khong gian tim kiém Ién va cac
bién trong bai toan d6 phu thudc vao nhau theo mot hay nhleu quy luat. Bai toan dong thung c6
nhiéu ung dung trong thuc tlen Trong bai toan xé go cac miéng go nguyén tim c6 kich thudc ch
dinh va can xé cac miéng go dé6 ra thanh cac mleng gd nho hon de lam nha. Yéu cau dat ra la hay
cua cac mleng gd nguyén tim d6 thanh cac mau nho sao cho sé miéng gé nguyén tim duoc st
dung 12 it nhat? Hoic trong mot linh vuc tng dung khac nhu trong viée luu dit ligu trong may
tinh, dix liéu 12 mot tap céc file can dugc luu trir trén mot tap cac thlet bi nhé gidng nhau. Can
phai luu trir sao cho mot file chi duoc nam trong mot thiét bi nhé va sb cac thlet bi nhé can ding
Ia it nhat. Trong bai todn van tai sip xép hang hoa tai cang bién [4], [5] can xép mot day cac do
vat (hang hoa, dé dac, container,...) 1én cic phuong tién van chuyén (xe tdi, toa xe lia,...). Biét
rang, mdi vat co kich thuéc va khéi luong xéc dinh, cac phuong tién van chuyén gidng nhau cung
c6 sirc chira va trong tai xac dinh. Can sap xép sé hang hoa sao cho sb phuong tién van tai can
dung 1a it nhat, dam bao cac d vat déu nam trong khoang chira va tong trong lwong caa ching
khong vuot qué trong tai cia phuong tién,... va con nhiéu cac linh vic khac nhu trong bai toan
cét vai, bai toan cit sat, bai toan vé lp dat cot vién thdng, bai toan sip xép lich chuong trinh
truyén hinh. Tuy nhién, mot cau hoi dat ra cho cac nghién ciu vé chu dé nay la 1am thé nao dé
thu dugc két qua tdi uu nhat?

Dé tra 1oi cho cau hoi nay, bai bao da tim hiéu cac huéng giai quyét bai toan Bin Packing 2D
hién nay. Sau do, tim hiéu vé mét s6 phuong phép cu thé trong cac hudng nay dé tir d6 dwa ra cac
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wu nhuoc diém trong timg phuong phap va dé xuat huéng phat trién trong twong lai. Phuwong
phép nghién ctu sir dung 1a khao ctiu va tong hop duya trén cac bai bao truy xuat tir Google
Scholar ciia cac nha xudy ban uy tin nhu IEEE, Elsevier, Springer,... dé loc ra cac bai bao goc va
cac bai ¢ anh huong nhat dé khao sat va phan tich. Nghién ciru nay c6 y nghia khao cau cho cac
bai bao chuyén sau vé sau.

Céc phan tiép theo cua bai bao dugc trinh bay nhu sau: Trong phan Il chling toi trinh bay vé
phuong phap nghién ciru, trong d6 gidi thigu vé bai toan dong thung 2 chiéu va cac linh vuc tng
dung. Ciing trong phan 11, ching tdi trinh bay mét s6 huéng tiép can dé giai quyét bai toan dong
thing 2 chiéu va danh gia d6 phuc tap cua ting phuong phéap. Trong phan 11 trinh bay cac két
qua nghién ctu va cac thao luan lién quan. Phan két luan, danh gia, dé xuat hudéng phét trién
trong thoi gian toi s& dugc trinh bay trong phan 1V.

2. Phwong phap nghién ciru
2.1. Bai todn dong thung
2.1.1. Phat biéu bai todn

Bai toan dong thung [5] (bin packing problem)

Cho mot ddy cac do vat L = (a,,a,,...,a,) va cac thung gidng nhau c6 cung sirc chira B. Kich
thudc cta dd vat a, 1a s, 16n hon 0 va khong vugt qué st chira cia thing (0< s, <BVi=1,2,

., N). Yéu cau cua bai toan: hiy xép tat ca cac do vat trén vao cac thung chira sao cho sb thing
sir dung 1a it nhat.

Mot cach day du thi bai toan vira phat biéu ¢ trén duogc goi la bai toan dong thung dang co ban
(classical bin packing problem), d& phan biét voi mot sé dang tong quat hon cua bai toan dong
thung. Bai toan dong thung dang co ban da dugc chirng minh 1a mot bai toan NP - kho.

Mo hinh quy hoach nguyén cua bai todn

D@ thay s thung can st dung khong vuot qua n, dua vao cac bién sd X; v6iy nghia nhu sau:

1 néu dd vat i duge xép vao thung j
Xij = .
0  néu nguoc lai

ij=12,...n

Khi d6 bai toan déng thing c6 thé dugc phat biéu dudi dang bai toan quy hoach nguyén tuyén tinh
nhu sau:

Tim cyc tiéu: M= ZSIQH(ZXUJ v6i diéu kién: ZXU , 1=1n (L);

j=1 i=1 =1
n —_— _— _—
D> x;<B, i=l, @), x;€{01}, i=1n; j=Ln (3
j=L
Diéu kién (1) nghia 1a mdi dd vat phai dugc xép vao dung mot va chi mot thung. Diéu kién (2)
nghia la tong kich thudc cac d6 vat dugc x€p vao mot thung khong vuot qua suc chira cta thung do.
Danh gia hiéu qud thudt toan xap xi giai bai toan dong thung
Bai toan dong thung 1a bai toan NP — khd nén phan nhiéu cac thuat toan giai 1a thuat toan xap xi.
bé danh gia hi¢u qua cua mot thudt toan xap xi A cho bai toan dong thung thuong st dung céc chi
s0 hi¢u ndng tiém can toi nhat Ry (asymptotic worst-case performance ratio) va chi so hi¢u nang

tuyét déi toi nhat R, (absolute worst-case performance ratio) dugc dinh nghia nhu sau:
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Cho day do vat L. Goi A(L) la sb thung thudt toan A str dung dé xép day do vat L va OPT (L)
A(L)

OPT (L)

Pinh nghia 2.1. Chi s6 hiéu nang tiém cgn 16i nhat RY lati 6 tiém cdn gitta két qua cua

1a s6 thung ti wu cho day do vat L. Pat R A(L) =

thudt todn A doi voi két qua to‘zi wu ciia bai todn trong tinh huong toi nhat.

Ry=inf{r>1:3 No € Z* d¢ R,(L)<r V L thoa man dieu ki¢n OPT(L) > NO}

binh nghia 2.2. Chi 50 hiéu nang tuyét doi toi nhat la ti S’OA’ tuyét déi gitta két qua hoat dong
cua thudt toan A voi két qud toi wu cua bai todn trong tinh huong toi nhat.

R, =inf{r=1saocho R,(L) <rvoimoil }

Trong mdt s6 tinh hudng c6 thé biét thém mot thong tin 1a céc d6 vat déu co kich thuée khong
vugt qua mot gia tri xac dinh nao d6. Goi a 1a can trén cia kich thudc cia cac do vat, tuc 1a s(a)
<aVi=1,2,.n. Khidbco:

R,(e) = inf{r>1sao cho R,(L)<rvéimoi L vas(a)<aVai€L}

R:@0=MHrzL3NerdéRAL)ngLHMaOPT@)sz@s@OSaneL}

Ryva R, latiéu chuén quan trong dé d4nh gi4 hidu qua ctia cac thuit toan xap xi.

2.1.2. Cdc bién thé ciia bdi todn dong thing

Ngoai dang co ban, bai toan déng thung con c6 mot sb bién thé khac. V& co ban cac dang bai
toan bién thé nay giéng v6i bai toan co ban nhung co thay ddi (hodc thém vao) mot sb diéu kién.
Duéi day 1a mot so dang bién thé quan trong ciia bai toan dong thung:

1) Hay xép cac dd vat sao cho kich thudc cac do vat hodc tong s lugng cac dd vat trong
thung 13 16n nhat khi s6 luong thung st dung va dung lugng cac thing khong doi.

2) Tim kich thuéc chung tdi thiéu ctia m thung chira dé c6 thé xép duoc tat ca cac do vat.

3) Céc d6 vat 1an luot xuat hién theo thi tu cho trude va dd vat trude phai duge xép vao thing
xong thi dd vat sau méi xut hién (bai toan dong thung triec tuyén online bin packing)

4) Cho trudc mét hang s6 thue r € [0, 1]. Can xép cac d6 vat sao cho sb thung st dung 1a
it nhat va mdi thung néu dugc st dung thi tong dung lugng cac d6 vat phai dat it nhat 1a r x
dung luong thung.

5) Cho trudc mot hing sé nguyén k > 0. Can xép cac dd vat sao cho s thung st dung 1a it
nhit va sé lugng do vat dugc xép vao mot thung khong duoc qué k.

6) Mdi d6 vat co mot khoang thoi gian ton tai nhat dinh danh déu boi mot thoi diém bat dau
va mot thoi diém két thuc. Trude khoang thoi gian ton tai cua minh, mdi d6 vat chua can phai
xép vao thung nao ca. Trong khoang thoi gian ton tai cia minh thi dd vét phai dugc xép vao mot
thung nao do6. Sau khoang thoi gian ton tai cia minh thi do vat khong can phai dugc xép vao
thung nita nén c6 thé duoc lay ra dé nhuong khoang tréng cho dd vat khac. Bai toan nay goi la
bai toan dong thung dong (dynamic bin packing).

Sép xép cac dd vat sao cho s6 thung sir dung 14 it nhat va mot sé d6 vat nhat dinh khong duoc
xép chung v&i nhau vao mot thung.

7) Dang d6i ngiu cua bai toan dong thung 13 bai toan phu thung (bin covering problem) dugc
phat biéu nhu sau:

Cho cac do vat L = (a,a,,...,a,) , voi kich thude cia mdi dd vat a, las,i=1,2,...,n Hay
xép tat ca cac dd vat trén vao cac thung chira sao cho:

i si<1vi

il Dung lugng cua cac thung 1a tay y

iii.S6 lwong thung co6 tong dung luong cac dd vat 16n hon hodc bang 1 1a nhidu nhat.

8) Bai toan dong thung véi dung luong thung chira thay ddi (variable-sized bin packing):
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Cho diy cac d6 vat L=(a,,a,,...,a,) , kich thudc d6 vat a, 1a s, € [0,1];
(i=1,2,...,n). Corloai thung chira khac nhau: B,B,,...,B,), dung luong thung chira loai j

laBj(j=1,2,...r) vathéoamin: 1 =s(B1) >s(Bz) > ... >s(By). Hay xép tat ca cac d6 vat trén vao
cac thung chira sao cho tong dung lugng cac thing duoc sir dung 1a nho nhat.

DA thay néu r = 1 thi bai toan tré thanh bai toan déng thing dang co ban.

9) Bai todn dong thung da chiéu (multi-dimensional bin packing)

Trong bai toan dong thing d chiéu (d 1a mét s6 nguyén duong, d > 1), c6 cac thung chira I3
cac siéu clp d chiéu kich thuédc 1a B,,B,,...,B,) va day cac dd vat a,,a,,...,a,, trong do dd vat a;
¢6 kich thudc 1a si(aj) x sa(ai) X ... % sq(a). sj(ai) 1a kich thudc chiéu thir j ciia do vat a;; 0 < sj(aj)
<Bj;1<i<n;1<j<d.

Mot cach xép cac do vat goi la hop 1€ néu mdi dd vat a; s& duoc gan mot vector toa do p(a;) =
(x1(ai), X2(ai),..., Xda(ai)) sao cho:

(1) xj@)=0;1<i<n1<j<d.

(2) xj(ai) +sj(@a)<Bj;1<i<n;1<j<d.

(3). (xj(a); xj(ai) + sj(@) N (xj(aw); xj(a) +sj(a)) =@; 1<i#k<n;1<j<d

biéu kién (1) va (2): tat ca cac do vat déu nam gon trong khong gian cua thung chua.

Diéu kién (3): trong moi thung chtra, cac dd vat khong duoc xép chong 1én nhau.

Céc diéu kién trén ap dung v6i bai toan dong thung da chiéu hinh hoc (geometric multi-
dimension bin packing), ttrc 1a mdi chiéu kich thudc 1a mot chiéu khong gian. Néu mdi chiéu kich
thudc khong phai 1a mot chiéu khong gian, vi du chiéu thir nhét biéu dién do dai, chiéu thi 2 biéu
dién khdi lugng, chiéu thir 3 biéu dién thoi gian, ... thi diéu kién rang budc chi 1a tong kich thude
céc d0 vat theo mot chiéu s& khong vuot qua dung luong chiéu dé ciia thing chia:

D 's(a)<B, j=1d
=

Yéu ciu ctia bai toan 13 hiy xép cac dd vat hop 1é sao cho s luong thung can sir dung 14 it nht.
D¢ thay vai d = 1 thi bai toan suy bién vé bai toan dong thung dang co ban.

2.1.3. Ung dung cuia bai todn déng thing

Khong chi dong vai tro quan trong trong nghién ctru ly thuyét, dic biét 1a cac nghién ctru vé
thuat toan x4p xi, bai toan dong thung con c6 nhiéu tmg dung trong thuc tién.

Dudi day 1a mot so ng dung trong d6 bai toan dong thung dong vai tro la bai toan chinh:

1) Bai toan xé 2o (stock cutting): Cho cac mleng g0 x¢ nguyén | tam co chiéu ngang cb dinh va
chiéu dai glong nhau bang C. Can chia cac miéng go x¢ nguyén tam d6 thanh cac méu nho { al}
hon dung dé lam nha. Hay cua céac mleng g0 nguyén tdm do6 thanh cac mau {ai} sao cho s6
mleng g0 nguyén tam phai dung 1 it nhat. Ciing thay dang tuong ty khi phai chia cac cudn day
cap, ong dan nudc nguyén ven,... thanh cac doan nho dé lp dat cho mot hé théng nao d6 va can
chia khéo sao cho do lang phi nhat.

2) Luu dit liéu trén may tinh (memory allocation): Cac dir liéu 1a mot tap hop cac file can
duoc luu trén mot tap hop cac thiét bi nhé giéng nhau (dia CD, dia cting, dia mém, hoac bd nhé
ban din USB,...). Can phai luu cac file trén cac thiét bi nhé sao cho 1 file chi dwoc ndm trong 1
thiét bi nhé va sb thiét bi nhé can dung 12 it nhat.

3) Bai toan van tai (transportation): Can xép mot day cac dd vat (do dac, hang héa,...) {ai}
1én cac phuong tién van tai (xe tdi, toa xe lua,...). Biét rang mdi do vat c6 kich thude (3 chiéu) va
trong lugng xac dinh. Cac phuong tién van tai la gidng nhau 6 cung ste chira va trong tai xac
dinh. Can xép cac do vat 1én cac phuong tién vén tai sao cho s0 phuong tién can dung 13 it nhét
ma van dam bao cac dd vat déu nam gon trong khoang chira va tong trong luong cia ching
khong vuot qué trong tai cua phuong tién vén tai. Bai toan nay c6 thé quy vé bai toan dong thing
4 chiéu v6i 3 chiéu dau 1a 3 chidu khong gian, chiéu thir 4 1a trong luong.
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4) Xép lich chuong trinh truyén hinh (television programming): thong thuong cac méu chuong
trinh quang céo duoc xép vao cac khoang thoi gian xen k& trong cac chuong trinh truyen hinh chinh.
Cac khoang thoi gian nay c6 d6 dai ¢o dinh (vi du 5 phiit). Yéu cau la hdy x€p cac mau quang cao Vao
nhiing khoang thoi gian nay sao cho s6 khoang thoi gian can sir dung 12 it nht.

Ngoai ra trong mot sO ung dung, bal toan dong thung dong Va1 tro la bal toan phu hd tro viéc
vehicle routing problem) trong do phai b tri cac xe cho hang co trong tai hiru han di chuyén
hang cho cac vi khach sao cho moi khach hang déu nhan duoc hang theo don dat hang va chi phi
véan chuyén 1a thdp nhéat. Thong thudng doi xe s& chia thanh cac nhém nhé, mdi nhom gdm mot
vai xe di phuc vu theo mét tuyén duong. Trén mdi tuyén dudng, can xép cac hang hoa cua cic vi
khach trén tuyén duong d6 1én cac xe sao cho sd xe trong nhom can dung 14 it nhat. D6 chinh 1a
bai toan dong thung.

2.2. Tong quan cdc phwong phdp gidi bai todn dong thiing

Bai toan dong thung 1a mét bai toan t6i wu to hop ndi tiéng va c6 nhidu thuat toan dé giai, dic
biét 1a cac thuat toan xdp xi. Bai toan dong thing déng vai trd quan trong trong viée nghién ciru
cac thuat toan xép xi khi dugc chon la mot trong nhiing bai toan dau tién dé nghién ctru xay dung
céc thuat toan x4p xi va danh gia hiéu ning cua ching, vi du nhu danh gia hiéu qua thut toan
xp xi trong thoi gian toi nhat, danh gia can dudi cho hiéu ning cac thuat toan tirc thi (online
algorithms), phan tich hi¢u néng thuat toan dya trén xac Xuét théng ke,..

Phéan dudi ddy sé& trinh bay mot sé thudt toan quan trong dé giai bai toan doéng thung, qua do
gidi thidu dugc phan nao cac két qua nghién ciru hién nay vé bai toan dong thiing.

2.2.1. Cac thuat toan truc tiép
2.2.1.1. Khdi niém thudt todn truc tiép

Mot thuét toan duoc goi 1a thuat toan truc tiép (online algorithm) khi n6 phai thuc hién xép dd
vat dang xét vao thung chira ma khong duoc biét bét ki thong tin gi vé cac dd vat xuit hién sau
no. Day la mot rang budc thuong gap trong thuc té, vi du nhu ngudi ban hang thi khong biét
khach hang tiép theo sé& co yéu cau nhu the nao.

Céc thuat toan online pho bién bao gdbm Next Fit, First Fit va Best Fit.

2.2.1.2. Thudt toan Next Fit

MG td quy tdc xép cdc do vit ciia Next Fit (NF)

NF s& dit d6 vat dang xét vao ngay thung dang mé (trong NF ¢6 1 va chi 1 thung dwoc mo tai
mot thoi d‘zem) va ciing 1a thung tiép nhan d6 vat vira duoc xét gan day nhit néu nhu thung d6
con du chd trong. Nguoc lai, n6d s€ dong thung d6 lai, mé thung méi roi dat dd vat vao do. Sau do
tiép tuc xét dén do vat tiép theo. Qua trinh bat dau véi d6 vat dau tién va két thuc khi tat ca cac do
vat déu di duoc xép hét vao thung.

Next Fit c6 thé dugc mé ta bing doan gia ngdn ngir sau:

bin_index = 1; // chi s6 cho biét di c6 bao nhiéu thung da duoc st dung item_index = 1;

I/ chi s6 cho biét dang xét dd vat thir bao nhiéu

Open B[bin_index]; // mé thung dau tién dé tiép nhan d6 vat active_bin = B[bin_index];

// B[] 1a mot mang chira cac thung duoc stir dung trong thuat toan while (item_index <=n)

{

active_item = a[item_index];

if (Size(active_item) <= FreeSize(active_bin)) Pack active_item into active_bin;

else{

Close active_bin; bin_index ++; Open B[bin_index];

active_bin = B[bin_index];
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Pack active_item into active_bin;

b
item_index++; } // while
D¢ thay NF c6 d¢ phtie tap tinh toan 1a O(n).

2.2.1.3. Thuat toan First Fit

MG td quy tdc xép do vt cia First Fit (FF):

Thuét toan FF s& xép d6 vat dang xét vao thung dau tién (tirc la thing c6 chi s6 nhé nhat)

Poan gia ngon nglr sau mo ta hoat dong cua FF:

trong s6 nhitng thung d3 md va con du chd dé chira d6 vat d6. Néu trong s6 nhimg thung di mo
khong co thung nio con du chd tréng dé xép dd vat dang xét thi FF s& mé mot thing méi va dat
dd vat vao d6. Sau d6 chuyén sang xét do vt tiép theo. Qua trinh dong thung két thuc khi di xép
hét tat ca cac d6 vat vao thung chira. D& thay FF khong dong mot thung nao va sb lugng thung &
trang thai hoat dong 1a khong cb dinh.

bin_index = 1; // chi s6 cho biét di c6 bao nhiéu thung da duoc sir dung item_index = 1;

/I chi s6 cho biét dang xét d6 vat thir bao nhiéu Open B[bin_index];
I mé thung dau tién dé tiép nhan do vat

// B[] 1a mot mang chira cac thung duoc stir dung trong thuat toan while (item_index <=n)

{

test = false; count = 1; do{

if (Size(a[item_index] <= FreeSize(B[count]){

Pack a[item_index] into B[count]; test = true;

}else count++;

Iwhile (test = = false) && (count <= bin_index); if (test = = false){
bin_index ++; Open B[bin_index];

Pack a[item_index] into B[bin_index];

¥

item_index++;

}

Do phure tap tinh toan cta thuat toan FF 1a O(nlogn).

2.2.1.4. Thudt toan Best Fit

Mo ta xe}) do vat

Quy tac dong thung cua Best Fit (BF) kha don gian, BF sé& xep dod vét dang xét vao thung con

BF ¢6 thé dugc mo ta qua doan gia ngdn ngit sau::

it chd trong nhat trong s6 nhimg thung da m¢ va con du chd tréng dé tiép nhan do vat. Néu khong
¢6 thung dd mo nao co da chd dé tiép nhan d6 vat dang xét, BF s& mo mot thung méi va dat do
vat vao do. Sau d6 chuyén sang xét thung tiép theo. Qua trinh két thic khi tit ca cac dd vat déu
da duoc xép hét vao thung. Nhu vay BF uu tién tim thung “vira van” (fit) véi 6 vat nhat.

bin_index = 1; // chi s6 cho biét di c6 bao nhiéu thung da duoc st dung item_index = 1;

/1 chi s6 cho biét dang xét d6 vat thir bao nhiéu Open B(bin_index];
/I m¢ thung dau tién dé tiep nhan do vat

// B[] Ia mot mang chira cac thung dwoc stir dung trong thuat todn while (item_index <=n)

index = bin_index + 1;
fit = 1 — Size(a[item_index]); for(j = 1; j<=bin_index; j++){

temp = FreeSize(B[j]) — Size(a[item_index]); if (0 <= temp) && (temp < fit){

fit = temp; index = j;
¥
¥
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if (index < bin_index + 1)

Pack a[item_index] into B[index];

else{

bin_index ++;

Open B[bin_index];

Pack a[item_index] into B[bin_index];

¥

item_index++;

¥

Thuat todn BF da dugc chiing minh 13 c6 hi¢u qua twong duong véi FF.

Ngoai cac thuat toan NF, BF va FF vira dé cdp & trén, con c6 mot sd thuat toan online khac
nhu Group- X Fit (GXF), thuat toan First Fit cai tién (Refined First Fit),... Tuy nhién ching toi
s& khong trinh bay nhitng thuit todn nay ¢ day.

2.2.2. Cdc phwong phdp khéng truec tiép: First Fit Decreasing va Best Fit Decreasing

Khac véi rang budc trong cac thuat toan online, trong thudt toan khong truc tiép (off-line
algorithm), duogc biét trude toan bo danh sach cac dd vat trude khi xép chung vao thung va diéu
nay cho phép thuc hién mét sb thao tac tién xir Iy dé nang cao hiéu qua cong viéc.

Muc nay s& dé cap dén 2 thuit toan off-line phé bién va ciing rat hiéu qua 1a First Fit
Decreasing (FFD) va Best Fit Decreasing (BFD). V& co ché hoat dong cua FFD va BFD thi rat
don gian, chi viéc sap xép diy cac do vat cho trude theo thi ty giam dan vé kich thudc, sau d6 ap
dung thuét toan online trong tmg (FF cho FFD hoic BF cho BFD) dé xep cac d6 vat vao thing.

Chi phi thoi gian cho FFD va BFD déu 1a Q( nlogn), boi vi viéc sap xep theo chiéu ting dan
Ve kich thude day n dd vat can thoi gian la Q (nlogn), con viéc xép cac do vat vao thing theo quy
tac BF hodc FF déu cung yéu cau thoi gian 1a O(nlogn) nhu da noéi ¢ phan trudc.

3. Két qua va ban luan

Vian dé t6i wu trong nganh van tai ngay cang duoc nhiéu nha khoa hoc quan tm nghién ciru, diéu
do6 gitip thiic ddy qua trinh luu théng hang hoa, tiét kiém duoc chi phi van chuyén cho cac doanh
nghiép van tai. Trong bai bao nay, chung toi da dua ra vén d& t6i wu trong qua trinh van tai, cu thé Ia
t6i wu sip xép trong bai toan Bin Packing 2D va céc linh vuc tng dung cua bai toan. Bai toan Bin
Packing 2D |a bai toan t6i wu to hop co do phic tap €ao, co nhiéu thuat toan dé giai, ddc biét 1a cac
thuat toan Xap xi. Trong d6 chung t6i da dua ra mot s6 hudng dé giai quyet bai todn nay: Cac thuat
toan truc tiép (Next Fit, First Fit va Best Fit), cic phuong phap khong truc tiép (First Fit Decreasing,
Best Fit Decreasing), ciing nhu gia ngén ngit va danh gia d phre tap cua cac thuat toan.

Déi voi bai toan tdi uu sap xEp container tai cang bién c6 thé quy vé bai toan Bin Packing 2D,
trong d6 chinh 1a qua trinh t6i wu sip xép container tai kho bai. Khi 6 mdt doan tau ché hang cép
cang, sau khi hoan thanh cac thu tuc hanh chinh dugc tién hanh bdc d hang hoa. Hang hoa rat da
dang bao gdm cac san pham xuat nhap khau nhu cac san pham cong - ndng nghiép, cic san pham
dién tr - dién lanh,... Hang dugc chura trong cac container hang, c6 cac déc tinh nhu kich thude,
trong luong, tinh chét,... riéng. Sau do, cac container hang s& duoc cac can truc boc 1én cac xe
chd hang chuyén dung va sip xép vao kho hang (san bai) theo ting khu vuc riéng biét, tuy thudc
vao dic tinh. Tiép theo, dwa vao nhu ciu cua tau hang ma cac container hang xuét s& duoc 13y ra
va sép xép 1én tau. Mit khac, mot sd luong 16n container hang s€ dugc cho 1én cac xe dau kéo (xe
6td container) dé chuyén hang di trén dét lién. Do d6 bai toan tdi wu sip xép container tai cang
bién ciing 1a mot van dé dang dugc quan tim nghién ciru.

4. Két luan

Trong nghién ctru nay ching t6i néu va giai quyet bai toan Bin Packing 2D bang cac phuong
phap xap xi. Tuy nhién trong thyc té& con mot sd hudng nghién ciru va giai quyét voi nhidu
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phuong phéap khac nhu st dung tinh toan mém, sir dung tinh toan tién hoa, giai thuat di truyén, ...
Day 1a nhimg hudng quan tdm nghién ctru trong thoi gian sap toi.

Mit khéc, trong bai bdo mai chi dua ra va giai quyét bai toan Bin Packing 2D, trong thot gian
téi chung t61 s€ nghién clru va giai quyét bai toan Bin Packmg 3D [6]. Pay la bai toan toi wu voi
khong gian 3 chleu V61 do phire tap tinh toan lon. Loi giai cua bai toan nay nhim 4p dung cho
bai toan tdi wu sap xep container tai cang bién.

Loi cam on

Nghién ctru nay dugc tai trg béi Truong Dai hoc Cong nghé Thong tin va Truyén théng — Dai
hoc Théai Nguyén trong dé tai ma s6 T2020-07-18.
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