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D61 161 chia sé
Chi 10 — 20 nam nita khi lan séng cong nghé 4.0 sé dinh hinh lai cau tric cudc séng va xa hoi.

Cai déi ngheo da dugc tra vé cho qua khit, ltic d6 lao dong khong con 1a dé ton tai ma chii yéu
nham muyc dich sang tao va tién bo.

Cac cong viéc sé tap trung vao 4 nhém:
— Nghé thuat
— Khoa hoc k§ thuat
— Dich vu

— Sttc khoe va Thé thao

Tuy thuoc kha nang, con ngudi c6 thé lua chon céc thé loai cong viec phit hop. Nhung bat ki
cong viec gi yéu t6 sang tao va thi dua sé duge dua lén hang dau.

Chiing t6i chon cong viée chuan bi hanh trang tri thitc khoa hoc kij thuat cho 16p cong dan thoi
dai 4.0 lam nhiém vu chinh cta minh.
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Phan I
Tw dinh 1y Hall, dinh 1y Konig dén 1y
thuyét phan phdi on dinh

Trong bai viét nay chiing ta tiép can cac két qua noi tiéng clia 1y thuyét két doi va 1y thuyét
phan phéi on dinh qua nhiéu géc do. Cac Iy thuyét niy dang duge khai thic va sit dung rong
rai trong cugc sdng. Cac két qua toan hoc lien quan duge nghién ctu trén phuong cham day
dude va hoc duge dbi véi cac thiy co va cac ban hoc sinh phd thong.

Trong bai bao nay ching ta quan tam dén Dinh 1y Konig [9], dinh 1y Hall[5] va cac van dé
di kem. Dau tien cac dinh 1y nay dugc khai thac nhu hai dé tai biet 1ap v6i nhitng chiing minh
tinh t& va mau muyc cla riéng mdi dé tai. Sau d6 cd hai dé tai duge ndi véi nhau bang ching
minh sy tuong duong ciia chiing. Phét hien nay mang mot thong diép vé kha nang tiém an clia
ting dung. Ly thuyét ghép dai [8] chinh 12 tong hop clia cdc thanh tyu nghién citu toan hoc ciia
dé tai nay. Va cudi cling 13 mot minh chitng Nobel: bén canh nha todn hoc luon can c6 mot
nha kinh té [11], ngudi s& thoi hon cho nhitng 1§ thuyét khé nhai nay dé né bimng tinh cac ing
dung thic sy trong cudc song.

1 Mot sé khai niem

Céc kién thitc co ban v& t6 hgp va do thi xin trich din trong cac tai lidu [8] (tiéng Anh) [6]
(tiéng Hungarie) va [13] (tiéng Viet). Sau day ta chi liet ke nhitng khai niem co ban nhat.
Cac dinh nghia khai niém va két qua chi giéi han trong cac tap hgp hitu han.

Do thi: G(V, E) 1a mot tap hgp gdom V dinh va E canh (E € V % V). O day ta chf xét don dd
thi v6 hudng.

Do thi ludng phan hay do thi hai phia (Bipartite graph): G(A, B; F) la d6 thi ma tap cac dinh
6 thé chia thanh hai tap dinh sao cho céc canh chi chay giita hai tap dinh nay (gitta A va B).
Két doi (Matching): trong dd thi ludng phan G(A, B; E), mot két doi 1a mot tap cac canh thuoc
E sao cho khong c6 hai canh nao cé chung dinh.

Nhitng dinh lyj thuoc dang MINI-MAX 1a nhitng dinh 1y phat biéu gia tri cuc dai ctia mot
tap hop bang gia tri cyc tiéu clia tap kia.
Tat ca cac phan tit ciia mot tap cac sd thie < nhé hon hodc bang tat ca cdc phan tit clia mot
tap s6 thuc khac va ching ¢6 phan ti chung, thi tap hop thit nhat c¢6 gia tri cye dai, tap thi
hai c6 gia tri cuc tiéu va hai gia tri nay bing nhau.
Nguyen Iy nay dugc st dung triet dé trong cic ching minh ctia cic bai toan c¢é yéu t6 ghép
doi. Tat nhién ton tai nhitng két qua khong thuoc dang nhiing dinh 1y Mini-Max, vi du nhu
dinh 1y Gallai [4] ching ta ciing sé lam quen dudi day.
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2 Dinh ly Konig va thuat toan Hungary

Chiing ta bt dau bing mot dé tai thd vi. Trong mot mang ludi giao thong tong s6 diém
tbi thiéu dé c6 thé theo déi luu hrong xe ¢o trén ting doan dudng ndi hai dia danh. Van dé nay
duge mo hinh hoa va trd thanh bai todn do thi quan trong.

Ky hieu G(V, E) 1a mot d6 thi ma ¢ d6 tap hop cac dinh V' 1a cdc dia danh, F 13 tap hop cac
canh (duong ndi cac dia danh). Ngudi ta thuong ky higu V(G) = |V (s6 cac dinh), E(G) = |E)|
(s6 cac canh).

Tap V' C V goi la tap diém doc lap néu bat ki hai diém nao clia né déu khong duge ndi tric
tiép v6i nhau (céc diemco canh moc khong 14 phan tir clia tap diém doc lap).

Tap diém chan (blocking set) V/ C V 1a mot tap ma bat ki canh nio ctia dd thi ciing c6 it nhat
mot dau la diém thuoc V7.

Tap cac canh E' C E duge goi 1a doc 1ap (két doi) néu hai canh bat ki khong ¢6 dinh chung
(cac canh mo6c khong 1a phan ti clia bat ki tap canh doc 1ap nao).

Tap cac canh E' C FE goi 1a tap pht néu bét ki diém ndo clia G ciing 1a dinh clia mot canh nao
do6 trong V.

Nhitng dinh nghia quan trong:

— Tap diém doc lap: a(G) s6 phan tit clia tap diém doc 1ap cuc dai (max).
— Tap diém chan: «(G) s6 phan tit clia tap diém chan cyc tiéu (min).

— Tap canh doc lap: v(G) s6 phan tit ctia tap canh doc lap cye dai (max).
— Tap canh phii: p(G) s6 phan tit cia tap canh phi cyce tiéu (min).

Qua qué trinh ching minh ta sé nhan thiy cac gia tri min, max khong phu thudc vao cach
chon va cac tap dugce chon.
Mot s6 két qua hién nhien suy tit dinh nghia.

Hé qua 2.1. a) v(G) < «(G): 36 canh doc lap cuc dai (mazx) < s6 diém chdn cuc tiéu (min)
b) o(G) < p(G): s6 diem doc lap cuc dai (maz) < s6 canh phi cuc tiéu (min).
Chitng minh.

a) Gid st M la mot tap canh doc lap cyc dai. Chi v6i viec chin cdc canh nay da can
|M| = ~v(G) diém. Suy ra «(G) > |[M| = v(G).

b) Tuong tu.

Dinh 1y 2.1 (Gallai [4). ,1912-1992]

a) Véi moi do thy khong cé canh méc: o(G) + o(G) = V(G)
S6 diem doc lap cuc dai + s6 diém chan cuc tiu = sé diém cia do thi.

b) Véi do thi khong chita diém co lap: v(G) + p(G) = V(G)

S6 canh doc lap cuc dai + s6 canh phil cuc tieu = sé diém cia do ths.
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2. Dinh ly Konig va thuat toan Hungary LOISCENTER

Déc lap Curc tidu
l l
Pinh  a(G) +  T(G) = v(G)
Al Vi
Canh p(G) + y(G) = v(G)
T T (Khéng chira diém cd 1ap)
Phu ( chin) Cwc dai

Ching minh.

a) Phan bii ctia tap diém doc lap 1a tap diém chin va ngugce lai, phan bu cla tap diém chan
la tap diém doc lap. That vay, néu X khong doc lap, thi trong X c6 2 diém duge nbi
v6i nhau bing mot canh, ro rang V(G)\ X khong chiin canh nay. Nguge lai, néu V(G)\ X
khong chian mot canh ndo d6 (tat nhien khong la canh moc), thi c¢a hai dau clia canh nay
nam trong X va nhu vay X khong con la tap dinh doc 1ap. Tt d6 «(G) + a(G) < |V (G)].
Tuong tu a(G) > |V(G)\Y] véi moi Y 1a tap dinh chan. Suy ra «(G) + a(G)leq|V(G)].

b) Mot tap cac canh doc 1lap X c6 v(G) canh sé phi 2 - 4(G) diém rieng bigt. Cac diém
con lai tat nhién sé duge phi bing |V(G)| — v(G) canh (vi khong cé diém co 1ap). Do
ds |V(G)| — v(G) > p(G). Mat khac, néu Y 1a mot tap canh phtt cyc tiéu thi Y sé la
mot tap hop clia cdce ngoi sao doi dac nhau (gia st ¢6 k ngdi sao), vi néu Y ¢6 chia vong
tron hodac mot duong di c¢6 do dai 3, thi luon bo di duge mot canh va cac canh con lai
vin phtt dugc toan bo cac diém, trai véi diéu kien Y la tap canh phu cuc tiéu. Nhu vay
p(G) = |[V(G)| — k. Tt mdi ngoi sao ta chon mot canh, thi cidc canh nay sé hoan toan
doc lap. Do d6 4(G) < k = [V(G)] —~(G).

]
Dinh Iy 2.2 (Konigl9). (1995)] Cho G(A, B, E) la dd thi hai phia. Khi do:
a) v(G) = p(G): S6 canh doc lap cuc dai bing s6 diém chan cyc tiéu.

b) o(G) = p(G): S6 diem doc lap cuc dai (mazx) = s6 canh phi cuc tiéu (min) néu do thi
khong chita diém co lap.

Diéu kien khong c6 diém co lap 1a tu nhién, vi néu c6 diem co lap thi khong c6 hé céc canh
phi.

Ta sé chitng minh dinh 1y nay bing thuat toan ndi tiéng mang tén thuat toan Hungary[7],
[8]- Thuat toan duge tim ra bdi cac nha toan hoc Hungary Konig Denes va Egervari Jeno, vi
thé cac nha toan hoc thé gisi diing luon tén nude dé goi thuat toan ndi tiéng nay.

Mot s6 bude chuan bi cho thuat toan.

Duong zen ké F (alternating path) :Trong do thi G, ¢6 F 1a mot he két doi (tap canh doc
lap). Khi d6 nhitng dudng di ma cac canh thay d6i nhau theo quy luat mot canh khong thude
F ndi tiép mot canh thudoc F duge goi 1a duong xen ké ctia F. Chi mot canh ( khong ¢o 1ap)
cling 1a dudng xen ké.

Duong cdi tien (augmenting path): Trong do thi G, ¢6 F la mot he két doi (tap canh doc
lap). Khi d6 duong xen ké —F duge goi 1la duong duge cdi tién —F néu canh dau tién va canh
cudi ciing khong thuoe F. Canh (nhung khong 14 méc) 13 dudng cai tién néu cac diém cudi ciia
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2. Dinh ly Konig va thuat toan Hungary LOISCENTER

n6 khong néi tiép canh thuoe F.

Thuat Toan Hungary.

1. Xuat phat mot tap rong (chua ¢6 canh nao) ta lay lan lugt cdc canh vao tap hgp nay sao
cho céc canh dugc 13y vao doc lap vé6i cac canh di 1ay. Tiép tuc nhu vay cho dén khi nao c6
thé.

2. Khi da khong thé 1ay them duge vao tap canh doc lap (theo cach 1ay di nhien day sé 1a mot
dd thi hai phia ), ta hay tim cdc duong cai tién. Néu gip nhitng duong nhu vay, ta thyc hieén
viec ddi duong di cii biang dudng di mdéi. (Vi du tit duong xen ké ....——....——....——.... ddi
thanh duong ——....——....——. ... —).

Cac buée thay d01 nay luon gllI duac tinh doc 1ap cua tap cac canh. Khi thuat todn ding lai
khong con canh doc lap véi cac canh d& chon. Ghi chii rAt quan trong nay sé duge diing dén
trong qua trinh ching minh.

Du’o‘ng céi tién: nhing diém cudi khéng
et e 10 tiép bing cac duong xanh.

PR T caidk
e e ee u, Cacdiémdibi phu thi tiép tuc bi phu

[ i

Tiép tuc thém hai diém bi phit méi xuat hién.

Ching minh. Ching ta sé diing nguyén 1f Mini-Max dé giai bai toan nay.

Max {z:  mau xanh } = [Min {z: z mau d6 } < Vz € Xanh Vy €D6 (z < y)| A[Xanh N DS
# ()]. Hai dang thitc can ching minh: v(G) = «(GQ) va a(G) = p(G) thyc chit sé 1a Max|{két
doi ( canh doc lap)}| = Min |{tap diém chan}| vA Max|{tap diém doc lap}| = Min |{tap
canh phu}|.

1)S6 canh clia tap canh doc lap (két doi) tdi da chi ¢6 thé bing s6 lugng clia mot tap diém
chan nao dé. S6 lugng ctiamot tap diém doc lap khong thé vugt qua s6 luong ctia bat ki mot
tap canh phii ndo.( ghi chi ring mot tap cac canh phti chi ton tai néu graph khong c6 diém co
lap.)

Tat cA cic tap canh/diém doc 1ap khi chin can c¢6 mot phan ti tit bén chin/phtt tham gia. Céc
cai khac nhau (canh/dinh) khong thé dong thai chan duge bing mot phan tit. Didu nay khong
chi ding véi graph hai phia.

2)Nhiém vu cla ta la phai ching minh:

— (C6 tap canh doc lap , ma s lugng cac canh clia n6 bing s6 luong clia mot tap diém chan.
( Diéu nay khong hoan toan ding vé6i graph khong 1a hai phia. Hodc trong graph cho phép ¢6
dinh ¢6 1ap).

a) Co6 tap cac diém doc 1ap, ma s6 luong clia né ding bing s6 luong clia mot tap cac canh
phit ndo d6 (dé ching minh di¢u niy can phai c6 them diéu kien 13 graph khong chita
diém ¢o lap, vi néu c6 thi ngay ca tap canh pht ciing khong ton tai).

C6 ghép doi — goi 1a F — sao cho khong ton tai duong duge cai tién (khong thé sita tot
hon duge nita) (canh doc 1ap cling 1a duong cai tién).
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Bt dau tir mot tap rong, ta lay tat ci cac canh doc lap cho dén khi c6 thé. Sau dé tim
lay tat ca cac duong cai tién, va thyc hién thay déi canh. Khi khong thé tiép tuc cong
viéc nay, tap canh ddc lap hinh thanh va tap do6 chinh la F.

Viéc 1y vao thém cac canh doc lap, su thay doi cac canh trong qua trinh cai tién cta
dudng, mdi lan nhu vay them 2 diém méi bi chiin bén canh cac diém cii van tiép tuc bi
chan khong thay déi. Do dé néu mot canh da khong doc lap, thi vé sau ciing sé luon
khong doc lap, va trong tap canh doc 1ap F cubi cling s& khong ¢6 dudng céi tién (ciing
khong ca 1a canh doc lap nita).

b) Ta xét cac tap trg lyc cho qué trinh ching minh:
X, := {v € A|v khong 1 diém cudi ctia bat ki canh nao ctia F'}
Y := {v € Blv khong la diém cubi clia bat ki canh ndo ctia F'}
X, = {v e A\X] |v c6 thé dén duge tit X; qua dudng xen ké }
Y; := {v € B\Y1| Nhitng diém thuoc B v la diém cudi clia nhitng canh thuoc F phu cic
didm Xo } X3 1= A\(X; UX,) Ys := B\(Y; UY)

¢) Yo U X3 1a tap diém chan, vi:
Co6 theé loai su ton tai clia tit cd cac canh duge nbi giita cac tap diém khic nhau dugc
dinh nghia trén kia.C4c canh ciing khong thé hodc nim trong cac tap X hodc Y vi day
la graph hai phia.

Y1 Y2 Ys

%, | ton tai canh doc lap Cé duong xen k& tir X
ngoai F dén X3

C6 duong cai tién tir X

X2 | €6 dudmg cdi tién
& dén X5

X3

Ta da biét F 1a tap canh doc lap ( két doi)

S6 lugng clia chung bang nhau, vi

F| = [A\X,| = X, U Xg| = [¥3] + | Xs] = [V U Xy

dén day ta da chitng minh dugc

v(G) = 1(Q) : S6 canh doc lap cuc dai bing s6 diém chan cuc tiéu.

d) X;UX,UY1UYsla tap diém doc lap vi I1. 3. A).
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Tap canh F bd sung thém nhitng canh xuét phat tir cac diém ctia Yivh X, sé 1a tap canh phi,
(chiing ta c6 thé bd sung vi theo gid thiét dd thi khong c6 diém co 1ap).

Theo dinh nghia cta céc tap X; va Yy, cdc tap hop A\X; va B\Y; bi pht bdi cdc canh thuoc
F, cac diém thuoc cac tap X; v Y; duge phi béi cac canh da chon bd sung.

S6 lugng cac phan tit clia hai tap nay trung nhau, vi

S6 lugng cac canh phi 1a |F|+ |Y1| +|X1|, s6 lugng cac diem doc l1ap 1a | X, |+ | Xo| + Y2 |+ |Y3[;
cac canh cia F' tao nén song dnh gitta X5 <> Yova X3 <> V3. Va trong cac tuong ttng song anh
nay tat cd cdc canh clia F' déu tham gia. Do d6 |F| = | Xa| + |Y3| va tit d6 ta c¢o

a(G) = p(G) : s6 diem doc lgp cuc dai = s6 canh phi cuc tiéu .

V6i dinh nghia cia céac s6 a(G), L(G),v(G), p(G) dinh 1y duge CM. O

Dinh Iy Konig cho 13i gidi va ca thuat toan gidi quyét théa dang van dé giao thong da ducge
dat ra.

3 Dinh ly hall (1935)

Mot trong nhitng két qua dep nhat ciia toan rdi rac 1a Dinh 1y Hall, con c¢6 tén la dinh 1y
Hon nhan hoa thuan. Dinh 1y nay cing dinh 1y Konig c¢6 tam quan trong quyét dinh cho su
phat trién ctia 1y thuyét can ghép doi va cac ing dung rong dii clia né trong thie té.

T 1a mot tap hop. T;(i = 1,...,n) 1a cac tap con cua T.

Dinh nghia 1. He cac dai dien phan biet (SDR) 1a tap n phan tit phan biét ¢y, s, ..., t, cla
hé théng céc tap hop T1;Ts; -+ - ; T, sao cho t; € T; véi tat cd 1 < i < n.

Dinh nghia 2. Nhing he tap hop T;(: = 1,...,n) ¢6 tinh chat | U T;| > || v6i I; 1a tap con
cia tap {1,2,3,...,n} thudng dugc goi I hé tap hgp thdéa man diéu kien Hall.

Dinh ly 3.1 ([5). (Hall - 19385)] Day cdc tip con Ty;Ty;....;T, cia tap hitu han T ¢ hé
cic dai dién phan biet néu né théa man diéu kien Hall (| U T;| > |L|vdi I; la tap con clia tdp

1,2,3,...,n}).

Chitng minh. Ta dé dang thiy ring diéu kien Hall 13 diéu can: Néu hée tap hop T1; Ts; ... T,
c6 hé dai dien phan biét nhung diéu kien Hall khong théa méan, khi d6 ton tai mot hop clia k
tap hop nao dé ma s6 lugng cac phan tit nhé hon k. Mit khac vi méi tap con c6 dai dién phan
biét, nén hop ciia cac tap con nay sé c¢6 it nhat k phan tt — mau thudn xay ra.

Ta chting minh diéu kien da bing quy nap. (Tham khao ching minh nay tit sach Proofs from
the book ctia Aigner va Ziegler[1]).

V6i n = 1 hién nhién. Gid st n > 1 hé tap hop T4, Ty, - - - , T, thda méan didu kien Hall - ki hieu
1a (H). Mot he gom | tap hop Ay; As; -+ 5 Al <1 < n (trong d6 Ay duge chon tir {T;}) 1a mot
hé “téi han” néu hop clia ching c¢6 ding [ phan t. Ta sé phan thanh hai truong hop.

Trudng hgp 1. Khong ton tai hé t6i han.

Ta chon mot phan t& = bat ki tit 7),. Loai bé phan tt x ra khoi tap 7. Xét he tap hgp
T, Ty, -+, T, sao cho T" = T; {x}. Vi khong ton tai hé tap hop con t6i han nao, cho nén bat
ki hé con k phan ti 7T} déu chi it nhat & phan t@ ( (k+1) — 1 = k). Do d6 theo gia thiét quy
nap ton tai he dai dién phan biét ¢;,ts, -+ , ¢, 1 cho he tap hop T}, Ty, - , T, ;. Ghép them
t, =t ta dugc hé dai dién phan biét cho Ty;Ts;--- ;1.
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Trudng hgp 2. Ton tai hé tdi han.

Sau khi danh diu la céc tap hop con, khong mét tong quat ta cé thé gid st riing heé tap
(T\,Ts,-- T} 1a t6i han. Nhu vay ki hieu UT,(i +1 — 1) = V khi d6 |V| = L. Vil < n
theo gia thiét quy nap ta c6 he dai dien phan biet t1,ty,- -+ ,; cho he {Ty, Ty, --- ,T;} trong d6
t; € V,1 < i <. Xét cdc tap con con lai {Tj;1, Tito,. ..., T} Tit day 1y k tap con bat ki, gia
st TVZ_H, 7}+2, ce ,ZTH_]C . Khi d6 véi

W+1:7}+1 ‘/,,Vn:TnV
I+ k<|UT i <l+k <|UT:i<I+|UVi:l+1<i<Il+k

tit do k < |eupV; : 1 +1<i<I+k|, suy ra Vi, --,V, théa man diéu kien Hall. B sung hai
hé dai dién phan biet nay, ta duge diéu phai chitng minh. O

Nhu chiing ta da timg nhic t6i, Dinh 1y Hall mé dau cho sy hinh thanh va phét trién manh
mé ciia Iy thuyét ghép doi (hay con goi 1a Iy thuyét can bing). V6i phat bicu dudi dang ghép
doi tim v¢ tim chong ching ta c6 mot géc nhin thiyc tién va sinh dong, minh hoa noi dung va
cac kha nang tng dung tiém tang ctia dinh Iy.

C6 m nguoi dan ong va n ngudi dan ba. Nhom cac dan 6ng va nhom cac dan ba sé duge
tuong tng nhu hé tap hop {11, Ty, -, T,,} vh he ty,ty, - ,t,. D& gitip cho dan ong sém tim
duge nguoi dan ba thich hgp lam vo, ngudi ta dé nghi nhitng nguoi dan ong lap danh séch
nhung ngusi dan ba ma minh ung ¥ theo tht tu tir trén xudng. Ngudi dan ba ¢; nim trong
danh sach T; néu nguvi dan ong thit j thich co ta. Cac ngudi dan ong sé chon duge vg khi va
chi khi v6i bat ki mot nhém &k ngusi dan ong nao, sé dan ba c6 trong téng danh sach clia ho
16n hon hodc bang k. Heé dai dién phan biét cho chiing ta ddm bao kha ning chon vg clia cac
ngudi dan ong va cling ddm bdo ché do mot vo mot chong,.

Nhu ta da dinh nghia trong mot do thi he ghép doi 1a mot tap hgp con cia F(G) (canh cia
() ma khong c6 bat ky hai canh nao ¢6 dinh chung. N6 thuong ciing goi la tap cac canh doc
lap.
Dinh nghia 3. Hé ghép doi duge goi 1a dong khip trén cac dinh néu mdi dinh déu c6 trén

mot canh nao dé cia mot hé ghép doi.

Tap hang zém lien ké N(K) cia cac dinh thuoc K C A trong dd thi G(A, B, F) 1a tap hgp
cac dinh ciua B tham gia tao thanh canh véi dinh tir K.
Vi du minh hoa:

’u-\ .p"--"\

! K\" J’IN(K)
{ X g \
I ) \
L XK
\ @ i
i‘ I
. /
!

!

4
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3. Dinh lj hall (1935) LOISCENTER

Dinh 1y 3.2 (Dinh Iy Hall — Ly thuyét do thi). Gid si G = (A, B, E) la mot dd thi hai phia.
Do thi G ¢6 mot hé ghép doi dong khdp trén A khi va chi khi

IN(K)| > |K|vimiK C A.
IN(K)| > |K| vdi moi K C A la biéu dién cia diéu kien Hall dudi dang lij thuyét do thi.

Chitng minh. Dé chuyén ddi dinh 1y tit dang 1y thuyét tap hop sang dang 1y thuyét do thi, ta
ki hieu Ty,--- , T, cac dinh trong A, va phan tit ¢; thuoc 7;,1 < i < n ki hiéu cac dinh trong
B.(T;,t;) 1a canh ctia d6 thi néu ¢; thuoc 7;.

. —1
e

i

!

t5 J
N

Theo diéu kien Hall, néu ching ta c6 thé chon bat ky k < n cac tap hop 7; thi hop clia ching
c6 chita it nhat cac k phan tit, do d6 T; c6 mot tap hgp cac dai dién khac nhau. Tuong tu , néu
chiing ta c6 thé chon bat ky K C A véi |[N(K)| > |K|,do diéu kien Hall ctia mdi dinh trong A
sé dugc ghép bdi cac canh t6i cac dinh rieng biét clia B, tao thanh mét hé dai dién phan bigt
ctia A va hé nay dong khap tréen A. Ngugc lai, cac tap hdp tach roi A va B clia mot do thi hai
phia G(4, B, E) xac dinh mot chudi cac bo T; va cac phan t1f ¢; clia né va cac canh tuong ing
14 cdc mbi quan hé ¢; € T;, sé ¢6 mot he dai dien phan biét. O

Trong van dé hon nhan clia chiing ta, nguoi dan o6ng tuong ting bdi cac dinh A va phu nit
theo cic dinh trong B. Mot dinh trong A duge két ndi v6i mot dinh trong B néu ngudsi dan
ong tuong tng dé c6 ngusi phu nit thich ing trén danh sach cia minh. Hé ghép doi khong co
bat ky dinh chung I3 ddm béo chi dugce phép c6 nhitng cudc hon nhan mot v¢ mot chong. Néu
A dong khiap, c¢6 nghia 13 tat cd nhitng ngudi dan ong da tim dude mot ngudi ban ddi theo yéu
cau. Do d6, tinh dong khap ctia A 13 tuong duong véi T; ¢6 mot hé thong cac dai dién phan biét.

Tuong thich hén nhan biéu dién dang ma tran.

Céc hinh thic ma tran clia dinh 1y Hall khong dudge st dung rong rai nhu cac dang 1y thuyét
tap hop hay 1y thuyét do thi, vi cdc dang nay da dugce ching t6 ¢6 kha ning ap dung hitu hiéu
hon trong céc van dé thyc té. Tuy nhién, vé mit Iy thuyét né rat hitu ich dé nhin nhan céc
phién ban tit 1y thuyét tap hop ctia dinh 1y Hall ¢6 thé duge chuyén doi dé dang thanh mot ma
tran (0,1), ap dung dé phat trién cac chitng minh mot s6 1y thuyét quan trong khac.
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4. Su tuong duong cia dinh ly Hall va Dinh ly Konig LOISCENTER

Dinh ly 3.3 (Dang Matrix clia dinh 1y Hall). Goi M 6 mot ma tran m x n cia 0 va 1. Khi
dé ¢6 thé chon trong moi hang cia M mot phan ti 1, sao cho khong ¢é hai trong so cdc phan
td nay nam trong cung mot cot, khi va chi khi vdi moi k hang cia M , trong dé 1 < k < n;m,
c6 it nhat la k cot cé chita phan ti 1.

Chitng minh sau duge xay dung trén ¢ ¢d bién ddi ctia dinh 1y Hall tit dang Iy thuyét tap
hop sang dang Matrix.

Chitng minh. Cho ME = (m;;) la ma tran m x n, sao cho m;; = 1 néu t; € T; va bing 0 néu
ngugce la1Vi du Cho T = Tl UTQ UTg UT4 véi T1 = {1, 2}, T2 == {3, 4}, T3 = {S}Va T4 == {1, 4}
Ta dinh nghia mot matrix lién két hang x6m lién ké nhu sau:

1100]
0011
0010

1001

Khi do, trong mdi hang clia ma tran tuong ing véi cac T; . Moi ¢ot tuong tng v6i cadc phan
tit ¢;. Gid tri tai (4,7) sé la 1 néu t; € T;, va bang 0 trong truong hop nguge lai.
Bing cach biéu dién trén ta chi ra su tuong ung 1 — 1 giita dang tap hop va dang matrix ctia
ctia bai toan. Viéc chon dugc céc gia tri (4,5) = 1 trén cac diém ctia matrix sao cho khong ¢6 2
diém nao hoic chung hang ho#c chung cot tuong ttng véi chon duge hé dai dién phan biét cla
tap hop {7;} va ngugc lai. O

Don ctt vi du vé két hon bén vitng, nguoi dan ong sé dude tuong ng bdi cac hang trong
ma tran va nit tuéng ng vdi cdc cot cua ma tran. Néu nguoi phu nit thit j ¢6 trong danh séch
clia ngudi dan ong thi ¢ muc my; tuong ing sé 1a 1, 0 néu nguge lai. Viéc lua chon thanh cong
cdc gid tri 1 cho cdc diém m;; sao cho khong c6 gid tri 1 duge chon ¢6 chung hang hay cot doi
vai gia tri 1 khac. Diéu nay chitng t6 luat mot chong mot vg duge ddm bao, va méi ngudi dan
ong déu chon dugc ngudi vd duy nhat cho minh. Luat hon nhan sé thyc thi néu diéu kien Hall
thoa man.

4 Su tuong duong cua dinh ly Hall va Dinh 1y Konig

Trong cong trinh cia minh (nam 1935) P. Hall ciing ¢6 nh&c dén sy tuong duong ciia dinh
Iy Hall va dinh 1y Konig nhung khong chitng minh. Trong phan nay ching ta sé chi ra sy tuong
duong ctia hai dinh 1y. Hai dinh 1§ goi 14 tuong duong duge hiéu 13 cong nhan két qua dinh
Iy kia ta ching minh dugce dinh 1§ nay v ngudc lai. Nhiéu khi cdc ménh dé trong cac dinh ly
khong tuong duong ( vi phat bidu véi cdc muc dich va két qua khac).
Trong dinh 1y Hall ta can dén khai niem diéu kien (H) va he dai dien phan bigt (SDR). Trong
dinh 1y Konig cac khéi niem «o(G), «(G), upsilon(G), p(G) dong vai tro cht dao. Ching ta git
nguyén dinh nghia cta cac khéi niém nay trong qué trinh chi ra sy tuong duong ctua hai dinh
I,

Dinh 1y 4.1. Dinh Iy Hall va dinh ly Konigla tuong duong.
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5. Ly Thuyét phan phoi on dinh va thuc tién tao lap thi truong. LOISCENTER

Ching minh. 1)Hall — Konig. Dugc chiing minh thong qua dang do thi clia dinh 1y Hall.
Trude tién ta ching minh véi G 1a mot do thi hai phia thi:

a) v(G) = +(G): S6 canh doc lap cyc dai bing s6 diém chin cye tiéu.

v(G) < «(G) 1a hién nhien, vi khong c¢6 hai canh ndo ctia v(G) ¢6 diém chung trong ((G) va
canh nao trong v(G) ciing ¢c6 mot dinh trong ((G).Bay gio ching ta phai chi ra ring ton tai
mot tap dinh chin C ¢6 sb cac diém bing ding sb canh ctia mot két doi M. Néu ton tai mot
tap dinh chin C' nhu vay, thi |C] = «(G) va M phéi 1a mot ghép doi maximum |M| = v(G) &
day G = G(A, B, E).

Ki higu Cy = CNA va Cg = CNB. Vi G la mot do thi hai phia nén khong ¢6 canh giita A\C'y
va B\Cp. Tiép tuc xét cac tap hgp H; = C4 U (B\Cp) va Hy = CpU(A\C,4). Gid st K C Ca.
Néu |K| > |Hy N N(K)| (6 day H; N N(K) chinh la cdc hang x6m lién ké cia K nam trong
H,. Khi dé tap cac dinh Cp U (C4\K)U (H; N N(K)) 1a mot tap diém chin c¢6 kich thuée nhod
hon, vi Cp (git nguyén) chiin tat ca cac canh khong c¢6 trong Hyva C4\ K chiin tat ca cac canh
khong lién quan dén K. Cac canh d6 thi dude chin béi N(K), vo Iy vi Cy cue tiéu. Tit d6 suy
ra do thi hai phia H; thoa man diéu kien (H), do d6 ¢c6 mot he dai dien phan bigt tuong tng
cho Hi. Do tinh déi xitng clia Hy v Hy, suy ra Hy ciing thoa méan diéu kien (H). T d6 suy ra
do6 thi hai phia H, ciing ¢6 hé dai dién phan biét. Hop hai hé dai dién phan biét nay ta duge
mot tap cac canh doc lap (ghép doi ). Diéu nay ching t6 v(G) = «(G) Dinh ly konig phéan a)
duge ching minh.

a(G) = p(G): s6 diém doc lap cuc dai = s6 canh phi cye tiéu .

Tuong tu nhu trén ta chi ra ring p(G) < oo(G).

2) Konig — Hall.

Diéu kién can 1a hién nhien. néu K U A va |K| > |N(K)]| it nhat mot dinh ctia K sé khong thé
duoc ghép doi, va nhu vay A khong c6 hé dai dien phan biét. Ta sé chi ra diéu kién dd bing
phan chimg. Gia st |[N(K)| > |K| VK C A va A khong ¢6 hé dai dién phan bigt. Gia st M la
mot tap canh doc lap (két doi) cyc dai. Khi d6 theo dinh 1y Konig |A| > |M| = v(G) = «(G). Ki
higu X = { cdc dinh 2 : € Ava Jy € Bdé (z,y) € M}. Khi do |X| = |M]| < |A]. Vi M cyc dai
nén N(A\X) C N(M). Diéu d6 chiing té néu K C A, K = M, thi |[KUM| > |[M| = N(M)mau
thuén véi diéu kien hall (H) : [N(K)| > |K|,V K C A.

Diéu nay ching t6 K = &., néi cach khac A ¢6 (SDR). O

Cac chitng minh tuwong duong nady déu dya trén hau thudn 1 § tudng cia thuat toan
Hungary. Mot sb tai lieu tham khao vé tinh tuong duong ciia cdc dé tai c¢6 thé xem tai [3] va
tuong doi day du tai [10] cua P. F. Reichmeider chi nghién citu vé tinh tuong duong.

5 Ly Thuyét phan phdi 6n dinh va thuc tién tao lap thi
truong.

Giai Nobel kinh té nam 2012 dugc trao cho hai nha bac hoc nghién citu vé mot linh vuc kha
la 1Am, nhung khong vi thé ma khong tha vi. Lloyd S. Shapley va Alvin E. Roth, vi cdc nghién
citu clia hai ong trong linh vie 1y thuyét “két doi” va cac phat minh vé thiét ké thi truong c6
khé nang ing dung rong rai trén khdp thé gisi (D. Gale mit trude khi binh bau gidi- theo noi
qui giai Nobel chi danh cho céc tac gid con song).

Vao nam 1962, khi Shapley méi 39 tudi va dang 1a mot nha toan hoc lam & Rand Corp,
mot think-tank day quyén luc ciia Hoa K¥, noi chuyén nghién citu cac dy 4n hang niang cho Bo
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5.1 Bai toan hon nhan bén ving LOISCENTER

Qudc phong clia nude nay, ong va mot nha kinh té khac thuoc Dai hoc Brown 1a D. Gale dang
mot cong trinh nghien citu c6 tén “tuyén sinh dai hoc va syén dinh ctia hon nhan” trén tap chi
American Mathematical Monthly [12]

Shapley va Gale dua ra mot thuat toan (algorithm). Nghien cttu nay bit ddu bang quan sat: tir
nhitng hanh vi don gidn gip gd mua ban hodc ky hgp dong nhu viéc mua banh mi & cita tiém
hodc thué thg sita 6ng nudc, dén cidc van dé cia xa hoi va kinh té, tuong téc gitta cdc cad nhan
va cac to chitc. V6i cac giao dich kinh té binh thudng, ngudi ban phét gia ban, ngudi mua dén
mic cd, thoa thuan gid, va néu théa thuan thanh cong thi chuyén mua ban dién ra. Shapley
va Gale quan sat thay mot s6 trudng hop, thi du nhu viéc tuyén sinh & cac trudng dai hoc hay
viéc tim kiém ban doi ciia mdéi nguoi, giao dich lién quan dén mot dang tuong tac ma sau nay
cac nha kinh té hoc goi 1a “két doi” (matching).

5.1 Bai toan hén nhan bén viing

Shapley va Gale dua ra mot khai niem sau nay duge goi la “két doi bén vitng” (stable

matching). Mot két quéa két doi bén ving 1a truong hgp ma sau khi ghép doi xong, khong xay
ra chuyén né cé thé bi pha va.
Bai todn hon nhan bén vitng (SMP) yéu cau tim mot két doi bén viing giita cdc phan ti clia
hai tap hgp theo thit tir vu tién clia mdi phan tir. Mot két doi Ia mot 4nh xa tit cic phan ti
clia tap hgp nay tdi cac phan tit clia tap hgp kia. Mot cip ghép 13 bén vitng néu hai diéu kién
sau khong dong thoi xdy ra:

a) Mot phan tit A clia tap hgp thit nhat thich phan tit B clia tap hgp thit hai hon phan tit
dugc ghép v6i A.

b) B ciing thich A hon phan tit duge ghép véi B.

N6i cach khac, mot cap ghép (két doi) 1a bén vitng néu khong ton tai cap (A, B) trong d6 cé
A va B déu thich phan tif kia hon phan tit duge ghép véi ching.

Bai toan hon nhan bén vitng thuong duge phat bidu nhu sau:

C6 n nguoi dan ong va n phu nit, trong d6 moéi nguoi xép hang tat cdc moi nguoi khac gi6i ti
1 dén n theo thi tu wu tién, cin tim cach t6 chic hon nhan sao cho khong ton tai hai nguoi
khéc gidi yeu nhau hon vg/chong clia ho. Néu khong ton tai nhitng ngudi nhu vay thi tat cé
cac cudc hon nhan 1a "bén ving."

Thuat toan dé tim 13i gidi cho bai toin hon nhan bén vitng duge ap dung cho nhidu bai toan
thuc té.

Dinh ly 5.1 (1962, D. Gale va L. Shapley). Vdi so lugng dan ong va phu ni bang nhau, luon
ton tai loi gidi bén viing cho SMP.

Chiing minh. Dinh 1y Hall da ddm bao viec kén v¢ ga chong (ghép doi) néu thoa méan diéu kien
(H) thi thuc hien duge. Dé ton tai hon nhan bén viing thi phai thoa man thém cic diéu kien
khong ton tai tinh yeéu chéo. Dé gidi quyét tinh trang nay Cale va Shapley dua ra mot thuat
toan.

Thuat toan Gale-Shapley bao gom nhiéu "lugt" trong d6 mdi ngusi dan ong chua dinh hon
"cau hon" ngudi phu nit anh ta thich nhat ma truée d6 chua cau hon. Mdi phu nit xem xét
tat cd moi ngudi cau hon va tra 10i ngudi co thich nhat "cé thé" va tir chdi tat ci nhitng ngudi
con lai. Tam thoi ¢6 duge "dinh hon" véi ngusi dan ong duge ¢6 chon va anh ta cling tam thoi
"dinh hon" v6i ¢6. Nhu vay trong lugt dau tién, a) moéi nguoi dan ong cau hon ngudsi phuy nit
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5.2 Tinh trang da doan hay heé théng tuyén sinh dai hoc. LOISCENTER

anh thich nhat, rdi b) mdi ngudi phu nit tra 15i "cé thé" véi ngudi ¢o thich nhit va tit chdi tat
ca nhitng ngudsi khac. o) nhitng lugt tiép theo, dau tién a) mdi ngudi dan ong chua dinh hon
cau hon ngusi phu nit anh ta thich nhit ma anh ta chua cau hon truée do (bat ké ngusi do
¢6 dang dinh hon hay khong), sau d6 b) méi ngudi phu nit tra 1i "cé thé" véi ngusi cau hon
o thich nhat (bat ké d6 Ia ngudi dinh hon tam thoi hay ngusi khac) va tit chéi tat ci nhitng
ngudi khac (c6 thé bao gom ci ngudi dinh hon tam thoi). Viec dinh hon tam thdi cho phép
ngudi phu nit da dinh hon c6 thé tim duge ngusi ngay cang tét hon & nhitng lugt vé sau. [

Thuat toan nay dam bao rang:

a) Thuat toan cé diém ditng sau hitu han buéc
C6 tong cong ny 16i t6 tinh. M6i khi ¢6 ngudi to tinh s6 18i té tinh c6 thé giam di 1. Thuat
toan dimg lai khi khong c6 ngudi dan ong ndo bi tir chéi, diéu dé ciing tuong duong véi
cac co gai déu da c6 nguoi ngd 101 va khong con ai phai tir chdi.

b) Tat cA moi ngudi déu dugc két hon
Sau khi mot phu nit da dinh hon, ¢o luén dinh hon véi mot ngudi ndo d6. Do d6 cudi
cting khong thé ton tai mot ngudi dan ong vd mot ngudi phu nit déu chua dinh hon vi
anh ta nhat dinh ciu hon véi ¢o tai mot thoi diém nao d6 (vi mot ngudi dan ong cudi
ciing c6 thé cau hon véi tat ca moi phu nit néu can thiét) va do ¢o chua dinh hon, co sé
tra loi dong ¥.

¢) Hoén nhan bén vitng

Gia st An 1a mot phy nit va Binh 1a mot nguoi dan ong déu da dinh hon, nhung khong
dinh hon v6i nhau. Tai thoi diém thuat toan két thic, khong thé x4y ra trudng hop ci
An va Binh déu thich ngudi kia hon vg/chong ctia ho. Néu Binh thich An hon vg anh ta,
anh ta nhat dinh d& cau hon An trudc khi cau hon v¢ minh. Néu An chap nhan 13i cau
hon dé nhung cudi ciing khong két hon vdi Binh, ¢6 nhat dinh bé anh ta theo mot nguoi
khac ¢o thich hon. Néu An tir chéi 18i cau hon, ¢6 nhat dinh da dinh hon véi ngudi co
thich hon Binh.

Nhan xét: cic chang trai ngdy cang xudng thé, cac co gi thi cang lén gia vay “ai ¢6 1gi” — va
ching ta lam nguge lai thi sao?

— Céc chang trai ¢6 duge hudng quyeén 1oi t6i vu ( ket qua t6i vu)

— Cac co gai thu dong cho diéu kién t6t dep.

5.2 Tinh trang da doan hay hé théng tuyén sinh dai hoc.

Thuat toan cip doi hoan hio (gia dinh bén vitng) ¢6 thé chuyén sang thanh dé 4n tuyén
sinh?
— Néu c6 thé thi ai 1a ngudi hudng 10i? hoc sinh hay céc trudng cao hoc?

Trong trudng hop tuyén sinh dai hoc, gia sit mot cach don gian 14 c¢6 10 nghin sinh vien
dau vao va c6 10 truong dai hoc, mdi trudng tuyén mot nghin sinh vien. Cau chuyen nghe don
gidn, nhung né phitc tap & chdé moi sinh vién lai ¢6 trinh do khéc nhau va sé thich ctia cac sinh
vien ndy ddi véi cac truong dai hoc ciing khac nhau. Nhu thé, gid st mot truong dai hoc bat
k¥ nhan duoc 2 nghin ho so du tuyén, thi ho phai loai di bao nhiéu vi giit lai bao nhiéu ho so
khi biét riing sé c6 nhiéu sinh vién chiing tuyén sé khong tham gia vao hoc & trusng dé vi ho
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5.3 Dén sut ra doi ctia mot nganh nghién citu mdi. LOISCENTER

duge nhan vao cac truong khac ma ho thich hon?

Thuat toan Gale — Shapley nay ciing ap dung hoan hao cho trudng hop tuyén sinh dai hoc,
mac dit 1ap luan ap dung cho bai toan tuyén sinh phitc tap hon doi chit. Nét dep cta thuat
toan nay l1a né rat don gidn va tao ra mot két qud phi thuong — thit tudng tugng mot xa hoi
ma tat cd moi nguoi déu tim duge ngudsi thich hop nhat v6i minh, va khong ai phai lua chon
lai 1an thd hai.

Chi can stta trong thuat toan két doi hoan hao Gale-Shapley algorithm 1a céc truong dai hoc
(cdc b gdi) c6 thé duge tuyén nhiéu hoc sinh ( 14y nhidu chong) theo han mtc (quota) qui dinh
trude. Tic 1a cAc truong (cac ¢o gai) duge trd 1di “c6 thé” véi tat cd nhitng ngusi c6 nguyén
vong cho dén khi day céc con s6, va lic d6 van gan loc méi bat dau hoat dong. “Cé6 thé” véi
ngudi diém cao hon vi loai ngay ngudi ding dudi.

Thuat toan trén duge Gale va Shapley dua ra niam 1962 dé phuc vu viéc dua ra cac diém san
thi dai hoc.Day 1a mot chuong trinh dép tng duge tinh bén vitng.Quyén 1¢i ¢6 hoc sinh duge
ddm bao t6i wu. Thoi gian nhanh c¢6 két qua. Kho c¢6 su loi dung hay tim ké hdé cta chuong
trinh.

5.3 Dén su ra doi cia mot nganh nghién citu méi.

Tit viec sang tao ra mot thuat toan kha don gian dé gidi quyét mot van dé phtc tap lien

quan dén viéc két doi trong vin dé hon nhan va van dé tuyén sinh dai hoc, Gale va Shapley da
d#t vien gach dau tien cho mot nganh nghién ctu mdi la Iy thuyét két doi (matching theory)
trong kinh té hoc. Ly thuyét ndy hién nay duge tng dung rong rai trong cidc nganh nghién
citu khéc clia kinh té hoc, tit vi mo (nhu 1y thuyét vé dau thau - auction theory) t6i vi mo
(nhu 1y thuyét vé tién te - monetary theory), va 13 mot c¢ot tru ctia Iy thuyét tro choi hgp téc
(cooperative game theory).
Mot trong nhitng ngudi tién phong, va diing cAm nhat, trong viéc phat trién 1y thuyét ciia Gale
- Shapley 1a Alvin Roth - (Tén ¢6 vé ¢6 ngudn géc Hungary)- nha kinh té hoc ctia Truong dai
hoc Harvard. La mot gido su cye ky uyen bac, Roth ¢6 bé ngoai nhin rat mot sach (nerdy), khi
dé ong dang phét trién cac nghién citu kinh té& hoc thi nghieém - titc 1a mo phéng cac tuong tac
kinh té trong moi truong cé kiém soat. Ong ciing mot sé gido su khéac nhu gido su Dale Stalh
t6 chiic céc tro choi kinh t& nho nhé va ¢6 thudng (vai chuc dola) dé sinh vien tham gia.

Cac ong sau d6 thu thap va phan tich két qua clia cac tro choi nay va mo hinh hoéa céc
tuong tac gitta nhitng nguoi choi véi nhau dya trén quan sat thuye té. Day 1a mot huéng nghién
cttu con mdi hon nita so véi 1y thuyét két doi.

Alvin Roth[11 | dugc nhan gidi Nobel vi cac cong trinh lien quan dén viée “thiét ké thi
truong”. Luu ¢ 13 thuat toan Dale - Shapley ban chat ciing 1a viéc thiét ké mot luat chaoi cho
mot dang thi truong, tuy nhién, trong vi du vé gan ghép ap dung cho thi truong hon nhan &
trén, kha nang 4p dung trén thyc té clia n6 hau nhu khong c¢6 ma chi c¢6 vé dep thuan tay vé
mit 1y thuyét. Alvin di xa hon bing viéc sang tao ra cic luat choi 4p dung dudce, va da ap dung
trong thiue té. N6i cach khac, ong thiét ké ra cac thi truong ma néu khong c6 cac phat minh
ctia ong thi da khong ton tai hodc ton tai dudi mot dang rat khong hiéu qua.

Céc ting dung dot phé clia Alvin Roth trong md rong va phat trién thuat toan Dale — Shapley
da gitp ong gidi quyét nhitng van dé quan trong trong thic té. Ta cé thé liet ké nhitng thanh
cong 16n nhéat cua Alvin R. Truong hop dau tién cia Alvin R. 1a thiét ké ra co ché gitp cho
Chuong trinh quéc gia vé phan bd bac si noi tria (NRMP) ctia Hoa K¥. Tit d6 NRMP da hoat
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dong thong subt va moi nam gitp “gan ghép” duge hon 20.000 béc si tap sy vdi cac cd sG y té.
Truong hop thit hai 1a hé théng tuyén sinh cac truong cong lap & New York. Thanh cong ciia
chuong trinh nay da tao lan séng cho cic nudc trén thé gidi cai cach hé tuyén sinh ctia minh
linh hoat va dan chi dam bao quyén lgi ctia ngudsi di hoc.

ﬁy ban Nobel cho rang Lloyd Shapley va Alvin Roth da lam viéc doc lap véi nhau, nhung sy
thanh cong trong nghién cttu cia ho 1a do sy két hop giita cac két qua 1y thuyét ctia Shapley
véi sit tinh té ctia Roth khi dua cac két qud ly thuyét nay thanh cic 4p dung thyc tién trong
viec thiét ké thi truong. Linh vice nay con tiép tuc phat trién va dang c6 nhiéu hita hen to 16n
trong tuong lai.

6 Cong viéc Tuyén sinh ¢ Viét Nam

Chiing ta hoan toan c6 thé xay dung mot hé théng tuyén sinh cong bing dan chi lay két
qua thi vd nguyén vong thuc cia hoc sinh 1a chi tieu xét tuyén, khic phuc tan gbc su bat cap
hién tai phét sinh do han ché clia hé tuyén sinh “thti cong” gay ra.

Diéu kien vat chat ciing nhu trinh do cong nghé ctia Viet nam hoan toan cé thé dam duge va
cho ra doi mot chuong trinh tuyén sinh dap tng yéu cau hien tai va tuong lai.

Nghién ctu céc hé tuyén sinh trung hoc va dai hoc ctia thé gidi ching ta c6 thé rit ngin rat
nhiéu vé thoi gian ciing nhu kinh phi dé thuc hién project nay.

C6 rat nhiéu hé tuyén sinh ching ta c6 thé quan tam. Nhung mot didu chdc chin 1a cac he
théng tuyén sinh ctia M§, Uc va cdc nude tien tién chua phit hop véi tinh hinh gidgo duc thuc
tai ctia Viet Nam. Thay vio d6 cac hé théng giso duc clia cac nuée Dong Au ( Hung, Balan,
Tiép ...) ¢6 nhidu diém tuong ddng. CAc van dé xa hoi vi gido duc ciing ¢6 nhidu diém giéng
nhau. Vi thé huéng phat trién ciia hé tuyén sinh Vit nam néu di theo hudéng clia cac nudc nay
sé thuan 1¢i nhat va dé 4p dung nhat.

Toan tng dung ctia Viet nam thi chi ¢6 tai Viet Nam méi c6, va ¢6 rat nhitu.Xay dyng mot
hé tuyén sinh Qubc gia - day 1a mot vi du.

7 Thay cho 15i két.

Toi duge phan bién mot cong trinh todn kinh té clia Nguyén Annamaria [2] vé sy tuong
duong clia 7 dé tai ndi tiéng trong nén tang khoa hoc may tinh:
- Dinh Iy Hall
- Dinh 1y Konig
- Dinh ly Konig-Egervary(1931)
- Dinh 1y Menger (1927)
- Dinh 1§ dong chdy cic dai vh nhét cit cyc tiéu (thuat toan Ford- Fulkerson)
- Dinh ly Birkhoff-Neumann (1946)
- Pinh 1§ Dilworth.
Chiing ta déu biét 7 dinh 1y nay déng vai tro quan trong trong nén tang ctia khoa hoc méy tinh
va mot dieu ki la 13 cac két qua nay tuong duong. Tuy vay cac ching minh déu ndm gidi gidc
& nhiéu tai lieu khac nhau v& phét biéu duéi nhidu dang khac nhau, phuc vu muc dich rieng
clia cong trinh ngudi ta dang nghien ctu. Viec ¢6 nhitngtai lidu tap trung va tong két, dan giai
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su tuong duong cia cac dinh 1y nay va cac két qua lien quan theo nhiéu géc do khac nhau, 13
diéu vo cling cap bach va can thiét.

Sut phat trién soi dong ctia nganh khoa hoc nay dit mot ¥ tudng thiét thyc: Kha nang tao diéu
kién cho cac ban tré sém lam quen v6i nhitng kién thic séng dong va dang c6 tam tng dung
rong khap - 13 mot cong viéc rat nén coi trong tap trung thuc hién.

Mot loat cac cau héi cé thé dit ra:

— Cac két qua toan hoc phong pht hién thoi, bao nhiéu két qua 1a linh vic riéng va bao
nhiéu la tuong duong?

— Nguyén nhan sau sic clia sy tuong duong ciia nhitng két qua nay?
— Tiép can tng dung theo huéng dua vao thic té lao dong san xuét.

D@ tai nay toi viét tap chung phuc vu cho 16p nguoi doc 1a cdc ban tré, vi thé muc dich “tiéu
hoa duoc” ( day duge va hoc duoc) 1a tieu chi duge dat song song véi viée pho bién cic két qua
toan hoc.

— Céc dinh 1y dugc trinh bay doc lap, liet ke cac dang thé hien ctia ing dung.
— Céc chitng minh tuong duong duge trinh bay ti mi.

— Quan trong hon hét 13 cac chitng minh bang thuat toan dugc wu tién hang dau phuc vu
tryc tiép cho khoa hoc may tinh.

Nhu vay cac van dé khong chi b6 hep trong pham vi chi ra ton tai 10i giai, ma ca thuat toan
thiyc tim 10i gidi trong thoi gian hitu han ciing duge quan tam triet dé.

Hy vong céc c¢d gang ban dau nay tao hiing nghién citu 1y thuyét cling nhu tng dung cho
cic ban tré.
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Phan II
Dong chay cuc dai — Nhat cit cuc tieu

C6 thé dua toan kinh té va khoa hoc may tinh
vao chuong trinh phd thong dugc khong?

Nén tang cong trinh clia Ford — Fulkerson vé 1y thuyét dong chay 1a ban bao cao tinh bao
mat Harris — Ross gianh cho khong lyc Hoa Ky nam 1955. Trong ban bdo cdo nay ngusi ta
mo hinh héa hé théng duong sit ciia Chau Au nhu mot do thi 44 dinh va 105 canh. Mai dinh
1a mot trung tam dudng sit va cac canh chinh 14 duong lien van ndi cic trung tam nay. Bang
cac con s6 do CIA cung cap, ngudi ta c¢6 dung lugng clia moi tuyén duong sit. Va nhu vay bai
toan dong chay cuc dai va nhét cit cuc tiéu duge hinh thanh. V6i khong lie Hoa ky didu quan
tam trudc mat 13 van dé truy tim nhat cit cuc tidu.

Trong chién tranh lanh viec dé bo ctia Hong quan Nga sang phuong Tay 13 mot méi lo thue
sit. Dé ngin chan sy phat trién nay kha ning tieu diet c6 hieu qua cac co sé hau can la chién
luge duy nhat can thyce hién. Trong ban bao cdo di néu ngudi ta di chi ra duge nhat cit chién
ltge (diéu dang luu ¥ 1 nhat cit nay sé doi Ba Lan, di doc theo bién gidi Csekslovak — Lien
X0 va Hungary — Romania). Ngudi ta ciing chitng minh duge ring khong c6 giai phap tt hon,
bing cach chi ra ton tai mot dong chdy ¢6 do 16n tuong duong (max flow) tir cac cin ¢t quan
sy cia Nga — X0 tran sang phuong Tay.

Harris and Ross’s map of the Warsaw Pact rail network

Dé tham muu cho viéc hoach dinh chién dich tan cong khong kich, phuong phap nay ciing
chi ra dugc mot nhat cat hitu hieu nhat vé tai chinh ciing nhu hiéu qua. Tuéng Ross 1a nguoi
hiéu biét sau sic vé hoat dong ctia quan doi. Trong ban tudng trinh 6ng ta nhin manh: Chién
luge khoa hoc quan st mdi khong lam ddo 1on hé thong quan su hien hanh. Bén canh nhitng si
quan khoa hoc dic nhiém vé may tinh, luon luén can cong viéc ctia nhitng ngudi linh chuyén
nghiép quan suy.

Nhung day ciing c6 thé coi 1a ngay ra doi clia nhitng ngudi linh “c6 c¢dn” téac chién beén cbce
ca fe trong phong diéu hoa day du tien nghi. Ho chinh 1a lyc lugng diic biét tinh nhué khoa
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hoc. Ford va Fulkerson trén mo6 hinh héa thanh bai toan dong chay da thanh cong khi chitng
minh dinh 1y :Dong chay cuc dai — nhét cit cyc tiéu. Két qua nay da dit nén méng cho sit phat
trién ctia nhiéu nganh khoa hoc khéc, trong d6 phai ké dén t6 hop téi wu, Ly thuyét do thi va
v6i syt phat trién clia tin hoc ngudi ta thiy su xuit hien ctia Ly Thuyét Dong Chay-Mang trén
toan bo NET.

8 Ly thuyét mang luéi va dong chay

Ngudi ta mudén xay dyng mot mang luéi dudng 6ng cung cap nuée. C6 mot ngudn nude
(nguodn cung), tit d6 nude sé duge cung cap di cac noi bing cac dng nude o sic tai cho trude.
Trong méi dudng dng dan, nuée chi chdy theo mot chiéu ¢d dinh, nhung giita hai diém tir ca
hai huéng déu c6 thé c6 dng dan . Cudi ciing nude thai duge tap trung vé mot didm ( hd chia)
thé hien nhu cau stt dung. Nudc khong bi mét giita ngudn cung va diém cudi noi chita nude
thai (nhu cau).

Van dé dat ra la: M6i 6ng dan phai cho bao nhiéu nude chdy qua dé sao cho lugng nuée tit
nguodn qua noi tiéu thu roi tap trung cudi ciing vé ho thai 1a 16n nhat ma khong vust qua siic
tai cta he théng 6ng dan nudc.

He théng mang din nude duge mo hinh héa bing ngon ngit toan hoc. Ta s6 goi né la LY
THUYET MANG LUGI va DONG CHAY.
Cho G(V,E): D6 thi dinh huéng v6i V' 1a tap cac dinh va E 1a tap cdc canh ¢6 hudng. Do thi
dinh huéng G(V,E) duge goi 1a mang lwdi néu V chita diém s va t sao cho tit s chi xuit phat
cic canh di ra v ¢ ¢ chi ¢6 canh di vio, thém nita ton tai ham s6 ¢ : E — R* tait cd cic canh
(6ng din) déu ¢6 dung lugng ¢ dinh (sttc chita dong chay). Do d6 ¢ 1a mot ham 6 tir tap céc
canh dén tap cac s6 thyc duong. Ngusi ta dimg thuat ngit (G, s,t,¢) dé ki higu mang ludi.
s € V: Ngudn (cung cip), tit s chi xuat phat cac canh.
t € V: Dau tieu thu (nhu cau) — § t cdc canh chi ¢6 hudng vao.
s,t 1a hai diém dic biet ctia mang 1uéi, s 1a diém xuét phét va ¢ diém két thic.

2 N

7 A
1 11

4 2 2

Y
2 “~ 1 iy 2

8 4 N

10 5
2 > 1

5

Bai toan duge dit ra la: Ching ta mudn biét can phai x4 bao nhiéu nuéc tit s dé luong
nude luu thong dén ¢ 1a nhidu nhat. Diéu nay c6 thé thé hien bing trén mdi éng din, ngudi ta
phai cho chdy mot lugng nude chdy qua la bao nhieéu? Tic 1a ching ta phai tim mot ham s6
¢6 dang f : E — R (khong am). Ham s6 nay phai thoa man nhitng diéu kién nhat dinh (sé ligt
ke sau). Nhitng ham s6 thoéa méan cdc diéu kién nay sé duge goi la dong chdy. Muc dich 1 phai
tim dong chay t61 wu (cung cip duge nhiéu nude nhét.
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Ham s6 f : E — R* dudc goi 1a dong chdy néu
a) 0 < f(e) <cle) véimoi e € E
b) > eer f(vz) = ZyveE flyv) v6i moi v € V\{s,t}

Diéu kien dau tien tuong dng véi hien thue: Trong éng Iwong nude chdy khong thé vuot qua
stfc tai clia Ong.

1(2)
11,7 04) i 1
0Q2)
22 Y 1(1)
S - -
. i
54)
410N\, 0| ™
0(2)
1(5)

Diéu kién thit hai chi ra ring ngoai ngudn “cung” va bé chia (“cau”) thi qua bat ki diém
ndo ctia he thong, lugng nuée chdy vao va lugng nude chay ra 1a bing nhau (nude khong tu
san va khong tu bién di).

Ngudi ta ciing hay diing biéu thitc tuong duong, chi khac doi chit vé hinh thiic thay cho didu
kién b).

b’) Zehu’(jng vaon 1 (6) = D ra wneinf(€) vOi moi v € V\{s,t}

Ta thay ngay f = 0 luon luon 1a mot dong chay.

Dinh 1y 8.1. Néu mang ludi (G, s,t,c) khong chita canh di vao s va khong chia canh ra khdi

t thi:
> flsz) =Y flyt)

szek ytek

Dai lugng vita duge xac dinh trong dinh Iy trén dugce goi la Do lon cia dong chay ki hieu F(f)

(d@ lon Cﬁ’a’ f annh e ditu s f(@) - annh e di vao tf(e))

Nhét cit dinh huéng. Cho SCV,se SvaT =V§ (dodote T, SUT = V). Khi d6 tap

cac canh c6 diem dau trong S v diém cudi trong 7' dude goi la nhat cit dinh huéng s — ¢t duge
xéc dinh béi (S, 7).
Vi ngudn cung s ndm trong S va dau tieu thu ¢ ndm trong T, cho nén lugng nude chdy tit s vé
t can phai qua cac canh nio d6 clia nhét cit dinh huéng va ciing khong thé nhidu hon stc tai
ma nhat cit chiu dude. Kha nang Iuu thong clia nhat cit goi 14 dung lugng clia nhat cat. Ki
hiéu dung lugng nhat cat dinh huéng:

C(S,T)= Y cxy)

zeS,yeT
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9 Dinh Ly Max-flow min-cut.

Dinh 1y 9.1 (Ford — Fulkerson [1). /| Cho G(VE) do thi c¢6 hudng va (G, s,t,c) la mot mang
ludi. Khi dé do lon cla dong chdy cuc dai bing do ldn cia nhat cdt cuc tiéu:

F(f) =min C(S, 7).
max F'(f) gg;( )

Dinh Iy nay con thudng duge goi la dinh 1y Max Flow-Min Cut.
Dé thay max; F'(f) < mingr) C(S,T), vi

CS,T)= Y cxy) > > flzy) >

zeS,yeT zeS,yeT

zeS,yeT zeS,yeT

a, Dinh 1y Integrity.

Dinh nghia khai niem dudng cai tién. Mot dudng di s — ¢ khong nhét thiét 13 dudsng dinh
huéng sé duge goi 1a dudng cai tién néu trong quéd trinh di tit s dén ¢ nhitng canh thuan e
(hudng chi phia truée): f(e) < c(e), va cac canh nghich e (chi huéng nguge lai) f(e) > 0.

B6 dé 1. Gia tri cia mot dong chay 1a cuc dai khi va chi khi khong chita duong cai tién s — t.
Khi d6 ton tai mot nhéat cit c6 gid tri bang gia tri dong chay cuc dai.

Mang luéi G(s,t,c) duge goi 1a mang ludi ¢6 dung luong nguyén (httu ti) néu ham dung
lugng 14y gid tri nguyen (httu ti) tiic [a
c:E— NT(QT) v6i tat cd canh e € E

Dinh ly 9.2 (Integrity). Néu mang ludi G(s,t,c) c¢6 ham dung lugng nguyén (hitu ti), thi ton
tai dong chdy cuc dai va gid tri cta nd bang nhat cdt cuc tieu. Thém nda gid tri nay cing la
50 nguyeén (hitu ti).

b, Su tuwong duong véi dinh 1y Integrity két thiic qua trinh chiitng minh dinh 1y
Ford-Fulkerson.
Cac két qua clia toan rdi rac néi chung va do thi néi rieng dic trung ctia no6 1a thite hién trén
cac tap hitu han va vi thé tinh roi rac luon thé hien va giit vai tro chit dao. Tinh roi rac thuong
di cling vd6i tinh chat cac sé nguyén, tinh chat phan hoach ctia tap hop.

Dinh Iy Ford-Fullkerson xuat phét tit khia canh thuc té kinh té nén khong thé thiéu su c6
mit ciia tap s6 thye. Rat may budc luu chuyén tit tap sé nguyen sang hitu ti rdi dén tap sb
thuce duge ddm bao chiit ché clia cong cu gidi tich chuyén céc két qua tir dinh 1y Integrity sang
két qua ctia dinh 1§ Ford-Fulkerson qua su tuong duong clia hai dinh 1y nay.

Dinh 1y 9.3. Dinh ly Integrity tuong duong vdi dinh ly Ford-Fulkerson.

10 Cac thuat Toan

a.Thuat toan tim kiém binh dién
Trong qua trinh chitng minh dinh 1y va cfing nhu cac ting dung vé sau chiing ta sé dung dén
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mot thuat toan c¢6 tén 1a Thuat toan tim kiém binh dién. Trudc hét ching ta lam quen véi
thuat toan nay (Katonai Gy. [4], hay [6]).

Thuat toan tim kiém binh dien. Dé di hét cac dinh ctia mot do thi, mot trong nhitng phuong
phap co ban la lan toéa theo chiéu rong binh dién, ma thyc chat 13 phuong phdp phan vong.
Sau khi di hét vong trong, thi tit vong trong d6 md di tiép dén nhitng diém chua bi danh dau (
chua di ) bing cdch tim dudng di tryc tiép (1an can) dén né ( néu cé). Nhitng diem thuge lugt
nay sé lap nén vong lan toa tiép theo.

D

Dau tién ta xuadt phat tit mot diém, gid st vy;. Trong budc tiép theo ta dém tat ci céc
diém 1a hang x6m ctia vo; ( hang x6m ctia v ¢6 canh ndi tryc tiép véi v). Gia st cac diem nay
1a v1,;(i = 1,2,3,...,n1). Hoan thanh budc k, ta di tiép bude k + 1 bing cach tim tat ca cac
diém 1a hang x6m cua cac v,; ma chua bi danh dau (chua bi song tran qua)... Qud trinh nay
tiép tuc cho dén khi khong ton tai diém nao 1a hang xém clia céc diém da di. Qué trinh nay
sé ding lai néu da di hét cac diém lien thong véi vy;. Ct tiép tuc nhu vy véi cum lien thong
tiép theo. ... Thuat toan nay dung dugde cho ca 2 truong hgp doé thi vo hudng va do thi c6 hudéng.

Va
3 V3
 ————
\/
4 )
V;
I Vi
V.
V. > VS
2 VZ

b, Thuat toan tim dong chay max.

Khi ham dung lugng c6 céc gia tri hitu ty (tuong duong véi truong hgp ham dung lugng 14y gia
tri nguyéen). Dinh 1y Integrity va thuat todn Ford-fulkerson chiing minh sy ton tai dong chay
cic dai va chi ra sau hitu han bude di thi ta sé dat két qua nay.

Noi dung chinh ctia thuat toan la tit mot dong chdy khdi dau (co6 thé 1a dong chiy kho, tic
la dong chdy f = 0), ngudi ta tim mot dudng di cai tién, doc theo 1o trinh nay lam tiang luu
lugng dong chay. Tiép tuc lap lai qué trinh nay cho dén khi nao c6 thé. Cau hoi duge dit ra la
ta phai tim ra sao, v néu khong tim thay thi lam thé nado biét dugce 1a chic chian khong con
dudng c6 thé cai tién?
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Trong a3 thi géc

0=f<c 0<f<c O<f=¢c

O—0

Dwece hinh thanh: trong Do thi bé trg

Dé kiém nghiem xem dong chay nay da phai la cuc dai chua, hay con c6 thé gia tang tiép
tuc, ta thiét lap mot do thi Dy bo trg theo cach sau day.
V(Dy) = V(D) tiép nita néu trong D ¢6 canh ¢6 hudng tit u dén v thi trong Dy
— Ta sé& ké mot canh cting huéng nhu wv néu trong dong chay nady lugng nudc chua day
(f (uv) < c(uv))
— Ta vé& théem mot canh ngugce huéng (vu) néu trong mang ludi dang hien hanh (uv) khong
rong (tic 1a f(uv) > 0).

Trong dé thi gc

0=f<c O<f<c O<f=c

Oe—0O
Prrge hinh thanh: trong P thi bé tro
G—0Q & 0O 0—0
Trudng hop huéng khong thuan (nghich)

Tt dong chdy khéi dau ta nhan duge dd thi bo tro. Trong dé cac dudng dit quing la
cac canh gidng nhu trong D nhung c6 chiéu nguge lai. Trong do thi ndy ta xac dinh dung
lugng ¢; bang cach sau: cac canh chiéu thuan ta ghi dung lugng con tiép nhan duge (tic la
cr(uv) = c(uv) — f(uv)), nhitng canh ¢6 hudng nguge trén canh dé ta ghi gia tri cia dong chay
(ttc 1a v6i cac canh (vu) ta c6 cf(vu) = f(uw)).
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10. Cdc thudat Toan LOISCENTER

D& nhan thay ring trong dd thi bd trg D; mot duong di ¢6 dinh huéng s — ¢ chinh xac 1a
tuong tng véi mot dudng di cai tién trong D bit dau tir diem xudt phat, tic 1 trong D ton
tal dudng di cai tién khi va chi khi Dy ¢6 dudng di dinh huéng s — ¢. Diéu nay hoan toan c6
thé kiém tra duge bing thuat toan tim kiém binh dien.

Trong vi du clia chiing ta, ton tai dudng di cai tién, dugc thé hién trong hinh vé.

1(2)

Chiing ta da tim duge mot dudng di cai tién, doc theo 16 trinh d6 chiing ta cé thé tang luu
luong dong chay. Cau hoi sé 1a bao nhiéu. Trong do thi bé trg ching ta dinh nghia dung lugng
cac 6ng dan chinh 13 gid tri ty do con c6 thé st dung ctia éng dan. Nhu viy can tim gid tri
dung luong cuc tiéu cho phép dé tiang gia tri dong chay. Trong truong hop hien tai ctia ta bay
gio la 2. Sau khi tang dai lugng nay ta dugc mot dong chay mdéi nhu hinh vé sau:

V6i dong chdy mdi nay ta lai tiép tuc kién tao do thi b trg méi bang phuong phap da quen
biét dugce stt dung & trén, roi trong do6 thi nay ta lai tim duong di ci tién. Ta duge do thi trong

26 SDT: 096 568 5459



10. Cdc thudat Toan LOISCENTER

hinh vé tiép sau.

Ching ta thay rang lai c6 dudng cai tién, trén duong nay gia tri cia dong chiy duong cai
tién them 1 don vi. Hon nita cac canh ditt quing ciing duge huy dong vao sta duong, diéu
d6 c6 nghia 1 canh giita hai diém nay trong dd thi goc chi huéng ngude lai. Trén canh nay
ta gidn tiép ting dong chéy xuoi bang cach lam gidm gid tri clia dong chiy ngugce (xem hinh vé).

20
1) 0(4}5 4N | 8(11)

. 1(2) 2

Lo ST o) 322 t
. *a “ "
2(2) s, 4@ .
8(10) . Q) 1(1)
25

Sau khi kién tao do thi bd trg va diing chutong trinh tim kiém binh dién ta lai thay c6 duong
s — t, ttc 13 dong chdy vaAn chua dat gia tri cuc dai. Dudng stra chita méi ¢6 thé thiy trong

hinh tiép theo.
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10. Cdc thudat Toan LOISCENTER

2(2) .

1(1) 57 1 9(11)
v

2(2 0(1) 2(2)

S :‘ ------------ > t
N ‘.‘ M
.20 S
9(10) 0o 1)
35 D

That vay nhu trong hinh vé bd trg cudi ciing nay khong tim duge dudng dinh hudng tit s vio
t:

Do thi hinh dudi day chimg t6 rdng ton tai mot nhat cit (S,T) ¢ gia tri - trong truong
hop clia ta bay gio 1a 12- ding bang gia tri trong mot dong chdy. Trong hinh cac duong di to
dam cho gia tri ctia dung luong clia nhét cit, day 1a cac dudng éng di tir s ra va vao t. Ta thay
ro cac duong di vao s déu ¢6 dung lugng bang 0.

2(2)
) " 5n T SNean
@ 2(2)
y LT o 20 t
(. 1/4'(;) hz(S)
/’ 3(5) A
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11. Dinh ly Edmonds — Karp LOISCENTER

11 Dinh ly Edmonds — Karp

Nhu trén ching ta da chi ra néu ham dung lugng 1y gid tri hitu ti, thi thuat toan tim dong
chay cyc dai sé dimg lai sau hitu han bude di. Nhung néu ta khong “khéo” chon céc duong di
cai tién, thi c6 thé x4y ra trudng hop dé tim dong chiy cuc dai sé t6n rat nhiéu cong stc va
thoi gian. Ta ldy mot vi du minh hoa

Néu trén cac duong s, a,b,t v s,b,a,t ta cai tién 1an lugt thay ddi nhau, thi sé can 2.1000
buéc dé dén dich, con néu ngay tir lic dau ta chon duong di 1a s, a,t thi ngay trong budc thi
2 ta dat dong chay cuc dai. Két qud mang tén Edmonds va Karp 1& hai nguoi da chi ra phai
chon cac duong di céi tién nhu thé ndo 1a nhanh nhat.

Dinh 1y 11.1 (Edmonds-Karp). Néu trong tat cd cac bude di ta chon dudng cdi tién ngdan nhat
thi sau n - m budc di thudt todn sé dung lai .

Chitng minh ctia dinh 1§ nay c6 thé tham khdo tai [].
C6 rat nhiéu thuat toan tim dudng di ngin nhat. Cac thuat toan nay déu phat trién trén co sé
can ban 1a thuat toan tim kiém binh dién.

12 Mot vai tdng quat héa (theo huwéng tiép tuc gan thuc
té)

a) Nhidu ngudn cung cap (s, So, ..., S,) va nhiéu diém cudi - tidu thu (ti,ts, ..., 1)
Li giai ctia truong hop nay dep bat ngd. Ta tham vao do thi hai diém nhan tao ¢ v 7 sao cho
(.7 dugc ndi véi tat ci cc diem s; va tat cd t; duge ndi véi 7. Cac duong 6ng mdi ( nhan tao
nay) déu c¢6 dung lugng 16n vo cung. Viée xac dinh dong chay cuc dai trong do nhan tao nay
tuong duong véi viec xac dinh dong chay cuc dai can tim trong do thi dau tién.

b) Ngoai dung lugng éng dan c(z,y) con thém ca diéu kién cac diém ciing c6 dung luong
nhit dinh (han ché huu lugng) Co(z), titc 1a véi moi diém y:

> flu,y) < Coly)

ul(u,y)€E

Truong hop nay ciing c6 phuong phap thay thé hitu hieu. Ta lai kién tao mot dd thi nhan tao
sao cho mdi diem v dugce thay thé bing 2 diém v’ va v). Cac canh (z,v) (hudng vao v) duge
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12. Mot vai tong qudt héa (theo hudng tiép tuc gan thuc té) LOISCENTER

thay bang (x3,v") va canh khdi hanh tir v dén u dugce thay béng (v),u’) véi dung lugng c(e)
tuong tng. Ta thém canh (v/,v)) véi dung lugng Cy(v). Xem hinh vé.

3 Cs

c) Mot van dé mé dugc dit ra: néu tai cic diém can them diéu kién phdi c6 mot lugng
nude nhit dinh téi thiéu di qua van dé sé phic tap hon nhiéu.
Trong ki thuat tim dong chay cuc dai, ta cho phép cit gidm dong chdy ¢ mot sé 6ng dan nghich
huéng dé dat muc dich nang cao dung lugng dong chay, trong truong hop nay cé thé mot sb
diém sé khong c6 hoiic dong chay tai diem dé khong dat yéu cau téi thidu. Day ciing 1a van dé

md can ki thuat gidi quyét khéc
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