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TOM TAT

Két qua chinh cuia bai bao la tap trung xay dwng thuat toan song song dwa trén thuat toan
truyén théng va thuat toan hoan chuyén nguén dich [2], Cac két qua co ban dwoc hé thdng va
chirng minh.Y twéng thuat toan la st dung hai bd vi x& ly thwc hién cdng viéc song song tim
dwong tang ludng, vi xr ly 1 xuét phat tr dinh ngudn, vi x&r ly 2 xuét phat tir dinh dich. Thuat
toan song song lam gidm dang ké thoi gian tinh toan so véi cac thuat toan truyén thong.
ABSTRACT

The main result of this article is putting forward the parallel algorithm based on Ford-Fulkerson
and sourse-sink alternative algorithm. The basic results are systematically presented and
proved. The aim of the algorithm is using two processing to carry out parallely working finding
augmented paths, one comes from the source, and the other from the sink vertex. The
proposed algorithm considerably decreases the computational time in comparison with non-
parallel algorithms.
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1. Pit van dé

Bai toan luéng cuc dai trén mang 1a mot trong ) nhirng bai toan tdi wu trén dd thi tim
dugc nhitng ing dung rong rai trong thuc té cling nhu nhiing ing dung tha vi trong 1y thuyét to
hop. Bai toan duoc dé xuat va giai quyét boi hai nha toan hoc My Ford va Fulkerson vao dau
nhiing ndm 1950 va ngay cang dugc cac nha khoa hoc quan tdm nghién ciru. Hién nay, md
hinh xur Iy song song da va dang phat trién manh mé giai quyét nhimng Van dé bé tic ma md
hinh xir 1y tuan ty gdp phai nhu van dé thoi gian thyc hién chuong trinh, toc d6 xir 1y, kha ning
luu trir cia b nhd, xr 1y dir ligu véi quy mo 16n....

Trong bdi canh do, thuat toan tim luéng cuc dai can duge phat trién theo hudéng song
song nham phat huy sirc manh ciia bai toan.
2. Bai toan tim ludng cuc dai trén mang

Cho mang G(V,E,C), ngudn a, dich z. Trong s cac ludng trén mang G, hay tim ludng
c6 gia tri 16n nhat.
3. Y twong thuit toan

Duya trén thuat toan truyén théng va thuat toan hoan chuyén ngudn dich, xay dung thuat
toan song song tim ludng cuc dai. Y tuong ciia phuong phap nay la thay vi trong thudt toan
truyén thong dung mot bo vi xur 1y thuc hién cong viée tuan ty tir dinh ngudén dén dinh dich.
Trong thudt toan song song st dung hai by vi xur ly thuc hién cong viéc song song, vi xur 1y 1
xuat phat tir dinh ngudn, vi xir 1y 2 xuét phat tir dinh dich. Hai vi xu ly trong qua trinh tim
duong ting ludng s& gap nhau ¢ dinh trung gian t nao do, cong viéc tlep theo vi xtr 1y 1 xtr 1y
cong viée tir dinh t dén nat ngudn, vi xir 1y 2 xir 1y cong viée tir dinh t dén nat dich.
4. Xay dung thuit toan song song

> Péu vao: Mang G = (V, E) véi ngudn a, dich z, kha ning théng qua: C = (Cij), (i,j)eG



Céc dinh trong G dugc sip xép theo thir ty nao do.
> Dau ra: Ludng cyc dai F = (fij ), (i,j)eG.
» Cac buée
Budcl: Khéi tao
P1:
Ludng xuat phat: For i:= 1 to (n div 2) do
For j:= 1 to n do if ¢;;>0 then f;;=0
bat nhan tién (T)cho dinh ngué)n: a(T, o, oo)
Tao lap tdp S gdm cac dinh d3 c6 nhin tién nhung chua dugc dung dé sinh nhin
tién: S:= {a}; khdi gan diéu kién két thuc Stop:= False;
P2:
Ludng xuét phat: For i:= (n div 2)+1 to n do
For j:= 1 to n do if ¢;;>0 then f;;=0
it nhan 1ui (1 )cho dinh dich: z({, ¢,c0)
Tao lap tap T g@)m cac dinh da cd nhan lui nhung chua dugc dung dé sinh nhin
0i:T = {z}; khoi gan diéu kién tang ludng: inc_flow:= False;
Budc 2: Sinh nhan
P1 Sinh nhan tién
Trudng hop Stop=True; thi xuat ludng cuc dai, két thuc.
Trudng hop inc_flow=True; chuyén sang thuc hién bwée 3
2.1. Chon dinh sinh nhan tién
* Truong hop S #¢: Chon dinh ueS nhé nhat (theo thir tu). Loai u khéi S,
$:=S\{u}. Ky hi¢u nhin tién ctia u 1a (1, p,) va A Ia tap céc dinh chua c6 nhan tién k& véi
dinh u, Sang bwérc 2.2.
* Truong hop S =¢, thi gan Stop:=True; thong bao hé thong biét da gap diéu kién
dirng, xuat ludng cuc dai, két thuc.
2.2. Gan nhan tién cho dinh chua c6 nhén tién va ké dinh sinh nhan tién u.
Trudng hop Stop=True; thi xuat ludng cuc dai, két thuc.
Truong hop inc_flow=True; chuyén sang thyc hién buée 3
* Truong hop A= ¢: Quay lai bude 2.
* Truong hgp A#¢: Chon t € A nho nhat (theo thir tw). Loai t khoi A, A= A\ {t].
Gan nhén tién cho t nhu sau:

Néu (u,t)e Eva f, <c,,, dat nhan tién dinh t1a (f,u,minfe,c, , — f, . }).

ut?
Néu (t,u)e E va f,, >0, dit nhan tién dinh t1a (T, u,min{o.f, }).

Néu t khong dugc gan nhan tién, thi quay lai buére 2.2.

Néu t dugc gan nhin tién va t c6 nhan i, thi gan inc_flow:= True; thong bao cho hé
thong biét da tim duoc dudng di ting ludng, sang budc 3, hiéu chinh ting ludng, x6a nhan.

Néu t dugc gan nhan tién va t khong gan nhan 1ui, thi b sung t vao S, S:=S u{t} va
quay nguoc lai buée 2.2.
P2: Sinh nhan lui ,
Truong hop Stop=True; thi két thuc.
Truong hop inc_flow=True; chuyén sang thuc hién bwdc 3
2.3. Chon dinh sinh nhan lui



* Truong hop T #¢: Chon dinh veTnhé nhit (theo thir tw). Loai v khoi T,
T:=T\{v}.

Ky hiéu nhan 1i cta v 1a ({,q, 8) va B 1a tap cac dinh chua c6 nhan lui k& dinh sinh
nhan 10i v.

Sang buéc 2.4.

* Truong hop T = ¢, thi Stop =True; thong bao hé thdng biét P2 da gip diéu kién
dimg, két thuc. .
2.4. Gan nhan Iui cho dinh chua c6 nhén lui va ké dinh sinh nhan 1ui v.
Truong hop Stop=True; thi két thuc.
Truong hop inc_flow=True; chuyén sang thuc hién buée 3

* Truong hop B = ¢ : Quay lai buére 2.

*Truong hop B # ¢: Chon t € B nho nhat (theo thi tu). Loai t khoéi B. B:= B\ {t} gan

nhan lui cho t nhu sau:

Néu (t,v)e E va f, <c,, dat nhan i dinh t 1a (4, v, min{B,c, — f, })

Néu (v,t)e E va f, >0, dat nhan li dinh t 1a ({,v, min{, f,,}).

Néu t khong duoc gan nhan Iui, thi quay lai bude 2.4.

~ Neéu t duoc gan nhan lui va t ¢6 nhén tién thi gan inc_flow:= True; thong bao cho h¢

thong biét P2 da tim dugc duong di tang ludng, sang budc 3, hi€u chinh tang luong, xo6a
nhan.

Néu t dugc gan nhan 1ui va t khong ¢ nhén tién, thi bo sung t vao T, T =T U {t} va
quay lai bwée 2.4.
Buéc 3: Hi¢u chinh ting ludng, x6a nhén q

Ta c6 t 1a dinh dugc gén nhan tién ¢ budc 2.2 hodc nhan lui & budc 2.4 dé thuat toan
dAn dén buéc 3. inh t ¢6 nhan tién (1, p,) vanhan Iai (,q, 8). Pat 5 = min{a, A}

Ta hiéu chinh ludng f va x6a nhin nhu sau.

1

3.1 Hi¢u chinh nguoc tur t vé a theo nhén tién

3.1.1.Kh¢itao j=t,i=p

3.1.2. Hi¢u chinh

Néu cung (i, j) € G, thi hiéu chinh f, =1 +o0.

Néu cung (j,i)e G, thi hiéu chinh f,="1-0.

3.1.3. Tinh tién

Néu i= a, thi x6a tat ca cac nhan tién trén mang trur dinh ngudn a va dinh dich z, thong
bao hé thong biét P1 da thuc hién vi¢c tang ludng, xo4 nhan tién xong, dgi P2 x04 nhan xong,
quay lai buéc 2.

Néu i#a, thi dat j:==iva i:=h, véi h 13 thanh phan tht hai ctia nhan tién dinh j. Sau
dé quay lai buwée 3.1.2.
P2 :
3.2. Hiéu chinh tir t dén z theo nhan Iui

3.2.1. Khdi tao i=t, j=q

3.2.2. Hi¢u chinh

Néu cung (i, j)€ G, thi hiéu chinh f; = f, +5.



Néu cung (j,i)e G, thi hiéu chinh f; = f;, —&.

3.2.3. Tinh tién

Néu i =z, thi x6a tit ca cic nhin lui trén mang trir dinh ngudn a va dinh dich z, thong
bao hé théng biét P2 da thuc hién viéc tang luﬁ‘)ng, x04 nhan lui xong, doi P1 xo04 nhan xong,
quay lai bwére 2.

Néu i=z,thidit i:=j vd j:=k, v6ik la thanh phan tht hai cua nhdn lui dinh i. Sau
do quay lai buéc 3.2.2.

So dd mé ta thuat toan cho & hinh 1.
P1 e P2

v

Khoi tao: For i:=1 to (ndiv2) Khoi tao: For i:=(ndiv2 +1) to n

For j:=1to n if cij>0 then fij =0; Forj:=1ton if cij>0 then fij =0;
Dat nhan tien dinh nguon: a(1,p,) Dat nhan lui dinh dich: z(},p,)
Tao lap tap S gom cac dinh da co nhan tien chua Tao lap tap T gom cac dinh da co nhan lui
dung sinh nhan tien S:={a}; Stop:=F; chua dung sinh nhan Iui T:={z}; Inc_flow:=F;
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Hinh 1: So do thudt todn song song tim luéng cuwec dai trén mang



Pinh 1y 1
Néu cac kha ning théng qua c6 gia tri nguyén thi sau hiru han budc qué trinh giai két thic.
Chirng minh
Qua mdi budce hiéu chinh, gia tri ludng ting 1én it nhat mot don vi (do kha ning thong qua
nguyén kéo theo a va S nguyén duong nén 6 = min{a, ,B} cling nguyén duong). Mat khac
gia tri ludng bi chin boi téng kha ning théng qua cua cac cung di ra khoi dinh ngudn. Vi vy
qua mot sb hiru han bude qua trinh giai két thic.
Hé qua
Néu cac kha ning théng qua c6 gia trj hitu ti thi sau hitu han bude qua trinh giai két thuc.
Chirng minh
Qui dong mau s cac gia tri thong qua, gia sir mau sd chung 1a N, qua mdi budc ting ludng,
gia tri ludng tang 1én it nhat 1/N, mat khac gia tri ludng bi chin boi tong kha ning thong qua
clia tat ca cac cung di ra tir dinh ngudn. Vi vay qua mot sd hitu han budc, qua trinh giai két
thic.
Dinh ly 2
Cho mang G(V,E,C), nguén a, dich z, f 12 ludong nhan duoc sau khi két thic thuat toan, khi d6
f1a ludng cyc dai.
Chirng minh
Ta xét hai trudng hop két thuc thuat toan.

THI1: Thuét toan két thuc xuat phat tir P1 gip diéu kién S =®. Ki hiéu X 1 tap tit ca
cac dinh mang nhén tién, khi d6 14t cat (X,V\X) 1a 14t cat cuc tiéu, suy ra £ 1a ludng cuc dai.

TH2: Thuét toan két thiic xuat phat tir P2 gip diéu kiénT = ®. Ki hiéu Y 1a tap tit ca
cac dinh mang nhan lui, khi do6 1at cit (V\Y,Y) la lat cit cuc tiéu, suyrafla luéng cuc dai.
5. Nhan xét

> Viéc cai dat thuat toan song song 1a mot van dé kho, tuy theo tirng mé hinh xt Iy ma
ta co cach cai dit khac nhau, can luu ¥ mot sd van dé phat sinh khi cai dit: Sau budc ting
ludng + xoa nhan, viéc Vi xir Iy ndy chd cho Vi xir Iy kia thyc hién x6a nhan xong rdi mai
chuyén sang budc thyc hién gan nhan (néu khong nhu vay thi trong budc gan nhan tiép theo
c6 thé roi vao tinh trang gip nhan cii chua kip x06a) c6 thé 1am giam tdc do xtr 1y bai toan, doi
hoi can c6 ki thuat cai dat tt tranh truong hop lang phi thoi gian xir 1y. Trong budc khai tao,
néu hai vi xtr ly tién hanh khoi tao khong can strc s& dan dén tinh trang chua nap kip dit liéu
ma d xir 1y, do d6 trong qua trinh cai d4t thuat todn trén cac mo hinh cy thé, chung ta phai giai
quyét van dé ndy mot cach hop 1y (dam béo trinh ty cac tién trinh va thoi gian thuc hién).
Trong truong hop xau nhét, hai vi xtr Iy cung mot lac gip dinh trung gian t va thuc hién gan
nhin cho t (ca nhan tién va nhan i) tao ra tinh hudng gap diéu kién ting luéng nhung khong
dugc phat hién. Nén khi cai dat ta phai dam bao van dé dong bo hoa cac tién trinh tac dong
trén cung mot ddi tuong.

> Day la thuat toan song song tong quat, c6 thé ap dung hiéu qua cho cac loai mang.
Qua thuc nghiém chay chuong trinh cho thay sy phan chia cong viéc xir Iy cho mdi Vi xtr 1y
gan nhu déu nhau (két qua thyc nghiém cho thdy nut trung gian t tim dwoc nim phan giita 2
nat ngudn va dich trén duong ting ludng). Néu thuat toan dugc cai dit trong moi truong xir Iy
song song t6i uu, du kién thoi gian tinh toan s& giam di mot nira so voi thudt toan truyén
thong.
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