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MO PAU
1. Ly do chpn dé tai:

Khoa hyc ky thuat ngay cang phat i, dit ra nhéu bai toan i
khdi lugng tinh todan 4t 16n. Trong 8 d6 c6 nliing bai toan maédt qua chi
c6 y nghia réu duoc hoan thanh trong king thyi gian cho phép. Viw
nhu cac tinh toan trong o gian thrc, mé ptong sr chuyén dong aia céc
phan &, tinh qd dao chuyn dong aia vat thé trong khéng gian, @ bao
thoi tiét...

Dé giai quyét nhirng bai toan nay, ngi ta ¢4 nghién 6u ting tc
do6 tinh toan Bng hai plwong phap hay & hop c hai:

Phuwong phap 1 Cai tién cong ngh, tang ¢ do xir Iy caa may
tinh. Cong véc naydoi hoi nhiéu thoi gian, cdng éc va tén aia, nhing tHe
do ciing cH dat duoc dén mot gisi han naodo.

Phirong phéap 2 Chia bai toan ra thanh aihg cong véc nho dé co
thé chay song song trén néu b xu 1y.

Viéc phat trén cong ngh tinh toan theo plong phap 214 cho ra
doi cdng nglé tinh toan song sondp la viéc sr dung dong thdi nhiéu tai
nguyén tinh toadé giai quyét mot bai toan. Cac tai nguyén tinh toan cé th
bao @m mit may tinh i nhiéu bo vi xtr ly hay not tap cac may tinh &
ndi mang hay la mt sy két hop cia hai dng trén. Céng nghtinh toan
song song cho phépagn thoi gian thrc thi bai toan tuy théc cach phéan
chia va 8 bo xur ly thuc thi chrong trinh. Nguyénic quan tong nhit caa
tinh toan song song chinh 14 tiddng thyi hay xr Iy nhiéu tac w clng not
lac.

Trong tinh toan song songehinay, c6 hai céng ngrchinh:

Tha nht 12 st dung cac si@u may tinhovrat nhigu bd xir ly duoc
tich hpp bén trongdugc thiét ké dong b ca vé phin aing va pln mém.
Céac céng nghdugc ap ding trong cac siéu may tinhuténg la cac céng
nghé tién tén 1am cho gia thanhoa ke thdng siéu may tinhihg it cao.Vi
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thé cac siéu may tinh tldng duoc ar dung trong cacihh wrc ma in dé
tinh toan plic tap, nhay cam va yéu éu thoi gian thrc nhr mé prong thrc
hién oia cacdong @ may bay, géc phong, ¥ tru...

Céch thir hai & Kt ndi cac may tinhdi véi nhau va cuing tic hién
bai toan. K théng cac may tinhét néi nay chinh 1a & théng tinh toan
song song phamm. H thong nay caru diém 1a gia thanhé hon rat nhidu
S0 Wi siéu may tinh c6 cungie manh (do & dung cac thit bi théng
thuong) va tinh linh hat caa ke thdng ($ nat, $ bo xa ly, bo nhs, thiét bi
mang...déu mang tinh tu bién cao). & phat trén manh & cia mang may
tinh, cac cong nghmang hién nayda lap di han ché vé truyén théng trong
hé thbng may tinh song song phame lam cho natugc phat trén rong rai.
Cac Inh wic sr dung hé théng tinh toan song song phamt thuong yéu
cau tinh toan khéng quémh, khdng yéu au thoi gian thrc nhr xir ly anh,
nhan dang van tay, tinh toarékcau cong trinh, md ping cac thi ngkéim...

Véi sy radoi cua chipda 16 (multi-core) va k li da ludng (multi-
threads) thi vic khai thac Bt kha nang xir I cua n6 1a nét van dé can quan
tam hén nay. Tuy nhién & [ap trinh trugn thong (Ap trinh tudin tr), cac
cau Bnh, cac qua trinhixly dugc thuc hién ndt cach én luot, tuin tr nhu
vay 5 khdng phat huy ét hiéu naing aia b vi xir ly da I18i. Cac nham
xuat chip va pin mém may tinhda bit dau nhing rd luc dé dinh hréng
gioi phét trén pran mém, cung ép cho kb nhiing céng a tét hon trong
viéc lap trinhda 16i. Biéu d6 co ngfia 1a ngroi 1ap trinh phii 14p trinh ki
theo ndt cach khaaté tan dung sr gia ting & s 16i.

V6i muc dich tim héu va nghién gu \é thuat toan song song, toi
chon dé tai “Thuat toan song song chodmnsb bai toan ¢ li thuyét do thj”
nham tim hiéu, nghién ¢u va tim ghi phap song song chodaisd bai toan
vé ly thuyét do thi trén @ sv nhitng thuit toan tén tu truyén thing.



2. Muc tiéu cia dé tai:

Tim hiéu, nghién ¢u va xay dng thifit toan song song chodaisb
bai toan @ thé dé nang cao kinnang thrc hién aia chrong trinh, gim thoi
gian thrc hién, gop plin ning cao hdu ning hait dong aia h thong.

3. Péi twong va pham vi nghién aiu:

+ Ddi tugng nghién eu:

- XLSS va thidt toan song song.

- Ly thuyét do thi.

+ Pham vi nghién du:

- Mot b bai toan @ ly thuyét db thi: Tim duong di, cay bao trum.
4. Phrong phap nghién @u:

- Nghién @ ly thuyét: XLSS, thuit toan song song, ly théiydo thi.
- Tim hiéu mot sb thuat todn © ban: Timduong di, cay bao tram.
- Nghién aru va xay arng thufit toan song song.
4.1 Y nghia khoa tyc va thec tién cia dé tai:
- Nghién @u va tim ghi phap nang cao &il ning aia k¢ théng king

XLSS.

- Co thé ap ding cho nét s linh wrc oy thé va ndt sb bai toan cato
phic tap Vé thoi gian 1bn, nhing bai toan thi gian thyc.
4.2 B cuc aia dé tai:

Noi dung @a dé tai nay bao §m 3 chrong:

Chuong 1: Tinh todn song song va fhtoan song song.

- Chuong nay gbi thiéu tng quan @ tinh toan song song, tiiu
toan song song, cac mo hidp krinh song song.

Chuong 2: Li thuyt do thi.

- Chong nay gbi thiéu tong quan ¢ Ii thuyét db thi.

Chuong 3: Song song hoadmsd bai toan @ Ii thuyét do thi

- Chrong nay phat Bu, mé & va thrc hién song song hoa bai toan
tim cay bao trim nhnhit va bai toan timduong di ngin nhit tir dinh
ngudn dén moi dinh tréndd thi ¢6 tong $.
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Két luan: Néu lén nking van d& d& nghién au va Kt qua dat
dugc, nhiing han ché va hréng phat trén cia dé tai.

CHUONG 1
PAI CUONG VE XU LI SONG SONG
1.1 Mét sb khai niém vé xir I song song

Xt |i song song la cachixi théng tin Bing viéc ar dung nhéu hon
mot bd xu Ii dé thuc hién nhidu hon Mot thao tac trén@liéu tai mot thoi
diém.

Thuit todn song song laghtap cac tén trinh (process) he cac tac
(task) co th thuc hign dong thdi va co thé traoddi dir liéu voi nhaudé két
hop cung ghi mot bai toandit ra.

Nhiing thifit toan, trongdd cé ndt sb thao tac c6 ththuc hién dong
thoi dugc goi la thuat toan song song.

1.2 Céc kién tric song song
1.2.1 M6 hinh SISD : Pon Iégnh, don diE liéu

May tinh theo mé hinh SISD thé nt CPU,é mbi thoi diém chi thuc
hién mot [énh va ch doc/ghi mbt muc dir liéu. C6 ndt thanh ghi, gi la bo
dém chrong trinh,duoc ar dung dé nap dia chi cua knh tiép theo khi X ly
tuan tw. Cac caudnh duoc thuc hién theo ndt thir ty xac dinh. Hay noi
cach khac, may tinh 40 SISD 1a may tinh théng tlbng, ch c6 duy niat
mot bo vi xur ly, khéng c6 &u tric song song vaing khong co d liéu

song song. .
9 9 Tjn hléy
— didu khién
_»| Pon v.iﬂd|éu > BXL <
khién
Ludng Luong L1~16_nAg
lénh két qua dr ligu
v




1.2.2 M0 hinh SIMD: Pon I¢nh, da di liéu

May theo mé hinh SIMD c6 & don vi diéu khién dé diéu khién nhiéu
don vi xir ly (nhiéu hon mot don Vi) thuc hién theo nat ludng cac cauéhh.
Pon vi diéu khién (CU) phat sinh tin Bu diéu khién ti tat ca cac pn tir
xu ly, nhitng B xir li ndy cung tire hién mot phép todn trén cac um div
liéu khac nhau, ngh & mdi bo xu Ii ¢6 ludng di liéu riéng.

Pon vj didu khién (CU)

Tin hiéu diéu
khién |
PHin tir PHin tir PHin tir
xuli 1 xu i 2 xulin

1.2.3 MO0 hinh MISD: Pa Iénh, don diz ligu
May tinh Iai MISD la ngroc lai véi SIMD. May tinh MISD ¢ th
thuc hién nhiu chrong trinh (nhéu 1énh) trén clng Bt muc di liéu.

U1 Dong Enh 1 IR T xa I
> ntrxalil o
CU?2 Dong knh 2 PHan tir xur Ii 2
n tir xi li P
U Dong Enh n PR i I
n > n tr xa li n

1.2.4 M6 hinh MIMD: Pa I¢nh, da di liéu
May tinh lai MIMD con goi la da b xu li, trongdo mbi b xir li o
thé thuc hién nhing ludng knh (chrong trinh) khac nhau trén cadhg di



liéu riéng.
Dong knh 1 - - Ludng dr liéu 1
Cul Phan tr xir i 1
# ‘
Dong knh 2 - - Ludng dr liéu 2
Cuz2 Phan tr xir li 2
# ‘
Dong Enh n . I;,U6ng dt ligu
CUn | Phantrxalin

1.3 Thiét ké vadanh gia thuat toan song song
1.3.1 Nguyén ly thet thiét ké thugt toan song song

Khi mudn thyc hién viéc xir Ii song song ta g xét i kién trdc may
tinh va cac thit todn song song.

Pé thiét ké duoc cac that toan song songin phii thuc hién:

- Phan chiadliéu cho céac tacw,

- Chira cach truy &p va chia & di liéu.

- Phan céc tacweho cac én trinh (B xu Ii).
- CAc tén trinhduoc dong bH ra sao

Khi thiét ké mot thuat toan song song cé&rsr dung ram nguyén i
chinh trong thit ké thuat toan song song:

+ Nguyén ly fp lich: muc dich la gam ti thiéu cac b xir Ii sir dung
trong thidit todn sao cho th gian tinh toan la khéngng (xét theo khia
canh dé phac tap).

+ Nguyén ly hinhdng: Nguyén ly nayluoc ap ding khi bai toan xét
hién mt day céc thao tac {TT,, . . ., T}, trong d6 Ti.; thuc hién sau khi
T két thuc.
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+ Nguyén ly chiaté tri: Chia bai toan thanh ahg ptin nh hon trong
dbi doc lap voi nhau va gii quyét chiing nét cach song song.

+ Nguyén lydd thi phu thude dir liéu: Phan tich @i quan & di liéu
trong tinh toandé xay drng dé thi phu thudc dir liéu va dra vaodé dé xay
dung thuit todn song song.

+ Nguyén lydiéu kién twong tranh: Nu hai tén trinh cing mén
truy Gp vao cung it muc dir liéu chia ¢ thi chdng phi tuong tranh i
nhau, ngia la ching cé thean tré 13n nhau.

Ngoai nhing nguyén ly néu trén, khi #hiké thuat toan song song ta
con phii chd ydén kién trac @ia ke thdng tinh toan. Khi chudn mot thuat
toan tun tw sang that toan song song ko chuyn mjt thuat toan song
song thich bip véi kién tracdang c6. @Gn xacdinh dugc yéu du sau:

- Kién trac tinh toan naoasphll lop Wi bai toan?

- Nhifng bai toan lgi nao € xr Iy hiéu qui trong kén trac
song song choawc ?
1.3.2 Céc giaidogn thiét ké thudt toan song song

- Song song héa cac #itoan tn ty, bién di nhitng ciu trac tuin t
dé tan dung khi nang song songitnhién @a tt ca cac thanh pin trong 1§
thong xi Ii.

- Thiét ké thuat toan song song hoan toaim

- Thiét ké thuat toan song sondrtnhiing thuit toan song sonda duoc
xay drng.

1.3.3 DPanh gia thuit toan song song
+ Thoi gian tinh toan
Thoi gian tinh toan ga gii thuat song song la th gian danhdé thuc
hién tinh toan. Thi gian tinh toan&phu thuoc vao $ tac w thuc hién.
+ Thoi gian truyén thong
Thoi gian truyén thong éa mot giai thuat 1a thoi gian cac tac w danh
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dé giri va nhan théngdiép.
+ Thoi gian rdi

Mot BXL c6 thé dat trong tang thai Bi néu thiéu tinh toan hac di
liéu dé tinh toan.

+ Toc dg va hiu qui:

Hiéu qua caa thiuit toanduoc dinh ngha 1a phan thoi gian ma cac &
xt Ii dingdé thuc hién céng véc co ich, chra mic do hiéu qua caa mbt
giai thuat khi sr dung cac tai nguyén tinh toaa njt chueong trinh song
song theo tiéng doc lap wi kich thrge bai toan.

Thuat toan song song c6&ttd do phic tap lon hon thuat toan tén tu,
do d6 rat kho dé danh gia that toan song song. & qua dat dugc thuong
dugc danh gia Bng thrc nghém chrong trinh.

1.4 Mét s6 mé hinh lap trinh song song
1.4.1 M6 hinh chia & bj nhe:

Trong mo hinh nay cac BX#éu co tié truy cip vao lp nho chia 8, cac

BXL c6 thé haat dong doc lap nhung luén chia&dia ch cac 6 ni.

CPU1 CPU 2 CPUnN

Memory

1.4.2 Mb hinh truyén théng diép

Trong mé hinh trugn théngdiép, cac tén trinh chia & véi nhau kénh
truyén théng. Cac kénkduoc truy ép boi hai phrong thic: gii va nhin
théngdiép.

Meml

Mem?2

Memn

CPU 1

CPU 2

CPUn

Network
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1.5 M@i tr wong lap trinh song song
151 MPI

MPI la viét tit cia Message Passing Interfa@s |a mdt thu vién cac
ham trong C va Fortran cho phép chén vao trong déderc hién traoddi
dir liéu gira cac tn trinh.

MPI thuong gr dung cho & thong c6 kén trac ® nho phan tan (&
thdng may tinh phanwm (cluster))), tuy nhién néiiag hat dong binh
thuong trén I thong kién trdc chia & bo nho.

Chuong trinh MPIdugc dich va chy trén rén tang c6 1B tro chién
MPL.

Trong md hinhdp trinh MPI, cac #n trinh trugn théng ting cach gi
cac ham th vién dé gii va nhin théngdiép voi nhiing tién trinh khéc.
Trong Hiu hét cac clrong trinh MPI, 8 bo xu Ii ¢b dinh khi khoi tao
chuong trinh, va mt tién trinh dugc tao ra trén mt bo xa li. Tuy nhién,
nhiing tién trinh nay co t& chay nhitng chrong trinh khac nhau.

Mot chuong trinh MPI bao §m nhiéu chrong trinh tén tu cé trao
ddi dir liéu véi nhau théng qua §c goi cac ham trong thvién.
1.5.2 OpenMP

OpenMP la congiccho phépdp trinh song songdtrg C/C++ va
Fortran77/90. OpenMP hbdong trén 1§ théng kién trac chia & bo nho va
c&c may tinhta 16i (multi-core).

OpenMP cung 4p md hinh 4p trinhda Iuwng cp cao, xay dng trén
thu vién lap trinhda luwng aia ke théng. Theo mé hinh nay ngi 1ap trinh
c6 thé tao nhom céc léing cho thrc hién song songtdng thyi chi ré cach
cac chia & céng véc giira cac ldng thanh vién @a nhdm. Cho phép khai
béo dr liéu chia $, riéng tr vadong b cac lwng, cho phép cac dmg thrc
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hién thuc hién cdng véc mot cacdoc quyén. Ngoai ra OpenMP corbhro
quan |i thoi gian thrc hién va $ luong luong.

OpenMP cho phép & chuong trinh song song trong khéw gii
nguyén ma ngin cia chrong trinh tédn tw. OpenMP & dung cH thi
chuong trinh dch dé diéu khién sr song song.

OpenMPdua ra 2 cach song sodg la:

+ Song song theo ¢k nang: lAp trinh song song céa trdc dra trén
phan chia cong €t trong vongdp.

+ Song song theoidiéu: Hb tro viéc gan cac cong &t ou thé cho cac
ludbng thdng qua drsd caa lwng.

CHUONG 2
PAI CUONG VE PO THI
2.1 Céac khéi niém co ban vé dé thi
2.1.1 Binh nghiadé thi
Pinh nghia 2.1: Mot don db thi v heéng la mét bo G=(V,E), trongdo:
-V #0 la ép hop hitu han gdm cécdinh aia do thi.
- E la éip hop cac ap khong cé th tw gdbm hai phn tir khac
nhau @a V i la cac anh.
Dinh nghia 2.2: Bon db thi ¢ hréng 1a nét by G=(V,E), trongdo:
-V #0 la ép hop hitu han gdm cécdinh aia do thi.
- E la tip hop cac @p co thr tw gdm hai phin tir khac nhau
cia V goi la cac cung.
2.1.2 Mgt s khai nigm:
Pinh nghia 2.3: Chodb thj vé huéng G=(V,E).
- Hai dinh u va v éa d6 thi duoc goi 1a k& nhau gu (u,v) la
mot canh aia do thi.
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- Néu e = (u,v) la enh aia do thi thi ta n6i anh nay la lién
thudc V6i hai dinh u va v. @Gnh duoc néi l1a @i dinh u va vbinh u
va vduoc goi la dinh dau caacanh e.
Pinh nghia 2.4: Cho d6 thi vd huéng G=(V,E). Bc aia dinh v trong
dd thi, ky hiéu l1a deg(v), 1a & canh lién théc véi n6. Pinh c6 lac 0
duoc goi la dinh c6 Ap, dinh c6 lc 1 gi la dinh treo.
Pinh nghia 2.5: Chodb thi c6 hrong G=(V,E).
- Hai dinh u va v éa d6 thi duoc goi 1a k& nhau u (u,v) 1a nt
cung @add thi.
- Néu e = (u,v) 1a cungtm do thi thi ta n6i cung nayi ra Khi
dinh u vaodi vao dinh v. Pinh uduoc i la dinh dau cia cung
e vadinh v duoc goi 1a dinh cwi cua cung e.
Pinh nghia 2.6: Chodb thi c6 hrong G=(V,E)
- Nira bic ra @ia dinh v trongdd thi, ky hicu 1a deg (v), 1a &
canh di ra khoi v.
- Nua bic vao @adinh v trongdd thi, ky hiéu 1a deg(v), 1a &
canh vao v.
2.2 Pwong di, chu trinh, tinh lién thdng
DPinh nghia 2.7: Chodd thi G = (V,E). Buong di d6 dai n tr dinh u
dén dinh v(n 1a $ nguyén dong) la day:
Xop Xpp oo Xpp %,
trongdo u =x, v =x, (xx,)UE,i=0,1, ..., n-1.
DPuong di néi trén con cé thduoc biéu dién bing day cac anh/cung:
(Xor X2)s (X33 %), s (%3 %)
Pinh u @i la dinh dau ciaduong di, dinh v @i la dinh ci cua duong di.
Puong di cé dinh dau vadinh cui tring nhau (u=v) g 1a chu trinh.
Dinh nghia 2.8:D6 thi vd hréng G = (V,E)duoc goi la lién théngnéu
ludn timdugc duong di giira haidinh kit ky caa né.
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Dinh nghia 2.9: Chodb thi G = (V,E).Db thi H = (W,F) dugc goi la db
thi con @ia G fuvachinftu WOV vaFOE.

Trong trong hop mot do thi vo hrdng G khéng lién théng, né stuoc
phan thanh cadb thi condoc 1ap nhau va chandéu lién thong. Mi db thi
con nhr vay duoc goi 1a mot thanh plin lién théng éa G.

Pinh nghia 2.10Cho G = (V,E) la16 thi c6 hrdng.

- G duoc gi la lién théng manh réu ludn timdugc duong di giira

hai dinh kit ky cua né.

- Gduogc gi la lién thdng ¥u néu dd thi vé hrdng trong tng wi nd

(6 thi vd hréng cé dugc bing cach Win cac cung 6t

chiéu thanh cacamh hai chéu) lado thi vé hrong lién thong.

2.3 Biéu dién dé thi trong may tinh
2.3.1 Matrdn ké, ma trn trong &

Xét dd thi don vé hrong G =(V, E), wi tapdinh V = {1, 2, .. ., n},
tap anh E = {e1, e2, . . ., em}. Tapgma tén k& cua dd thi G la ma tn
c6 cac phn tir haic bing 0 haic king 1 theo qudinh nhr sau:

A={a;:a=1réu(i,j)0E, g =0réu(ij) OE;ij=1,2,...n}
2.3.2 Danh séch anh (cung)

Mdi canh (cung) e (x, y)Xuoc twong tng Wi hai bién daule],
cuoi[e]. Nhr vay, dé luu trir dd thi, ta @n 2mdon vi bd nhd. Nhuoc diém
l6n nhit cua phrong phap nay laé nhan biét nhirng anh nao k véi canh
nao ching taan m phép so sanh trong khi digjua ét ca m canh (cung)
cia dod thi. Néu 1add thi cé tong 9, ta é@n thém mdon vi bd nhs dé luu
trir trong $ caa cac enh.

2.3.3 Danh sach ¥

Trong béu diégn nay, Wi mdi dinh v aia db thi chang ta ku trir

danh sach cadinh k& véi né ma ta ky Hu 1a Ke(v), ngita 1a
Ke(v) = {ud V: (u, v)UE},
Vi cach béu dién nay, ndi dinh i aiadd thi, ta lam trong tmg Wi
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mot danh sachit ca cacdinh k& v6i nd vaduoc ky hiéu la List(i). Dé biéu
dién List(j), ta co tk dung cac Ku di liéu kiéu tap hop, ming hadic danh
séach lién kt.
2.4 Céc thuat toan tim kiém trén dé thi
2.4.1 Thudt toan tim kém theo chéu sau
Thuat toan tim kém theo chdu sau Bt dau tr dinh v naodé ¢
duyét tat ca cacdinh lién théng i v. Thuat toan cé th dugc md & bang
tha tuc dé qui DFS () trongdd: chuaxet - la d@ng cac gia irlogic duoc
thiét lap gia ti TRUE
procedure DFS( v);
begin
Tham_binh(v); chuaxet[v] := FALSE;
for ulke(v) to ndo
begin
if (chuaxet[u] ) then
DFS(A, n, v, chuaxet);
end;
2.4.2 Thugt toan tim kém theo chéu rgng (Breadth First Search)
Khac Wi thuat toan tim kém theo chiu sau, thét toan tim kém
theo chéu rong thay tié viéc sr dung stack Bng hangloi queue. Trong tin
tuc nay, dinh duoc map vao hangloi dau tién 1a v, cadinh k& véi v ( vy,
Vo, . . ., W) duoc nap vao queue &tiép. Qua trinhduoc thuc trong tir Voi
cacdinh trong hangloi. Thuat toan ding khi tadd duyét hét cacdinh ké
voi dinh trong hangloi.
chuaxet- mang kiém tra caatinh da xét hay cha;
queue — handoi luu trir cacdinh $ duoc duyét caa do thi;
procedure BFS(u);
begin
queue :=;
u <= queue; (*ap u vao hangoi*)



16

chuaxet[u] := false;

while (queuet @) do

begin

queue<=p; (*dy p ra tr stack*)
Tham_binh(p);
for v ke(p) do
if (chuaxet[v] ) then
begin
v<= queue; (*ap v vao hangjoi*)
chuaxet[v] := false;
end;
end;
end;
2.4.3 Kiém tratinh liéen thong @a dé thi

Bai toan: Cho dé thi G=(V, E). Trongd6 V la #p dinh, E |a ip
canh aia d6 thi. Hay tim $ thanh phn lién théng éa do thi va cho bit
mbi thanh plan lién théng éadd thi gbm nhiing dinh nao?

Néu db thi 1a lién thong, ta ahcin goi téi thi tuc DFS() hac
BFS() ndt lan. Néu do thi la khdng lién thong, khié & thanh pén lién
théng @a do thi chinh ing $ 1an goi téi thu tuc BFS() hac DFS().

2.4.4 Timdwong di gida hai dinh bdt ky ciia dé thi

Bai toan: Cho dé thi G=(V, E). Trongdd V la @p dinh, E 1a ép
canh aiadd thi. Hay timduongdi tir dinh €1V t6i dinh 1V cia G.

Thu tuc BFS(s) hac DFS(s) cho phép ta détycacdinh cung nt
thanh pln lién théng wi dinh s. Nhr vay, réu trong $ cacdinh lién théng
véi s chra t thi clic chin c6duong di tir dinh sdén dinh t. Néu trong $
cacdinh lién théng ¥i dinh s khéng ciia dinh t thi khéngdn tai duong di
tr dinh sdén dinh t. Do \y, ching ta chcan goi téi tha tuc DFS(s) hac
BFS(s) va km tra xemdinh t c6 thgc thanh phn lién théng vi s hay
khong.
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2.5 Pd thi Euler va Hamilton

2.5.1 Dé thi Euler

Pinh nghia 2.11: Cho d6 thi G = (V,E). Chu trinhdon trong Gdi qua
tat ca cac @anh aia n6dugc goi 1a chu trinh Eulerbuong di don di qua it
ca cac anh aiadd thi dugc goi la duongdi Euler.

Db thi G dugc goi 1a dd thi Euler réu nd c6 clva chu trinh Euler. G
duoc goi 1a db thi nira Euler 8u né c6 clraduong di Euler.

2.5.2  Dé thi Hamilton

Pinh nghia 2.12: Chodb thi G = (V,E). Chu trinhscip trong Gdi qua it
ca cacdinh aia ndduoc goi la chu trinh Hamiltonbuong di so cip di qua
tat ca cacdinh aiadd thi dugc goi la duong di Hamilton.

Db thi G duoc goi 1a dd thi Hamilton u nd c6 clha chu trinh
Hamilton. Gduoc goi la dd thi nra Hamilton &u né cé clia duong di
Hamilton.

Db thi Hamilton ding 1add thi nea Hamilton, ngoc lai thi khéng pli
lic nao déing dung.

2.6 Cay va cay bao trim dia do thi

2.6.1 Cay va céc tinh clit co bdn cia cay

DPinh nghia 2.13: Cay la nat do thi vé hréng lién thong va khéng dla
chu trinh.

+ Goc cia cay la mt dinh dac biét, théng throng ladinh trén cung.

+ Mirc ciadinh 1ado daiduong di tir goc dén dinh dé.

+ D¢ caocia cay la mic lon nhit cia cay (fc mic cia dinh cach xa cay
nhat).

2.6.2 Cay bao trum da dé thi

Pinh nghia 2.14:Chodd thi G=(V,E). Cay T gi la cay bao trum i@ G,
néu T ladd thi con phi coa G.

Pinh Iy 2.8:P6 thi G=(V,E) c6 cay bao tram khi va ickhi G lién théng.



18

2.6.3 Cay bao trim nla nhat

Bai toan tim cay bao trim amhit 1a mdt trong ntiing bai toandi
uu tréndd thi coung dung trong nhiu linh wic khac nhaui@ thrc t. Bai
toanduoc phét béu nhr sau:

Chodd thi vé huéng G = (V,E,w). Hay tim cay bao trum Tuec
G sao chodng trong $ cua cac enh aia T dat gia ti nho nhat.

Pé tim mdt cay bao tram chiing ta céétthuc hién theo cac boc
nhu sau:

Buéc 1. Thét lap tip canh aia cay bao trum Igp . Chon canh e = (i, j)
c6 do dai nko nhit bd sung vao T.

Budc 2. Trong 8 cac anh thisc E \ T, tim anh e = (i, j,) c6 do dai
nho nhit sao cho khi & sung anh d6 vao T khéngdo nén chu trinh.bé
thuc hién diéu nay, chdng ta @i chon canh c6do dai nk nhit sao cho
haic O TvapO T, haicj;0 TvaiOdT.

Buéc 3. Kiém tra xem Tda du n-1 anh hay clra? Nu T da n-1 anh
thi n6 chinh la cay bao trim &g nhit can tim. Néu chra da n-1 anh thi
thuc hién lai buéc 2.

CHUONG 3
XAY DUNG THUAT TOAN SONG SONG CHO MOT SO
BAI TOAN V E PO THI

3.1 Bai toan tim cay bao trum nhb nhét
3.1.1 Baitoan:

Chodb thi vo hréng c6 topng $ G =(V, E, w). Hay tim cay bao trim
T cia G sao chodng tiong $ cua cac anh aia T dat gid ti nho nhit.
3.1.2 Thugt todn Prim tim cay bao trim ndt

Thuat toan Prim contugc goi l1a phrong phap lan an gin nhit. Trong
phuong phap nay, & dau tir mot dinh tly v s @a do thi, dau tién, ta Bi s
véi dinh 1an @n gin n6 nhat, ching han ladinh t. K& tiép, trong é cac anh
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ndi véi s hay t, tadi chon canh c6 tong $ nho nhat, ... chodén khi ta thu
dugc cay @m n dinh va n-1 enh. Pay chinh la cay khung Bht cin
tim.
+ Thuat toan Primduoc md & nhu sau :Pé biéu dién 1oi giai, ta $ s
dung 2 mang:
- Mang d: d[v] dungdé luu d6 dai anh ngin nhat ndi vai v trong
sb cac @anh chra xét.
- Mang near: near[v] dungé luu dinh con 4i (ngoai v) @a anh
ngin nhit néi & trén.
+ Pau vao:bo thi G = (V,E,w)
+ Pau ra: Cay bao trim rhnhit cia G va tong $ tuong ing
1. Procedure Prim(V, E, w)
2. Begin (* Khvi tao *)
3. Chon s 1a ndt dinh naod6 cia do thi.

4 H :={s}; (* Tap nhing dinh da dua vao cay *)
5. T:=0; (* Tap aanh aia cay *)

6. d[s] = 0;

7 near[s] = s;

8 For \J(V\H) do

9. Begin

10. d[v] := a[s,v];

11. near[v] :=s;

12. End;

13. Stop := False;
14. While (not Stop) do (* 8oc lap *)

15. Begin
16 Tim WI(V \ H) théa man d[u] = min{d[v]: \{I(V \ H)};
17. H := HO {u};

18. T :=TO { (u, nearfu]) };



20

19. If [H] =nthen
20. Begin
21. C := (H, T) la cay khungadd thi.
22. Stop := True;
23. End;
24. Else
25. For viO(V \ H) do
26. If d[v] > a[u,v] then
27. Begin
28. d[v] := a[u,v];
29. near[v] := u;
30. End;
31. End;
32. End;

+ Do phic tap aia thuit toan Prim [20(n2). Thiit todn & dung 2 vong
lap, mbi vong c6 (n-1)an lap.

T(n)=2(n-1)(n-1)e O(rf)

Do d6 do phirc tap aia thiuit toan 1a O(f)
3.1.3 Xay deng thudt todn song song
+ Chia dfr liéu cho thét toan Prim:
- Gia thiét d6 thi ¢ ndinh, thuit toan thrc hién trén p BXL.
- Tap cacdinh V aia dd thi duoc chia thanh pap con, ndi tap con @m n/p
dinh lién k& va ndi tap dugc gandé thuc hién trén not BXL.
- BXL P; quan Ii mot tap con V la cac 6t lién tiép cia ma tan ké va $
dong la n (ongang Wi sb dinh aiado thi).
- Tai budc két nap dinh u vao H, BXL Ps3 tinh d[u]l=min{d[v]:v O(V; \
H)},
- Trong $ ciia cAy bao trim rihnhat cia do thi thu dugc tir cac qu] bang
cach dng hyp két qua tir cac BXL, hy d min[u] va chugn \é P,.
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- BXL Py nhan dinh u méi tim duoc va chen vao H (Hru cdcdinh da dugc
dua vao cay) va phélinh udén tit ca cac BXL khac.
+ Thuat toan song song:
Bwéc 1: Khoi tao
H ={s}; T:=0,
d[s] = 0; d[v] := a[s,v];
Chia ma tin k& dén cac BXL, ndi BXL P; quan li mot tap
dinh V,
Bwéc 2:
BXL P, phét tandinh duoc chpn la sdén cac BXL condi.
Bwéc 3: Lap lai chodén khi cé ndinh duoc dua vao H (bin la $
dinh aia dd thi).
BXL Pi tinh d[u] = min{d[v]: vO(V; \ H)}; gui di[u] vé P,
BXL Py chon d min [u] tir cac ¢(u]
BXL Pqy dua dinh duoc chpn vao fip H va phat tardinh
duoc chon 1a udén cac BXL condi.
+ Do phac tap aia thut toén:
Khi mot dinh u noi dugc thém vao T, cac giaitcaa d [v] wi v O (V\
H) duoc cap nhit. BXL dam nhiém dinh v tinh tong £ cua cac enh (u, v).
Do d6, mbi BXL P; can dé luu trir cac &t cia ma tan k& tuong ung aia
dinh V; dinh duoc giao. Vi iy d phic tap cia mbi BXL sé& la O(rf/p).
Cac BXL tim @nh c6 tong $ nho nhit va dp nhit cac gia tr d[v]
trong ndi lan lap la O(n/p). Trong Bt BXL thoi gian thrc hién tim gia ti
nho nhit trong ndi 1an lap 1a O(logp). Thi gian thrc hién thuat toan song
song la:
n2
T, :O{p}+0(nlog p)
So Wi thuat toan tdn tr do phic tap cia thuit toan song songiiag
tuong duong nhau. Kt qua chi thé hién duoc qua thre nghém chrong
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trinh.
3.2 Bai toan tim dwong di ngin nhat xuat phat tir mét dinh:
3.2.1 Baitoan:

Cho d6 thi ¢6 tong $ G = (V,E,w) ndi canh aia do thi duoc gan nét
trong $ (gia ti). Timduong di ngan nhit tir mot dinh xuét phat £V (dinh
ngwn) dén dinh cwi vOV (dinh dich).

3.2.2 Thudt toan Dijkstra:
Thuat toan Dijkstra tirc hign viéc gan va gim gia ti cia nhan 4i moi
dinh i cladé thi G.
Dé don gian viéc tinh toan, ta xayuwhg ma tan trong $ a nhr sau:
w(i,j) , 8u (i, ) [ E(trong s canh (i,j))
ali,j] = {

o, reu (i,j)¢E
0, Aui=j.

Khi d6, thuit toan Dijkstraduoc trinh bay nix sau :
- Pau vao:Pé thi Ién théng c6 ting $ G=(V,E,w) \6i n dinh, 1V [a
dinh xuat phéat. Ga thiét : a[u,v]=0
- Pau ra: khang cachi dinh sdén tit ca cacdinh con 4i cua G
+ Mot s ki hiéu:
- s:dinh xuit phét (ngan)
- v: dinh Két thic dich)
- truoc[v], VOV ghi lai dinh trgc v trongduong di ngén nhit tir sdén v.
- a[i,j]: trong $ cua anh (i)
- d[v]: khoang cach ngn nhit tir sdén v.
- T la @p cacdinh c6 nhanam thoi
1. Procedure Dijkstra(G,V,w, s);
2. Begin // Kibi tao nh&n am thoi cho caadinh
3. For V1V do
4. Begin



23

5. djv]:=a[s, v];

6. Truoc [v]:=s; // Truoc|v] ghidi dinh tnréc v trongduong
di ngan nhit tr sdén v.

7.end;

8. d[s]:=0;

9. T:=V\{s}; // T la tap cacdinh cé nh&nam thoi

10. While T£ [ do // Buéc lap

11. Begin

12. Timdinh uJT thoa man d[u]=min {d[v]:\JT};

13.  T:=T\{u};// ¢b dinh nhan sadinh u

14. For VT do // gan nharai cho caalinh trong T
15. If d[v]>d[u]+a[u,Vv] then

16. Begin

17. d[v]:=d[u]+a]u,V];

28. truoc[v]:=u;

29. end;

20. end;

21. end;

+ Panh gia 8 phép toan an thyc hién cia thuit toan:0 méi budc lap dé
tim radiém u dn thuc hién O(n) phép toanié gan nhanai ciing dn thuec
hién mot b luong phép toanimg la O(n). That toan én phai thuc hién
n-1 hrée lap, Ay thoi gian tinh toan ga thuit toan 1a O(f).

3.2.3 Xay deng thudt toan song song

+ Chia dfr liéu cho thdt toan Dijkstra song song:

- Gia thiét d6 thj c6 ndinh, thuit toan song song tie hién trén p BXL .

- Tap cacdinh V aiado thi duoc chia thanh pap con, ndi tap con @m n/p
dinh lién k& vaduoc gandé tinh trén not BXL.

- BXL P; quan |i mot tap con \ 1a cac 6t lién tiép cia ma tn ké va $
dong la n (onging $ dinh aiado thi).
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- Tai budc gan nhén chdinh u, BXL R st tinh d[u]=min{d[v]:v OV},
- Trong $ dudong di ngén nhit caa dd thi thu duoc trén ft ca cac ¢u] bang
cach 6ng hop két qua tir cac BXL vaduoc chuyén vé P,
- BXL Py nhan dinh u mdi tim duoc va chen vao T (Tuli cacdinh da duoc
gan nhan) va phdinh udén cac BXL khéc.
+ Thuat toan song sonduoc md & nhu sau:
Bwéc 1: Khai tao

T =V \{s}; d[s]=0;

d[v] := a[s,v];

truoc|v] = s;

Chia ma tin ké dén cac BXL, ndi BXL Pi quan Ii mot tap dinh V;
Bwéc 2:

BXL P, phat tandinh duoc chon 1a sdén cac BXL khéac.
Bwoc 3 Lap lai chodén khi dinh dich duoc chon.

BXL P; tinh d[u]=min{d[v]:v OVi}; chon dinh c6 nhan nhnht tir
cac qu] gui vé BXL P,

BXL P, phat tandinh duoc chon 1a udén cac BXL condi.

BXL Py duadinh dugc chon vao éip T.
+ Do phac tap aia thut toén:

Thuat toan Dijkstra song songrgdung n BXL, ndi BXL quan |i n/p
dinh aia dd thi. M&i BXL P; tim duong di ngan nhit tir dinh v dén it ca
cacdinh khac Bng céch tirc hién thuat toan Dijkstra tén tw mot dinh. Vi
vay, thoi gian thrc hién thuit toan song song la:

T, :O{n—2}+0(nlog p)
P

So i thut toan tdn tr do phic tap aia thuiit todn song songing trong

duong nhau. Kt qua chi thé hién duoc qua thre nghém chrong trinh.
4. KET QUA THU NGHIEM:
Chuong trinh demo tin nghém thuit toan song song &ti bing ngén ng
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C++ g&r dung thr vién omp.h trén visual C++ 2008y €lung may tinh th

nghiém c6 déu hinh nlr sau:

Bo xu i Intel Core i3-370, 2.4 GHz
Bo6 nho 2GB
+ Két qua thir nghiém:

S6 Prim Prim Dijkstra Dijkstra
dinh tuan tu song song tuan tu song song
8 3ms 3ms 2ms 2ms
32 15 ms 12 ms 8 ms 6 ms
64 41 ms 31 ms 17 ms 11 ms
128 63 ms 47 ms 31 ms 18 ms
256 91 ms 63 ms 45 ms 24 ms

Qua Kt qua thir nghiém chrong trinh c6 th nhan thay rang Wi do thi

c6 $ dinh cang nkiu thi Kt qua thuc hién aia chrong trinh theo mé hinh

song song cangt hon so i chuong trinh theo mé hinh 4u ty.
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KET LUAN VA HUONG PHAT TRI EN

Luan van da nghién 6u tong quét ¢ thuat todn song song va aprh
cho ot sb bai toan ¢ db thi. Luan vin ciing da khai quat cac khai é vé
thuat toan song song va caénvdé lién quandén thuit toan song song, cac
mé hinh song song, mdiutsng lap trinh song song, Iy théydo thi, cach
biéu dién db thi trén may tinh, cacan dé vé duongdi, cay bao tram trédd
thi.

Tu cac héu biét trén Itin van da nghién 6u dé song song hoa cac
thuat toan timduong di ngan nhit (Dijkstra) va cay bao trim Bhnht
(Prim) tr cac thigt toan tdn tu truyén thing.

Ngoai ra do con thi kinh nghém trong véc phan tich, tht ké va cai
dat thuat toan song song nértkgua dat duoc con han ché.

Qua tim h¢u, nghién Gu dé tai nay éng da mim duoc cac kén thic vé
xu |i song song,dp trinh song song, ly thédydd thi. Tim hiéu dugc cach
xay drng thujit toan song song @& ap ang vao nét sb bai toan q thé.

Vi két qua dat dugc, tAc gh mong mién c6 cac nghiéniw thémdé
phét trén dé tai naydé cai tién thém cac thit toan va c6 th ap ding vao
cac inh wrc khac nhr:

1. Ap dung song song héa céc #woan Dijkstra, Prim theo mé hinh

may tinh phanwm.

2. Nghién @&ru mé hinh 4p trinh song song va apmy chugn cac

thuat toan tan tr khac @ do thi sang that toan song song.

3. Ung ding thic # vao céac bai toanucthé trong nhéu linh wc

khéac.



