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Nguyén Thi Huyén, Pham Ping Hai
Truwong Dai hoc Bach khoa Ha Ngi

Ngay nhan: 17/2/2016
Ngay xét duyét: 15/3/2016

Tom tat:

Gan day, hiéu qua ctia viéc truy van thong tin trén céac do thi lom tré thanh mét chi dé quan trong
trong khoa hoc mdy tinh. Mot cau truy van dwoc sic dung rong rdi dé la “tim dwong di ngan nhat giita hai
dinh ciia d@é thi”, mot bai todn ma cé thé dwoc giai bﬁng mét vai thudt todn noi tiéﬁg nhw Dijkstra, Johnson,
hay Floyd-Warshall; tuy nhién, né la khéng don gian dé tra 1oi cdu truy vn nay trén mét o thi ma di liéu
phdn tan ¢ nhiéu vi tri khéc nhau. Trong bai bdo ndy, ching t6i dé xud't mét cdch tiép cdn méi diea trén
ky thudt woc lwong ting phan dé giai quyét bai todn tim d‘mmg di ngdn nhat gitta hai dinh trén mét do thz
phan tan. Ching t6i chi ra rang thudt toan dé xudt cé thé dwoc cai dat dudi hinh thirc song song trén nén
tang MapReduce. Bang viéc sir dung mét tdp div liéu trong thiee té cho thwe nghiém, ching t6i tién hanh
thuc nghiém va chi ra dwoc thudt toan cua chung toi co kha nang mo rong cho cac dé thi 6m trén cdc hé

théng phan tan.

Tir khéa: Truy vin do thi, MapReduce, Puong di ngdn nhat, Po thi phan tan, Ubc lwong timg phan.

1. Pit vén dé

Trong cac ung dung thuc té, bai toan tim
duong di ngin nhét giita hai dinh cia mot do thi
lién thong c6 mot y nghia to 16n. Vi du nhu, bai toan
chon mot hanh trinh tiét kiém nhat (theo tiéu chuéin
hoac khoang cach hodc thoi gian hodc chi phi) trén
mot mang giao thong duong bg, duong thiy hoac
duong khong; bai toan chon mét phuong phép tiét
kiém nhat dé dua ra mot hé théng dong lyc tu trang
thai xudt phat dén mot trang thai dich, bai toan lap
lich thi cdng cac cong doan trong mdt cong trinh thi
cong 16n, bai toan lya chon duong truyén tin véi chi
phi nhé nhét trong mang thong tin, v.v...

Bai toan tim duong di ngan nhét c6 thé phat
biéu dudi dang hinh thirc nhu sau: Cho trudc mot
dd thi ¢6 trong 6 G = (V, E), trong d6 V la mot tap
dinh, E 12 mot tap canh, hay tim mét duong di ngén
nhét tir dinh xuat s € V dén dinh dich # € V [1]. Bai
toan dudng di ngdn nhat gitta moi cap dinh 1a mot
bai toan tuong ty, trong d6 ta phai tim cac duong di
ngén nhat cho moi cap dinh s va r.

Trong ly thuyet do th1 da c6 nhiéu thuét toan
dLrorc dé xudt dé giai quyét bai toan tim duong d1
ngin nhit. Cac thuat toan quan trong nhit giai quyét
bai toan nay bao gom:

« Thuit toan Dijkstra: giai bai toan nguon
don néu tit ca cac trong sé déu khong am. Thuat
toan nay co6 thé tinh toan tit ca cac duong di ngin
nhét tir mot dinh xudt phat cho trudc s toi moi dinh
khéac ma khong lam tang thoi gian chay.

e Thuat toan Bellman-Ford: giai bai toan
ngudn don trong trudng hop trong s co thé c¢o gia
tri am.
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+ Giai thuit tim kiém A*: giai bai toan
nguon don sir dung heuristics dé tang toc do tim
kiém.

* Thuét toan Floyd-Warshall: giai bai toan
duong di ngén nhat cho moi cap dinh.

* Thuit toan Johnson: giai bai toan duong
di ngfm nhat cho moi cap dinh, c6 thé nhanh hon
thuat toan Floyd-Warshall trén cac dd thi thua.

Céc thudt toan trén dugc xdy dung dé giai
quyét cac bai toan do thi tong quat, & d6 dir liéu tap
trung tai mot may tinh don nhat. Tuy nhién, no la
khong don gian dé tra 10i cau truy van nay trén mot
d thi 16n ma dir liéu phan tan ¢ nhiéu vi tri khac
nhau. Trong bai béo nay, chung t6i da d& xuit mot
thuat toan dua trén k¥ thuat uc luong timg phan va
khai thac nén tang hd trg xir 1y dir liéu song song
MapReduce [2] dé giai quyét bai toan tim duong di
ngin nhat néu trén.

2. Co ban vé thuit toan Dijkstra

Dijkstra 1a mot thuat toan giai quyét bai toan
duong di ngan nhét nguon don trong mot do thi co
huéng, ma trong s6 trén cac cung khong am [1].

Thuat toan dugc xay dung dua trén co so
gan cho cic dinh cac nhin tam thoi. Nhin coa méi
dinh cho biét can cua d dai dwong di ngin nhat tir
s dén no. Cac nhin nay s¢ dugc bién dbi theo mot
thi tuc 1ap, ma & mdi bude lip c6 mot nhin tam
thoi tré thanh nhén ¢ dinh. Néu nhan cia mot dinh
nao do6 tré thanh mot nhin ¢b dinh thi no s& cho ta
khong phai 1a can trén ma la do dai cua duong di
ng.'fm nhét tir dinh s dén no. Thuat toan dugc mé ta
cu thé nhu sau:
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Thuat toan 1: Thu tuc Dijkstra tim dwong di
ngan nhat tir mot dinh den cac dinh

Piu vao: mot dd thi G = (V, E), dinh nguén s
Piu ra: do dai duong di ngin nhat tir dinh s dén
cac dinh con lai trong do thi

1: for each vertex vin G // khoi tao

2: dist[v] « oo; // khoi tao gia tri
tu s t&i dinh v =0

3: previous[v] «— null; // dinh trudc cta
dinh v

4: dist[source] «— 0; // khoang cach tu
ngudn t6i ngudn

5: while V is not empty do

6: u «— dinh c6 thudc V c6 khoang cach
t6i s 1a nho nhét;

7: V «— V/{u};

8:  for each neighbor v of u
9: alt « dist[u] + dist_between(u, v)

10: if alt < dist[v] then
11: dist[v] « alt;

12: previous[v] «— u;

13: return previous| |;

Thuét toan c6 do phuc tap 1a O(n?). Do do
phuc tap tinh todn cao, vi¢c giai bai toan nay voi
tinh chét tuan ty gap phai bat loi 16n vé thoi gian
thuc hién chuong trinh, toc d6 xur ly, kha nang luu
trwr,... Pac biét 1a trén dd thi ¢6 hang tri¢u dinh va
canh ma thoi gian chay phai dugc rut gon thi thuat
toan tudn tu khong thuc hien duoc.

Diéu nay dit ra yéu cau phai chia db thi cho
mot hé thong phan tan c6 nhiéu may tinh cung tham
gia tinh toan ddng thoi, song viéc chia do thi thanh
cac d6 thi nho thi viée luu trit cac d6 thi nhé do trén
hé théng file phan tan va vi¢c str dung thuat toan tim
duong di ngén nhét trén hé théng phan tan d6 tro
thanh mot bai toan voi nhiéu thach thue.

3. D6 thi phan tan

Co s¢ dir liéu phan tan 1a tuyén tap dir liéu
c6 quan h¢ logic véi nhau, dugc phan bd trén cac
may tinh ciia mot mang may tinh. Ciing giéng nhu
co s¢ dir liéu phan tan, dd thi phan tan 1a mot tap cac
db thi con lién thong v6i nhau boi cac canh cua do
thi va cac dd thi nay duogc dat phan tan trén mot hé
thong mang may tinh.

Trén thuc té chung ta théy, dir liéu cua mot
dd thi G dac trung cho mot hé théng 6 thé duoc
chia ra 1am k phan khac nhau niam & cic may thudc
cac vi tri dia 1y khac nhau, 6 do6 mdi phﬁn duoc coi
14 mot db thi con (sub-graph). Cac dd thi con nay
lién thong v&i nhau bai tp cac canh cta dd thi. Mot
cach hinh thirc hoa co thé dinh nghia d6 thi phén
tan nhu sau:
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Dlnh nghia 1: 6 thi phan tan G=(V,E) 1a
do th1 bao gdm mot tap cac do thi con tir G,, G,
G, nam trén cic may tinh khac nhau va mot c‘z‘o thz
lzen két giira chung G,. Trong do, mot dd thi con G,
duoc dinh nghia boi (V E), v6iV.€ VvaE € E
dd th1 liénkét G = (V, E ) o do E la tap cc canh
két ndi cac a6 th1 con vdi nhau (goi la canh lién két)
va'V_la tap cac dinh c6 céac canh lién két.

Vidu 1:

Gy

Hinh 1. Minh hoa dé thi phdn tan

Hinh 1 & trén 1a mot vi du minh hoa d6 thi
phan tan. Trong vi du nay, d6 thi phan tan G gf)m
3 d6 thi con G,, G, va G, va mot do thi lién két G,
vdi cac canh duorc A bang cac nét dut. Trong vi du
nay, dit liéu ciia mdi dd thi con va dd thi lién két bao
gdém nhu sau:

Bang 1. Dir liéu trén cac dé thi con va do thi lién két

D6 thi V, E,
G =(V,,E) | {1,2,3,4,5} | {(1,2); (1.3); (1.4);
(2,3); 3,5)}
G,=(V,E)|16,7,8,9, | {(7,10); (8,6);
10} (8,10); (10,9)
G,=(V,E) | {11,12,13, | {(1L13);(12,15);
14,15, 16} | (13,15); (14,16);
(15,16)}
G,=(V,E) [{2,3,4,5,6, [ {3.7); (4,11);
7,9, 11,12, [ (5,12); (6,2);
14, 16} (7,14); (9,14)}

4. P¢ xuit thuat toan tim dwong di ngin nhat
trén dd thi phan tin

Pé tim kiém dudng di ngan nhét trén do thi
phan tan, chiing t6i da dé xuat mot thuat toan theo
k¥ thuat uéc luong tlrng phan.
Uéc lwong tieng phin

K¥ thuat uéc luong timg phan duoc dua ra
trong [3]. K¥ thudt nay trinh bay mot vai kiéu tdi wu
hoa chuong trinh theo nhiing cach dic biét nham
muc tiéu ting toc do xir Iy. O d6, mot chuwong trinh
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xtr Iy p duoc chia ra 1am & phan (P> Py ---p,) cdi
ma co6 thé thyc thi riéng ré va dam bao thuc hién
theo cung mot cach. Mot chuong trinh p, s€ thyuc
hién nhanh hon thuc thi chuong trinh p Két qua
cua p, la tap con trong két qua ctia p. Bang viéc ap
dung k¥ thut wdc lugng timg phan nay, cac cong
trinh nghién ctru trong [4, 5, 6] da d& xuat cac thuat
toan hidu qua trong viéc udc lwong truy vén trén do
thi phan tan.

Dé xuit thugt todn

Trong phan nay, ching t6i trinh bay dé xuat
mot thuat toan tim duong di ngén nhét trén dd thi
phan tan. O day, cach tiép can 1a s dung thuat toan
Dl_]kStI‘a Kkét hop voi k¥ thudt ude lugng tiing phan
Dé lam duoc didu do, chung toi da nghién cuu moi
lién hé gitra du’o’ng di ngén nhat trén toan bo do thi
va du’o’ng di ngan nhat trén timg phan do thi. Cac ky
thuat nay s€ duoc trinh bay trong cac phan dudi day

Pinh nghia 2: D6 thi phan tan co trong sb 1a
mot do th1 phan tdn ma trén cac canh dugc gan mot
gié tri s6 (so nguyén hoic sb thuc).

Dé 4p dung cho bai toan tim duong di ngin
nhét, chung t6i sir dung mot d thi phén tan co trong
s0. Bang cach gan cac trong sb vao do thi phan tan
ctia Hinh 1, chung ta c6 mot do thi phan tan ¢6 trong
s6 nhu trong Hinh 2.

Hinh 2. Vi du dé thi phan tan co trong 56

Trong Hinh 2, cac trong sé dugc dua vao
duoc xem nhu do dai duong di gitra hai dia diem
(c6 thé sir dung don vi 1a kilometer).

Vi du 2: Gia st chung ta c6 mot dd thi phan
tan co trong s6 G nhu trong Hinh 2 13 mt mang
dudng cua cac tinh thanh. O do, G,, G,, va G, twong
mg 3 tinh thanh khac nhau lan 11101 la Ha Noi,
Hung Yén va Hai Duong. Dir liéu mang duong di
ctia cac tinh thanh 1a rat 16n va duoc luu trit riéng
biét tai cic may tinh khac nhau, c6 két ndi v6i nhau
qua mot hé théng mang. Trén mdi mang duong di
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cua mot tinh thanh cé tdn tai cac diém cua cac tinh
thanh 14an can. Mot tinh hudng thuc té 1a: mot ngudi
dang & dia diém (1) tai Ha Noi mudn dén tham mot
nguoi ban ¢ dia diém sé (16) tai Hai Duong. Trén
thyc t&, ¢6 rat nhiéu tuyén dudng tr Ha Noi dén Hai
Duong, c6 tuyen truc tiép qua hai thanh phé, nhu’ng
cling c6 nhiéu tuyén di lién tinh qua Hung Yén roi
méi dén Hai Duong. Hay giup anh iy tim ra mot
tuyén duong ngin nhit di tir (1) dén (16) trén hé
thong dir liéu da co. Trong cac phan tiép theo, chiing
t6i s& tap trung giai quyét bai toan nay.

Mot vai quan sdt va suy lugn:

Nhu dinh nghia db thi phéan tan & trén, mdi
lién h¢ gitra cac dd thi con dugc xac dinh thong qua
cac dinh va canh cta db thi lién két. Mot dinh thudc
dd thi con nay co thé 1a dinh dich cia mot canh ma
dinh thudc d6 thi con khac. Tat ca cic dinh canh
nhu vay déu thudc do thi lién két. Bé tong quat hoa
mdi quan hé giita chiing, chiing t6i dua ra cac dinh
nghia sau:

Pinh nghia 3: Dinh lién két trong (input
node) cia mot do thi con Gi = (Vi, Ei), 1a mét dinh
thudc tap dinh V. ma ton tai it nhat mot canh tir mot
dinh thugc do th1 con khac dén no.

Pinh nghia 4: Dinh do0 ngoai (output node
hay virtual node) cuia mot db thi con G = (V E),
la mot dinh khong thudc tap dinh V, nhung ton tai it
nhit mot canh tir mot dinh thudc V dén no.

Tu hai dinh nghla trén, chung ta co thé dua
ra mdi lién hé giita dd thi G, cac dd thi con G, va dd
thi lién két G, nhu sau:

*V = Uz 1(V inUV;.out), trong do V,.in 1a
tap cac mput node cua do thi con G varV.nCV;
V..out 1a tap cac output node cta do thi con G, va
V out NV, =0,

*E = UY_|cE,, trong do cE latap tat ca cac
canh lién ket thudc G,, moi canh thuoc (V,u) € cE,
la duge xac dinh boiv € V.invau € V, out.

eV =U_(¥)vavny,=0ifi#j
E=E U(UL lE)vaE NE=0 1fz;é],

Trén thyc té, dir heu luu trit @ moi may bao
gdbm mot dd thi con G, mot tdp cac output node
Vi.out va tap cac canh hen két cE,. Toan b dit ligu
lru trén mot may goi 1la mot manh (fragment) cta
do thi G, ki higu bsi F; = (VU V.out, E;UcE,)).
Nhu vy, viée xur 1y truy van trén mdi may nghia
1a chiing ta dang xir I trén mot manh cia do thi G.
Bang 2. Minh hoa input va output node ciia do thi

phan tan
F. V.in V.out
F, {2} {7, 11, 12}
F, {7} {2, 14}
F, {11, 12,14} | {0}
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Bang 2 chi ra tap cac input node va output
node trén cic manh do thi. Tuy nhién, trong bang
trén co hai gia tri dac biét dugc thém vao: dinh (1)
1a dinh xuat ngudn nén n6 dugc thém vao danh sach
input node ctia phan d6 thi con chira né (G,) va dinh
(16) la dinh dich nén n6 dugc thém vao danh sach
output node cua phan d thi con chira no (G)).

Nhu vay, chung ta c cau truy van Q(1, 16).
Viéc tra 161 cau truy vin Q trén do thi G 13 tuong
duong v6i viée tim ra mot duong diP(Q)={v,>v,
->...->v } la dudng di ngdn nhét, trong d6 v, € G
G(l—12 n)V—lvaV—16

Dé tra 101 cau truy van Q trén do thi phan tan,
y tudng co ban cua chung t6i gdbm cac bude nhu sau:

Bude 1: Khi nhan duoc cau truy van Q(s, t),
mot may dong vai tro 1a may chi diéu phdi (master)
s& giri Q dén mdi may cuc bo (slaver)

Bude 2: Sau khi nhan duge cu truy vén Q
tir may master (M), mdi may slaver (S. ) s€ thuc hlen
thuat toan Dijkstra tim duong di ngan nhét tir tat
cac cac input node dén output node trén phan )
thi con G, twong ing mot cach song song. Diéu nay
c6 nghia la chung ta tim duong di ngan nhat tir cac
dinh bién ¢ dd thi nay dén cac dinh bién thudc dd
thi khéc, nhiing dinh c6 thé lién két d6 thi con voi
nhau. Trén moi slaver S, chung ta nhan duoc céc
phan két qua P, tuong tng. MBJi dinh trong cic phan
két qua nay co the lién quan dén viéc tim ra két qua
cudi cung cho cau truy van Q trén do thi G. Trong
P, moi input node v ¢ thé ton tai duong di t&1 mot
output node u, nhung ta khong biét duoc u c6 thé
dén duoc dinh dich 7 hay khong. Nhu vy, ta ¢6 thé
b1eu dién P bang mdt tap cac vector duong di V01
5O phan tur la s0 output node cua G,, & do gia tri moi
phan tr cua vector dugc dinh nghla bang duong di
ngén nhét tir mot input node dén mot output node
(bao gdbm do dai va dudng di). Bude nay duwoc minh
hoa boi Thudt todn 2.

Bude 3: Tong hop cac phan két qua dé xay
dung 1én mot do thi phu thugc trén may master. Sau
d6 thuc hién thuat toan Dijkstra mot 1an nira trén d6
thi phu thugc dé tim ra dwong di ngin nhat tir dinh
s dén dinh ¢. Pay 1a két qua cudi cung cho cau truy
véan Q(s,t) trén dd thi G.

Thuat toan 2: Thu tuc LocalEval

Péu vao: manh dd thi F, va cau truy van Q(s, 1)
Piu ra: Tap cac vector duong diP.
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8: for each node v € V.in do

9: v.pvec < Dijkstra(G,, v, V,.out);
10: if vpvec # 0 then
11: P. < vpvec;

12: returnP;

Thudt todan 2 thyc hién tinh toan mot phén
két qua cho cau truy vén Q trén mot dd thi con. Déu
tién, (1) khoi tao tao P, 1a mot tap vector rong,
do vpvec € P, l1a mot Vector duong di, moi phan
ta v.pvecfu] la mdt dudng di tr input node v dén
output node u. (2) Sau d6 né thuc hién viéc kiém
tra dinh ngudn va dich dé thém vao tap V.in hay
V_.out twrong tmg. Cubi cung, (3) str dung thuat toan
Dl]kStI‘a tinh toan két qua duong di ngén nhit v.pvec
tur input node v den céc dinh output node u € V_.out
nhu sau: néu ton tai s€ ghi gid tri duong di X(Vu)
(khoang cach ngén nhat va danh sach cac dinh dl
qua theo thur tu) vao vector v.pvec; nguoc lai, néu
khong ton tai dwong di, gia tri khoang cach tra vé 1a
oo va dudng di bang 0 thi khong thém vao v.pvec.
Sau do6 thém v.pvec khac 0 vao P,.

Vidu 3:

Trong vi du nay, chiang t6i thyc hién thuat
toan 2, sir dung cdu truy van va cic mé ta & trong
Vi du 2. Theo nhu Thuét toan 2, chung ta phai thuc
hién tra loi cau truy van Q(1, 16) trén 3 may cuc
b va nhén vé 3 phan két qua lan luot 1a P,P,P..
Sau d6 tong hop thanh mot db thi phu thude va tra
161 cau truy van Q trén dd thi do. Tuy nhién, & day,
chung t6i chi trinh bay 4p dung thuat toan d& xuat
trén manh do thi F,. Khéi tao ta c6 P, = 0, V.in =
12} va V.out = {7 11, 12}. Tren vV, ton tai dinh
(1) 1a dinh ngudn cua ciu truy van nén dinh (1) s&
dugc thém vao Vi.in, khi d6 V .in = {1, 2}; dinh
(16) khong ton tai trén V,, nén V out gilr nguyen
Sau do6 thuc hién Dlestra tim duorng di ngin nhét
tir cac input node dén output node ta thu duoc cac
vector duong di nhu trong Bang 3.

Bang 3. Két qua thue hién cdu truy vin Q trén F |

v.pvec (7 (11) (12)

(M.pvee (X, =03, X, =[5 | X, = [4
{1,3,7}] {1 4 1137 [ {1,3,5,12}]

@)-pvec | X, =8, | X, = Xoy = 8
33,70 | [ 03] | 12.3.5.12}]

P, — 0;
if s €V, then
V.in « V.in U{s};
if t €V, then
Viout < V.out U{t};
for each node v € V. do
v.visited = false;

A A Sl ey
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Nhu vay, P, gdm 2 vector v6i 5 gia tri dudng
di tir cac dinh 1nput node dén cac dinh output node.
Két qua nay s& dugc giri toi may chu diéu phdi dé
xdy dung lén d6 thi phu thudc. Hoan toan twong ty,
ta c6 thé thyc hién tinh dugc cac két qua P, P, trén
cac manh do thi F, vaF, twong g nhu trong Bang
4 va Bang 5.
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Bang 4. Ket qua thuc hién cdu truy van Q trén F,

[nput Data] Map Tasks | Reduce Tasks |

v.pvec 2)
(7).pvec [ X =[wo

(7.2)

(14)
=[2, 17, 14}]

,10}] (714)

Bang 5. Két qua thie hién cdu truy van Q trén F,
(16)

=17, {11, 13, 15, 16}]

=[5, {12, 15, 16}]

=[1, {14, 16}]

v.pvec
(11).pvec
(12).pvec | X
(14).pvec | X

(11 16)

(12,16)

(14,16)

Sau khi c6 cac két qua tir P,P, Va P, tr
cac may slaver gul 1én, tai may master tién hanh
xay dung mot dd thi phy thudc G, = (V,, E) nhu
sau: véi moi X Y cua P, tao ra ha1 dinh trén do thi
phu thudc tuong ung X, va X vamot canh nbi giir
chung voi trong so 1a gia tri khoang cach cua X

Gia tri duong di cua X |

o duoc dung cho viée tru;f
vét duong di khi canh nbi X vaX, ton tai trong Kkét
qua duong di ngan ngit tra 161 cho cau truy van Q
trén dd thi G 4 cling nhu dd thi G.

Hinh 3. P6 thi phu thuoc G, duoc tao ra tir két qua
cua cdac P,

Bang viéc su dung thudt toan Dijkstra tim
duong di ngan nhét tir dinh X, dén X ¢ trén dd thi G,
ta tim ra dugc két qua duong di P’ (mau do): X, —>
X, > X,, > X, voi do dai = 6. Tiép theo, ndi cac
gia tri du(‘mg di cua X, X, va X, theo th
tu ta tim dugc cau trd 161 P(Q): 1 >3 ->7 > 14 >
16, c6 d6 dai = 6 1a két qua cubi ciing cho ciu truy
vén Q trén db thi G.

Cai dat bai toan sir dung MapReduce

Trong phan nay, ching t6i trinh bay k¥ thuat
sir dung MapReduce dé cai dat cac thuat toan dé
xuit. M6 hinh sir dung MapReduce dé tra 15i cau
truy van Q trén do thi phan tan G dwoc thé hién
trong Hinh 4.
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Hinh 4. M6 hinh MapReduce sir dung dé tra 1o ciu
truy van trén do thi phan tan

Trong mod hinh nay, ching t6i st dung mot
Job dé cai dat thuat toan. O day, sb Map Tasks phuy
thudc va s6 phan d thi con ctia bai toan, va chi duy
nhit mot Reduce Task duge st dung vao muc dich
téng hop cac phan két qua va tim ra cdu tra 16i cudi
cung cho cdu truy van Q trén do thi G.

Dit liéu cac manh dd thi duoc luu trén hé
théng HDFS ciia Hadoop gdm k manh. Cach thirc
hoat ddng ctia mo hinh nhu sau: (1) khi mot cau truy
van Q(s,t) duoc dua ra, may chu diéu phdi (master)
s& chuyén no6 xudng cac slavers (gia sir c6 k may
slavers); (2) tai mdi may thuc thi ham Map béng
cach goi thu tuc LocalEvalMapper, thu tuc nay
¢6 nhiém vu tim ra cac dudng di ngén nhét tir cc
input node dén cac output node bang cach goi ham
LocalEval(F,, Q) da trinh bay va tra vé két qua la
tap cac vector duong di chua trong P.. Két qua cua
mdi Map Task dugc ghi xudng hé thong HDEFS va
guri dén Reduce Task v6i ciing mot khoa K1. O day,
chung t6i chon mot gia tri khoa duy nhét nhim muc
dich tat ca cac phan két qua duoc tp hop vé mot
méy dé tao 1én mot do thi phu thudce G, (3) Sau
d6, tai may chu diéu phdi s& thuc hién ham Reduce
bang cach goi thu tuc EvalReducer, thu tuc nay cd
nhiém vu tao ra mot dd thi phu thude G, tur cac phin
két qua gul dén boi cac ham Map va thuc hién ham
Dljkstra dé tim duong di ngan nhat tir dinh ngudn
dén dinh dich va tra vé két qua cudi cung cho céu
truy van Q trén d6 thi G.

5. Thue nghiém va danh gia két qua

Thiét ldp méi trwong thwe nghiém

Céc cai dat st dung cho thyc nghiém cac
thuat toan trong bai bao nay nhu sau:

a) Moi truong thuce nghiém

Hé thong Hadoop dung dé thuc nghiém trong
bai bao bao gdm 17 may tinh dé ban: mot may dugc
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dung lam master node, 16 may slaver node dung
cho viéc tinh toan tim ra két qua cia bai toan. Mdi
méy tinh c6 2 CPUs va bd nhd RAM 1a 2 GB. Tt ca
cac thuat toan trong bai bao dugc cai dit bang Java.

b) Dir liéu thyc nghiém

Bai bdo str dung mot dir liéu mang duong di
cua thanh phé New York [7] véi kich thudc 264.346
dinh va 733.846 canh, trong d6 mdi dinh 14 dinh danh
mot dia diém cua thanh phb va mdi canh chi dudng
di tir mot dia diém dén mot dia diém khac. Mdi canh
¢6 trong s6 14 khoang canh gitra hai dia diém.

Dé tao ra céac phﬁn dd thi con khac nhau ma
van dam bao tinh ding dén cua dir liéu, bai bao da
su dung cong cu GraphLab [8] cho viéc phan manh
@b thi thanh nhiéu do thi con. Chung t6i da chuan
bi 4 bo dir lidu v6i s6 phan dd thi con lan luot 13 4,
8, 16 va 32.

¢) Céu truy vin

Chiing t6i dd chon ra ngau nhién mot cau
truy van: Tim duong di ngdn nhét tir dinh c6 ma la
“1” dén dinh c6 mi la “14” trén dd thi. Cau truy van
nay ton tai két qua mot dwong di ngan nhit vai tong
do dai = 111751, nd duoc dua ra tu Kkét qua chay
thuat toan Dijkstra trén d6 thi ban du (chwa phan
manh). Chiing t6i dung két qua nay dé ddi chiéu véi
két qua sinh ra tir thut toan dé xuét.

d) Két qua thuc nghi¢m

Trong phan nay, chung t6i trinh bay két qua
cua viéc thuc hién cau truy vAn néu trén va do luong
thoi gian tra 10 cdu truy van trén moi truong phan
tan vai cac bd dir liéu co6 kich thudc khac nhau.

Hinh 5 cho thay két qua khi chia do thi ra
thanh cang nhiéu phin dd thi con va thyc hién thuat
toan song song trén timg dd thi con do thi thoi gian
thuc hi¢n thuat toan s& giam dan. Cuy thé khi dit lidu
dugc chia thanh 4 phan d6 thi con thi thoi gian thyc
hién cua thuat toan 1a 200s, khi chia thanh 8 phan d6
thi con thi thoi gian thue hién giam con 120s va khi
s6 dd thi con 1a 32 thi thoi gian giam chi con 52s.

e) Phin tich

Hinh 5 chi ra rang, thoi gian tra 10 cau truy
van sé ti 1é nghich voi s6 phan d6 thi con. Thoi gian
giam nhanh khi ting s6 lvong ham Map dung cho
viée tim kiém cac két qua timg phan. O day, mdi
phén dd thi con dugc thuc hién bdi mot ham Map.

Tai liéu tham khao
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Thoi gian thyc hién ¢ day bao gom ca thoi gian khoi
tao 1 Job trong Hadoop, ghi/doc dir li¢u tr HDFS va
thoi gian chay thuat toan tra 16i cau truy van. Chinh
vi vdy, & ddy chung t6i khong so sanh vé mat thoi
gian thyc hién gitra thuat toan song song phan tan
v6i thoi gian thudt toan chay tuan ty trén mot may.
Dé xuét nay cua ching t6i ¢6 ¥ nghia trong viée xir
1y phan tan v6i dir liéu 1on, cdi ma mot may tinh don
nhét c6 thé khong giai quyét duoc ca vé& mat luu trix
va viéc xu ly tinh toan.
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Thoi gian thue hién (gidy)

4 8 16 32
86 phiin dd thi con

Hinh 5. Két qua thoi gian thiee thi cdu truy van véi
80 luong do thi con khac nhau

6. Két luan

Bai bao da trinh bay mot cach tiép can méi
dé giai quyét bai toan tim dudng di ngén nhat tir mot
dinh dén mot dinh khac trén d thi phan tan. Chiing
toi da dua ra mot thuat toan dya trén ky thuat uwdc
luong tirg phan va khai thac nén tang hd tro xir 1y
dir liéu song song phan tan MapReduce. Két qua
thuc nghiém trén mot dit liéu do thi thyc té da chira
tinh hiéu qua trong cach tiép can cua chung toi cho
viée xtr Iy d6 thi 16n trén méi truong phan tan. Do
do6, dé xuét nay co thé ap dung cho cac tmg dung
khac trong thuc t& nhu phan tich mang xa hoi, mang
giao thong,..vv. Tiép theo hudng nghién ctru nay,
chung t6i s€ tap trung vao cac loai bai toan khac
trén moi trudng phén tan vi du nhu bai toan truy van
theo biéu thirc chinh quy c6 diéu kién.
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ANOVEL APPROACH TO SHORTEST PATH PROBLEM ON DISTRIBUTED GRAPH

Abstract:

Recently, the efficient of query evaluation on big graphs is an important research topic in computer
science. A widely-used query is the shortest path query between two nodes in a graph, which can be
evaluated on a general graph by using a few well-known algorithms such as Dijkstra, Johnson or Floyd-
Warshall; however, it is nontrivial to answer this kind of query in a distributed graph. In this paper, we
propose a novel approach based on the partial evaluation to solve shortest path problem between two
nodes on distributed graph. We show that our algorithm can be readily implemented in the MapReduce
framework, in parallel. Using a real-life data we perform experiments and show that our algorithm is
scalable on large graphs on the distributed systems.
Keywords: Graph Querying, MapReduce, Shorstest Path, Distributed Graph, Partial Evaluation.
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