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TOM TAT— MapReduce dd tré thanh mgt mé hinh Igp trinh chink cho phan tich va xi [y dik liéu I6n trong nhitng ndm gan day.
Tuy nhién, mé hinh ndy van con ton tai mét s6 mdt han ché nhw chuwa hé tro ddy @i cho cdc tinh todn Idp, co ché bo nhé dém
(cache), va cic hoat dong véi da dau vao (multiple inputs). Ngodi ra, cdc chi phi cho viéc doc/viét va truyén théng dit liéu ciia mé
hinh con qud tén kém. Mgt trong nhing hoat dong phirc tap ding chii Y VA thuong duwoc sir dung trong MapReduce d6 la Join dé
quy. N6 doi hoi nhiing dac trung xir [y ma ciing chinh la nhitng han ché ciia MapReduce Vivdy, trong nghién ciu nay, ching t0i dé
xudt mét $6 gidi phdp hiéu qud cho xir Iy Join dé quy trén nén tang xir Iy dit lidu I6n thé hé méi Spark. Pé xudt ciia ching t6i da loai
b6 mét lwong Iom diF liéu dur thira dwoc tao ra trong cde xit Iy ldp ciia Join dé quy, tdn dung nhiing loi thé cia viéc xi Iy trong bg
nhé va co ché bé nhé dém dé giam thiéu cdc chi phi ¢é lién quan. Théng qua mé hinh chi phi va cdc thire nghiém, nghién ciru nay
chi ra rang cdc gidi phdp ciia ching t6i dé cdi tién dang ké hiéu sudt thiee thi ciia Join dé quy trong méi trirong MapReduce.

Tir khéa— Big data analytics, recusrsive join, map reduce, spark.

I. GIOI THIEU

Trong thoi dai bung nd thong tin nhu hién nay, thuat ngit “Big Data” dan tré nén quen thudc va dit ra nhiéu
thach thtc trong cac nghién ciu nhu cong nghé tim kiém (search-engines), phan tich mang xa hoi (social network
analysis), phan tich dit liéu Web (Web-data analysis), phan tich giam sat mang (network-monitoring analysis), ca&c md
phong 16n (massive-scale simulations), cam bién thong lugng cao (high-throughput sensors), v.v.

Pé xir 1y lugng dit liéu cuc 16n cho cac cong viée trén, chung ta can c6 nhitng mé hinh 1ap trinh phan tan mai
chay trén cac cum may tinh (clusters). Y tuong chinh cta viéc tinh todn phén tan 1a chia bai toan thanh nhing bai toan
con va giai quyét trén cac may riéng biét nhau dugc két ndi trong mot cum may tinh. MapReduce [1] duoc Google d&
xuit nam 2004 da tré thanh mo hinh chudn va phd bién nhét hién nay dé xir 1y dit liéu 16n trén cac hé thong song song
va phan tan. Mot cum mdy tinh thuce thi cong viéc MapReduce ¢ thé gdm hang ngan nit tinh toan (computing nodes)
véi kha ning chiu 16i cao, thich hop véi nhitng ung dung xtr 1y dit liéu cuc 16n, song song va co gian. Mo hinh
MapReduce tuong thich véi nhiéu loai giai thudt nhu phéan tich tai liéu web 1on (web-scale document analysis) [1],
thuc thi cau truy van quan hé (relational query evaluation) [2] va xu ly anh quy md 16n (large scale image processing)
[3]. Tuy nhién, n6 khong duoc thiét ké cho cac hoat dong voi da dau vao (multiple inputs). Ngoai ra, n6 ciing khong hd
trg tot cho nhiéu tmg dung xur 1y dir liéu 16n doi hoi sy tinh todn 1p lai nhu PageRank [4], HITS (Hypertextinduced
Topic Search) [5], cac cdu truy van dé quy (recursive relational queries) [6], phan cum dir liéu (clustering) [7], phan
tich mang neutron (neural network analysis) [8], phan tich mang xa hdi (social network analysis) [9] va phan tich luu
luong dir lidu internet (Internet traffic analysis) [10]. Nhimng tmg dung nay lién quan dén céc tinh toan lap di lap lai lién
tuc trén céac tap dir lidu 16n cho dén khi ching dat dén mot diéu kién dimg hay mot diém dung (a fix point). Dé khic
phuc nhitng han ché d6, cac lap trinh vién phai cai dat giai thuat 1ap lai trong méi truong MapReduce bang cach thyc
thi nhiéu chudi cong viée va tr quan 1y cong viée lap. Diéu nay dan dén viéc doc va viét dit liéu phai thuc hién lai
nhiéu 1an, 1am ting dang ké cac chi phi nhu I/O, CPU, va truyén thong, ciing nhu anh hudéng rat nhiéu dén tde do xur 1y
ctia ing dung. Day chinh 14 nhing thach thirc khong nhé ddi vai viée xur 1y dit liéu 16n trong moi truong MapReduce.

Join [11, 12] 1a mot phép két n6i tir hai hodc nhiu tap dir liéu trong mét co sd dit liéu. Join thuong duoc sir
dung trong cic cau truy van dit liéu tiéu biéu véi chi phi va do phirc tap 16n. Cac dang Join c6 thé 1a Join hai chidu
(two-way join), Join da chiéu (multi-way join) [13], Join chudi (chain join) [14] va Join dé quy (recursive join) [15—
17]. Cac truy van Join trén céc tap dit liéu cang tré nén phirc tap trong ngit canh Big Data. Trong pham vi nghién ctru
ndy, chung t6i tap trung nghién cru xtr 1y Join dé quy, mot dang Join phirc tap va c6 chi phi thyc thi rat 16n dugc ap
dung trong nhiéu linh vuc nhu PageRank, Khai thac dir liéu do thi (graph mining), gidm sat mang may tinh, mang xa
hoi, tin sinh hoc (bioinformatics), v.v.

Mot vi du dién hinh cho (mg dung Join dé quy 13 cau truy vin kham pha cic mdi quan hé cua mot c4 nhan trong
mdt mang xa hoi dugc dinh nghia nhu sau:

Friend(x, y) «— Know(X, y);
Friend(x, y) « Friend(x, z) ™ Know(z, y);

Mot c4 nhén x 14 ban cua y néu X quen biét truc tiép voiy. Mot ca nhan X cling s& 1a ban cua y néu x 1a ban cua z
va z quen biét v6i y. Piéu nay ciing dong nghia véi ciu truy van tim tat ca ban clia cac ban clia mot ca nhan (friends of
friends of a user).
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Viéc thue thi mot cau truy van Join dé quy thong thuong s€ bao gom hai pha cong viéc dugc lap lai. Tho nhat,
pha xit Iy Join: doc, xr ly va van chuyen mot hodc nhiéu tap di liéu dau vao; loai bo cac dong khong thoa mian didu
kién join; két hop cac dong thoa man dleu kién join dé tao ra két qua tam thoi. Thi hai, pha xdc dinh tdp dir liéu ting
cuong (incremental dataset) doc lai tat ca dit liéu két qua da sinh ra tir nhitng vong lap trude dé loai bo nhitng két qua
bi tring lip trong tap két qua tam thoi; ghi lai tap két qua khong tring véi cac tap ket qua trude do (con goi la tap dir
liéu tang cuong). Tap dir lidu ting cudng nay s& 1a dau vao cho pha xir 1y Join ké tiép. Hai pha cong viéc nay sé dugc
thyc hién 1ap lai cho dén khi khong phat hién ra két qua mdi nao.

Vi nhitng han ché da duoc chi ra ¢ trén thi & rang MapReduce khong hd trg truc tiép cho cac hoat dong nhu
Join déc biét 1a Join d¢ quy. Do @6, viéc thuc thi cau truy van Join dé quy trén tdp dir li¢u 16n trong moi trudng
MapReduce tré thanh mdi quan tim hang dau va ciing chira dung nhing thach thirc 16n cho cac nha nghién ctru. Chinh
vi v@y, nhom nghién ctru chiing t6i tap trung vao viée tim klem va dé xuét cac giai phap t6i wu cho xtr Iy Join dé quy.
Dé thuc hién dugc didu d6, nhom chung t6i trude tién tién hanh nghién ctru cac thanh phan mé rong trén nén ting
MapReduce dé hd tro hi€u qua cho viéc thyc thi cac cong viée lap lai nhiéu 14n va co ché b nhé dé€m (cache) ma nd co
thé giit lai tap dir liéu khong dbi trong xtr 1y 1ap. Sau d6, chiing toi s& dwa ra cac phuong thirc dé loai bo nhitng phan tir
du thira khong tham gia vao hoat dong Join.

II. CAC NGHIEN CUU LIEN QUAN
A. Join dé quy trong moi truong MapReduce

Cau truy van Join dé quy ciia mot quan hé ciing dwoc xem nhu 1a mot cdu truy van bao dong béc cau cua quan
hé d6 [17]. Trén thuc té, dd c6 rat nhiéu thudt toan dugc thiét ké dé tinh bao dong bic cau cua mot quan h¢ trong co so
dir lidu truyén thong nhu Naive [24], Semi-naive [1-3], Smart [27, 28], Minimal evaluations [28], Warshall [30] va
Warren [31]. Chung dugc phan loai thanh hai nhém chinh, cac thudt toan 1ap (Naive, Semi-naive, Smart, Minimal
evaluations) va cac thut toan tinh truc tiép (Warshall va Warren). Tuy nhién, nhirng thuat toan nay khong phai luc nao
cling phu hop dé thyc hién trong méi truong MapReduce.

Mot s nghién ciru gan day da tim thdy giai phap cho van dé nay. Afrati et al. [32, 33] da dé xuét viéc thyc thi
dé quy trén mot cum may tinh (cluster) dé tinh bao dong béc ciu cho ciu truy vin dé quy. Céac tac gia da chi ra giai
phap dé lam giam dang ké s6 1an 1ap can thiét cho bao dong béc cau phi tuyén (nonlinear transitive closures). Giai phap
sir dung hai nhom tac vu gdm nhom tac vu Join (Join tasks) va nhom tac vu loai bo sy trung lip (Dup-elim tasks).
Nhém tac vu Join s€ thye hién viée tinh toan join cac b dir li€u (con goi 1a tuples). Nhom tac vu con lai s€ loai bo cac
b dir lidu két qua tring lép truée khi phan phat dén nhém tac vu Join. Két qua 1a s6 1an lap cho thyc thi Join dé quy da
giam dén O(log, n) thay vi O(n) trén mot dd thi n-node. Mot tré ngai 16m cua giai phép nay la cc tac vu (tasks) chay dé
quy trong thoi gian dai lam tang nguy co thit bai. Ngoai ra, giai phap phai sira d6i mot sd dic trung cia mé hinh
MapReduce nhu co ché phuc hdi 18i va thudc tinh khéa cac tic vu Map (blocking property). Bén canh d6, né dugc sir
dung dé tinh bao dong bac cau phi tuyén va chi phi truyén thong cia nd thuong 1a 16n hon nhiéu so v6i bao dong béc
cau tuyén tinh (linear transitive closures) do su sao chép két qua dau ra ciia cic tic vu loai bo sy trung lap.

Pregel [34] thuc hién sy dé quy thuc su trén mot do thi bang cach sir dung md hinh BSP (Bulk Synchronous
Parallel) va trong mdi khoang thoi gian no s& kiém tra tat ca cac tac vu (dugc goi 1a cac checkpoint). Néu c6 mot tac vu
thit bai thi tit ca cac tic vu s& phai thuc thi lai tai cac checkpoint trude d6. Didu nay 1a mot han ché 16n cua giai phap.

Hadoop [35] cung cdp mot nén tang xu 1y dit liéu 16n theo mé hinh MapReduce va mot hé thng tap tin phan
tan HDFS (Hadoop Distributed File System). N6 chay trén trén cac cum may tinh phan tan ma van dam bao do tin cay
va kha nang chiu dung 13i. Tuy nhién, do phat trién trén ¥ tuéng ban ddu cia MapReduce nén Hadoop khong hd tro tdt
c4c hoat dong c6 da dau vao (multiple inputs) va xtr 1y 1ap nhu Join dé quy.

HaLoop [36] 1a phién ban chinh sira ciia Hadoop, duoc thiét ké nham hd trg hiu qua cho cac tng dung mo hinh
MapReduce can co ché b nhé dém va xir 1 1ap nhu Join dé quy. HaLoop st dung hé thong phan tan dé luu trit dit liéu
dau vao va dau ra ctia cic cong viéc MapReduce. N6 thuc hién sy dé quy bang cach 1ap lai cong viéc MapReduce va
giam thiéu truyén thong ciia bo nhd dém dau vao ctia Mapper va dau vao/ra cia Reducer. Giai phap nay c6 thé tranh
viéc doc lai va truyén lai dir li¢u qua mang, tat nhién né van phai doc lai bo nhé dém. Mot han ché 1a cac tac vu nén
hoat dong trong cac vong lap ddng bo va dau ra ctia mdt tic vu phai dugc gui dén mot Map/Reduce ké tiép. Ngoai ra,
mdt nhugc dlem cua vige thyc hién b nh¢ dém trong HaLoop hién nay Xudt phat tir hoat dong viét lai hoan toan bd
nhé dém cho mdi 1an 13p. V& mit ¥ twong, HaLoop hd tro tot dé xtr 1y truy van dé quy trén cac tap dit liéu 1on. Tuy
nhién, HaLoop chi dung lai & mic nghién ctru. Trén cic thuc nghiém cua chang t6i [37], phuong thirc cache cua
HaLoop con phat sinh nhitng 15i khong kiém soat khi cache trén dia cung, khong cache duoc tap dir li¢u tang cuong
qua mdi vong lap. Hién nay HaLoop khong con duoc phat trién va hd tro nita.

Gan day nhat, Shaw et al. [38] da dé xuat mot giai phap tdi wu cho Join dé quy sir dung giai thuat Semi-Naive
trong méi trudng MapReduce ctia HaLoop. Giai phap sé& thuc thi viéc 1dp lai trén hai cong viéc MapReduce bao gom
cong viéc Join va cong viée tinh tap dir lidu ting cudng. Giai phap s dung bd nhé dém cho dau vao cac Reducer
(Reducer Input Cache) ciia HaLoop dé giam thiéu cac chi phi c¢6 lién quan. Tuy nhién, giai phap nay van khong tranh
khoi nhitng han ché cua HaLoop. Bén canh d9, cac b dit liéu duoc tao ra bai cong viéc Join phai dugce doc lai va dugce
chuyén qua mang lan nita trong cong vi€c tinh tap dir liéu tang cuong. Hon thé nira, chi phi doc viét bo nh¢ dém 1a
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dang ké do tit ca cac tap dir liéu tdng cudng cua cac lan 1ap trude d6 phai duoc Viét, se‘ip chi muc va doc lai dé do tim
su trung l4p boi cong viéce tinh tap dir liéu ting cudong. Didu dang luu y la ca b nhé dém ciing phai dugc viét lai mdi
khi c6 mdt bd mdi trong tép dir liéu tang cudong duge tim thay Ngoai ra, dir liéu khong tham gia vao cong viéc Join
van duge xir 1y va truyén qua mang ma khong bi loai bo. Tat ca diéu nay din dén chi phi thyc thi Join dé quy 1a qua 16n
va chua hi¢u qua.

Tir nhitng han ché cua cac giai phap da néu, ching ta can tim kiém mot nén ting xir Iy hd trg t6t hon cho co ché
bd nhé dém va thyc thi ldp cac cong viéc MapReduce. Trén nén tang xur 1y dit li¢u 16n d6, chung ta s€ tién hanh toi wu
hoéa Join d¢ quy mot cach c6 hiéu qua. Viéc loai bo nhitng dir liéu khong tham gia vao Join ciing can dugc xem xét mot
cch thiu ddo.

B. Apache Spark

Spark [18] 1a mot nén tang dugc viét bang ngdn ngir Scala, cho phép xir 1y dir liéu 16n phan tan mot cach hiéu
quéa va nhanh chong. Spark tuong thich véi nhidu hé théng luu trit tap tin nhw HDFS, Cassandra [19], HBase [20] va
Amazon S3 [21]. Spark c6 téc d¢ xir Iy nhanh gip 100 lan so v&i Hadoop MapReduce khi dugc cache trén bo nhd,
hodc nhanh hon gp 10 1in néu dugc cache trén dia [22].

Spark hd trg cic ngdn ngir 14p trinh nhu Scala, Python, Java, va cung cdp nhiéu cong cy lap trinh cép cao. Pic
diém nbi bat cua Spark 1a cac tap dir liéu phan tan c6 kha ning phuc hdi RDD (Resilient Distributed Dataset), mot kiéu
dir lidu tap hop phan tan (distributed collection) ¢6 thé lwu tam thoi trén bd nhé RAM, c6 kha ning chiu 16i cao va tinh
toan song song. RDDs hd tro 2 kiéu hoat dong: transformations va actions. Transformations 1a mot thao tac “lazy”, c6
nghia la thao tac nay s€ khong thuc hién ngay lap tirc, ma chi ghi nhd cac budc thuc hién lai. Thao tac nay chi dugc
thuc hién khi trong qua trinh thyc hién c6 Actions duoc goi thi cong viée tinh toan ctia Transformations méi dugc dién
ra. Mic dinh, mdi RDD s& duoc tinh toan lai néu c6 Actions goi n6. Tuy nhién, RDDs cling c6 thé dugce luu lai trén bod
nhé RAM bang 1énh persist (hodc cache) dé sir dung sau nay. Actions s& tra vé két qua cho chwong trinh diéu khién
(driver) sau khi thuc hién hang loat cac tinh toan trén cac RDD.

1. Kha nang xur 1y 1ap cta Spark

Spark 1a mot cong cu hd trg manh mé cho xir 1y ldp trén céc tap dit liéu 16n. Mot trong nhitng phuong thire ctia
Spark thich hop nhét cho loai xir Iy nay 1a thong qua RDD. RDD dwoc mé ta nhu 13 "..., cdu triic dit liéu song song
chiu 16i cho phép nguoi dimg gitr lai két qua trung gian trong bé nhé, kiém sodt phin ving cia ching dé t6i wu héa vi
tri hew trie di lieu, va xir [y chiing thong qua mét tdp cdc phép toan. ' [23]. Bang cach st dung RDD, mét 1ap trinh vién
c6 thé “ghim” (pin) cac tap dit liéu 16n cua ho vao b nho. Diéu nay gitip cho Spark RDD hd trg xtr 1y 1ap hiéu qua hon
s0 Vi viéc doc mot lugng 16n dir liu tir dia cho mdi lan lap nhu Hadoop MapReduce.

Viée xir 1y lap ciia Hadoop MapReduce dugc thyc hién nhu mot chudi cac cong viée ndi tiép nhau ma & dé cac
két qua trung gian phai viét dén HDFS va sau d6 chung phai duoc doc lai dé lam du vao cho cong viée ké tiép. Trong
khi do6, Spark sé doc dir li¢u dau vao tir HDFS, thuc hién mot loat cac hoat dong lap di lap lai ddi véi dit lidu dang
RDD, va sau cing m&i viét dén HDFS.

R rang, Spark RDD chay nhanh hon Hadoop MapReduce boi vi & mdi tac vu dit liéu dugc nap 1én bo nhé va
xur ly & d6, nhitng tac vy sau d6 cé thé s dung lai dit liéu nam san trén bo nhd cuc bd thay vi phai doc ghi lién tuc vao
HDFS nhu Hadoop MapReduce.

Tuong tu, cic thuat toan xir Iy d6 thi nhu PageRank doi hoi su 13p lai nhidu 1an trén cung mot tap dit liéu va mot
co ché truyén thong diép, do viy can mot chuong trinh MapReduce. Tuy nhién, co ché ciia MapReduce hoat dong lién
quan dén doc/ghi trén HDFS qué nhiéu. Didu nay khong hiéu qua vi né khong nhitng lién quan dén viéc doc va ghi di
liéu vao dia ma con lién quan dén hoat dong nheftp/xuét va sao chép dit li¢u trén cum may tinh véi kha nang chiu 18i.
Ngoai ra, mdi 1an lap MapReduce c6 d¢ tré rat cao, va cac lan 1ap ké tiép chi co thé bat dau khi cac cong viée trude day
da hoan toan két thiic. Spark chtra mot thur vién do thi tinh todn dugc goi 1a GraphX. Két hop kha ning tinh toan trong
bd nhd va hd trg kha nang xir 1y dd thi ctia Spark gép phan cai thién hi¢u suat cua thut toan so véi chuong trinh
MapReduce truyén thong. Ngoai ra, phan 16n cac thuat toan méay hoc cling doi hoi viée thuc thi cac thudt toan c6 tinh
lap lai. Cac thuat toan nay lién quan dén hién tugng nghén ¢ chai I/O trong viéc trién khai MapReduce. MapReduce
str dung céc tac vy song song tao ra ganh nang cho cac giai thuat dé quy. Spark c6 mot thu vién may hoc goi la MLib
ma nd bao gdm céc giai thuat mirc cao phit hop véi su 13p lai va hidu qua hon so vé6i st dung MapReduce cua Hadoop.

2. Co ché bo nh¢ dém cua Spark

Do RDD s& khdi tao lai mdi 1an thuc hién mot Action nén s€ tén rat nhiéu thoi gian néu ta gap phai truong hop
mdt RDD duogc st dung lai nhleu 1an, chi phi cho cong viéc nay 1a rat 16n. Vi thé, Spark hd tro mot co ché goi 1a persist
hay cache. Khi chiing ta yéu cau Spark thuc hién persist mot RDD, nhirng nat chira RDD d6 s€ luu nhitng RDD nay
Vg‘lo bC)’nh(’r, va nut d6 sé chi tinh toan mot lan. Néu viée persist thét bai, Spark s€ tu tinh lai nhitng phén bi thiéu néu
can thiét.
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C. Bé loc Bloom giao
1. Bo loc Bloom

B0 loc Bloom (Bloom Filter, BF) [39] duoc gi¢i thiéu ndm 1970 boi Burton Bloom la mdt cau trac dit liéu xac
suét duoc sir dung dé kiém tra xem mot phan tir c6 nam trong mot tap hop hay khong.
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i«.:|-[|‘|c|].| oly uhlt;lu

Hinh 1. Céu trtc bo loc Bloom

Hinh 1 biéu dién ciu triic bo loc Bloom gdm m bit, k ham bam doc 1ap va mot tap hop S gdm n phén tir duge
biéu dién boi BF(S). Hoat dong ctia bo loc BF(S) dugc mé ta nhur sau:

e Khoi ddu, cac bit ciia BF dugc thiét 1ap bang 0.

e Khi thém mdt phan tir x thudc S vao bo loc, K vi tri ciia X trong mang bit BF duoc xac dinh béi k ham bam va
cac vi tri nay s€ dugc dat voi gia tri 1a 1. Thye hién cong viée trén véi tht ca ph?in tt cta S dé co duoc BF biéu
dién cho tap S hay con goi 1a BE(S).

e Dé kiém tra mot phan tir z ¢6 thudc S hay khong, chiing ta can kiém tra tat ca K vi tri ctia z (twong tng k ham
bam trén gia tri 2):

o Néu tit ca cac gia tri tai cac vi tri d6 déula 1 thicothé z € S.
o Nguoc lai, néu ton tai it nhit mot trong cac vi tri nay c6 gia tri béng 0 thi chéc chin rﬁng 7€&S.

Trong mét s6 truong hop, mét ham bam cho nhiéu phan tir ¢6 thé tra vé cing mot gia tri vi vy mot phan tir
khong ton tai trong S ciing c¢6 thé co gi tri bam tai vi tri d6 bang 1. Chinh vi 1y do nay ma BF c6 thé tra vé nhirng phan
tir duong tinh gia (false positives), nhung n6 khong bao gio tra vé& phan tir am tinh gia (false negatives). Phan tir duong
tinh gia 1a phan tir dugc BF xac dinh 13 thudc tdp S nhung thuc ra né khong thudc S. Phan tir 4m tinh gia 1 phin tir
duoc BF xéc dinh 1a khong thude tap S nhung thuc ra né lai thudc S.

B6 loc Bloom ¢6 nhiéu vu diém nhu sau:

. Khéng gian luu trit hiéu qué (space eciency): Kich thude cua bd loc 1a ¢d dinh, kl}éng phu thudc vao $6 luong
phan tir n nhung n6 c¢6 méi lién hé gitra mang bit m va duong tinh gia theo xac suat [40]:

f=@1-p) =(1—(1—nlqjkn]k z(l—e kn?Jk

e Xay dung bo loc nhanh (Fast construction): thuc thi mot BF rat nhanh, vi né chi doi hoi mot lan quét cua dir
liéu.

e Truy van bo loc 1a nhanh va hi€u qua: viéc kiém tra cac vi tri ciia mot phﬁn tu trong S chi yéu cau tinh toan k
ham bam (k thuong mot hang s6 nho) va truy cap dén k bit.

2. B loc Bloom giao

B0 loc Bloom giao (Intersection Bloom Filter, IBF) dd dugc nhom dé xuét trong nghién ctru [17, 41]. IBF la
mot cAu tric dit liéu x4c sudt duogc thiét ké de biéu din phén giao cta hai tdp hop va dugc st dung dé nhan ra nhiing
phan tir chung ciia cc tap hop v6i mot xac suat dwong tinh gia (false positive).

a) Cac phuong thirc xay dung bd loc Bloom giao
IBF tiép nhan mot dau vao va tra ra mot két qua voi mot trong hai kha ning co thé xdy ra nhu sau:

e “No”: x KHONG phai 1a mot yéu t6 chung cua cac tap S1 va S2.
e “Yes”:x LA mot yéu té chung cua cac tap S1 va S2.

Ba tiép can dé xay dung bd loc giao IBF: (1) cap b loc Bloom, (2) giao cua hai by loc Bloom va (3) giao cta
hai bd loc Bloom phan doan.

e Tiép can 1: Hinh 2. Cu tric bd loc Bloom giao (a) M0 ta tiép can dung mot cip bod loc Bloom
Phén giao cta hai tap hop bang cong thic sau:
S1NS2=(S1uUS2)\(S1AS2)=(S1uS2)\((S1\S2) U (S2\S1))
Diéu nay twong ing véi viée sir dung bo loc BF(S1) cho tép S2 dé chon dugc cac phan tr chung ctia S2 va st
dung bd loc BF(S2) cho tap S1 dé chon duoc cac phan tor chung cua S1. Gop cac Kkét qua trén ching ta nhan
dugc tit ca cac phan tir chung ctia ca 2 tap hop.
Uu diém ciia cach tiép can nay la khong yéu cau cac bd loc phai ¢6 cung kich thude (m) va k ham bam.
. Tiép can 2: Hinh 2. Céu tric bg loc Bloom giao (b) md ta tiép can giao cua hai bd loc Bloom
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Vi cach tiép can nay doi hoi hai bd loc Bloom phai c¢6 cung kich thude m va k ham bam gidng nhau. Dé xay
dung dugc bo loc giao nhau IBF, ching ta tinh giao cta hai bo loc Bloom BF(S1) va BF(S2) bang phép toan
AND ting bit nhu sau:
IBF(S1, S2) = BF(S1) & BF(52)

Dé kiém tra cac phfm tir ¢ 1a phan tir chung hay khoéng, tac gia tién hanh thyc hién truy van vao b loc giao
vira tao (IBF). Uu diém ciia phuong phap tiép can ndy 1a chi duy tri mot giao nhau loc Bloom dé loai bo hau
het céc tuple khong tham gia tir hai nguon dir li¢u dau vao thay vi sir dung hai bo loc nhu cac phuong phap
tiép can dau tién.

e Tiép can 3: Hinh 2 (c) md ta tiép can giao cua hai bd loc Bloom phéan doan.
B0 loc Bloom phan doan (Partitioned Bloom filter) [42], 1a mot bién thé cua bod loc Bloom chuén, duogc dinh
nghia bdi mdt mang cua m bit dugce chia thanh K mang con rdi nhau véi kich thuge mp = m/k bit.
Tuong ty nhu tiép can 2, bg loc giao IBF(S1, S2) duoc tao ra boi viéc giao hai bd loc Bloom phan doan
BF(S1) va BF(S2) bang phép toan AND.

S S:
El=l=] s .

! [
pifel[ifolileleritoll [ellaTilnfeialalolals
BF(S:) BF(S))

IBFS, N S:)

(@) Cap bo loc Bloom
loJr]rfr]rjofrfelrjoloelt] BrAS)

pfvjojriviofrjojojujojr] sAs:)

[ehJohTiJoltToJoJoJol1] IBF(S NSy

(b) Giao ctia hai bd loc Bloom
I [ [REI sqs)
OITelr] [Jelade] [erJelr] srFes:)

[oTtToTr] [AJoliJo] [oToJolr] 1BFS: NS

=4 hits

(c) Giao cua hai bd loc Bloom phéan doan
Hinh 2. Cau trac bd loc Bloom giao
b) Xac sudt phin giao sai

Xéc suat phan giao sai chinh Ia ti 1¢ duong tinh gia cua bd loc giao IBF. T két qua da duoc ching minh trong
nghién ctru ctia ching t6i [17, 41], xac xuat phan giao sai cho 3 ti€p can dugc dinh nghia nhu sau:

e Xéc suat phan giao sai ctia tiép can 1 (ding cap bo loc Bloom):

a. cho BF(S1), b. cho BF(S2),

1\ k 1) k2
fmpair(sl) = {1_[]‘_%} J fﬁpair(sz) = {1_(]‘_%] J

Trong d6, m1, k1 va m2, k2 1an luot 1a 1a kich thudc va sé ham bam twong ing ctia bo loc BF(S1) va BF(S2).

e Xéc suat phan giao sai cua tiép can 2 (giao cua hai bd loc Bloom):

KIS, )¢ KIS\
1 1
fo=l1-|1-= 1-[1-=
el )
Trong do, BF(S;), BF(S,) va IBF(Sy, S;) c6 cung kich thuéc m va k ham bam.
e XA&c suat phan giao sai cua tiép can 3 (giao cua hai bg loc phan doan):

it et

Trong d6, BF(S;), BF(S,) va IBF(S;, S;) c6 cung kich thuéc m va k ham bam, k phan doan véi cung kich
thudc mp=m/k.
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e S0 sanh xac suat phan giao sai cua céc tiép can:
Xéc sudt phan giao sai cta tiép can 1 va 2 1a gan bang nhau va nho hon xac suit phan giao sai cta tiép can 3:
f. pair ~ fee < fpee

Diéu d6 ¢6 nghia 1a hiéu suit loc ciia tiép can 1 va 2 1a tt hon tiép can 3 boi vi chiing nhan biét sai cac phan

tr chung it hon.
D. Gidi thudt Intersection Bloom Join

Intersection Bloom Join [41] la giai thuat Join duoc cai tién tir giai thuat Bloom Join véi viée sir dung bo loc

Bloom giao IBF thay vi dung bg loc Bloom chuan. Gidi thudt nay s& dung bg loc Bloom giao d¢ loc trén ca hai tép dir
liéu nham loai bé hau hét nhitng phén tir khong tham gia vao Join va gidm dang ké cac chi phi lién quan. N6 da duoc

chting minh 12 hiéu qua hon so v6i cac thuét giai thuat Join khac [17]. Chinh vi vAy ma giai thuét Intersection Bloom
Join s€ 1a giai thuét chinh dugc st dung cho Join dé quy cua nghién ciru nay.

II1I. TOI UU HOA JOIN PE QUY TRONG MAPREDUCE VOI SPARK
A. Join dé quy

JO’in dé quy cua m(f)t’ quan hé K(x, y) la sy bao Qéng béc clu cla quan h¢ K. N6 doi hoi mét sy khaoi tao va sy ldp
lai cho dén khi khong c6 két qua méi nao dugc tim thay [17]:
{ (Initialization) A(x, y) = K(x, y)
(Iteration) A(x, y) =A(x,z) ™ K(z,y)
B. Téi wu héa Join dé quy trong MapReduce
1. Giai thuat Join d¢ quy trong MapReduce
i Mot trong nhitng giai thuat Join d¢ quy phd bién nhit va phu hop dé trién khai trong méi truong MapReduce
gan day la gidi thudt Semi-Naive [17, 37]. Ngoai ra, n6 duoc ap dung cho viéc tinh todn trén céc tap dit lieu quan h¢
dang hang cot (tabular) ma ching t6i dang quan tdm va xu ly. Chinh vi vay, nghién ctru nay sé tap trung trén viée toi
uu hda thuat toan Semi-Naive cho Join d¢ quy trong moi trudng MapReduce.
Giai thuat Semi-Naive cho vi¢c tinh toan Join d¢ quy:
Algorithm 1 — Thuat toan Semi-Naive cho Join d¢ quy

Fo=, AF=K(xy), i=0; @)
Repeat 2
i++; ®)
Fii=(AFy U ... U AFy); 4)
AF; =[x (AFi1 2, K) — Fig; (5)
Until AF; = @; (6)

Giai thudt nay s€ dugc thuc thi bodi mot su 1ap lai ciia 2 cdng viéc MapReduce: cong viéc Join (Join job) va cong
viéc xac dinh tap dit liéu tang cudng (job for computing incremental dataset).

Tai vong lap thir i, cong viéc Join s& thyc thi join‘cﬁa AF, vaK dé tao ra tap Oi' Cong viéc xac dinh’tép dir liéu
tang cuong s€ doc tap dit liéu O; va tinh AF; = F;; - O; bang cach loai bo cac b trung lap trong O; véi cac ket qua trude
do.

2. Dé xuat cac giai phap toi wu cho Join dé quy trong MapReduce

Xem x¢t tai dong (5) cua thuat toan Semi-Naive, AF; = [[q(AFi.1 2, K) — Fi.1, ching t6i tién hanh dé xuat mot
sO giai phap ti wu héa cho thuat toan khi thyc thi trong moi truong MapReduce nhu sau. (1) Sir dung co ché xir Iy lap
trén bé nhé dé 1am tang hiéu qua thuc thi cho cac cong viéc ké tiép nhau. Van dé nay s& dugc chung toi giai quyét bai
viéc tan dung kha nang xtr ly lap cua Spark RDD. (2) Su dung co ché cache tap dir lieu K dé giam thiéu chi phi doc
viét dir liéu lai nhiéu 1an boi vi K 14 tap dir lidu khong c6 sy thay dbi trong cac lan lap. Ching t6i da tim thay giai phap
cho van d& nay bai viée sir dung co ché vung dém cua Spark dé thuc hién cache tap K trén bd nhd, néu ddy s& tran
xudng dia ctng theo thir ty: MEMORY AND DISK_SER. (3) Logi bo dit liéu duw thira khong tham gia vio Join dé
giam dang ké chi phi c6 lién quan dén viée doc/viét va truyén thong cho dir liéu v6 ich d6. Chung toi st dung bd loc
giao IBF dé loai bo dir liéu du thira nay trong céng viéc Join cia AF va K. Thuét toan Join dugc sir dung trong trudng
hop nay 1a thuét toan Intersection Bloom Join [41] nhu da trinh bay trude day.
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Cong vigc tién xir Iy

Trude khi thyc hién Join hai tap dir liéu K v6i AF, hai tap dit liéu ndy can dugc chuyén thanh kiéu dir liéu cta
Spark — PairRDD va loai bo céc cdp khoa/gia tri rong. Song song do, chung ta xay dung b loc giao IBF(K, AF) theo
nhu tiép can da de xuat trudc day.
Su thuec thi lap ciia Join dé quy

Hai tap dir liéu K va AF dugce loc bdi bo loc giao IBF(K, AF) dé loai bé phan tur khong tham gia Join. Sau do,
chung ta tién hanh Join hai tap dir liéu d4 loc. Sau mdi lan join, chiing ta tién hanh xir 1y két qua join dé tao ra AF méi

boi cong viée thu 2. V}ec Jom o lap tlep thpo sé thgc hién gitta tdp K va AF méi vira tao ra. Viéc join hai tap dir li¢u
trén s€ duoc 1dp lai nhicu 1an cho dén khi bat gap dicu kién dung, gidi thuat join d¢ quy s€ ket thiic.

Trong qua trinh tao cdc tap dir liéu, chung toi ¢6 thuc hién phan manh (PartitionBy) cho cac tap dir liéu, nham
chia nho dit lidu, tranh viéc tran bd nhé, giam dit lidu van chuyén qua mang va ting toc do xir 1y.
Céc diéu kién dirng cho thuat toan Join dé quy (fixpoint):
e Chu trinh xir 1y dat dén sé vong lap toi da duoc gidi han.
e Hoic AF; rong, khong co dir liéu méi dugc sinh ra.
e Hoic giao ctia hai bo loc BF_K va BF_DeltaF; rong, két qua méi sinh ra khong c6 dir liéu tham gia vao join &
vong 1ap moi.

vflf . ") Read from HDFS

| START — 3! ]
\ J HDFS —+ input ‘

Save toHDFS

RDD_F

CreatepairRDD

pairRDD_DeltaF

pairRDD_K

J persist(MEMORY_AND_DISK)
. S — f——— Y ——
\ CacheF } | Cache K |
} Memory | : Memory :
— /S e

Update pairROD_DeltaF addKey laddKey
B 4 § a
Upglate RDD F ( BF_DeltaF \/ BF_K
] IBF ‘
Filter(K)

‘ true . e
Filter(DeltaF) +— URScmoty A
| i<maxiteration

| false

’ END

Dedup(DeltaF)

Join(K, DeltaF) ‘

Hinh 3. Luu dd giai thuat t6i wu hod Join dé quy trong Spark

Hinh 3 1a Iuu d6 cho gii thuat t6i wu hoa Join dé quy trong Spark.

Duya vio giai thuat Semi-Naive, chiing ta dwa ra giai thuat t6i wu hoa Join dé quy trong Spark nhu sau:
Algorithm 2 — Giai thuét tdi uu héa Semi-Naive cho Join dé quy trong MapReduce

Il Poc file tir HDFS

JavaSparkContext.textFile(input)

// Tao JavaPairRDD

pairRDD_K « createJavaPairRDD (input, column) //cache pairRDD_K
pairRDD_DeltaF < createJavaPairRDD (input, column)

RDD_F « createJavaPairRDD (input, column) //cache RDD_F

// Xay dung bo loc Bloom
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BF_K « addKeyBF_K(pairRDD_K) // BF K chita khéa cua tdp K
BF_DeltaF < addKeyBF_DeltaF(pairRDD_DeltaF) /BF DeltaF chita khoa cia DeltaF
// Thye hién join dé quy
recursiveJoin (pairRDD_K, pairRDD_DeltaF, iteration){
IBF <« BF_K.and(BF_DeltaF) //Tao b¢ loc giao IBF(K, DeltaF)
if (! IBF.isSEmpty() && iteration < maxIteration){

Il Loc dir liéu khéng tham gia join cua tdp K

temp_ K « filter(pairRDD_K)

// Loc dir liéu khong tham gia join cua tdp DeltaF

temp_DeltaF «filter(pairRDD_DeltaF)

// Join hai tap dir liéu da dwoc loc

joinResult «— temp K.join (temp_DeltaF)

// X Iy két qua join vé dang JavaPairRDD

rs < combineKeyValue (JavaPairRDD.fromJavaRDD(joinResult.values(), int

column);

//Loai két qua tring ldp

rs «— rs.subtract(RDD_F)

//Lieu két qud vao HDFS

rs.saveAsTextFile (path output)

pairRDD_DeltaF « createJavaPairRDD (rs, column)

// Tao lai BF _DeltaF

addKeyBF_DeltaF(pairRDD_DeltaF)

// Bé sung két qua F

RDD_F < RDD _F.union(rs) //cache RDD_F

iteration++

Il Bé quy

recursiveJoin (pairRDD_K, pairRDD_DeltaF, iteration)

3. M@ hinh chi phi cta Join dé quy trong MapReduce

a) Cac tham s va mo hinh chi phi

Bang 1 chi ra bang cac tham s dugc sir dung trong md hinh chi phi cua Join d¢ quy trong Map Reduce.
Béng 1. Céac tham s6 cho m6 hinh chi phi cila Join dé quy trong MapReduce

Parameter Explanation

C Chi phi doc hay ghi dit liéu cuc bo

Cr Chi phi doc hay ghi dit li€u tir xa

Ct Chi phi truyén thong dir li€u tr mot nat dén mot nut khac

B+1 Kich thudc ving dém sap xép 1a B+1 pages

mpy Tong s6 tac vu map cua tap dir lidu K

MPaFi-1 Tong sb tac vy map ctia tap dir lidu ting cuong AF;;

Mpoi Tong sb tac vu map cua tap dir liéu két qua Join O;

K| Kich thuéc cua tap dir liéu K

|AFi4] Kich thude cta tap dir lidu ting cuong tai lan ldp i-1. |AF| = K]

|AF| Kich thude cta tap dir lidu ting cudng tai lan lap i

|Fi-al Kich thude ctia tat ca cac tap dit lidu ting cudng trong cac 1an lap tir 0 dén i-1.
|Di| Kich thudc tap dir liéu trung gian cua cong viée Join J;

D% Kich thudc tap dir liéu trung gian cua cong vigce tinh tap dit liu tdng cuong |;
|Oil Kich thudc tap dit liéu két qua cta cong viéc Join tai vong lap thir i

fisr Xac xudt duong tinh gia ctia bo loc giao Bloom IBF(K)
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ol Ti 18 Join cia AF;; v6i K
?i Ti 1¢ khéc biét cua tap két qua O; véi Fiy
| S6 1an lap ciing 1a chiéu sdu nhat ciia do thi quan hé trir 1.
Core Tong chi phi thyc thi cong viéc tién xir Iy va phan tan BF(K) dén cac nit
Ck Tong chi phi ‘dé doc, map, sap xép, tron (shuffle), va cache K tai cac the reducers
(RIC) trong lan lap dau tién
Cread (J1) Tdng chi phi dé doc tap dir liéu ting cudng AF;,
Csort (J) Tong chi phi dé sip xép va sao chép (sort and copy) cho cong viéc Join tai cac
ndt mappers va reducers
Cy (J) Tdng chi phi dé chuyén dit liéu trung gian giita cac nut cho cong viéc Join
Ceache (J7) Tdng chi phi dé doc cuc bo cac phan dir lidu K dwoc cache tai cac reducers
Curite (Ji) Tong chi phi dé viét két qua cuia cong viée Join (O))
Cread (1) Tdng chi phi dé doc O;
Cosort (I}) Tong chi phi dé sip xép va sao chép (sort and copy) cho cong viée tinh tap di
liéu tang cuong tai cac nut mappers va reducers
Cy (1) Tdng chi phi dé chuyén dir liéu trung gian giita cac nut cho cong viéc tinh tap dit
liu tang cuong
Ceache (1) Téng chi phi dé doc cuc bo cac phﬁn dir liéu Fi; duoc cache tai cac reducers
Curite (1) Tdng chi phi dé viét két qua tap dit liéu ting cudng AF;
Theo d6, chung ta c6 thé dwa ra chi phi téng cua Join dé quy nhu sau:
I
C(‘]) = CK + zcread (‘]l) + Csort(‘] i ) + Ctr (‘] i ) + Ccache(‘]i ) + erite(‘] i )
i=1
[
+ Zcread(li) + Csort(li) + Ctr(li) + Ccache(li) + erite(li)
i=1
Trong do:
o Ci=c.[Kl+cn|Kl.2([logy | K |—logg(mp,) [+[logg (Mp) ) + (cc+ ). K]
¢ Cread (‘]I) =Cr. |AFi—1|
* Cun(¥)=0r.ID].2. ([log, | D; | ~logs (Mp,s,) |+[10gs (MPye-s) )
o Cy(J)=c..|Dj
o Ceache (‘]I) =Gq. |K|
®  Curite (‘]I) =Cr. |OI|
e |Di|=|AFii| = ¢i1.|0i4]
o Cread (Ii) =Cr. |OI|
* Cun(l)=01. D% 2. ([logs | O; | ~log, (MPy) |+ loge (Mpy;) 1)
e Cy(l)=c.|DY|
o Ceache (Ii) =G. |Fi—1|
®  Curite (Ii) =Cr. |AFi|
o |D'i|=10j
® |AF|=gi. |0
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b) Phan tich chi phi giita hai huéng tiép can
Daiu tién, ching ta so sinh chi phi thyc thi Join d¢ quy trén nén tang Hadoop va Spark: CHadoop(j )va

Spark(J) Héu hét cac hoat dong 1/0 clia Hadoop 14 trén dfa hogc tir xa trén HDFS, trong khi ching dugc thyc thi

trén bo nhé ddi voi Spark. Vi vay, tat ca cac chi phi thanh phan cua Hadoop 14 16n hon nhiéu so v&i chi phi cia Spark.
Chung ta dé dang c6 thé suy ra:

CHadoop(‘]) > CSpark(‘])
Vian dé con lai 1a chiing ta so sanh chi phi thyc thi Join dé quy chua t6i wu voi giai phap toi wu ciia ching toi
trén nén ting Spark: Cspark(j) va Coptspark(j) .
Ching ta qﬁn so sanh thanh phan dir liéu trung gian duoc tao ra trong cong viéc Join boi vi n6 1a yéu td quyét
dinh dén chi phi tong thuc thi Join ¢ quy. Lugng dit li€u trung gian cia cong viéc Join trong Join d¢ quy nhu sau:
e Ddi véi Join d¢ quy chua t6i vu:
IDi| = [AFia| = i[Ol
e Doi véi Join d€ quy toi vu:
IDil = 8" .| AFi1] + figrgey - (1~ 7). |AFi4]
= 0" Dil + figrg - (1 —0"7). IDil < Dyl
Ngoai ra, giai phap t6i uu s& két thac truée 1 vong lap so véi giai phap chua t6i wu nhd vao dic tinh bo loc

Bloom giao. Vi vay, sau ciing ching ta c6 thé nhan duoc biéu thirc:

CHadoop(j) > CSpark(j) > COptSpark(j)

Diéu ndy ciing c6 nghia 1a nhiing giai phap dé xuat trong nghién ciru ndy d mang lai sy t6i vu hoa cac chi phi
thuc thi cho Join d€ quy trong Spark hon so vai cac giai phap hién tai.

So voi giai thuat Join dé quy chua cai tién (khong st dung cache, bd loc), giai thuat Join dé quy c6 st dung
cache va bo loc cua chung t6i giam dwoc lwong chi phi rat 16n trong viéc doc ghi lai dit liéu nhiéu lan trén dia, dit liéu
du thira trong qua trinh Join va dir liéu vén chuyén qua mang. Cung v6i do, viée sir dung bd loc giao lam didu kién
dirg ciing tranh dwoc 1an Join du thira cudi cing, khong can phai doi két qua Join rdng méi két thuc chuong trinh.

IV. THU'C NGHIEM VA PANH GIA
A. Mo td cluster va dir liéu

Chung t6i tién hanh thyc nghiém 1an luot trén 1 cum may tinh gdm 14 nut (1 master va 13 slaves) tai Phong thi
nghiém Mang di dong va Di liéu 16n cia Khoa Cong nghé thdng tin va TT, Trudng Pai hoc Can Tho. M&i may tinh ¢
cAu hinh 4 CPUs Intel Core i5 3.2 Ghz véi RAM: 4GB, HDD: 500GB, hé diéu hanh Ubuntu 14.04 LTS 64 bits. Phién
ban Java dugc cai dat 1a 1.8, Hadoop 2.7.1, Spark 1.6.

Dit liéu chuén dlrgc sinh ra boi Purdue MapReduce Benchmarks SuNite ¢6 kich thuée 5GB, 10GB, 20GB va
30GB. Céc tép dir liéu deu duge luu trir dang tap tin van ban (text file). Moi dong trong tap tin dit lidu c6 t6i da 39
truong phan biét boi dau phay. Moi truong di ligu chua 19 ky tu.

B. Phwong thirc danh gid

Nhom chuing toi ap dung ba tiép can: giai thuat Semi-Naive thuan trén Hadoop, giai thuat Semi-Naive thuan trén
Spark va Semi-Naive c6 ap dung nhing giai phap cai tién clia chung toi dé thyc thi cau truy van Join dé quy nhu da dé
cap trong phan I. Trén moi tép dir liéu thyc nghiém, ching t6i danh gia ba tiép can dua trén lugng dir liéu trung gian
can van chuyén qua mang, luong dit liéu cdn doc vao va thoi gian thyc thi.

C. Tham sé sir dung cho bg lpc Bloom
Céc tham sb dung dé xay dung bé loc Bloom dugc chi ra nhu trong bang sau:
Bang 2. Cac Tham s6 dé xay dung bo loc Bloom
Tests faro No k | m/n m (bit) n far
Test 1 0.000101 | 50,000 21 1,050,000 | 15,002 | 0.000000
Test 2 0.000101 | 50,000 21 1,050,000 | 15,053 | 0.000000
Test 3 0.000101 | 50,000 21 1,050,000 | 15,101 | 0.000000
Test 4 0.000101 | 50,000 21 1,050,000 | 15,121 | 0.000000

8
8
8
8
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D. Ddnh gid ba hwong tiép cin

Chung t6i tién hanh so sanh giai thuat Semi-Naive trén Hadoop, Semi-Naive trén Spark va Semi

-Naive da cai

tién dé théiy duogc lugng dit li¢u trung gian, lvong dir liéu doc vao va thoi gian thyc thi, qua d6 danh gia mirc d6 cai tién

cua dé xuat trong nghién ctru nay.

Bang 3. Luong dit liéu trung gian cua céc tiép can (#records)

Tiép cin 5GB.Testl | 10GB.Test2 | 20GB.Test3 | 30GB.Test3
Semi-Naive — Hadoop 73,339,332 | 146,668,049 | 293,330,613 | 421,466,111
Semi-Naive — Spark 7,281,636 22,884,615 45,755,154 | 103,957,219
Semi-Naive + Cache + Filter — Spark 1,139,985 4,158,931 9,152,159 24,870,278

Bang 3 mo ta két qua lugng dit liéu trung gian can van chuyén qua mang giita ba hudng tiép can:

Semi-Naiv
- B Semi-Naiv

e —Hadoop
e— Spark

" mSemi-Naive - Cache + Filter — Spark

5GB.Testl

10GB.Test2 20GB . Test3 30GB.Test3

Hinh 5. Luong dir lidu trung gian giira ba hudng tiép can

10GB Test2

B

5GB.Testl

Hiah L ess

Hinh 5. Lugng di liéu can doc cua ba hudng tiép can

Két quéa so sanh thé hién rat rd vé cac cai tién ctia ‘Spark so v6i Hadoop trong Hinh 4. Ttr viée quan 1y cong viée
1ap va phan chia cdc partitions trén bd nh¢ gitp giam thiéu dang ké luong dit liéu trung gian cAn van chuyén qua mang.
B0 loc Bloom va tinh ning cache da tiép tuc cai tién, 1am giam thém luong dir liéu du thira khong tham gia vao qua
trinh Join, t6i wru dwoc viée xir Iy cho join dé quy trén Spark.

Bang 4 md ta két qua lugng dit liéu can doc gitra ba huong tiép can.
Bang 4. Luong dit liéu can doc cua cac tiép can

Tiép cén (s) 5GB.Testl | 10GB.Test2 | 20GB.Test3 | 30GB.Test3
Semi-Naive — Hadoop 147,615,684 | 295,213,667 | 590,437,461 | 975,000,351
Semi-Naive — Spark 9,362,202 | 41,615,177 | 83,208,544 | 268,632,499
Semi-Naive + Cache + Filter — Spark 2,080,330 8,317,760 | 16,627,752 | 34,850,020

Hinh 6. Thoi gian thyc thi ciia ba hudng tiép can

Két qua tir Hinh 5 cho thdy tir tinh ning lap lich biéu dé xtr 1y ludng dit liéu va quan ly vong lap, Spark da thyc
thi tryc tiép trén bd nho tranh dugc viée quét lai dir liéu nhi¢u lan. Bén canh do, viéc st dung cache da toi vu hon nita

chi phi quét dit liéu dau vao.

Hinh 6 cho thiy Spark cai thién dugc rat nhiéu vé toc do xir Iy so voi Hadoop. Tir cic nghién ctru céi tién da
giup toi uvu hod hon nira thoi gian thyuc thi cho giai thuat Semi Naive. Doi véi giai thuat Semi-Naive c6 cai tién, di li€u
cang lon thi hiéu suat cang dugc cai thi¢n, dir liéu nho s€ ton chi phi cho viéc xir 1y bo loc.
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Bang 5. Thoi gian thuc thi ctia cac huéng tiép can (gidy)

Tiép cén (s) 5GB.Testl | 10GB.Test2 | 20GB.Test3 | 30GB.Test3
Semi-Naive — Hadoop 1,202 2,279 3,984 8,472
Semi-Naive — Spark 844 1,251 2,669 6,583
Semi-Naive + Cache + Filter — Spark 424 715 1,436 2,696

V. KET LUAN VA KIEN NGHI
A. Két lugn nghién ciru

Nhom nghién ctru da dua ra nhiing giai phap cai tién hiéu qua cho van dé “Tdi uu hoa Join d¢ quy trén tap dir
lidu 16n trong moi truong MapReduce”. Nhitng két qua dang chu ¥ ctia nghién ciru ndy bao gom:

(1) Mot diéu tra cac giai phap hién c6 cho Join dé quy trén tap dir liéu 16n trong méi truong MapReduce. N6
cling chi ra nhitng han ché cua cac giai phap va sy can thiét cho nhitng dé xuat ciia nghién ciru nay.

(2) Tbi wu héa cho Join d¢ quy trong MapReduce. Nhing giai phap hi¢u qua duge dung dé cai tién Join dé quy
nhu sau: (a) Co che xu 1y ldp trén bo nhé véi Spark RDD nham lam tang hiéu qua thuc thi; (b) Co che
vung nhé dém cua Spark nham cache tép dir liéu khong doi trong céc lan 13p va giam thi€u chi phi doc viet
lai dir liéu; (c) B9 loc giao va thudt toan Intersection Bloom Join nham loai bo dir li¢u du thira khong tham
gia vao Join, cling c6 nghia la lam gidm chi phi c6 li€n quan dén viéc doc/viét va truyén thong cho dir liéu
v ich.

(3) Md hinh chi phi cho Join dé quy trong MapReduce. Py 13 co s 1y thuyét quan trong dé 1am co s& cho viée
danh gia va so sanh cac giai phap.

(4) Su tri’én khai va phat trién tmg dung trén cac nén tang xir Iy dir liéu 16n phd bién nhét hién nay nhu Hadoop
va thé hé méi moi Spark.

(5) Cac thuc nghiém va danh gia cho Join dé quy trong MapReduce v6i Hadoop va Spark.

Join dé quy 12 mot phép toan tiéu ton nhleu chi phi, thoi gian va tai nguyén. Thong qua md hinh chi phi va cac
thuc nghiém, chung t6i da chirng minh dwgc rang cac giai phéap cai tién cia ching t6i d mang lai hiéu qua dang ké hon
so voi giai phap hién nay trong tinh toan Join dé quy trén tap dit liéu 1on. Viéc thyc thi Join dé quy trong moi truong
Spark cuia chung t6i da khai thac duoc t6i da kha ning ciia Spark nhu xtr 1y song song phén tan, xu 1y ldp, co ché bo
nhé dém va tinh toan nhanh trén by nhd. Hon nita, viée sit dung bd loc Bloom dé loai bo cac phén tor khong tham gia
join ctia toan bo tap dir liéu déu vao di lam giam bot ganh ning doc/viét va xtr Iy quéa nhiéu dir lidu.

Nhirng dong gop cua chung tdi co y nghia thuc tién cao. Bo loc giao ¢6 thé dugc ap dung dé giai quyét cac van
dé pho bién trong nhiéu linh vuc nhu Join, sy hoa giai va chong trung lp dir liéu (reconciliation and deduplication),
sira 15 (error-correction), v.v. Tdi wu hoa Join dé quy trong MapReduce véi Spark mang lai loi ich to 16n cho nhiéu
linh vyc nhu co' s6 dir liéu 16n, mang xa hoi, tin sinh hoc, mang sensor, gidm sat mang, may hoc, v,v. Sau cung, nghién
clru nay 1a bude di quan trong déng gop vao ngit canh tdi wu hda quan 1y dir lidu 16n trén co so ha ting dam may.

B. Huwéng phit trién

Mic di, giai thuat da giam thiéu nhiéu chi phi cho viéc doc/viét dit liéu va ting tdc cho qua trinh xtr ly. Tuy
nhién, viéc tdi wu Join dé quy trén tap dir liéu 16n trong moi truong Spark van con ton tai nhiéu han ché. bé dat duoc
hiéu qua nhu mong muén, doi hoi phai c6 mot hé théng cum may tinh (cluster) di manh va chay 6n dinh xir 1y dit lidu
sau mdi 1an Join. Hon nira, van dé nghiéng dir lidu 1a mot thach thirc rat 16n cho dé tai nay va cho bai toan xir 1y dit liéu
16n noi chung. Pay ciing 1a hudng phat trién ma dé tai mudn huéng dén trong tuong lai.
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OPTIMIZATION FOR RECURSIVE JOINS
ON LARGE-SCALE DATASETS USING SPARK

Phan Thuong Cang, Tran Thi To Quyen, Phan Anh Cang

ABSTRACT— MapReduce has recently become the dominant programming model for analyzing and processing large-scale data.
However, the model has its own limitations. It does not completely support iterative computation, caching mechanism, and
operations with multiple inputs. Besides, I/0 and communication costs of the model are so expensive. One of notably complex
operations used extensively and expensively in MapReduce is a recursive Join. It requires processing characteristics that are also
the limitations of the MapReduce environment. Therefore, this research proposed efficient solutions of processing the recursive join
on large-scale datasets using Spark, a next-generation processing engine of MapReduce. Our proposal eliminates a large amount of
redundant data generated in repeated processing of the join, and takes advantages of in-memory computing means and cache
mechanism. Through cost models and experiments, the present research shows that our solutions significantly improve the execution
perfomance of the recursive Join in MapReduce.



