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TOM TAT

Viéc xur Iy va phan tich dir liéu nhanh chong, hiéu qua trong ky nguyén
dir ligu lon la thach thire quan trong. Cdc thudt toan loc givup tang hiéu
sudt xie Iy di¥ liéu I6m bang cdch logi bé dit liéu khéng lién quan, gidm
chi phi tinh toan, rit ngdn thoi gian xir Iy truy van. Nghién ciru nay danh
gid hiéu nang ciia 5 thudt todn loc phé bién bao gom Bloom Filter,
Cuckoo Filter, Quotient Filter, Morton Filter va Vacuum Filter trong
moi truong Apache Spark. Thong qua thywc nghiém trén cac tdp dir liéu
I6n, két qua cho thdy Quotient Filter hiéu qua nhat vé luu trit, Cuckoo
Filter thé hién su can bc%ng 1ot giita téc do chén, tim kiém va xéa. Bloom
Filter phu hop voi dir liéu tinh, Morton Filter néi tréi vé téc dg tim kiém,
Vacuum Filter ¢6 thoi gian chén chdm nhung tim kiém va x0a nhanh.
Viéc két “hop cac thudt toan ndy voi Apache Spark giiip cai tién ding ké
hiéu suat xut Iy nho kha nang phan tan va song song. Ket qua nghién cieu
cung cdp lua chon thudt todn loc phi hop va chi ra tiém nang vmg dung
hiéu qud cac thudt toan loc trong xu ly dir liéu quy mo lon.

Tir khoa: Apache Spark, Bloom Filter, Cuckoo Filter, Morton Filter,
Quotient Filter, Vacuum Filter

ABSTRACT

Handling and analyzing data quickly and efficiently in the era of big
data is a significant challenge. Filtering algorithms enhance the
performance of big data processing by eliminating irrelevant data,
reducing computational costs, and shortening query processing times.
This study evaluates the performance of five popular filtering
algorithms: Bloom Filter, Cuckoo Filter, Quotient Filter, Morton
Filter, and Vacuum Filter in an Apache Spark environment. Through
experiments on large datasets, the results show that the Quotient Filter
is the most efficient in terms of storage, the Cuckoo Filter
demonstrates a good balance between insertion, search, and deletion
speeds. The Bloom Filter is suitable for static data, the Morton Filter
excels in search speed, and the Vacuum Filter has a slow insertion
time but fast search and deletion times. Integrating these algorithms
with Apache Spark significantly improves processing performance
thanks to its distributed and parallel capabilities. The study results
provide guidance on selecting suitable filtering algorithms and
highlight the potential for effectively applying filtering algorithms in
large-scale data processing.

Keywords: Apache Spark, Bloom Filter, Cuckoo Filter, Morton Filter,
Quotient Filter, Vacuum Filter
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1. GIOI THIEU

Trong ky nguyén dit li¢u 16n, viéc xt ly va phan
tich dit liéu nhanh chong va hiéu qua la thach thic
16n (Kumar et al., 2023). Kha ning loc va truy xuat
thong tin lién quan tir tap dit liéu khong 16 tro nén
quan trong trong nhiéu tmg dung nhu khai pha dir
liéu, hoc may, phan tich thoi gian thyc va ho tro ra
quyét dinh. Vi vay, nghién ctru va t6i wu héa cac
thuét toan loc da thu hat sy quan tim 16n cla cong
ddng khoa hoc va chuyén gia nganh. Céc thuit toan
loc gitip cai thién dang ké hiéu suét xtr 1y dit liéu 16n
bang cach loai bo dir liéu khong lién quan hoidc du
thura, giam chi phi tinh toan va rat ngén thoi gian
truy van (Li, 2021). Hi¢u qua cua chung tac dong
truc tiép t6i hidu nang tong thé va kha nang mo rong
ctia hé thdng xur Iy dir liéu 16n, khién viéc tdi wu hoa
thuat toan loc trd thanh linh vuc nghién ciru quan
trong (Garcia et al., 2016). Cac thuat toan loc phd
bién nhu Bloom Filter, Cuckoo Filter, Quotient
Filter, Morton Filter va Vacuum Filter deu cé uu
nhugc dlem riéng vé hiéu qua luu trix, tc d6 chén
va truy vén, ty 1& duong tinh gia va kha ning thich
ung véi déc tinh dit liu khac nhau. Viéc hiéu 13 su
danh ddi cua timg thudt toan va luya chon giai phap
phit hop cho ting bai toan cu thé 1a rit quan trong
dé t6i uu hoa hiéu suét xir 1y.

Bén canh d6, sy phat trién coa cac framework
tinh toan phén tan nhu Apache Spark da tao ra cudc
cach mang trong xu ly dit li¢u 16n théng qua viéc
cho phép thuc thi song song va phan tan cac thuét
toan loc trén cum may tinh 16n. Tich hop cac thuat
toan loc voi cac framework nay hira hen ting toc
dang ké toc do xur 1y va kha nang xtr Iy khdi lwong
dir liéu ngay cang tang. Tuy nhién, viéc danh gid va
phan tich hi¢u nang cua cac thuat toan loc trong moi
truong phan tan 1a can thiét do su khac biét v6i moi
truong truyén théng. Nhiéu nghién ctru gn day da
tap trung vao Ung dung va cai tién cac bd loc clu
tric dit liéu xé4c suét trong nhiéu linh vuc khéc nhau.
Maulana et al. (2023) d& xuét sir dung b loc Bloom,
Xor va Cuckoo dé ti wu héa truy van co so dit liéu
cho doanh nghiép vira va nho. Ezzaki et al. (2020)
cung cép tong quan vé cac bién thé ciia bd loc
Bloom. Burdakov et al. (2019) ap dung Bloom Filter
Cascade trén Spark dé t6i uu truy vin SQL. Mot s6
nghién ctru khac tap trung vao bai toan tim kiém va
két hop twong dong chudi st dung cic phuong phap
loc (Chaudhuri et al., 2006; Yu et al., 2016; Yan et
al., 2017; Fier et al., 2018; Tran et al., 2020; Li,
2021). Céac nghién ctru nay chi ra sy phat trién tich
cuc va tiém nang tmg dung rong rii cua cac phuong
phap loc dir ligu.
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Nghién ciru ndy nham giai quyét nhu cau cap
thiét vé& danh gia va so sanh toan dién hiéu ning cua
cac thuat toan loc khac nhau trong béi canh xir 1y dit
liéu 16n. Thong qua thir nghiém va so sanh ma rong,
viéc danh gia wu nhuogc diém cua tirng thuat toan va
su phu hop cua ching trong cac tinh hudng cu thé
duoc thuc hién; déng thoi, nghién ctru tac dong cia
vigc tich hgp cac thuat toan nay voi Apache Spark,
chi ra tiém nang cai thién hiéu suat dang ké thong
qua xu 1y song song va phan tan. Nhimg dong gop
chinh cua bai bao bao gém: (1) tong quan va phan
tich toan dién v& 5 thuat toan loc gdm Bloom Filter,
Cuckoo Filter, Quotient Filter, Morton Filter va
Vacuum Filter; (2) danh gia hiéu nang thuc nghiém
cua cac thuat toan trén tap dir liéu thyc té; (3) phan
tich anh hudng cua viéc tich hgp cac thuat toan voi
Apache Spark t&i kha ning cai thién hiéu suat; (4)
dua ra huéng dan lya chon thuat toan loc phu hop
dya trén yéu clu va dic diém dit liéu cua ung dung.
Cac két qua cua nghién ciru hita hen gitp cac chuyén
gia toi uu hoa quy trinh xtr 1y dit liéu 16n.

2. COSOLY THUYET
2.1. Bloom Filter

B¢ loc Bloom (Lu et al., 2005) dugc gidi thi¢u
boi Burton Howard Bloom vao nam 1970, 1a mot
cAu trac dit lidu xac suat (PDS) duogc sir dung rong
rdi trong linh vye truy xuat va luu trir thong tin. BO
loc nay dung dé kiém tra tu cach thanh vién ciia mot
phan tir trong tip hop, xac nhan chic chin vé viéc
khong phai la thanh vién va tu cach thanh vién dugc
suy ra theo x4c sut véi mot sai sb c6 thé tinh toan
dugc, goi la ty 1& duong tinh gia. B loc Bloom sir
dung mot mang B gdbm m bit va mot tép hop S =
x1,x2,x3,....xn gOm n phan tr. Ngoai ra, k ham bam
h1,h2,...,hk dugc dung dé anh xa mdi phan tir trong
S thanh m vi tri trong mang B, véi k duoc tinh bang
cong thirc k = (m/n)log(2). Ban dau, tit ca cac bit
trong mang B duoc dit bang 0.

Thuit toan 1: Bloom Filter

procedure Initialize(m, k)
B « array of m bits, all set to 0
H « array of k hash functions
end procedure
procedure Add(x)
fori<— 1tokdo
position «— Hi(x) mod m
Blposition] « 1
end for
end procedure
procedure Query(x)
fori<— 1tokdo
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position «— Hi(x) mod m
if B[position] = 0 then
return False
end if
end for
return True
end procedure

2.2. Cuckoo Filter

B0 loc Cuckoo (Fan et al., 2014) 1a mét chu triic
dir liéu manh mé cho céc truy van vé tu cach thanh
vién tap hop gan dung, mang lai nhiéu vu diém so
v6i bo loc Bloom truyén thong Khac véi bd loc
Bloom chi hd tro thém va truy vén, bd loc Cuckoo
cho phép thém, x6a va truy van phé‘m tor mot cach
linh hoat. Gia str cho tap hop S =x1,x2,x3,...,.xn g6m
n phan tir, bd loc Cuckoo sir dung mang CF gom m
bucket, mdi bucket chira nhiéu slot (thuong 1a 4).
Hai ham bdm hl va h2 dugc dung dé anh xa cac
phin tir tir S dén cac vi tri trong CF. Ngoai ra, ham
bam f(x) duoc str dung dé tao ma bam (fingerprint)
cho phin tr x trong S.

Thuat toan 2: Cuckoo Filter

procedure Initialize(m, f, d)
T « array of m buckets, each with f slots, all set
to empty
k < number of hash functions
h « array of k hash functions
end procedure
procedure Add(x)
i<—0
while i <k do
index « hi(x)
if T[index] has an empty slot then
Insert x into T[index]
return
end if
i—i+1
end while
Perform cuckoo evictions or resize the filter
end procedure
procedure Search(x)
i<—0
while i <k do
index « hi(x)
if x is in T[index] then
return True
end if
i—i+1
end while
return False
end procedure
procedure Delete(x)

i<—0
while i <k do
index «— hi(x)
if x is in T[index] then
Remove x from T[index]
return
end if
i—i+1
end while
return False
end procedure

2.3. Quotient Filter

Quotient Filter (QF) (Geil et al., 2018) la mot
cu truc dit liéu xac suat hidu qua dé klem tra su hién
dién ctia cac phan tir trong tap dit liéu 16n. QF 1a bién
thé cua bd loc Bloom, chia khoa thanh thuong s6 va
sd du dé str dung bo nhé hiéu qua hon (Al-hisnawi
& Ahmadi, 2016). QF dat ty 1€ nén cao, giam khong
gian lwu trit va 18i dwong tinh gid so véi bo loc
Bloom. Tuy nhién, QF c6 d6 phuc tap cao hon khi
chén, x6a do can sip xép lai phan t. QF st dung
ham f(x) dé tao ma bam do6 dai p bit cho phan tir x.
M3 bam gdm sé du fr(x) (r bit trong sb thip) va
thuong sé fq(x) (q bit trong sb cao), véi q=p — r.
QF hoat dong nhu bang bam md, gdm 2q bucket,
mdi bucket chtra sé du fr(x) duoc xac dinh boi
thuong s6 fq(x). Mdi bucket ¢6 r bit cho s6 du va 3
bit siéu dir li¢u: is_occupied, is_continuation,
is_shifted. Khi nhiéu phan tir ¢6 cing thuong sd,
chung duoc sdp xép thanh chudi bucket goi 14 run.
Mot cluster 12 chudi cac run lién tiép khong co
bucket tréng & gitra. S6 du c6 thé dugc luu trong
canonical bucket hodc mot bucket gan d6. Khi thém
phan to x, ta xac dmh ma bam f(x). Gia su f(x) =
00000010 (8 bit), can it nhit 3 bit cho thuong s0, 5
bit cho s6 du. Khi d6, xq = 000 (thwong sd) va xr =
00010 (s du). Vi tri chén x 13 0 vi xq = 000. Gi4 tri
xr = 00010 duoc thém vao vi tri 0 trong mang QF,
bit is_occupied dugc dat 1a 1.

Thuat toan 3: Quotient Filter

procedure Initialize(m, f, q)

T « array of m buckets, each with f slots, all set
to empty

Q < array of q quotient values, initially all set to
0

k « number of hash functions

h « array of k hash functions
end procedure

procedure Add(x)
i<—0
while i <k do
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index <« hi(x)
if T[index] has an empty slot then
Insert x into T[index]
return
end if
i—i+1
end while
Perform quotient filter splitting or resizing
end procedure
procedure Search(x)
i<—0
while i <k do
index <« hi(x)
if x is in T[index] then
return True
end if
i—i+1
end while
return False
end procedure

procedure Delete(x)
i<—0
while i <k do
index <« hi(x)
if x is in T[index] then
Remove x from T[index]
return
end if
i—i+1
end while
return False
end procedure

2.4. Morton Filter

B¢ loc Morton Filter (MF) (Breslow & Jayasena,
2018) la mot bién thé caa bd loc Cuckoo v&i mot sb
cai tién dang ké. MF sir dung k¥ thuat nén dit liéu,
tach bi€t dai dién dir li€u logic va vét ly, cling nhu
wu tién mot s6 bucket dé t6i uu hoa hiéu suat va sir
dung bo nhé. MF nén cac bucket va chi luu trit cac
mi bam khac rdng, gitp giam dang ké sb lan truy
cap bo nhé cho mdi hoat dong. MF sir dung tap hop
MF véi n bucket, mdi bucket chira nhiéu slot. Ham
f(x) 1 ma bam cta phan tir x, h1(x) va h2(x) 4nh xa
x vao mot vi tri bucket trong MF. f(x) dugc luu tai
vi tri do h1(x) hodc h2(x) xac dinh.

Thuat toan 4: Morton Filter

procedure Initialize(m, n, k)

MF « array of n buckets, each with m slots, all
set to empty

h « array of k hash functions
end procedure
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procedure add(x)
i<—0
while i <k do
index «— hi(x)
if MF[index] has an empty slot then
Insert x into MF[index]
return
end if
i—i+1
end while
Perform Morton Filter splitting or resizing
end procedure
procedure Search(x)
i—0
while i <k do
index «— hi(x)
if x is in MF[index] then
return True
end if
i—i+1
end while
return False
end procedure
procedure Delete(x)
i<—0
while i <k do
index «— hi(x)
if x is in MF[index] then
Remove x from MF[index]
return
end if
i—i+1
end while
return False
end procedure

2.5. Vacuum Filter

B0 loc Vacuum (Wang et al., 2019) 1a mét clu
trac dit liéu xac suat hiéu qua cho phép thém, x6a va
tim kiém cac phén tir, twrong tu nhu B loc Cuckoo
nhung hiéu qua hon vé khong gian Iuu trit va thong
luong. Bo loc Vacuum st dung mdt bang gém m
bucket, mdi bucket c6 nhiéu slot (thudng 1a 4) dé luu
trit cac md bam f(x). Cac ma bam nay co thé dugc
lru trir tai mot trong hai vi tri dugc xac dinh boi
h1(x) =h(x) mod m va h2(x) =h1(x) @ (h(f(x)) mod
m). Khac véi B loc Cuckoo, B loc Vacuum chia
cac bucket thanh cac chunk c6 kich thuéc bang nhau
L, véi L = 2n va m 14 bgi s6 cua L. Khi thém phén
tur x, tinh h1(x), h2(x), f(x) va tim slot trong dé luu
f(x). Néu khong co slot tréng, di chuyen cac ma bam
khac dé tao chd trong Khi tim kiém x, kiém tra su
hién dién cua f(x) tai cac vi tri xac dinh. Khi x6a x,
tim va loai bo f(x). B0 loc Vacuum dat hiéu qua vuot
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troi vé khong gian va thong luwgng so véi cac bd loc
Cuckoo, Bloom, Quotient va Morton.

Thuit toan 5: Vacuum Filter
procedure Initialize(m, n, k)
VF « array of n buckets, each with m slots, all
set to empty
h « array of k hash functions
end procedure

procedure Add(x)
for i from 0 to k-1 do
index « hi(x)
if VF[index] has an empty slot then
Insert x into VF[index]
return
end if
end for
ReorderOrResize()
end procedure

procedure Search(x)
for i from O to k-1 do
index « hi(x)
if x is in VF[index] then
return True
end if
end for
return False
end procedure

procedure Delete(x)
for i from 0 to k-1 do
index « hi(x)
if x is in VF[index] then
Remove x from VF[index]
return True
end if
end for
return False
end procedure

2.6.

Apache Spark

Apache Spark (Zaharia et al., 2010) la mét
framework xir 1y dit liéu quy mo 16n c6 thé thyc hién
nhanh choéng viéc xur 1y tac vu trén cac tap di liu
16n va ciing c6 thé phan tan trén nhiéu may tinh.
Spark tuwong thich v&i nhidu hé thong tap tin phan
tan nhu Hadoop HDFS.

2.7. Cac bg loc trong Apache Spark

2.7.1. Bloom Filter trong Apache Spark

Bloom Filter 1a mot ciu trac dir liu xac suét
duoc str dung rong rai trong Apache Spark d€ kiém
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tra xem mot phan tir c6 phai 1a thanh vién cia mot
tap hop hay khong. N6 dic biét hitu ich dé giam kich
thude tap dir liéu trude khi thyc hién cac hoat dong
t6n kém nhu join. Trong Spark, Bloom Filter duoc
trién khai béng cach st dung mot loat cac ham bam
anh xa cac phan tir vao cac vi tri trong mot méang bit,
giam d4ng ké nhu ciu vé bd nhé véi chi phi 1a mot
ty 1& duwong tinh gia c6 thé quan 1y dugc. Hinh 1 va
2 mo ta ham Map() va Reduce() khi trién khai
Bloom Filter trén Apache Spark.

Hinh 1. Ham Map() khi trién khai Bloom Filter

-

[ ] [ Lo T
Partion 3
[ovonmr | b

Hinh 2. Ham Reduce() khi trién khai
Bloom Filter

2.7.2. Cuckoo Filter trong Apache Spark

Cuckoo Filter mo rong cac kha nang cia Bloom
Filter bang cach khong chi cho phép thém va truy
vén phan tir ma con cho phép xo6a cac phan tir. Diéu
nay lam cho Cuckoo Filter tro nén phu hop véi cac
tap dir liéu trong Spark. N6 sir dung mdt mang
bucket, trong d6 mdi bucket co thé chira nhiéu muc,
cung vo6i hai ham bam dé xac dinh vi tri ctia muc.
Hinh 3 va 4 thé hién kién trac ctia Cuckoo Filter
trong Apache Spark

\
\

] 13938787 - I
’

Hinh 3. Ham Map() khi trién khai
Cuckoo Filter
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Hinh 4. Ham Reduce() khi trién khai
Cuckoo Filter

2.7.3. Quitient Filter trong Apache Spark

Quotient Filter 1a mot bién thé cua Bloom Filter,
tuy nhién n6 st dung céach tiép can khac dé cai thién
hiéu nang. Thay vi str dung mét mang bit nhu Bloom
Filter, Quotient Filter luu trit cac gia tri bam dudi
dang cap thuong sd (quotient) va sé du (remainder).
Diéu nay cho phép Quotient Filter nén dit liéu hiéu
qud hon va gidm khong gian luu trir so véi Bloom
Filter truyén thong. Trong Spark, Quotient Filter c6
thé duoc trién khai dé t6i vu hoa viée loc va truy van
trén tap dir liéu 16n. Viéc ap dung Quotient Filter
gitp giam dang ké khong gian luu trir va cai thién
thoi gian xr 1y. Hinh 11 va 12 minh hoa kién truc
cua Quotient

” \\\ | Quotientriner()
/ Puton 1 \
1 77300853 ]
| |
1
! ! 0 1 2
| . o e
|
1 1 witen 2 oonnnnnng]
| 13938787 | I H *‘L T J
: -— ‘ Quotienteiter) [ -1 |
1
1 T :
: | Jp e
Pactiton ]
1 [ eansoos | | p— i
: — ‘ QuotiontFilter() | | 0 1 2
/
\ ’ 1|ofo|1]1]1]0]0]1
e e £ e o 0001 | 0110 | DO11

Hinh 5. Ham Map() khi trién khai
Quotient Filter

0 1
.
(e [EFE
0001 | o011
pna ] 1
1Jo[o[o[1]x
—’ 0010 | 0110 [
Pastiton 3 0 : 1
o111 | 1111

Hinh 6. Him Reduce() khi trién khai
Quotient Filter

0 1

‘l}o[u:i‘l:u
o001 | o010

QuotientFilter.merge()

2.7.4. Morton Filter trong Apache Spark

Morton Filter 1a mot bién thé méi hon cua cac
thudt toan loc x4c suét cung cip cach tiép can ti vu
bang cach két hop cac ki thuat nén va o chirc bucket
dé toi wu hoa ca khong gian luu trix va hiéu suat. Khi
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trién khai trong Apache Spark, Morton Filter giam
thiéu viéc truy cap bo nhé trong qué trinh truy vén,
lam cho no6 phu hgp vai cac méi trueong doi hoi ca
hiéu suét cao va st dung b nhd hiéu qua. Kién trac
cua Morton Filter trén Apache Spark dwa trén
Cuckoo Filter nhung dugc cai tién dang ké dé ting
hiéu suat. Morton Filter sir dung k¥ thuat nén va to
chirc duéi cac bucket gitip t6i wu hoa khong gian luu
trir va giam s4 lan truy cap bo nhé. Cac phan tir trong
Morton Filter dugc bam va luu trir trong cac bucket,
twong tu nhu Cuckoo Filter, nhung véi cach nén dir
liéu duoc cai thién dang ké. Nho vao cac cai tién
nay, Morton Filter c6 thé thuc hién cac tac vu tim
kiém nhanh hon va hiéu qua hon trong méi trudng
xtr ly phén tan cta Spark
2.7.5. Vacuum Filter trong Apache Spark

Vacuum Filter 12 mot cu trac dir liéu x4c suét
méi dugce gidi thiéu gan day nhu mot giai phéap thay
thé cho Bloom Filter va Cuckoo Filter. Vacuum
Filter két hop cac k¥ thuét cua ca hai bd loc nay dé
dat dugc hiéu qua t6t hon vé ca khong gian luu trir
va thoi gian xir ly. Kién triac cia Vacuum Filter trén
Apache Spark dua trén Bloom Filter nhung véi cac
cai tién dé tang hiéu sudt va giam khong gian luu
trir. Vacuum Filter két hop cac k thuat tir ca Bloom
Filter va Cuckoo Filter, cho phép chén, x6a va truy
van cac phan tor mot cach hiéu qua hon. Trong
Spark, Vacuum Filter duoc thiét ké dé tan dung tbi
da kha ning xtr Iy song song va phan tan, giap tdi
wu héa cac truy van trén tap dit liéu 16n. Nhiing cai
tién nay lam cho Vacuum Filter tré thanh mot lya
chon t6t hon cho cac ing dung yéu cau xur Iy dit liéu
16n v6i hiéu sudt cao. Trong Spark, Vacuum Filter
¢6 thé duogc sir dung dé ti wu héa cac truy van trén
tap dir liéu 16n. N6 sir dung mot bang bam véi cau
trac ddc biét cho phép chén, x6a va truy van cac
phan tir mot cach hiéu qua. Vacuum Filter ciing hd
trg xir Iy song song va phén tan trén nhidu nat tinh
toan trong cum Spark.

3. THUC NGHIEM
3.1. Méi trwong va b§ dir liéu

Céc thuc nghiém dugc tién hanh trén mot cum 7
may tinh (1 master va 6 nut tinh toan). Mdi may tinh
sir dung hé diéu hanh Ubuntu 20.04 LTS va dugc
céu hinh v6i 4 vCPU, 32GB RAM va 70GB HDD.
Mai truong dugc cai dat cic phan mém sau: Java
1.8, Hadoop 3.2.2 va Spark 3.2.0. Spark dugc céu
hinh dé chay ¢ ché d6 master v6i 6 executor, trong
d6 mdi executor c6 3 CPU va 30GB RAM. HDFS
duoc cu hinh dé Iuu trix dit liéu dau vao va dau ra.
Céc tap dit lidu duoc sir dung dé chay thir nghiém 1a
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dit liéu chuin duoc tao bsi Purdue MapReduce
Benchmarks Suite (Ahmad et al., 2012).

Céc thtr nghiém thyc hién trén hai moi truong
khac nhau: (1) Moi truong local dugc thuc hién trén
mot méay tinh duy nhat. Apache Spark dwoc cai dat
va cdu hinh dé chay trén ché do local, tan dung tai
nguyén cta may don dé xur Iy dir lidu; va (2) Moi
truong cluster dugc thuc hién trén mot cum may tinh
(cluster) gdm 6 nut tinh toan. Apache Spark duoc
cai dat va cau hinh dé chay trén ché do cluster, phan
phdi tinh toan trén nhiéu nit dé xir Iy song song di
liéu. Viéc thuc hién thyc nghiém trén ca hai moi
truong local va cluster gitip danh gia toan dién hiéu
nang cua cac thuat toan loc trong céac diéu kién khac
nhau. Méi truong local cho phép kiém tra kha ning
hoat dong va so sanh tryc tiép gilta cac thuat toan,
trong khi mai truong cluster giup danh gia kha nang
mo rong va hi¢u qua xur Iy phan tan cia ching.

Béng 1. B9 dir liéu thuc nghiém

Test Dataset L Dataset R
Size Num record Size Num record
1 2GB 5,366,662 2GB 2,681,966
2 3GB 8,049,298 3GB 5,364,698

Cac tap dir liéu déu duoc luu trir dudi dang tép
van ban thudn tiy, mdi dong c6 nhiéu hon mot
truong dugc phan tach bang dau phdy. Khoa két nbi
1a cot dAu tién cua ca hai tap dir ligu. Sb lwong ban
ghi va kich thudc cua cac tap di liéu duwoc mo ta
trong Bang 1.

Bits per element

0.1 0.2 0.4 0.6 0.8 3 §

—Bloom Filter —Cuckoo Filter —Quotient Filter —Morton Filter —Vacuum Filter

Hinh 7. So sanh chi phi luu trir (bit)

Céc thr nghiém dugc thyc hién véi sau thuat
toan bao gém: Bloom Filter, Cuckoo Filter, Morton
Filter, Quotient Filter va Vacuum Filter. Trong thur
nghiém, hai budc dugc thuc hién dé danh gia do
chinh x4c cta cac thuat toan: Pau tién 4p dung phép
join khong c6 bo loc (khoang cach bang 0) 1én hai
tap dit lidu va so sanh két qua thu duogc; sau do, join
¢6 ap dung cac bo loc khac nhau 1én cung hai tap div
liu d6. Viée so sanh két qua cua hai budc nay gitp
dam bao cac thuat toan loc hoat dong chinh xac va
cho phép danh gia hiéu nang cua chung.
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3.2. Két qua

Bang 2 trinh bay cac cong thirc tinh toan s bit
can thiét dé luu trir mot phﬁn tr trong cac bo loc
khac nhau va két qua thyc nghiém so sanh chi phi
luu trit Hinh 7 minh hoa hiéu suit ciia mot sé bo loc
xéac suét, biéu thi chi phi Iuvu trit cua ching theo bit
trén mdi phan tir trén mot dai ty 1¢ dwong tinh gia tir
0,1% dén 1%. Ban dau, Bloom Filter yéu cau 14,35
bit trén phan tor & muc ty 1& duong tinh gia 0,1%,
giam xubng 9,57 bit khi ty 1¢ nay ting lén 1%. Sy
giam dan nay minh hoa hiéu qua khong gian cta
Bloom Filter & cac ngudng 18i cao hon. Cuckoo
Filter khoi dau véi mot loi thé nhe, yéu cau 13,65
bit cho mdi phén tir va giam dan xudng con 10,15
bit khi ty 1¢ duong tinh gia dat 1%. Puong cong cua
n6 gan nhu 6n dinh, thé hién sy cai thién kha khiém
ton vé hidu qua luu trit khi chap nhén ty 16 sai sot
cao hon.

Quotient Filter ndi bat véi chi 12,73 bit ban dau
va giam xubng con 9,23 bit khi ty 1& dwong tinh gia
dat 1%. N6 duy tri vi tri dan dau vé hiéu qua luu trix
trong toan bd pham vi khao sat, khing dinh sy phu
hop ctia n6 cho cac ting dung nhay cam vadi khong
gian luu trir. Puong cong ctia Morton Filter bt dau
& 13,12 bit va két thic & 9,63 bit, cho thiy mot su
cai thién 6n dinh nhung khiém ton trong viéc sir
dung khong gian khi cho phép ty 1& 18i cao hon.
Trong khi d6, Vacuum Filter khoi dau ¢ mirc 13,72
bit va két thuc voi 10,23 bit tai ngudng duong tinh
gia 1%, thé hién sy thay doi it nhat. Quy dao phang
ctia n6 cho thay sur kém hiéu quéa hon trong viéc tiét
kiém khong gian khi ty 1€ duong tinh gid tang 1én.

Bang 2. Cong thirc tinh bit trén phan tir (Fan et
al., 2014; Geil et al., 2018; Breslow &
Jayasena, 2018; Burdakov et al., 2019;

Wang et al., 2019)
Filters S bit trén phan tir
1
Bloom Filter 1.44 log,(-)
€
1
Cuckoo Filter (log, (—) +3)/a
£
. . 1
Quotient Filter (log, (E) +2.215)/a

1
Vacuum Filter (log, (—) +3.07)/a
€

(log, (%) +2.5)/a

Morton Filter

So sanh thoi gian thuc thi trong cac Hinh 8 va 9,
hiéu sut ciia cac bd loc khac nhau trén ba hoat dong
chinh 1a chén, tim kiém va x6a dugc danh gia bang
cach st dung hai tdp dir liéu co kich thudc khac
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nhau. Bloom Filter cho thy thoi gian thyc thi can
béng cho cac hoat dong chén va tim kiém, 1an luot
vao khoang 8,97 gidy va 8,78 gidy, khong hd tro
x0a. Su can béng nay bién n6 thanh mot lya chon
déang tin cay cho céc tap dit liéu tinh khong yéu cau
x6a. Cuckoo Filter c6 higu suat chén gan twong dong
v6i Bloom Filter, 1an luot 13 9,17 gidy va 8,24 giay.
Dang chu y, thoi gian xo6a ciia Cuckoo Filter thap
nhit & muc 8,02 gidy, cho thdy Cuckoo Filter phu
hop hon cho méi trudong c6 céc ban ghi thudong
xuyén bi x6a. Quotient Filter, mdc du c6 thoi gian
chén cao nhét 1a 2,44 gidy, nhung véi thoi gian tim
kiém thap nhét & muc 2,57 gidy. Thoi gian x6a ciing
tuong ddi thap ¢ mirc 2,15 gidy. Thoi gian tim kiém
ctia n6 ¢6 thé phit hop cho cac img dung wu tién hoat
dong doc va cham hon cho thao tac cap nhat. Morton
Filter c6 hiéu suit khac biét dang ké voi thoi gian
chén twong ddi dai 1a 6,45 gidy nhung c6 thoi gian
tim kiém vuot troi 1a 3,07 gidy va thoi gian xoa 1a
2,80 gidy. Nhitng ddc diém nay cho thiy Morton
Filter c¢6 thé dugc vu tién trong cac kich ban ma tim
kiém nhanh quan trong hon chén. Tuy nhién,
Vacuum Filter c6 thoi gian chén tang cao 1én 11,73
gidy, cao hon dang ké so véi cac bo loc khac. Thoi
gian tim kiém va x6a cua n6 lan luot 13 2,71 gidy va
2,58 gidy. Thoi gian chén cao ¢6 thé 1a mot bét lgi
dang ké cho cac ung dung yéu cau cip nhat dit lidu
thuong xuyén.

Nhin chung, khi xem xét thoi gian thuc thi cho
chén, tim kiém va x6a, viéc lua chon bd loc ¢ thé
phu thudc vao cac yéu cau cy thé cua trudng hop su
dung. Déi voi cac tap dir liéu tinh hodc khi toc do
chén khong phai 13 yéu té quan trong, Vacuum Filter
c6 thé 1a mot lya chon kha thi do thoi gian tim kiém
va x6a thap cta nd. Pbi véi moi truong cb cac thao
tac cap nhat thuong xuyén, hiéu sut cin bing va
thoi gian x6a thap cua Cuckoo Filter co thé phu hop
hon. Nguoc lai, khi uu tién tde do doc, cac bd loc
Quotient va Morton cung cip nhing loi ich thuyét
phuc mac du thoi gian chén cham hon.

So sanh thoi gian thuc thi trong cum Spark Bang
3 va Hinh 10 cho thdy két qua thuc nghiém so sanh
thoi gian thyc thi cta cac thuét toan loc trong moi
truong cum Spark dé 1am ndi bat nhitng wu diém ndi
bat cua xtr ly dir liéu song song va phan tan. Spark
v6i kha nang thyuc hién tinh toan phén tan trén nhiéu
nat, cho phép cac thudt toan nhu Bloom Filter,
Cuckoo Filter va dic biét 1a Quotient Filter thé hién
tbc do xtr 1y nhanh hon khi xir 1y trén cac bd
dix liéu 16n.
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Hinh 8. Téng thoi gian thue thi ctia cac bo loc
v6i 3GB dir liéu (don vi: gidy)

Quotient Filter ndi bat voi thoi gian chén chi
2,34 gidy va thoi gian tim kiém 1a 2,57 gidy, da thé
hién sy vuot trdi so voi Bloom Filter (8,97 gidy cho
chén, 8,77 gidy cho tim kiém) va Cuckoo Filter
(9,12 gidy cho chén, 8,96 gidy cho tim kiém). Diéu
nay thé hién kha nang tan dung sttc manh tinh toan
song song cua Spark, cho phép Quotient Filter xtr ly
nhanh chdéng va hiéu qua céac bd dit liéu 16n, vuot xa
hiéu suét cua viéc chay tudn tu trén moi trudng may
tinh don.
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Hinh 10. So sanh thoi gian xir 1y trén méi
trwdng cuc by va phan tan trén Spark

Hinh 10 cho thiy su cai thién ddng ké vé hiéu
ning cua cac thuat toan khi chuyén tir méi trudng
local sang cluster, dac biét 1a voi Quotient Filter. Két
qua cho théy Quotient Filter dat duwgc mirc cai thién
hon 50% khi chay trén cluster so véi local, vurot troi
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hon hin so v6i cac thudt toan khac. DPiéu nay co thé
dugc giai thich boi kién trac phu hop va dé& dang
trién khai véi xtr Iy song song, Quotient Filter c6 thé
tan dung hiéu qua cac tai nguyén phan ctig va bang
thong mang cua cluster, dan dén su cai thién dang
ké vé hiéu nang xu 1y.

Bang 3. Tong thoi gian thue hién bd loc véi 2gb

dir liéu (don vi: gidy)

Local Spark cluster
Insertion Search Insertion Search
time time time time
Bloom
Filter 8,97 8,77 13,23 7,46
Cuckoo 9,12 896 1451 6,04
Filter
Quotient 3/ Hs7 104 1,18
Filter
Morton 1\ o0 587 1504 122
Filter
Vacuum oo, 565 304 128
Filter

Dang luu y 1a khi dugc trién khai trén Spark, tat
ca cac thut toan nay déu huong loi tir tinh song
song dir liéu va xir 1y song song trén nhiéu nut tinh
toan. Tuy nhién, muc do cai thién hi¢u suit khac
nhau tuy thudc vao dac diém va diém manh cua tung
thuat toan. Quotient Filter voi nhimg tdi wu hoa vé
khong gian luu trit va thoi gian thye thi da chiung
minh 1 rat phu hop va hiéu qua khi két hop vdi sirc
manh cua Spark. Két qua cho thdy viéc tan dung xir
ly song song va phén tan trén cc nén tang nhu Spark
mang lai nhiing loi ich dang ké cho cac tmg dung xtr
ly dit liéu quy mo 16n. N6 khong chi giam dang ké
thoi gian tinh todan ma con mé ra kha nang mo rong
va xu 1y cac bd dir li¢u c6 kich thudc 1on. Phuong
phéap tiép can nay 1a mot xu huéng day hira hen va
ngay cang phd bién trong linh vyre khoa hoc dit liéu
va xu ly thong tin hién dai.

Két qua ctia nghién ctru nay nhin chung phi hop
v6i nhitng cong trinh lién quan trude day. Pandey et
al. (2017) ciing chi ra ring Quotient Filter c6 hiéu
qua vuot troi vé khong gian luu trit va thoi gian thyc
thi khi so sanh voi Bloom Filter va Cuckoo Filter.
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