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Abstract

This research focuses on developing a high-speed query algorithm for multi-attribute large-volume
data, in which data compression and fast querying can be simultaneously achieved. In the past
decade, this type of problem is usually resolved by storing the data in a database, and querying is
carried out through database-embedded methods. As the data volume is growing in a tenfold fashion,
these methods are encountering difficulties in data manipulation as far as efficiency is concerned. A
number of approaches, e.g., the Bloom Filters, have been proposed for querying purposes in
large-volume data using a compact structure requiring less memory space. These approaches often
limit themselves to single-attribute querying, and the multi counterpart can only be achieved by
layered implementations where errors, e.g., the false positives, are prone to increase. We propose an
improved CMAC mechanism seeking to achieve fast multi-attribute querying with less memory
space and errors. Experimental results show favorable performances for our proposed mechanism.

Keywords: Multi-attribute, CMAC, Bloom Filter



- v
ARV R FITAPREET L0 TR 2 ST SN BB TR RN

GoRTRERD CWEFHFEEIRG - XDFRATACELE THESE AR H
v oo ¥ bk gnRAEe 2 £ 0 AF7 3 12 CMAC (cerebella model articulation controller)
FEE[2] 5 A E* R E BN B TRIEFS G HF R By REn R ER
Por B2 FMA 3R TP o @A CMAC B2 B E Bm i g2t s
Wit o w }?E%%WJ AEFaasxdep  GE o 2T HF RERY R 4] -
CMAC % %é B AT o RE T UL SO SRR o 0t R AR T 1 Pl Mk
P '%fl WA RS RE Ao HeRE AR B R A Sl g £ RV SR
A amx§as rb;,\ cCMAC # 8- fFaienpjir s 24 B jcac 7 EfHE 3
BT rqeafet a4 B R o T R N E il [3] > 1A R RS (8]~ B s R
BHRFRO9] 5 Y o

BERY
ko
BN
e

“FF B th
¥ CMAC ¢ Bloom Filter €17 7 3% % 4p i1 2 For & 7RSSR s A AN
A H R AR o AR L:L'¢I§%L3‘"V}° ﬁdﬁ‘*’%}*ﬁ* FHAE M HF TR

BEFIET Ao 13;! © CMAC ¢ Bloom Filter » $R#k * 22 S i® 5 T %o Tal - B8 5 B
Hash #3542 Sl ik > f1% 2k # 2 MR 2 & chrdt > F TR SERE G hp e
FAURSERE S 2 54 e R 2 B e d e @R EAR J i - BT AR
Fr - BUaRu e AL 82 BB RELSERT R
Ra RIGH CRBEZFEE > BN RE T ALL OFR A %fq*—& FAR(False Accept
Rate)¥? FRR(False Reject Rate) - ¥4** i# st Bloom Filter 2 CMAC jg &2 m 3 » @ %’ﬁ D)X )
ERNE ST QU ) RS S f»'i#"’%‘léi—:"l WA FHFRERWE TG F7 OB G R
CMAC £ Bloom Filter 2. Z# 227 it £ 7 & R F i & * chZ B a0 T3> & F 4
4 o pmzﬁCMN:wnﬁmﬁiﬁﬂh?&aﬁiﬁ’mﬁ%mmﬁﬁpméim
FAgehindy o & QL LI BEE T aciE R BET B E T ARSI A E
VIREY F B A FHFR L B4 CMAC frfe} UBRSRY 2R
5T B4ed B ¥ e 2 Bloom Filter 22 CMAC 57 & /% » # v (%3 B oTic 2 i & 14
RBERMEFEY s (AR EAFE SRS U R AR EF oA F R
APz A3 FL
(-) 4P 28 el 7 F—3%> CMAC 2 Bloom Filter @ 3 » e fd8 5 & ch 5 £ 97 2 u] chl gy
TR AT dem L e R N P By U HE LR 4@ % Hash
& rm-ﬁ;l.% Tt a0 FeRHIF R L3 ERBB DL ES - T
False Negatives 18 5 ¢ = t+§ 3‘% % °
(=) % B 5 B~ s —d » CMAC # Bloom Filter ® o3t 3+ 5 B - 12 (- 'L 7))k 5 8
- B AP TR CMAC T3 5 B A 1 2 2 258 CMAC =2 R - it 7
SHOSEFRF B BRI R BPEAGRY R IV AN 55K REERS

“.1



MR GRS AR

(2) " MR G2 5 M S 2 5 4p R & % A Bloom Filter &% CMAC $8 % i 64 &
FHREAETR G5 s  TE PR e REETIR FHF 32 Pk
TR BB ERE e

= \pi‘ﬂ‘s;‘é

* 3 % & CMAC £ Bloom Filter #1587 %G 2 A 47 B B{F* 32 33 8 4| h
N EAR - SNPE “f TEFARAREZOBRE LRETBELAES N AFTRN T BE
& #F CMAC i & 2 (Multi-Attribute Classification-CMAC » 12 ™ f§ - MAC-CMAC)4- ] 1 - 1 &

e CMAC ¥ & Assomatmnﬁ%ﬁ:ﬁ%#“ A %E%W%}”"@%‘* %T*%] S e
i&—i BT B-F B A H Mg 2 Tﬁ SRR FA Y SR L %E%ﬁﬁi"mﬁﬂwﬁg_’g’ d
L > B R AFHRT oy DR BT D 5P R P AR

e

&( o

Hash

Association Layer
Bl 1. MAC-CMAC %578 H

AFTHERLZFEETRY R AULEF 2 AR F R A A FIL R AT & § B
FAZR AN eEA 2 Gl URL s 2 MEEE - %> 3 * 2 F ~ 978 k2 ASCII
Code BT HEENYff o AT AT * 2R A5 DM > 2 pd 26 BE2F* 10 By
P F LR BARPE AT LT R > T RBHELHRRE B LA NKE o 8 H Mk A
kB EAF T o

CMAC 7 & % F&?i}ff"&ﬂ* ek THIFER ) BACMAC H % 5 et gl SficiT i T
24 > MAC-CMAC % 5 - H 32 Tht v so L BAFTE R~ Flages UL@:%& 34
W ERPRE AR By il 20 - H ek Lh_q}{é - ek S goE R
AEFREIN TR AL 2 TGl o T LR T k5 ;ﬂf%’# e ARGE R A
2. R SIS R B £ o KA I R A ACE T 5 B fEF 0 ¢ 7 ASCI FHHcE -
BE oA ] (M) BT (P)0E B A R @ () 4ot 1o AT T rE B ek ik
i H *»“?fﬁ et A+ 2z ag sz e T kA aR R((p)A A % KB
#E > il_ﬁ% N Aok B CMAC @ * § Bk ddkcd 2§ ey o

REEG A g DHEB SRR FILE BRATRAE - BRAK L NP E A
AT BB (T()FEtkAms Htt o CRBIRIFE &F B A% ‘ﬁ%bﬁﬂ’u

V.



ﬁ%ﬂifﬁivifﬂﬁx‘\ BB BT AR T Rt YR B SR e S R PP AR
TERE R TA T BRFEPAEE LSRG 7T A DR o R B L A D
# fi F* 4§74 & (Dynamic Thread-hold Window) e & >t €% € 3 F Y » FIL v i 27 &
Bo 3 TRBERTHCE R FBAFHILLF D f AP EART b 20 B TR T e
R CE Sl S Sl oY e A E - &

IR e Sl B A 2 g 51w (h(p))de s 30 £ R e A5 Rk 4 o
HHen AL EE ff*ﬂ(w(p)) drit 4 R 4w B £ hg dw P %f—rm (T (D)) it 7 4 i3 i&
B BWRAE LR A L B (e) dot 5o MR L e £ 10 ‘u RS
BEEMTHEZBLMFLI  BEFY FO)R Y BE A FEF G R R 0 BRI R
T RRArs 60 BBV RIFERE A SRBEE YL -

0= (Z @) Ascu(p])) (1
L = {1 e @
h(p()) = Zj'- 0 ((Ascii(p(j)) Xy X a)mod m) i =1~Il(p) 3)
o) = (LB wei (h(p()))) )
= —o(p) + Tk (p) (5)
Wei; = Wei; + (9 <</1tp) 6)

DR FE B (Ao B 2)@%.‘1"_“ £ &
iE £ E‘!”"‘”',ﬁﬁ [£-S5] e q—\}d = ,llj

5’ ﬁ;é' UK, ﬁ 2% l?':" ?, » B j_.q'\)ul ﬁl'$ o ,.,,, [E l’,\i‘] i P{g,l_
& f‘i *M*f TP MAE R 3 o B TR R bk A
% i

R R q,:«g;@ém,;ﬁ.. Y VR PERY et £ 0 f g i3 G\ﬁﬁi ”'ﬁi’mﬁrs

WHF o AT LB RaETAER T B2 i1 FE5 L AL B § L IR TR

WA SB(err)d o 1iEF 7%“5 TR AT YIREL 0 F 2R §1Ef1“#""?" RIEE o
Algorithm Training()

l: Wei « CreateCMAC(m)
2: P « Load_Pattern()

3: Threadhold = CreateThreadhold()
4: ThRecord = CreateThRecord()

5: while

6: fori=1toP.Count do

7: Addr < Hash(P;)

8 y « Sum(Addr)

9: &« —y + P.Target
10:

ThRecord < Record(y, €, P;, ThRecord)
: WeilAdd WeilAdd O X ———
11: ei[Addr] « Wei[Addr] + ( Pi.length)
12: if Steady(ThRecord, ThRecord',err) then Exit_while

ThRecord « ThRecord
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Algorithm Recall(p)

SAAIF I

T = {Ty, Ty, .., Tj}

Wei « LoadCMAC()

B <« Sum(Wei[Hash(p)])

fori =0toTy.count do

if (T;.lowerbound < 8 < T;. upbound )
Return i
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