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^mrnxmrnmrn, 
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Hitb, mmmmMm, 

mi, u%, S75at«i« 
3nm^ siwf^ mm^# 

fxifWt&ti$]7XT\~ 

wii^gi^^o Hitb, mmm^mmmimmmm^ 

iMtt, #g^3l£S$K 
I^SS^o MM, 

m, im 
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m%2, mm^x^-, 

SUM = 
fbi'Sintr'®2 ,Vbi<(fbi-f-)2 

[ fbi + KSbi (fbi - fbi )}^ -of , Vbi > ( fbi -fbi)2 

SUM Sintr r bi ^hffi 

fbi^rnUimmbi^mwmm, fbI^m-ummt-m 
bi^mwmm, vhimbi^m^jr^, 

m-&m, mm&mi &&-. 
MM A, ^MaVc%— 

Jp-Ttl 0 <n<B, a 

0iW B-l, c d, fiftH c ^-jh 

mt^Fc: Fc =Fc,Fc=Fc+d Fc ^jftT-fcf C 1 < c < CO2 , 

M b ybffi/§L'i^"W tib^-^-jt, b <n , nb < <x>»<x>: 
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mmb fb=/;+d,Ag = /•1 -fb2, 

M if M b ^ m 7t M ^ ^ ^ #1 it gb ^ 7J ^ vb : 

8b = (nb-Sb + A£)/ nb,vb = gb- fb , 

mm bFt%m i 

^F^fhU, Mi Kg? = fb+^~b~fb , 
fb ~ fb 

^Ft<fbfcf, Mi Kg- = fb~^~fb , 
fb ~ fb 

if n&% b jtm g nbl, mm b 
Kgb=nbl'Kgt +(nb-nbl)'Kg-, 1 <i<nbl<nh; 

mmmfomn&mB-I; 

«B-3-B, mmm 
-Mi, MMMMB-I-, 

MMB-3-C, 

&®&mu 
MMB-3-D, 

M—&M, 0M B-3-A 

m-&m, pm 1tmiMm** 
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itmmmkw&mmmm#wim%m-, MMB, mmmmmmmi 

%Mc, BPT 1131, Kgfflf-fyfto, 
D; MMD, BPT m\-, tsigffi^^ijiiT 
BPT m%\wm^mffrm, 

i G; MMF, b 

SB iB b ^fUlttlEft cell lim^J nb 

^7J^^}vb, bl b2, XtiSlft cell ^P^fM^Hj'J^J: nb^ nb2^P 

VMN v^2» M^WiM^-SB = nb'Vb-{nbl'Vbl+nb2'Vb2) , SB {jiiiffiEftiB^Jiii^frlJ^Ll 

A (BSP), &M BSP M b bl ffl b2, #R\&X/H = fb2 = fb~ frW\ 

&M0MD^M BPT|t3l#iflffflJ^H^M±t^; 0MG, M 

mm\*mmm^&mmmmmmmx±.m CB>, 
^IH, if 

ceii ceii 

M'n MP = nb'Vb ~{nbl'Vbl +nb2'vb2) , # 

mm&MD tfj-jmmjj BPT m\-, MML 
mm\^mMh mmfamnA; mm, 

&—&M, M^lAl-^fS: MMA-I: 
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m-Mt, PWkB-i, xt^—c, 

ifd, m = Fc-=Fc,Fc=Fc+d c FC-^ itrmm 
flD-2, xt^—c, MM BPT 

fb=fb,fb=fb+d,Ag = f2-fb1, 

gb = (nb.gb + Ag)/nb ,vb = gb- fb2 ; 0M D-3, 

mkMnbl, ifKgb = nbl-Kg+ + (nb-nbl)>Kg-„ 

> ii&SW fS]M [tt,fe] IHMH^ 

{fj, t2, • • •, tk I ts < tx < t2 < • • • < tk < te} , 0f fB]MSH IH]/?S Aa T; g 

f1: r ts fa], te lH; tl.. tk |W| 

l-K^Bff0]M; MMB, AR=0; MMC, Xf 

r ffljtEftffi b: #7fe, if#ffi b jSHtllK^ r 

Sintri MJH, if b ift f5 |H] iaM fb • sintr •CO2-, HJg , ift f5 f§] M 

#mD, MSHitMHlAi?, 

m-Mt, ftrft&mc&ffit #mc-i, 
b, if# r igfi b Sintr, M%&^MU<b, Sintt>^M^ 

fiAiS; &mc-2, ^NiSb, if£n%MbM£& 

#: vb <{fb~fb~) , M AR+ = fb • Sintr •a2 , ^f1: o%/jf¥)%^-, a1 

ffiPRj. 5»J, AR+ = [fb- +Kgi(fb-f-)].Smi.er. 
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a 4 l ift 

a 6 RH BPT 
a 7 RH m^mm^mmm 

mmu^MM-, 
a s RH 

a 9 ^ RH BPT m\^ 
JX^JS |_ra_l , 

a 10 RH AMH tfjMX 

m*, M#, m&o TMM#^ 

"—>h", mPM-PMumMi, 
it, 0m, 7n#, imm 

^tJt±^, 0m, MA 7U 
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inrxpm, Mai«^nA*i««iiE, 
ill] Tftetf] nT ffl f£j^ £ H ift, ifi %MM 

m, A&muxmmm%)&mm, MA 
M ft#r ^ o 

a l £na l PJT 

mAmmmmm^mmmmm^, *mn^onx & 
sftmLoc, nmt, mmmmmmmt^mmm^mm-

mmm^mmmmmimmmmm^^m, m\%m 
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i#)o fc 
(BPT) 

fcW Sift if $1 ftJ 0tm, m\ 31 ft ft ^Zffl o 

mmm\m 

MTHUfc&EfB] \H &}&%}MML, £f#UWM U&EfB]ift £ Wm» 

a 2 £na 2 #r 

Mmmmmu&m-. mm, nmmm 
BPT m\-, im%nw%i"%.", 

0^™ BPT ^^i; imgmmft"^", M^jit^tLi0tfB]m0^ifBPT^3u 
S7^^M-«Jia^if^iLi0tfB]MBPT^3i; mm, ^IWIBMBPTH^ 
ffiZJs, #iJllr^ti0tfB]m^^^; £nH#iJI«"^", M«IM0tlH]IM3h 

mm, 
mm\3LB, 

MM, 
SUM (r,?) , t f^^0f |0]iKtimestamp), r f^^lltif?] IKIp^jlttfll SUM (r,?) 

£nH? = o, 

^hS-i^I; iu^:t<0, 

a 3 mm 4 m^mfcniB] 
ij$ o »IIM i stiiiig^^p/^Mao #na 3 M 4 PJTTF, 

5.5 SW7n«, H\WM o MkM^fcM 3 Ui^im 1 MkM 

mafcm 4 i, 
M& SUM (r,0)fe% 50, BP 9+11+5+10+9+6=50, M4 

SUM (r-1) |ft ft 7+8+3+7+7+3=35 „ % IS g g ill] — ^ fcf |1] jt |ft H * {t 
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SUM(r,ts,te)> 

^Stl^^^c^PBPRT, iMW, SUM(r,~ 1,0) 50+35=85o 

ffl 5 — 

5 ^7^, RH (Reasonable Histogram) ia^M, RHil 

a 2 a)'(D ( a 7C, ^^TCC(1 <c<co2) 

, BP«Fc•> 

ffl 6 RH ^>f BPT telSo 

t®M 6 RH BPT 

(Binary Partition Tree) jjtS^31 ffio #nM 6 pJizF> Jjt^L BPT 

(&H^£), 
(iB3%fi)o $n® 6 j^/f^; xfT^^bfi 

fiwm gfc vbm^frmm Kgba 

RHlft^NSfc, nhm^mtptf}^l$Lm, MW: 
(${t): 

/fe=(iK)EFc o) 
Vc in b 

(^): 

"„=(!/") X (F.-Af (2) 
Vc in b 

RH Eft @ (Weighted Variance Sum, WVS) H/K 

w= Xlvn) (3) 
i-i~n 

fb, 
Sb={l/n) Z Fc (4) 

Vc in RE 

Hitb, Xt RH BPT if 



WO 2016/015683 PCT/CN2015/086130 
10 

SUM =fb'Smtr'CD2 (5) 

nTfflffo Hitb, 

SWttfeifiW^ttrffi: 

\M.fb%: 
fb=[fb+Kgb(fb-fb)] (6) 

fb Kgb 

mmlixmrnmrnm, 

w„=[/;+KsM -f;)}smr-^ V) 
«g+JKfiSK?5ew.aim+JKfii8j£iiraisswtM-:®gm+*if 

$t (^(8)), BPP>0, R>0, Kgb> 0o 

Kg =P{P+RY (8) 

X\f ^J^(6)^>|JT, ^ fb^ fbH, R]~f#: 

K§b=j^j~ (9) 
Jb Jb 

*f^RH4>B«Z>, Jt$ftmv45iaex»: 

',=-!«-/,)' (if) 
^ \fcinb 

mmfjxnFcmm 
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vb = (l/n)'ri'(fb-fb)2=(fb-fb)2 (11) 

a# jb »7 fb jisa FC , as $ jb Mfb, fltUt 
fb = fb+^b (12) 

^^^(12)^X1^(9), nj#: 

fh ± JvT- f: Kg"= f_f- -° (13) 

Jb Jb 

^1^(13 K#: 

vb<(fb-fb)2 (14) 
%fb-fb- = o, 

xi.mwy-. 
1) %fb-fb->ott 

®*fb±yfc~fb >0, M/Afb±J7b-fb> 0 
Jb Jb 

ffiU±^<fb-fb-J&3L, ^vb<(fb-fb)2o 

2) %fb-fb-<Ott 

Jb Jb 

ffiU±j^<f;-fbj&3L, BPv, <[fb-fb)2 o 

v,<(/,-/;)20 

^RH430^]^ffi^^/Av^(14)0t, mux 

^(I4)0t, Jtitg 

rfb-Smtr-co2 vb<(fb-fb)2 

SUM = <i v ; (15) 
[/;+^6(/6 -fb)}smtr-co2 vb > (fb-fb)2 
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BPT c/x 
(Fc) URKg , 2^(15)^ ft RH iftHitftiflf^, RH 4^ 

Kg+=(f+^-r1)/(f-r1) (i6) 

Kg=(f-^-r1)/(f-r1) 07) 

TffiiiMKg RH ftj 0f+ R nTFC, ji^t&UuE 

^Fc>fH, /+®t;£/ + V^, 

Kgb =nbl*Kg++(nb-nbl).Kg~ (18) 

PWLK, 
«A-i: 

MM A-2: =!§i£5!j— 

mmmmik-, 
MMB, 

%^U0WLT>, ^M&U0WLC-, 
MMc, ^'M—^h^WfTO^irBPT^^I (Kgfflf-fyfto), 
MMD, BPT^^U imu, 
0W. D-i, Xf^^^^^fiEftJp-Tn c, if jS^^f-hifc d, 

Fc =FoFc = Fc + d (Fc 

0MD-2, Xrf^—c, MJKBPT^3l$iiJ^i^ffc^7nlft 
mb, 

fb = fb, fb=fb+ d> As = fb - fb2 ' 8b = (nb-8b + Ag)/nb ,vb = gb- fb ; 
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KSb=nbl'Kg++(nb-nbl)'Kg-; 

Iffe 1 Mfflffe 
Algorithm 1 Update() 

L $5!j^HlW7n c; (d c 

2. K = FC , Fc=Fc+d; 

3> c X^tis 5C ^, $^&5^<#7n c, d>; 

4 Whil e(Sc^S){ 

5. cs = Sc PopQ ; 

7. /*" =fb,fb = fb+d,Ag = fb - f~2; 

8. 8b=(nb-gb+AS)/nb,vb = gb-fb ; 

9> M ft jJPA5iJ # ;£'1;} 
JQ While(H.hasNext()){ 

U £> = H.nextQ ; 

12. b Ci^nb) ; 

13. imb^^mm-. Kgb=nbl-Kg + + (nb-nbl).Kg-; } 
14 Return; 

End Algorithm 1 Update() 

pop() pop() 7f 

arrayObject X 

5REft{lL; M pop() undefined {Ho 

hasNextOTfW^&MM^^^T—^jtM, TRUE, M 

0 FALSE; 

MME, mmmmmBVT 

F, iwb 
(Split Benefit, SB) iB b ^Ullto Eft cell nb^P7f^^J Vb, 
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bl b2 cell ^R^lt^SlI^: nbiN nb2^R VM, vb2), 

ikSB = nb»vb ~(nbl»vbl + nb2>vb2) , SB (BSP); 

SM BSP b bl ^P b2, jfJELijui. fbl = fb2 = fb 

i&m, fiJffl^iDS^^ffBPT^^i (BP, mMjfrmvmf&m 

mi 2 mftuma 

Algorithm2 Split() 

1. MM BPT, 

2. ffiiililijii; SortedMap()^S®if M.iKMft\iLM.^XR 

ftim MfflM ift ft S ift xtm>; 
3. While(^Wfr^^sK#S-^5!jii, URM^SM^ 

4. SM 

5. S M Jjt iX Jo'J ft fi ^ ffi b ^J ft % M "f ffi b 1 ^R b2, $r fi 

fb\ ~ fb2 ~ fb ' ^ffl#fel^ifBPT^3l; 

6. bl b2 

7. & b 1 b2 |ft fflSSA SM;} 

8. Return; 

End Algorithm Split() 

SortedMapOTffeffl7[n] Hash fMI SM ^jjnilJfiMEftMHP, 
R 1; 

M 7 #r^, 4), 
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^ Eft ^ fill flljii SB ^Jif#-^5^^/«1*v1-(«12*v12+«13*v13) , Eft ^ fill fll 

(Bp y W& wvs lftWH:i:A^SI^ X $i±^j 

$'J#o ff0^»J^^X«$na8^p®9^o 

MMG, (B>, % 
^ftMM H, ftMM h 

MM H, cmnfc BPT 
6^#^ (Merge 

Penalty, MP), ^^^Jit/JNEft2^yhffi'n 

ceii 

cell mi): BPT 4^+^f ^ bl m b2(X^t 
j^ZEft cell nbl, nb2^RvbK vb2) b (cell 

$fcs.%} nb ^R7flt;% vb), M'n MP = nb»vb ~{nbl»vbl + nb2*vb2) ; 

D BPT m\; 

MMi, iw^u, mmfaMMA-, 
iMU, 08:00:00-08:00:09 |*| 

M 08:00:00 ̂ (^ 10 ^11]^WiffiUtiftHI H]% 08:00:10 

MM J, 
wtmi, 

$nlS|2 0f^, — 
£nT MM-. 

MM A, M/rfflp ift Mjif& Q(r, ts, te) , ii&g-tfiJB4m g fa] [ts, te] #}%» 

\Blffl,M'n{t1,t2, — ,tk\ts<t1<t2< — <tk<te} , 

Air; 
^'i3: r ts ^^^B^pB^fs], te ^^H-ihB^fB]; tl...tk 

Bt |B|ig ̂ ±B4 Zfi] ift 1 -K fe]ffl, o 
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MMB, i£KMM^M1MAR=o; 

MM c, mmmmn, \mw, r-. 
MM C-l, MM BPT r fcS|H]i:ffl5SM b, if If r Jg 

ffi b Sintr, U<b, Sto,> W^XAtis 5; 

i^IC-2, ^NSb, iflf^itfi; 

: vh < (fh ~fb~) , M AR+ = fb • Sintr • co2 , (.CO 

a2 

® M, AR+ = [f; + Kgb (/„ -/,-)]. S,„r. ffl2; 

/^§ID, Atf, 

^r*@£lftffib: f^fe, MJH, 
iiai-ffi b m^m^^(\4)), (# 
mym^mnm, mmm^im^fb*smlr*co2; MJS, 

- 0t |H] ffl, Ift g-iU ̂  m ift M jJP o 

Algorithm3 QueryO 

1. MMBPT«iggil!]E±|!(ffi^6^ffi&, & 

<b, Sint>m^M.Atis 5 f3; 

2. ikMMMu^k AR=0.0; 

3. while(#5 5 

4. <b,Sintr> = S.pop(); 

5- lf(MSS®ft; v„ < (/„ - /„-)*) 

«• AR^f^S^.o,1' 

7. else 

8- AR+ = [/„-+ (/„-/„-)] . S,,,,,. ®2; 

»• I 



WO 2016/015683 PCT/CN2015/086130 
17 

10. Return AR; 

End Algorithm QueryO 

(Mm loo 75^), f£«M^<T,L0C,0iD>, BP<04|HK {it 

^ia^J 10 (fcffHjfM^ 10s)o 

AMH ia^J RH)o 

3Mtt:fr#JXrf RH %\ AMH W€7 100 (RH %\ AMH Mil® 

B=350, A= 12, g-tfjj iftfcf fflgfg]3 MItffl 6 , AMH 

71.875%, 3.028%, :1AW 5 

^fl^J 38.067%o (:tA^J 5 71.875%, 40.946%, 

36.975%, 20.557%, 20.000%, 5 „ ) RH 36.957%, 

2.461%, :tA^5^MiH^6W^t^26.853%0 (:1AM 

36.975%, 34.247%, 33.083%, 15.788%, 14.189%, 

3 1^^)0 X^RM, -^AMHffltt, 

w m s mm o 

nTfflffffo 

AS A#,±l£S AA^"ST UMM, Rj XMJA$if 

nmmmmmm* anrnmrnm^mkm^i^ amn, itifi/D niii 

CD-ROM, 

^RM^fe^:), IStBP^pfi#^ (RAM), (ROM), ^nJflfMROM, %nj 

fiROM (EPROM), %nTfi^nTHfMROM (EEPROM), |TO, 

un^to amu, it#i/i) 
IJjimo \mw, (RAM), (ROM), 
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^%EftN T^E^U EftsE^tkEft^5^# 

m&iiim mmimt^) #o 
A^ nT UMM, nT ffl^P 

/gScJgg^n/gScM 41 41 

^ JfMvjmRn, Ht3u 
•+• etJ- Jtif^ TjM&nJUlfcX 

#, Ht3u M#, #$u 
^eZi^ -JjM&n!H6$u MSK 

ift WOT •> 
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« m g * 

^si I, Mmmmmna,, 

pwi, mm^x^-, 
/^l3, ££$Hfr^3l:£#lftl*lfcf, ^ffl^^g-^JlS^5£/Af(r,to,te)Xrf 

SUM = fbi'Sintr'®2 >Vbi<(fbi-f-f 

[f^+Kg^U-f^-S^-or ,V„ >(/Si-/„)2 

fbi^rnUimmbi^mwmm, f^m-ummt-m 

2, fl^txfdil^c 1 ^#111^^, 0fj£ 

/^I 2 

/^IA, ^MaVc%— 

a*® II]lis ft #-76 ft 
^7U$lM^-> Wtffcn^^, 0<n<B, a 

XWTNS: 

0W.B-1, ^=ilf c JiBfi^^f-hifc^J d, fiftH c Jp-7n 

m^Fc: Fc- = Fc,Fc=Fc + d,^: Fc ^jftf—fcffH] D^TC c lft», 1 < c < a2, 

d 

MMB-2, MT 
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% b b <n , nh<wa>: 

mmbmmfb=fb-+d,A8 = fb2-fb2, 
M §f M b ^ m 7t M ^ X 7J X #1 it gb , 7J ^ vb : 

gb=(nb-gb+Ag)/nb,vb = gb-fb , 

mm bFt%m i ^mm-. 
^F^fhU, Mi Kg; = fb+fi~b~fb , 

fb ~ fb 

^ Ft < fh 04, Mi Kg: = fb~^~fb , 
fb ~ fb 

if n&% b g %, mm b 

±t^Kgb: Kgb = nbl'Kg? + (nb-nbl)'Kg: , 1 <i<nbl<nb-, 

MMB-3-A, X^TSH^HSM, 

mmmfowj^mmm^ftmmmmmmm, mn&mB-I; 
MMB-3-B, x^^fsn^sM, mmm 

MMMM B-I; 

&®&mu 
MMB-3-D, 

M£batJt±^> 
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6, — ^#111^^, ^M-. 

0m A, mAmmkw&mmmm#Wim%m-, 
^mB, BPT m\, 

%^U0mT>, ^M&U0mci 
0mc, ^jit-^^tirBtfBjMs^if BPTm\, Kg^f-i%%o, 

0 m. D; 
0mv, BPT^3I; 
0mE, 

^mmmrn, mm^mfftm, m^m*. mm^mo; 
0m F, nn^m^ftrnm b mm^ftmm^ftMjfm 

SB ^RXfj^j^J^ill, iB b ^Ullto ft cell lim^J nb^R7flt;% vb, bl 

b2, ^ cf : X\f 0. ft cell %W 7f H ft SO %J : nbi, nb2 %W vbi, vb2, M ft PB f Ll la 

SB = nb'Vb-(«M»vM +nb2'Vb2) , SB (BSP), 

SM BSP b bl %W b2, ^JELT^S/M = fb2 = fb ftHAfeifoty] 
^fl, feB0m D Mfr BPT H3l#iflffflJ^ftH^M±t^; 

0m G, mmm\*mmm^mmmmmmmmx±.m (B>, % 
^ft0m H, ft0m h 

0mn, itMP, 
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imf if ceii mmm 
cell 

MP = nb'Vb-(nbi'Vbi +nb2>vb2) , D BPT M3\; 

0mi, iw^u, mm^mA-, 
0mh 

wtm\, 

0mA-\, 

0M A-2: ^ 

mmmmiko 
s, pm0m DS-»: 

0m D-l, Xf^^—^^fiEftJp-Tn c, ifd, 

FC = FC,FC=FC+d c FC mmmm)-, 
0fiD-2, Xrf^—^Hlft^Tnc, MMBPT^3l^5iJ^i^4t^7n6^ 

Mb, 
fb =fb,fb=fb+d,Ag = fb2 ~ fb2 , gb = (nb.gb + Ag)/nb ,vb = gb- fb ; 

0mD-3, imm^mx^immw7^mmnbX, 
K§b =nbx'Kg+ +(nb-nbx)»Kg~ a 

0m A, nt/rfflpfftmm^Q(r,ts,te), ii&g-tfaHits,te] mM» 

UW*^^{tx,t2,---,tk\ts <tx <t2<---<tk<te], MSBf 

AHl; 

ftrf1: ts ^t^^pBf fa], te ^t^^-lhBf fa]; tl...tk 

BffBj-^^BffBj^fBjfi^ 1-K^BffBjM; 

0mB, i5fi^g^]{tAi?=0; 

0mc, xf^rf^^-^Bf|l]|t ^f3: 
ffXrj#—Bf Xf^^—r b: # 
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%, if b r Sintr; MJH, if b ift 4^^ 

fb • sintr • ®2 •> MB, 

ft; 

MM D, 5{tA/?, jSrtH^p^o 

10, 9 

^31 C-l, MM BPT r ^ b, if# r ig 

ffi b iftffl^Mf/R Sintr, U<b, Sintr>tf}M^SLA$5 5; 

mWC-2, ^NSb, if#S^{t; 

b ^AE^# : vb <{fb~fb~) , M AR+= fb» Sintr»co2 , ^f1: co 

f)f^-, co 2 , 

SM. AR+ = [/„- + Kgb(f„ - /„-)] • smr. or, 


