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Abstract: In this paper, we propose a streaming algorithm, namely STREAMSCOPE, that is designed to find
important patterns efficiently from data streams. Our proposed method has the following properties: (a) it
is effective: it operates on semi-infinite collections of co-evolving streams and summarizes all the streams into
a set of multiple discrete segments that agree with human intuition; (b) it is automatic: it incrementally and
automatically recognizes such patterns and generates models for each of them if necessary; (c) it is scalable:
the time complexity of our method does not depend on the length of the data streams. Our extensive ex-
periments on real datasets demonstrate that STREAMSCOPE can find meaningful patterns and achieve great
improvement in terms of computational time over its full batch method competitors.
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JE X, REHTLZILET, BRI -2 (LY —
L) OFALE R 5.
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L7zL Y =228 ) Y CGEDOL Y — 28 ba %58
RT3,

(3) 1Etlifif C OFH - 4 TETHRR7zT A ML (3 (7) 12
ROXCEEHT L. T bbb, HrzicifiELlzl
V= LOLFEWEERW L) 2T, HELh
AV MIETAIEHRE CICKMESES. C DEFL
PR, LY — ZBLOERZ BT 5.

5.2 SegmentAssignment

CTITIE, S ICBT B AT z(t) LETIVIST A —
FEEO ={01,...,0,, A, } BHEIAONZLE, X O
NG — VBRI TN ALZES R, £ A PELT
YL Y —LNEID B TELZ0DT VT ALTHD
SEGMENTASSIGNMENT |2 DWW TCali-X %, Algorithm 1 (2
SEGMENTASSIGNMENT O BRI O 2 /Rd . F
FIELDI, Fofbazx b (K (5) 2RMLTEL T — 4
AL AT A28, X O P(X|0) 275H T 5.

B ¢ 1230 B PR TSNS,

P(z(t)|©) = lrgggr{lg%%{m;u(t)}} (8)
pin ()= max 6ji - maxy{pjo(t—1)} - i - Ui (2(2))
" Sii - maXy {Piyw (t—1) - Giwut - bizu(x(t))

(9)
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Algorithm 1 SEGMENTASSIGNMENT (x(t), ©, )

Input: (a) New vector x(¢) at time tick ¢, (b) Regime parameter
set ® = {01,...,0,} (c) regime transition matrix A and (d) v
Output: (a) Number of segments m, (b) segment set S, (c)
segment membership F and (d) v

1: m—0; S 0; F—0

2: /* Find cut-points with Equations (9) and (10) */
3: fori=1:rdo

4:  Compute p;;;(t) for state j =1 to k;;

5. Update L;;;(t) for state j = 1 to kj;

6: end for

7: if find the first regime transition then

8:  Compute v; /* Equation (11) */

9: end if

10: /* Add guaranteed segments into optimal regime */
11: if v =0 then

12: Lpest = Li;5(t)] arg max P(x(t)|©);

ierjek;

13:  ts < Starting point of s,,;

14:  for each cut point | = {t.,i} € Lpest do

15: Create a new segment s = {ts, te };

16: Add s into S; fm <— i m—m+1;

17: ts — te +1;

18:  end for

19:  Initialize £;
20: end if

21: return {m, S, F,~};

ZIT, pia(t) A 2B DL Y- 4 0; DIRE u O
FORAEERL, K (9) O LEIE, LY — 40 (0, 75 0;)
2B L72 L 20, TRIZL Y — L4 0; NEkIZB W TIK
REER LIL 20MRE/RY. 72, max,{p;,(t—1)} &
%t — 1128 5 0; NOERDIRKAE, 7w, biu(x(t)),
Qizwu W EENEI 0; NIZBIT 5 IRME u ORIHIRES, 1)
=, KB w2 HRE u~OEBMEFLZRT. KBTI,
B BRI (225D S BRERER pi.y (1) ZHEH t — 1 OERBIE
O RBREMWICEET 5.

K2, L={l,lo,...} ZLY—2BLE I OEASET
B, Bt I2BWT, LY =24 0; ~NOZALEERIE L723
&, bRl = {t,i} ZEEITMRZ L. ROKITRT &9
2, MLy _RToRfbrEMzEGELTHELY -4
DERBIZOWTIRIFL, ZOh0 bl ZLiEs%
RES 5.

£m@%:{@wUUUl—ﬁJ}//ﬁwmm

Li(t—1) [/ else (10)

ST, Li,t) R LICBIZL Y240, RiEu D%
fbRfEazRd. TNHI1EA (9) OLERIEICED S
SNb.

WENEEL EFL O = {0,,....0,A) BLUESn
DY—=r A X[1:n] HHR2H5N72E S, SEGMENTAS-
SIGNMENT |3HEHRFNE HAE S VW L 2 RGET 5.
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PHREOY =7 Y ATHY, KLELE G5 2 521 E
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LLY—ARMOTHOL T — LB LM% % ¢ & L
ml &, WAt 4+ 12BVT Loy ZHET .
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VAX[L:it+y] DGRONIEE, BH1 25t ETO
ZALHAEA TGt + vy BV TIRETH 5.

FERR2  CRE P(x(t+7)|©) I3HEH] ¢ + v (2 BT B HERD
RAMEZRT. MBER 1 X0, A 125 t4+9 FTO
ZALESEA IR TH 5720, BH 105 ¢ 2B 5E55
INANIEAN t + v ICBWTIRETH 5. ]

Thbh, yIZEREOL I XY FNREIZEDLCHDTH
5. BALEOBEREBRL LA, 2 bICF0B{bEIC
L7 A FOFEBTEITDT, v RIES 72 b E
GO EICEHYYTS,

TFE6 (vRIL) ARFZETI, BRI 1 205 t 128U A
SADBER 2 /o9 L &y PREEE R IS ¢
BV TIRALE P(2(t)|©) 2 NT5L Y — L5 LY —
L0 ~NODEALLTZHED vy BRDO L) ITEFKT 5.

1
o
Ll Fp=r

—‘ (1<i<r) (11)

EUEAYIZIE, B 12B VT L Y — 4 0; ~DZEAL S A
ARIBLZEE, BEICLY =460 ICHY LY THNRzE
TAYIPORESEEEL, yHARIIBLTLbIL LW
EDVRAE S N2 ZAL R ESITED E v 7 A v b Doy [
BTEATH.

FENEES LU — L4 {0}, FORNKEOHDOREK
fiff max{k1,...,k} & k £ 9 %. SEGMENTASSIGNMENT
d O(drk + k> + r2) O A ) B L B 720
O(drk? + dr’k) OFM &M A Z5 5.

SERA3  KHEEIIC BT, SEGMENTASSIGNMENT (ZE)HY
FIEICE S E dRIET =Y I T L LET TN T 4. T
bbb, PLYREEZ 1O LRSS, KL U—241
DNWT, WEBCTER LR T dE2H, ol Y —2ah5
BRLMHSEL (r— 1) xdklFtHET 5. LoT, FftHEE
EAE O(r x (dk? + (r — 1)dk)) = O(drk® + dr’k) T
%. 72, SEGMENTASSIGNMENT (ZH.—® b L V) ZAH &
AT 572012 r x dk HOES % 22, @ HOKET
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Algorithm 2 STREAMSCOPE (z(¢),C)

Input: new vector x(t) at time tick ¢ and current parameter set
C={m,r,S,F, O}

Output: Updated parameter set C

1: /* Assign z into existing regimes */
2: Decrement v;
3: {m/, 8", F', v} < SEGMENTASSIGNMENT (x(t), ®,~);
4: /* Estimate new regimes in X, */
5: if v =0 then
6:  ts—ts €Sm; c=fm; Xe— Xlts :t];
7: Remove sy, fin; m«—m —1;
8:  /* R: list for number of segments, segment set, regime */
9: R < REGIMEGENERATION (X.);
10:  /* Compare ACostr to decide optimal r */
11:  if ACostr(Xe;m/,r, 8", F',©) > ACostr(X.; R) then
12: for each {m*,S*,0*} € R do
13: if ts =1t} € s] then
14: 6. — ModelUpdate (S8*);
15: fi—c (i=m-+1,....,m+m*);
16: else
17: ®—0OUl*; r—r+1;
18: fi—r (i=m+1,....,m+m*);
19: end if
20: S—SUS*;, m—m+m*
21: end for
22:  else
23: fori=1:m' do
24: 0y, — ModelUpdate (s;);
25: me—m+1;, S—SUsl; fm—fl;
26: end for
27:  end if
28:  Update A; // Equation (1)

29:  Compute 7v; // Equation (11)
30: end if
31: return {C,~};

WoST A= % &G r x (k+ k* + 2kd) + r? ARFET 5.
Lo, KT O(drk +rk®>+1r?) DX E) B ELE L
5. O

5.3 StreamScope

K2, HEIWICH 2L Y -2 %2t L, fEC 2Rk
57200 TV TY) XL THA STREAMSCOPE (2D Tk
5.

STREAMSCOPE D #£:#ll % Algorithm 2 (2783 . Fi%l ¢
CBWTARZ ML zi) 85260728 &, REFEE
SEGMENTASSIGNMENT 2 X o THIEDOH RV — > (L
U= L) OFLEEAL, MEICHIL L LY - ANEBREL
TG EDX T AL NOWEWRAm S, F'Y 1% h. T2, B
Gl Y=Lt T 5700, ZALEOBERDS vRAES LB
L& (Thbb, y =00 &), REGIMEGENERATION % Jf]
WC X oL Y=L EHEEL, ERLEL Y- A1
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X OFRFOWHGY—r v A% Xo= Xty :t] £ T 5.
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