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Abstract: We propose a polynomial regression analysis method by stream data processing as a real-time
continuous execution technique of near-future forecast analysis, which is essential for realizing risk avoidance,
failure prediction, etc. based on time series data such as IoT, financial transactions or telecommunications.
In long-period execution of regression analysis, it is necessary to continuously move the time origin and
recalculate the regression in order to avoid calculation overflow due to growth of timestamp value. On the
other hand, the recalculation cost causes latency spikes or low throughput. As a solution to this problem,
we propose an incremental time shift calculation method that can arbitrarily define the timing and length of
the time origin movement, and achieved both reduction of movement frequency and avoidance of calculation
overflow. We applied this method to third order polynomial approximation and confirmed that both the
overhead of the regression recalculation and the approximation error due to calculation overflow are sup-
pressed to almost zero. From this, the feasibility of non-stop execution of near future predictive analysis was
shown.
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Fig. 1 Incremental calculation on shift of the time-series origin

at arrival of a new data.
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Fig. 2 Data flow of the query in which the time-series origin

can move arbitrary lengths.
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Table 1 Role of the queries in the query graph.
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Fig. 3 RSS (residual sum of squares).
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I BMRER IR L v, b, BEFREA ) — 2
ML BWCEELRETH L LA 7 v Oz, 1%
D74 v KA X CTERTIETH D Z L 2R L.

X 6 1, FESBEIEE AV — 7y FMEREOBR %
RY. Ny F Y7 b ERTIE, BEIEOHN (ThbbE
BBHEE ORI 2L b ) AN—T v bOSBLHEHETH
LD L, EEBE X TIIBEIEICIZIZRE L 2w A
W=7y bEEHRT L. FERHTIE, #fEhs hhiEd 572
D2, & HFERE DML CRZIE SR B LIR  FEAT T 5 LT
Wb, Lo 7T, BEMWRIAKE L2 WEiELR £ T 5,
RESFROKDVETHEEZ L. —), BEIEN1OHE
&, BELVEREAEITTER SNz, BEIE 1132 RBE TR
CHET 5. Thbb, ZOHKEE, REFRNCE-TE
By A3 e BEEEVLLTORELEND LTS
Z LT, AR ERBEIOFE A — Ny FOSHRES L,
e L2 2 ERL WS, /2, BEEE 10 UL
WL THHEBEDIZEL L W s, IREHFRICBIT I
S SR EEHE oM RE B, BEIIEE 10 DL EICKET
HIETIREZYOICTEDLEEZDLIENTE S,

© 2018 Information Processing Society of Japan

No.2 1-6 (July 2018)

50
PR —o— shift.dim2
5 40 A === mov.dim2
G
= 30 -
5
£ 20
2
E 10 ././ | window size=1,000
I 0 T T ]
1 10 100 1000
moving length

'S
o

w
o

—{lll=

DO
(=)
|

=H—0—

J—
(=]

Throughput (a.u.)

?

—e— shift.dim2 /.
=== mov.dim2 /

*/.’1 winodw size=10,000 |

10 . 100 1000 10000
moving length

X 6

WS R EIE & 20V — 7y b OBIfR

Fig. 6 Throughput on moving length.

60
50 ‘\

—e— shift.dim2

=== mov.dim2

N

40
30 %‘2‘—.
20

10

.~

Throughput (a.u.)

\O\.

0

100 1000
size of window

10000

7T T4V R A REAN=Ty FOMR
Fig. 7 Throughput on window sizes.

B 7, w14y FoHARERNV—Ty MNMEBORIR %
R T4 Y FH A XN S WA, EEREE R X
DNy FT T VHROKDEY VTN EREETH L0
WHERER RS T, Va4 Y Ky A4 AW e b na
BOVEREDS AL T B, Ny F ¥ 7 bR TR S H)
BOFHE I A ML KRTH D20, BB —REI2384
THLAT v TOMRD, BRBEETHLAN—T v M
FCREERITT. —F, BREFATE I P4 X
WCELBWAL—Ty MEREZFEFLTBY, AN —A4
WHOTCROERETH S, Z5UBICE LY 1 FoH A
R OMEREZ MR L TV 5.

5. FEEMZE

WAN2THEDAL V7 ) A F NV aFEHEHEE LT, RLS
(Recursive Least Squares) 7 )V T XA LNJL L HISNT
V2. WIRT A NVY OHBRTFLETHY, ASETE
BIANITIHBLIHEEMEE, 2T LWETHELEORED
QM TAMET H LD, TANVIDREE A7) R
Y IVICEHT . AREE MO ATE S O e 3T



BMALEFR/IEE 7—2~N—2 Vol.11

LTERIN, REITHRETEASIT SIS, 72
RLS g i e LT, BHRHDOMDH Y12, K%L FH
FEDASA T4 71 v Ny EFHTRE LS55,
WCOPIREENT WS 3], [4]. 72751, ZhsBEAERT
DWFTNIZBWTYH, oKL b %) Stk ED
FALOfFI AR E Lo FRERES N T v, ST
A2 RHE > A by T TEITT B ISR EDORET
HY, FOBETIRMFEOAGMMEL TR 5 2 LA
EEZD.

AN = LT =5 OFFIIZE HAF78 & LTI [5]
DS 5. IR T o 2 IH{#EE T punctuation DI
DARAZT Ty 7§50 FEITHT L, BIV— T NICE
W+ XL —% (Flying Fixed-Point) % #%i}, &b 7%
punctuation (BLF sp) %V — 7N THA S LR 2R
ZLTWA, 72721, V—T7WNICIZFEEIZ 120 sp L
EHWVWI ERFIRETAD, V=T HIpEE e s =
VI3 RAL B S, 328N LT =% 70— D%
FFRANTH L., AL, AEETHHL72HE [T I
X7 7T 7 OfEICET AHRNEAEL Rnizd, &
DR ZICHICEATRETH L. AT, Ry
VEREAT — PORFFICHEHA L, ZOEMAEZRLZ.
T/, vA7uNy FROA MY — 20LE 6] & F%TH
BNy FTT7 MR EORBKIZHEDE, 7= 7 A Ok
FATICBIF A LA TV AL 7 %S 52 & 2R
L7,

6. F&&b

A DY) = DRI B A RSREI T — & O L LT,
ZORKFNTH D H/N 2 FiHEIIONWT, A MY — 203
ELTEITLIBOMEL MG L7z, 2OfRFR, WH O
Belo & B REEMEORERAS, SEWEHEIC BT 2 HiENICD %
B EV)EEIRRML, FomEgEs LT, KBIEED
ATA NEEL ) RN FEOFEFE, LU CQL
DFF 7 T X B EFEIROER Tz fRFE L 7.

502, PR L ETREMREICOWT, T4 — T REHHE
ikl OWEGHE A FEhG L, $RRFEDS LR oM % [l
WMTHIE, BIOHELHELZMLT 50T, REFE
DB THD L 2R L7,

D EOMEHER, S, AN — LB X B ERY) 7 —
¥ OFEWSE, BLTZOIMNFIC L BEETHO L L
T, RETEDVHENTH 5 L Oz 7.

REL7EDEE IS CFHIIIc B LWTlE, A
TAT4 T4 Koo A4 X, BIOELR O/
MewvolonNgx—3% FETLIZFa -V T30
TWhh D, 41k, 8T A— ¥ BREOHEREL, B
B, BRELET R EERET A LEND B,

© 2018 Information Processing Society of Japan

No.2 1-6 (July 2018)

SENH

[1]

2]

8]

Arasu, A., Babu, S. and Widom, J.: CQL: A Language
for Continuous Queries over Streams and Relations, Proc.
DBPL, pp.1-19 (2003).

Recursive least squares filter, available from
(http://en.wikipedia.org/wiki/
Recursive_least_squares_filter).

van Vaerenbergh, S., Via, J. and Santamaria, I.. A
Sliding-Window Kernel RLS Algorithm and its Applica-
tion to Nonlinear Channel Identification, Proc. ICASSP,
pp-789-792 (2006).

Hoagg, J.B., Ali, A.A., Mossberg, M. and Bernstein, D.S.:
Sliding Window Recursive Quadratic Optimization with
Variable Regularization, American Control Conference
(ACC), pp.3275-3280 (2011).

Chandramouli, B., Goldstein, J. and Maier, D.: On-the-
fly Progress Detection in Iterative Stream Queries, Proc.
VLDB, pp.241-252 (2009).

Zaharia, M., Das, T., Li, H., Hunter, T., Shenker, S. and
Stoica, I.: Discretized Streams: Fault-Tolerant Streaming
Computation at Scale, Proc. 24th ACM Symposium on
Operating Systems Principles, pp.423-438 (2013).
GREZ, Vi % REEEHEEFA LR MY —
LT = F MIRDFHRSENE, HAT — 8 N — A F LG,
Vol.9, No.3, pp.25-30 (2011).

GREL RN TTEDA ) — MLBIZ B b S
Inl3 ik, 4 162 Il DBS #7856 # %, Vol.2015-DBS-162,
No.28 (2015).

SKEZ
1996 SE TR RS PE T2g R 7e Rt
LA ET. JUE, BB ERTTTE
BN —FFVF VT oay—A
VA S IR A a7 o g S 4
WS FAENFE A

(IE%H)



