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Abstract In facility management for buildings or plants, needs of facility diagnosis for saving energy or facility
management cost by analyzing time series data from sensors of equipments in facilities have been increasing. In facility
diagnosis, it is hoped that anomaly data are automatically chosen for manual analysis from a large amount of time series data,
because manual analysis is a time-consuming task. This paper proposes a SQL-based declarative query language TPQL (Trend
Pattern Query Language) for expressing constraints in time series data for anomalies detection in facilites. The features of
TPQL are the following. (1) TPQL has a convolution operator with domain dependent window functions into SQL in order to
describe concisely the duration constraints and window processing. (2) TPQL has a universally quantified constraint
satisfiability check and a wave counter as window functions in order to describe duration constraint and hunting constraint
respectively. (3) TPQL can describe the relation among time series data depending on equipment configuration with
configuration management description in XML.
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AT T K H T, AR D EAL TR, EX .
FoHEAKEAN & L C o oS B MR & OBk
HHERIT D XML XEEZATE LT, BRIT—
2 OHIFI RN B RT 218 54 & XPath 0 FEAM A &
LTHRSET LI &I, HaBHERICIS CemRET
— 2 M OBRHOZFHMT 2, LTFIZ, TPQL I2X 2
FL ] & R 9,

B DI E N ZERRBE O RIS

(] Z2@plefmic, 2230
O HIRE LD b KX VR

JB 9 % ml 42 L B il




RO I, HL, EHREHBEIERD Y, EREEIC
H;ﬂﬁ LENERRE I N TED ., ﬁ%_%TK

BICbREXY Y- ESRhT0ndb0ET 5,
ot —MomEx, X 5 IR TEFEKER XML
THRIAL XML O BHEICRKRRINT — 2T —T VDA T
L4 ERBELTWE LD LET S,

foreach {ZZFAHE as SA In EEHEMIBEIHR XML }
{ SELECT time
FROM BRI T—2T—T I
WHERE $ALEE > avg($A /O ZEEFHEELRE) )

LRR o “$A /R A R EHEERERNRET T, SAIXEE
BT KEHBRT DR ERDIHICKEIN D,
Flo, ST IT XML O TN EFRETEDLERE, N7 X,
XML O BT 72 AT 2 B EERT,
foreach X & NEEITT H &, BERLD “ZEHK” <
Z7E TR 1 ST 2 BB O S AR SA 1T
Aéhéo£@$A:§ﬁ%1ﬂﬁAénfwé&%
W, A CSA /AT 28 LB A A DR N
B TN AEEICH D R4 R & S @%%JX
(id 25 A28 R\ B o) A A s 11, W] 2R Rl & ) A 2
12 THLIHLO)BRRASh D, fRE LT, ZEilk
L OWRE L, T E RS SR 11 & a2 R ]
BEE 1 20WY ) Lk, K 2 0REE, T
EEEREEE 2 1 L AREHREEE 2 2 0FY )
T L, LI REERBTE D,

<J 7 1 AR >
<ZZFEE id=" /WH’FA% E="E R 1 RS
<A 25 JaR\ R A A2 A R 1 1"
BE= Tﬁﬂaﬁﬂ E_1 1 85>
<A R R E id="r % ﬂ%%@ L1 2"
TR EE="n] 28 JR B A 2E 11 2 IR EE"/>
</7“§H$%%>
W%M-éﬁ%z I ="2 Rk _2_ iR
<A 2 J R A A id="" AT 2 R ) 4 2 E5_2_1"
mE—TWﬂE%ﬁﬁ%21iﬁ?b
<A 2% Rl R AR A G id="RT 2 R A A A 2 2"
ﬁﬁﬂTEﬂgﬁﬁK%ggjm;b
</ 72 3 H >
</ 5 5 A 1 >

X 5 BRI @ XML

4. BRI T - RREFEOLEFT K

BRI F — 4 B SHEOMIIT [ 61TRT X5
FEREKAER, BHADGE AR, BEO, #HHFE
R ELIRD B D, BT, 4« O£ NI B T
5.
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(1) EEEHERKLE

HEMBERE R XML 77 AV ESRBLRNRL, RE
XD XPath XD /) — FHFOTF X2 MEEZHWT, &
BEBICEEKNRESTLAEHY B TS,
(2) EHAAHEENE
DTHELNERBZXFTOERAREFICRL T, &
A B IEBELI LR A DN D H R E T & RER S
T =N — R THFET D,
(3) HKBFERMEHE
@QTHELNTE-BRBERXTOROR 2 FTET DR %
K, FOFREM O SELECT X CHRET 2 EZM L T
LETNVOEEELNT S,

5. B
TPQL X, BERFNT — X WEEEEO 7 A v FUALHE
EERPAHBHEE L TEREL, BLRALHE Z SQL I
ﬁ&L#%ﬁ&bfﬁMbt@%é%f%é E N
XA 2 W O R R YT — Z AL & R IZFE R T 5 7
wm\iﬁﬁﬁ\ﬁ@Iﬁ\ﬁﬁmkm\%%\ N %
BB, WA Nl EBBKE L THEALL,
ARETIL, UA 2 NPTk A 7 HE 2 06 5 0k
REFHEE L THMAIMNZ CQL L BB LR T 5,
CQLIZ, A MNY —ALTF—FEFH AT LT DM
REFEBTHYV AN —2TFT—% L SQLOMEKT —#
MOWAEBDOI-OOIEHFELRELTND, A MY
— AT —FERBRT - FICEBRT IR, YA VR
vEMETOMEZHMBEL TR, BERET— 4 ~EH#H
ik, SQL L RIfkIC, MBEXAZBRT — 2 oK T
— X ~OBEBELTHRRTX %,

TPQL X, PR T —# X— 2 2B\ T,
ETDRERINT —H b OT —T I
YRR E T —

B % % —
REL T, vA
TNDH T (WG O B E) S x T



LEHBAHFEEICL VKRB L TND EHRIARERIT,
SQL DA 7 AT HAEMEAE LRI, 7—7 4D
NI LEFMIITERT DEEICHYET 50T, SQL @
BEWmERGFLEEE . VAV FURBAEEATE S,

CQL CiX. vA v FuyF—2F oz, A ) —
LT —2 LGB T —FMOEBRELTERIAL, Vv
Ny F—2F 0BT, BEERT—FNPOBE%RT — &~
OEHE L TEEHT L, LorL, AN —LTFT—FM»n
LEBRT =X ~ODEBREOT 7Y r—3 g VEA O
HIZOW T, ®g4Thoiz,

TPQL i¥. A MY —AF =2 LHEBET —F ~DZE
BB lc B R T 7 r—2 g VIRFEORE %2 | BB
WSS BEARAAEE L L THRRAMICIEME T 2 P/ A
FRELTWVWD, 20D, FEERFTHBRMO DO
RHNT — 20 E | BEEERAOTEET S Z &I
Lo, nHREloRBX L LVFHRBICRETED L9
2725, £, BHAHRHEEIT, BEMUSFEO 7 L —
LU —27 Toh D MapReduce THRILTE 50O T, o Ha
FICHBBELTWAZ ERNBETE B,

6. BV IiZ

AL TIEZ. BN TT7 o bR S sz oW
— PG LEZHORRINT — X 25 L LT, #iH
BEERMNTDEEOOHKNEREL, ToHIHXE
Wil TR 2 MBI 2 MR T — X MBS iE TPQL &
"EL,

TPQL TiX, BT 27 —% %, [z ¥ — L5
L7 —=TNT—F ] & RRIT—Z2WEGET 5L
Y OFRE S ORISR ) ISR L, TRk R R
MATA FEGLEEFORNEHEORE] & TFRED
o oMK BRICKT LK RST — & Mo B4R H
KWoRE) oRFEwm-+TILrxMol,

RESHE TPOQL O ERFFHIL. L FTD 3R TH D,
(1) FEZE T ORRINT — &% OB E &2k
LHEICEBE L DU A N A2 EEAKER W
BHARBERICL D MBICERTE D,

(2) WKL, REFHEREEEENEBRKICHET
x5, ¥, ZZWmFo v A4 Ry %zl 3
DO ORBEEE LT, WA, RRES . K
KE, Z4. NE¥FBEK., £L T, BHEIv - el
ERRELE,

() BIRETADHN T 24 DR E YREET — I &
DRETDZEICED, RMGEOMRFEHRZ HVTES
MoflHmzrikcE s,

SBOMBEIL, IRESHEE TPQL 2% M2 W o FifE
WHHT 2221280, SEORBE. Lk DR
E, WEMERRGHE, T E)BEAEFSTHDE D
EERIAET DI ETH D,
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