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Automated trading system, car location system, and
cell-phone system produce huge amount of time series
data. Stream data processing is expected as a new
technology which analyzes the data continuously to
extract a value in social activity. In automated trading, a
decision making must be performed not only on stock
price information but also on the monetary resources of
the investor. The resources could also be changed along
with the investment behavior itself. In this manner, an
actor must select the best action based on its state which
the action itself will modify. Such behavior involves a
self-reference which causes a paradox on the query
languages of stream data processing. We propose an
execution control method by inserting delay operators into
recursive queries to resolve the paradox.
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REGISTER QUERY buy_event
ISTREAM(
SELECT stock.id, 1000 AS num, market.price
FROM stock, resource, market [Now]
WHERE stock.id = market.stock_id
AND stock.num =0
AND market.price < 500
AND resource.value > market.price * 1000)

REGISTER QUERY resource
SELECT * FROM resource_stream [Rows 1]

REGISTER QUERY resource_stream
ISTREAM(
SELECT * FROM initial_resource [Now]
UNION ALL
SELECT resource.val
- buy_event.price * buy_event.num AS val
FROM resource, buy_event [Now])

REGISTER QUERY stock
SELECT * FROM stock_stream
[Partition By stock_stream.id Rows 1]
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Fig.1 A Query Example of Automated Trading
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Table 1 Monotonicity of the query operators
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Fig.2 A Query Graph and Stall at Binary Operators
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REGISTER QUERY resource_stream
ISTREAM(SELECT * FROM initial_resource [Now]
UNION ALL
SELECT resource.val
- buy_event.price * buy_event.num AS val
FROM resource, buy_event [Now]
)<Now>
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Fig.4 Time Chart with a Delay Operator

3.2 BEEHEZIMALET HIEFICEHZIFIRTE
23R L THEE DA h—E, HDOAL—ZD
FATHRC — D AS ¥ 2 —REOHA, M Dx 2 —D A
TN EDERVRAOZ TIVNRZEDZEX 2 —(Z8HKT D
AREME A BT AMLEMIC L VAT S, ZoMEIC xR
L2, BAIC 7 ) 75 7 EOEA R —F O E 5T

oot e o, BABIEIMELZ AV,

BB EATT A0, 72 79 7 EToA R —
ZEOANHABRIZEB N THADME YD B ADMOA L —
B EVTHRICFITTHLERH D, Hlzid, A MU —2kiH
BHTIX, HAANCBWTAEFT HANT — X OEEPHEE
L7adhiE, ZORAOMNT —% OES HHEE LW
6][9]. ZD &5 elfEER#ETZ7Z=DIITI ) 7T 70
AT BIBICFEITE TR L T MERH S, L, FHiR
MEIZ BTV —T DRI D20, 20 L9 ZIERF
ITRERFRETH D, £ 2T, FIRLBRPICIEIET DRI
BAbhRE LT — 72Ul U CHEITIERF 2 I E FTREIC
T5. ZOL D RNEFREDBILIIKDEY THD. HDHIF
HNOT —ZPNBIEHEIZAD &, ZOHINIVTREEZ LY
bASkicE e, BIL, FORLOMBIBIEEE CHL T
IEEY &%, fE-o THL—F1%, YW ORI % 4505
MORBEETD—HHDOT T 7 LR TZENTES.

K27 =V 7Z 7iZxtd MG 2 R5IRT. KA
L— 2\ G5 S AN FETIEF 2R T, 22T, FATIHE
1~8USNDF L —Z fE (MOKEOEK) XL —7"%TE
BLTWAEDT, TOHOFIEHE TL—720W+ 5. %
DFERIIRED L 5 e —FHIMD TS 7L 5DT, ANk
HA (O TF2 5 1) ([2mds> TRIBEOIATIEF 254 5.
ZONEFEKAEIZRT &, FATIEI~191EK D L HIZEE 5.

B5 BRITIOERITIER
Fig.5 Execution Orders of Recursive Query
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Fig.6 How to define execution orders
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REGISTER QUERY uni_input
SELECT * FROM inpu[Now]
UNION ALL

SELECT * FROM all_avg_delay[Now]

REGISTER QUERY avg_delay_0
ISTREAM|
SELECT * FROM avg_0)<Now>

REGISTER QUERY avg_0
SELECT * FROM uni_input

WHERE id % 2=0
UNION ALL
SELECT id, avg(vaI)AS val
FROM avg_delay.

GROUP BY id)

[PARTITION by id ROWS 1]

REGISTER QUERY avg_delay_1
ISTREAM|
SELECT * FROM avg_1)<Now>

REGISTER QUERY avg_1
SELECT * FROM uni_input
WHEREid %2=1

UNION ALL
SELECT id, avg(vaI)AS val
FROM avg_delay 1

GROUP BY id)

[PARTITION by id ROWS 1]

REGISTER QUERY all_avg_delay
ISTREAM|

SELECT * FROM avg_0

UNION ALL

SELECT * FROM avg_1)<Now>
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Fig.7 Query and Data for Evaluation

7'—9

wlol=lolwml=lofwlvlolz|

Zo7x YDA RY—2A (input) ~AS3 52,000,000
TNOERRER A RE LTz, EFIRZ = V2BV Cikinput
DOMIZDUMMYIZ B YT 54 i AT L.

4. 2 ﬁtﬂeji‘té:w'lft“ﬁttix
#ﬁmﬁi)ﬁiwﬁﬁﬁ%%rT i/~ =Y
;&10)& | TéDTS/i@%*ﬁ'%%l 0& L7 ALEERER
FxHETH 5. BEIHBIEICBIT A —D2D AR L —4% D
FeRATI D LR EFKT. 7ok, HBIEICH T 2 EFTIER
X, 54X —ZOFITICB W TRERERNPERINTZHEIZ,
ZFOHDEINIBT A AR — X I E BT (kD55
BlEAZ v LTEL) FRE L. DTSIEOMHEIT AT
R ANT—ZDEA LAZ L TOEY FE LT, @QFF
TN WG A 5T 258, BXOM4Y 7T
U &2 54 D84 02/ — o 23 LT-.
DTSiEEHBIEE BT, /N7 =) OEENP L 72512 LM
REREIL L. Ziudd L — X OB L - T2 72
RFTEREA L, $¥ v 2 OFAMENEL LT L HE
HTD. £/, ANT—ZDEA LAZ L TOMNENAE—
EEBELE@EDELET D L, HBIETIHIF E A EMERESE
NN DIZxt L, DTSIETIZO) O F R EVEREZ ~T. =
L, FAXL—2B4oD X 7V A L CRBEFRETH D
728, @IZHE_TO) TITRHEO/AENEEY, v v
OFAZRENGE Liz720 EHERT 5. FEOHERIL, HB
BB 2 #G TR & HEEE L OBRN L L ARETH B,

(a) BTN DI LREVT DR DHE b) 45TV DRELEILREVTORE

1.6 1.6

14 1.4 |

1.2 1.2 ¢

1.0 G 1.0 o

0.8 0.8
0.6 0.6 |
0.4 0.4 |

0.2 |

0.2

0.0 . 0.0
10 20 100 1000 10 20 100 1000

— DTSN T)4))

8 FERIRI T DR FH

Fig.8 Processing Time on Non-recursive Query
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Fig.9 L1 Data Cache Misses
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Fig.10 Processing Time on Recursive Query
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