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Abstract: Most of the existing real-time processing systems over data streams focus on minimizing average tuple
latency while less attention has been paid to deadline of each individual tuple. This paper presents a real-time
adaptive batch task scheduling (ATS) mechanism to support the strict deadline requirements of mission-critical
applications over time-varying and bursting data streams. The ATS strategy aims at maximizing task throughput and
minimizing deadline miss ratio by minimizing both scheduling overheads and deadline miss overheads. The paper
proposes a concept of the optimal scheduling unit—batch granularity, and designs a closed-loop feedback control
mechanism to adaptively select the dynamic optimal batch size in a non-predictable data stream environment. The
theoretical analyses and experimental results show the efficiency and effectiveness of the ATS batching technique.
Key words: data stream management; real-time task scheduling; query processing; deadline; feedback control
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3.1 BTS
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Algorithm 1. BTS.
1. Get adjusting factor k;
2. Repeat Step 3 to Step 5;
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3. Call Priority Manager to compute the position i of the highest priority batch;
4. Select all basic tasks from k basic batches in the ith batch queue BQ; to build a scheduling batch T;;
5. Send T, to Query Engine to execute.
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Algorithm 2. Adaptivity Controller.
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Algorithm 3. BTSL.

1. Get adjusting factor k;

2. Repeat Step 3to Step 7;

3. Call Priority Manager to compute the position i of the highest priority batch;

4. Use §Q)) to calculate how many tasks can be finished in k basic batch of the ith batch queue;
5. Drop the oldest tasks that are potentially overdue from k basic batch of the ith batch queue;
6. Select the rest tasks to build a scheduling batch T;.

7. Send T; to Query Engine to execute.

BTS1 1 Adaptivity Controller k, ATS1 e ATS
34
, . ATS : ,
1 T, ATS (O(TH/U),0(T,/ @) , U
@ .
1. ) T, O(T/V).
1, K=U/®, O(T/U)=0(Ty/DIK). ATS , K K,
k>1, ATS
4
. TAAT ( ) BTS (BTSBTS1) ATS
(ATS,ATSL) Ideal
4.1
, SDMR 6 . [6]
:depth  fan-out. ,depth Jfan-out

© PEBREBALTU bt/ www. jos. org. cn



1838 Journal of Software Vol.18, No.7, Jduly 2007
{N(t),t>0} {Xn,n=1} A
(©)
Ae7, x>0
fo(X) = {0, des ®)
X Je(¥) X A A ,
) ) A .
100( , 10Kk, ), 0.5,
1.
Tablel Experiment parameters
1
Parameter Value
Query depth 1~3
Query fan-out 1~3
Operator selectivity 0.01~1
Operator cost 1~20us
System overhead cost 20~80us
Exponential distribution parameter A 0.1~1
Query deadline 1.0~5.0
Batch unit @ 0.1s
:24GHz  Pentium 4 CPU, 512MB, 80GB.
Windows XP, Cc
4.2
3 ( ) . , A 05 3
( /01 ), (). , , 50~75
K SDMR, 4 5
,  0.01s,0.02s,0.04s,0.05s 0.1s. g o
SDMR . , 0.02s : 2xD SDMR
0.01s , 5x @ SOMR . ,
, , , SODMR .
, SDMR.
ATS ! k
, 01 ,SDMR . ,
0.1.
, Kp K. Kp,Kp 0.5,1,2,5,10,20 5
, Kp 1, SDMR. Kp ATS k
7 Kp LATS k -, .
SDMR , , Kp=1. KK, 1,5,10,15,20
6 . K 10 OMR. K,=10. ,Ak=| ASDMR+
10xSDMR. Ke K , :
Ke K

© PEEREBEAD

http:/ www. jos. org. cn



1839

2 s 60
o
g 70 50 —e— =010
2 5 S —=— =001
o x 4
T 5 = —+— =0.02
g 2 30 —%— @=0.04
e —6— =005
% 50 20 L Il ]
[a) 0 1 2 3 4 5 6 7 8 9 10 01 02 05 1 2 5 10
Time () Scheduling factor k
Fig.3 Arrival rate with Poisson distribution Fig.4 Effect of different batch sizes
3 4
60 70 -
50 — Kp:]_ 60 — K|=0.5
g 40 —®—Kp=5 g 50 - —=—K=1
S 2 = Yor k=2
8 —a—Kp=10 5 20l %—K,=5
20 —%—Kp=15 20l —>—K=10
10 —¥—Kp=20 10} ——Ki=20
0 0 ‘ ‘ —
0.10.20.304050.60.70.809 1 0.10.20.3040506070.809 1
p) p)
Fig.5 Effect of different proportional factor Kp Fig.6 Effect of different integral factor K
5 Kp 6 K
, , SDMR CPU 3
7 . 1 ,TAAT
; ATS BTS . 1
TAAT, ATS , ,
2 140 —e—TAAT
S —=—BTS
A 3
' ' ' 90 —a—BTS1
A s 10k § —x—ATS
A ) , c g 40 —e—ATS1
1 = —+—IDEAL
) , , € 10
0 @ 0102030405060708091
p)
’ Fig.7 verh
SDMR , 8 . g ! System overheads
,TAAT SOMR SOMR
ATS SDMR BTS SDMR . =05 |ATS SODMR
TAAT 30%, BTS 15%. TAAT ,
, TAAT . ,TAAT
SODMR . , BTS ATS , BTS SODMR
ATS SOMR . ,BTS , , ATS
, . ) , ATS BTS
LATSL SODMR ATS SOMR , BTS BTSL SODMR , ATS

© PEBREBALTU bt/ www. jos. org. cn



1840 Journal of Software Vol.18, No.7, Jduly 2007
k ; ; ; ;
; BTS , D,
, CPU , 9 8 CPU CPU
CPU , ,TAAT CPU
CPU ;o ATS CPU BTS CPU . ,
ATS BTS
ng —+— TAAT - 188 —e— TAAT
s —=—BTS < 80 —=BTS
% 0 BTSL .% 20 BTS1
S 30| —%— ATS S g ATS
B 20l —%— ATS1 g 50 — % ATS1
10 —e— IDEAL % 40 — e IDEAL
oM—M—" 30 T
01020304 0506070809 1 01 02 03 04 05 06 07 08 09 1
1 2
Fig.8 SDMR under fixed selectivity Fig.9 CPU utilization under fixed selectivity
8 SDMR ( ) 9 CPU ( )
: 0.5 , 001 1 , .
10 SDMR , ATS  BTS SDMR , ATS
. ATS 1=04 |ATS SDMR 5%, BTS
TAAT SDMR 10% 40%; 4=0.8 ,ATS SDMR  TAAT 30%, BTS 10%.
: , 10 SDMR 8 . ,
, 0.5, , 0.55, ,
11 CPU . , 11 CPU
9 ,
8or ——TAAT . 100 e TAAT
60 —=—BTS S g0 —=—BTS
S —+—BTSL S BTSL
g 40r —K—ATS ¥ e —x— ATS
7w e 3@ o
S —+— IDEAL
01020304 0506 0‘.7 018 0.‘9 1 200.1 0.2 013 04 05 o.é 07 08 o.é 1
2 p)
Fig.10 SDMR under random selectivity Fig.11 CPU utilization under random selectivity
10 SDMR ( ) 11 CPU ( )
; ( 300)
12 SDMR , SDMR 0 ,
) ) . ATS
Ideal , TAAT SDMR ATS SDMR TAAT 15%~20%, BTS
5%~15%. 13 SDMR 12 , ,.SDMR

© PEEREBEAD

http:/ www. jos. org. cn



CPU ,
)
TAAT
g BTS1
o
=
)
IDEAL
0 L L 1 L L L L L I
0.10.20.304 0506070809 1
A
Fig.12 SDMR under fixed selectivity
with 300 queries
12 SDMR (300 )
5
[1-6]
.Real Stream
Real Stream .
[13-16,21,22]
DMR. task-at-a-time
.Real Stream
r .
RM(rate monotonic)™® EDF* MUF
, [7-11,18,19]
Jiang
PCS(path capacity strategy) \
[18]
[ tuple-at-a-time ,
SDMR.
Aurora QoS [,
QoS
Load shedding
ATS )

FC-EDF(feedback control-earliest deadline first) (!
Tu (24

1841

g —e— TAAT
—m—BTS
—a—BTS1
—X—ATS
—x— ATS1
—e— IDEAL

I ! I I I I I |

20 !
01020304 0506070809 1

p)
Fig.13 SDMR under random selectivity
with 300 queries

13 SDMR (300 )
ATS )
SDMR [21] DMR, SDMR
ATS ,
.Carney [ ,
.Babcock (8 ,
' Chan ,
,Sharaf
.Eddy
ATS )
JAurora
ATS

[19,20]

EDF PID ,

© HHEREBAAIGUT http:/ www. jos. org. cn



1842 Journal of Software Vol.18, No.7, Jduly 2007

QosS. [23,24] ATS
SDMR.  ,ATS ,
ATS

, ——SDMR.

, ’ ATS ,

, ——ATS*,

References:

[1] Abadi D, Carney D, Cetintemel U, Cherniack M, Convey C, Lee S, Stonebraker M, Tatbul N, Zdonik S. Aurora: A new model and
architecture for data stream management. Journal of VLDB, 2003,12(2):120-139.

[2] Motwani R, Widom J, Arasu A, Babcock B, Babu S, Datar M, Manku G, Olston C, Rosenstein J, Varma R. Query processing,
resource management, and approximation in a data stream management system. In: Proc. of the 1st Biennial Conf. on Innovative
Database Research (CIDR). Asilomar: Morgan Kaufman Publishers, 2003. 245-256.

[3] Chandrasekaran S, Cooper O, Deshpande A, Franklin MJ, Hellerstein M, Hong W, Krishnamurthy S, Madden S, Raman V, Reiss F,
Shah M. TelegraphCQ: Continuous dataflow processing for an uncertain world. In: Proc. of the 1st Biennial Conf. on Innovative
Database Systems Research. Asilomar: Morgan Kaufman Publishers, 2003. 269-280.

[4] Chen J, DeWitt D, Tian F, Wang Y. NiagaraCQ: A scalable continuous query system for Internet databases. In: Franklin MJ, ed.
Proc. of the 2000 ACM SIGMOD Int’'| Conf. on Management of Data. ACM Press, 2000.

[5] Sullivan M, Heybey A. Tribeca: A system for managing large databases of network traffic. In: Proc. of the USENIX Annual
Technical Conf. New Orleans: USENIX, 1998.

[6] Carney D, Cetintemel U, Cherniack M. Monitoring streams: A new class of data management applications. In: Freytag JC, et al.,
eds. Proc. of the 28th VLDB Conf. San Fransisco: Morgan Kaufmann Publishers, 2002.

[7] Carney D, Centintemel U, Rasin A, Zdonik S, Cherniack M, Stonebraker M. Operator scheduling in a data stream manager. In:
Freytag JC, Lockemann PC, et al., eds. Proc. of the 29th VLDB Conf. San Fransisco: Morgan Kaufmann Publishers, 2003.

[8] Babcock B, Babu S, Datar M, Motwani R. Chain: Operator scheduling for memory minimization in data stream systems. In: Halevy
AY, lves ZG, Doan AH, eds. Proc. of the SIGMOD Conf. San Diego: ACM Press, 2003. 253-264.

[9] Jiang Q, Sharma C. Scheduling strategies for processing continuous queries over streams. In: Williams MH, MacKinnon LM, eds.
Proc. of 21st British National Conf. on Databases. Springer-Verlag, 2004. 16-30.

[10] Babcock B, Babu S, Datar M, Motwani R, Thomas D. Operator scheduling in data stream systems. The VLDB Journal, 2004,12(4):
333-353.

[11] Avnur R, Hellerstein J. Eddies: Continuously adaptive query processing. In: Franklin MJ, ed. Proc. of the SIGMOD Conf. Dallas:
ACM Press, 2000. 261-272.

[12] Madden S, Shah M, Hellerstein J, Raman V. Continuously adaptive continuous queries over streams. In: Franklin MJ, Moon B,
Ailamaki A, eds. Proc. of the 2002 ACM SIGMOD Int’'l Conf. on Management of Data. ACM Press, 2002. 49-60.

© rhiEBRER

AT hupy/ www. jos. org. cn




1843

[13] Liu CL, Layland JW. Scheduling algorithms for multiprogramming in hard real-time environment. Journal of the ACM, 1973,
20(1):46-61.

[14] Stewart DB. Real-Time software design and analysis of reconfigurable multi-sensor based systems [Ph.D. Thesis]. Pittsburgh:
Carnegie Mellon University, 1994. 113-126.

[15] Duda K, Cheriton D. Borrowed-Virtua-time (BVT) scheduling: Supporting latency-sensitive threads in a general-purpose
scheduler. In: Proc. of the 17th ACM Symp. on Operating Systems Principles. ACM Press, 1999.

[16] Jones MB, Rosu D, Rosu MC. CPU reservations and time constraints: Efficient, predictable scheduling of independent activities. In:
Proc. of the 16th ACM Symp. on Operating Systems Principles. ACM Press, 1997. 198-211.

[17] Babcock B, Babu S, Datar M, Motwani R, Widom J. Models and issues in data stream systems. In: Proc. of the 21st ACM Symp. on
Principles of Database Systems. Madison: ACM Press, 2002. 1-16.

[18] Sharaf MA, Chrysanthis PK, Labrinidis A. Preemptive rate-based operator scheduling in a data stream management system. In:
Proc. of the 3rd Int’| Conf. on Computer Systems and Applications. 2005. http://engr.smu.edu/cse/AICCSA-05

[19] Tatbul N, Cetintemel U, Zdonik S, Cherniack M, Stonebraker M. Load shedding in a data stream manager. In: Freytag JC,
Lockemann PC, et al., eds. Proc. of the 2003 Int'| Conf. on Very Large Data Bases. San Fransisco: Morgan Kaufmann Publishers,
2003. 309-320.

[20] Babcock B, Datar M, Motwani R. Load shedding for aggregation queries over data streams. In: Proc. of the 2004 Int’'| Conf. on
Data Engineering. |EEE Computer Society, 2004. 350—-361.

[21] Kang KD, Son SH, Stankovic JA. Managing deadline miss ratio and sensor data freshness in real-time databases. IEEE Trans. on
Knowledge and Data Engineering, 2004,16(10):1200-1216.

[22] LeeJ Tiao A, Yen J. A fuzzy rule-based approach to real-time scheduling. In: Proc. of the 3rd IEEE Int’'| Conf. on Fuzzy Systems.
|EEE Computer Society, 1994. 1905-1910.

[23] Lu CY, Stankovic JA, Tao G, Son SH. Feedback control real-time scheduling: Framework, modeling, and algorithms. Journal of
Real-Time Systems, 2001,23(1/2):85-126.

[24] Tu YC, Liu S, Prabhakar S, Yao B. Control-Based quality adaptation in data stream management systems. In: Andersen KV,
Debenham JK, Wagner R, eds. Proc. of the 16th Int'| Conf., DEXA 2005. Copenhagen: Springer-Verlag, 2005. 746-755.

(1962 ), y , y , (1979 )’ ! .
,CCF , : ,

(1983 ), , 3 (970 ), , ,.CCF

(1973 ), , , ,CCF

! ’

© HHEREBAAIGUT http:/ www. jos. org. cn




	问题描述
	连续流任务
	性能指标
	批单位和调度单位

	系统模型
	ATS调度
	BTS调度策略
	ATS调度算法
	优化策略
	算法分析

	性能实验评价
	实验设置
	性能评价

	相关工作
	结  论

