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Abstract: Different from the traditional best-effort query service providing, the issue of deterministic QoS
guarantee for data stream processing is discussed. Based on the theory of network calculus, an approach of QoS
modeling and QoS guaranteeing for data stream processing is proposed, Before system running, the schedulability
of all the queries with their QoS requirements satisfied simultaneously is verified. During run-time, service curves
representing respective QoS requirements are allocated to each query admitted by QoS schedulability verification,
in order to guarantee the expected QoS requirements. Moreover, QoS-guaranteeing batch scheduling and query
sharing are extended to improve the query processing efficiency. Finally, experimental results show that the
proposed approach offers deterministic QoS guarantee to continuous queries over data streams efficiently.

Key words: data stream; deterministic QoS guaranteeing; task scheduling; network calculus
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MRS RS L EEERNRERRERARERAL. XA EREER AR HA RN
RTAaF KR, P, EESE N BRI, H HE 5 BRI — 2 M E AR % F B (QoS).
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Fig.3 Architecture of QoS-guaranteeing DSMS
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Table 1 Runtime working mechanism

F*1 BATE T ARAUE

Task trigger
(1) while (TRUE) (&) if (task queue i is empty)
{2) Get query with highest priority from PriorityOrderList, (7) Set priority of O; t0 v and reorder
denoted by Q5 ' PrioritvOrderList;
3) curBatchSize=Baitch organizer(), {8) endif
4 while (queue size<curBatchSize) (9) endwhile
(5) Remove and process a task; (10) endwhile
Task receiver
(1) while (7" becomes the most front task of queue ) {5) If(Qis query with the highest priority except current
. running quel
@ Compute deadline D ; () gb(}:Crzl)l Batch Organizer();
(3) Assign D7 as the priority of query Oy {(7) curBatchSize=bs;
4) Reorder QueryPriorityList, (8 endif

{(9) endwhile
Batch organizer

Offline: Online;

M) UBO=~(o,®B)IxA, i=1.,N; (1) P=priority of query with highest priority except
! ¥ running query;

@ (o, @ ™)) = A(c - U,J, i=1..,N (2) =P
AL S (3)  BatchSize(i,t) = (o, ® B )(r)

(4) Return BatchSize;
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SRR BBE S 5+ Q-Space IR R — 5 P(4,8,1/O) 0 R P AT, BITT BB B 4,8, C B ARG A
S RE S 2 T B, RN AR D QoS HIE R R AR R, nT LA 2 BEIT LU R 3 g 2 S0 QoS BTIE
AR IR, B AR R IR SR T A M QoS RAE i 8 T B KR 0 A e B LA LU R

o RYVIEHEE WRBLATERE ISR IRM LA R C=kC W AR @ LZMAE 5 R 35 &7 B8

BN EEN CENmAFEERATEEINEREE, TUERRHER — M N T RAERE.
s QoS R PE(E QoS ERN|&FEM M IR S thek 35 RIEH AT E IR0, Bk sk R & B2k
R 2 B 2 o b B, BT RLFE F P AR B9 B P PR VI QoS SR T R A B W R AR A
o M AEE 5 CUREE R p(0<p< 1 )ATE AR HE, W 215 B 2R 20 R'(D=pR(A). FHEE st B
R'({)-R'(5)<poKt—s).
A ot ()=poft), MH A B 1kt 25 BRI o JE BN & 38 B R AR BT R QoS AIAKME & 1.

5 X B

S FHUEEH QoS MAEI AR BEEENEBFHERERAR T ENEWH QoS RA4LHE KR
iF. B e, 1 B SE F 2 0 0 QoS 4 55 38 (QoS missing ratio, & #7 QMRWE 4 7 5 4 {RF B 5 5.

M OMRy F/REW O MEFED AFHEE QoS MLLEHT
OMR, = AP QoSHIEF A M

¢ BEHOABAES AHL
FH OMR oo R B H N FEFZH R QoS KL B
OMR = TR B EQoSHIE S B 8L

ol R EWEERES BE
4 OMR pyerorr 73 0 B, R T EWMIHMES R EHRH QoS kK.
FEME SR T % QED(PQED)EH: 55158 H (first in first out, f8/FR FIFO)R BB . B k0 4b 26 B
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R 58 V8 B (shortest processing time, B #R SPTYE EL. A B 8% (round robin, 1R RR)F LT bk LB A
Java $R#EE 5 FF R, 7 IDK 1.5 BRI _EI54T, R IF 8 4 WindowsXP SP2,PentiumM 1.73GHz CPU,512MB 7§
I,

5.1 QoSRIERITERESTHT

WFE 2 AR, ERRIT T ARG NER M QoS FR,FENA & AEIUM QoS Tk, AR 10~450 A
B P EFMABEM QoS TR -DMMBE N 0.5 RFE JCP i fK1°F ) B 1A 5 44 (17 5 70 L™
A R b 2 o AT 45 UK R R R SR B Fa e A, E A B R 3 E FR AR IE 25 4070 A 5T 2 0 Yy 8T
% A B AR b PR B IE 25 o A BE AL = A, B A0 IR )T & Ak HEAR A AR IR M IE 78 40 AT B PR b S B0 U7 SR AL B
300 BEIE.

Table 2 Parameters for data set

®2 HEKEBH
Input model QoS requirements Processing cost
JCP stream (ms) Rated upper bounded stream (each/ms) | Delay (ms) Output (each/ms) per task (ms)
T~N(20,2), D=T/2, +=2T, 7=1.5T | Rate upper bound: r~¥ (0.05,0.005) | D~N (10,1} | Thronghput~¥ (0.05,1) | A~N(0.018,0.002)

B R A W EE R EE 7T B SR A v, 2 A v S T 403 AN BUS L BT QoS FIiA 4
4. 4 B R, 45 A7 1 B Y B P ,QED M1 PQED H K] OMR ey 354 0,280 BT R 20X PR A 1E B K AL B
HEW 2 % H Y QoS 7 K.M % F FIFO,SPT 1 RR HiE K i, BN 7E QoS nJ A B v [l 1 A £ 45 55 K QoS5 3l
R FIFO #iAH RR HEH AN B4R QoS.SPT HiLH OMR,0an BRI N B OMR,yeran B LT H &Y
WAL & R St S, T SPT B3 m ) T2 & L AR D 4T &, 18, SPT B B B 80K 3 B A M2 %
RARHETH L QoS,EMRILIHK OMR,, 0 B MR E R FE LA F L ERMBANEMNOMR BSRE TN,
7F QoS W i fF 11 F P9, QED(PQED) B iE RELHY T R B [¥1 QoS 2 M (RE s 1, A A B A BB B LAY,

H IR, QoS Al At R U AT 8 rh 2 R M4 AT 403 MLUGHRRES 2 QoS " A PRl & 1F. HE
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B4 EAMHPENL Bs EAmEPEL

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



W BB R B T AT QoS MRIEF & 2077

120~ 120 |- -- FIFQ
2 100 £ 10 wobreedte SPT
g s ERY) SO, W S
] g e0r &
R . £ ol 8
@ N 2 a0 \ b
o 201 =4 : : * ;
B SEAGALEY LSRR PPN, - L ,!‘,A,,
30 0.70 0.75 0.80 0.85 0.90 055 1.00 1.05
Throughput (/s) k
Fig.6 Variation of throughput lower bound Fig.7 Variation of system capability
e TrREAETHRARNEMN Bl7 RELESEHHIEL

52 AR KLEIMRE R I

BT PQED #L i B 5% £ 767 2 QoS i B YE I IE [ 5T 48 T ut4T Y, B 1 PQED $#: 5 QED B R A M
§53 (1 T B P S B R QoS IRAIFFEBE. Rk A 1B 4~ 7 BT B LB 5 K HH PQED 1RIE T % OMR,yeran 5 QED i
BTH OMR ooy ZA—BLWE 8(a)fiR,EEWKER D H B TRAMEREE IANESHRBHRKERN
R F LB EE AR BN MRAZRFIKEO R EERENEBRANR A RARE N E
N AT B TR o, BRI, L /N BT A M B B R B — e R LR N SE IR TR S R
FHEFRENBEFEN B THRABEERARENZHE R R X HEEEARGOMERED, E 8O
L EE TR RSN TRBERN OO ES T B £ AN S S LRER T, RENER
B AR A /N RSP B ik R/ BR R T BRI 50 40, A L 8(c) T W, B L KN B I K (T & B b B AT AT BT OB
AT HERE B S I AZEFHIETEH) QoS FIRTIR PR MRS T AWML TR B E.

T 1.0 &
300 Average batch size i—» R _? 300  Max batch size &
§ 250 ; g8 25 ‘ ~og g
= & 16 & £ 200} 3
é 200 / /r, [PUTRPTT S, 5 -§ % / \ ] 0.6 g
'§ 150 4 B E 1501 ; g
/ 3 B E / L 104 2
B 100 - ] E E 100 1 : ot
é /“{ ;. 12 = g e\ oo &
50, i -] 0y : g
Max batch size—8- \ 0 Resource left (%) 15+ | \ o &
; L ! ! 3
40 60 80 100 120 140 160 180 200 228 40 60 80 100 120140 160 180200220 =
Number of query Numnber of query
(2} (b)
8
7 I Average batch size —*— /’gg;g
3] H : ) -
& 6£\ : 2 100w g
§ 5 B R : 0.025 %
E 4 ; 0020 3
5 7/ g e
% 3 - ; 0015 &
§ 'T\, 2
2 SN 0010 5
< 1 T P &
o Per tuple cost —8—+ | ] 0'
40 60 80 100120140160 180200220
Number of query
©

Fig.8 Performance of batch scheduling
B8 fitiFHHae

© HIEERES AT hip:/ www. jos. org. cn



2078 Journal of Software B #3E Vol.19, No.8, August 2008
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Table 3 QoS parameters in the example

#3 FITFTHH QoS B

Query Input stream QoS requirements A upper bound {ms)
el JCP(1/0.8,1/0.25,6,4) Delay constraint D=10ms 1.5
[0 Idem Belay constraint D=13ms 2
[ Idem Delay constraint J=10ms 1.5
[e Rate upper bound R=200ecach/s  Rate-Latency »=1350each/s, latency=3ms 1.4
HRFIRFTIE

1R 2 00 7 P P 2o SO O 2R 4 10 2 V0 1 A B SR AR LR P BB L B e E e S ORAE R R AR A

H R4 R B EER R L IR M A LM B 0 EIR R R T — AR L E A
B2 P QoS Rk N . R IS I T i QoS & — ST I8 [ i & i B OR A, BP 78 2 I3 AT 2 AT BR R A 2 B
HEEERTRBFERITEAPERNEARE AEXFHAEENEWRE R FIERE 7 UERERLED
OB RS A AW IR SE T 45 SR B, 200 ¥ RE A0 47 R0 0 7 S P SR O 78 o MR 10 2 0 AR 45 (R A ST B I
R EE QoS HRIE,BD 100%8) QoS MHiIE. 754 JE MBI A P 840 QoS M RIF M BT BRI MR BRIEFFE
fEE KT QoS L.
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