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Abstract  In distributed parallel data stream processing, facing the real-time-changing and bursting
stream data, fixed resource allocation will cause waste of resources or reduce the quality of service.
To achieve desirable performances without resource wastes, the scalable and elastic resource
allocation is a critical problem to be solved, which allows applications to change dynamically their
resource configuration in response to data load fluctuations at run-time. However, most elastic
resource allocation policies only adjust their resources when the performance of nodes does not
match the data load. The adjustment delay caused by the immediate resource allocation, and the
unpredictable data load reduce the performance of the elastic allocation policy. In some work, the
data load prediction is introduced into the elastic resource allocation, but in the data prediction
model, the future data is predicted based on the historical data, which is not applicable to the
bursty stream data. Moreover, the unnecessary resource adjustment bump increases the system
overhead. This paper focuses on the adjustment delay and the adjustment jump in the elastic

resource allocation. For the above problems, the main challenge lies in the prediction of burst
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load and the cooperation among nodes. Therefore, this paper firstly constructs a data load corre-
lation model to predict the data load of nodes accurately. This model considers the correlation
between nodes of the stream application, that is the node will experience the sudden load change,
once its upstream nodes have carried out resource adjustments, then uses the queuing theory to
predict the data load of the node in the next window, according to the states of its neighborhood
upstream nodes in the current window, which includes the data load, the buffer occupy. the
processing ability and the consumption ratio. Furthermore, a bi-directional control mechanism is
designed to support the cooperative resource allocation between the upstream and downstream
nodes, in which the feed forward control transmits the information of upstream nodes to down-
stream nodes, and the feedback control transmits the information inversely and selects the appro-
priate upstream nodes to participate in the resource allocation of the downstream nodes. Based on
the data load correlation model and the bi-directional control mechanism, this paper proposes an
upstream-downstream cooperative and elastic resource allocation strategy, optimizing for data
quality and resource utilization rate quality of service (QoS) requirements and considering the
adjustment cost. In this strategy, the downstream node can timely detect the sudden load and
load variation trend produced by the upstream nodes, and thus the resource adjustment will be
done in advance, and the adjustment bump can also be avoided. At the same time, according to
the feedback mechanism, the upstream nodes can dynamically adjust the data processing rate to
suppress the load fluctuation of the downstream node, aimed at reducing the possibility of
resource adjustment. Experimental results show that, the strategy is effective, compared with
two benchmark strategies used in similar scenarios. When the load change is large, the strategy
can reduce the average data loss by 85% , and significantly reduce the overhead of system resource
adjustment, and improves the resource utilization.

Keywords stream data; stream data processing; burstiness-aware; resource allocation; elastic

adjustment
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i :U_Array Ulo, (n+1)

Wit . FU_List

1. FOR (Uo,) in U_Array

2. IF (Uo,.Flag==0)

3 Uo, % U_N_Array

4, IF (U_N_Array.length==0)

5. RETURN;

6. ELSE
7. HEH I, (et
8. IF (o, (nt D=<UI, (nt1))

9 RETURN;

10. ELSE

11.  NDOy, (m)=1Iy (nt+1)—Ul, (n+1);

12.  FOR (Uo,) in U_N_Array

13, UPy, G FUOy, (o IFRMEIU_P_O_List;

14, B UOu, GoREFHESIU_P_O_List;

15. HE SUOy,. (n)

16. I (ND()U“‘ (7’1)>SUOU{,I (n))

17. RETURN;

18.  ELSE

19.  WHILE (NDOy, (n)<<SUOy, (n)) A

U_P_O_List #null

20. MU_P_O_List 353K BUE Uo, JER M BN U_Ser ;

21. Fu(Uo, ,UPUU’ ) EINE] FU_Lists

22. RETURN FU._List;

TE FAA v, 48 m D TIHEAR S Uo, FITHE
B Uo, S ST 2 O G B (8] HEFP U_P_
O_List 5% O GmlogGm)) W {A] 5 36 2] 0" A~ 98 17 5k
PR Uo, B9 I 1] & O Gn') oo <om BRI B0 1 1Y
i [) 42 2% R OGmlog (m)).
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Flag) i B AT BAE A U [R) )58 (A2 6.3 99D,

L OAEE A n 1 B 4L FEH A Po, (n+1) 30 (8)
. Flag B MARE UE N 1, —1 30,4351
Xof I A ] R S A R R R TG I R 1 1
Po,(n+1) = Po,(n) +CPo,(n+1) (8)
Htp,CPo,(n+ 1) 3F/R OAEEH T n+1 0818 4% 40 21
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AR T o I fil 7 o ) 5 mig i 4 9 2 L ol ok ik
AR HE AR AT S M 1 % 5 A R R FE el P [ B TR
T J2 75 PRAT J5 A ] R 1Y) 45 SR i e 1) R
6.1 ZBFERERH

AR SOK AR E LN O A AE S IS &
F£ R/ AR - B RBOo, = BOo, / BSo,. H 4 HEBAIE »
MECHOLERFE D n—1 WEHFE S H BOo:, (n—1) .
TEH O n B AEZR To, () FIALFEEZE Po, (n) , N
OAH Hn BPRZERBOo, () i X (935

((To; (n) —Po; (n) X At+BOo; (n—1))

RBOo; =
o; (n) BSo,

(9)
6.2 HEKFE

FEFEAS PR AL T SR FH B U 1) 7 30 0 9 U 4 R 1Y)
Hoik B L e B 38 AL SR DT L -1 % A K
PR AL 2 CPo, (n+ 1) =X (10) 4.

BOo; (n+1)—BSo,;(n) X§
At
2L (10) 1, CPo; (n+ 1)y 1E A AR 32 15 i 4k 28 33
2, BB ) 227 A 3 R/

B U SEAS PR 23y W25 AT 15X O

SHfe HATIEE W e AR L REIE W /2 CPo, (n+ 1),
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D380 285 o 4 ) A 84 0 s 2 AT B T AU Y
PRI PR ) ) T R L il e B 1
TR PR AL A B R K F a5 F CPo, (n+1) 5
W 24 98 4 ) PR AIE /N T 8055 T CPo; (e 1) B AT feff ]
K ADHHFEIFATHRICH ML E CPNo, (n+ 1), H
WP 228 B R AT BT Y A 38 AR

H%”HW CPo,(nt 1) >0

LCPO,(n—Fl)

CPNo;(n+1)=
1 P J, CPo;(n+1)<<0

(1D)

6.3 thEFIE

TERA W 2 )5 . 454 Uo, WY AG 05 B . 75 2 X}
O, B FEUR IR P AT R E L By 1k 3 S IR, Ppla]
FIE LI 250 O, 1 i A B #5072
T B e TR A L, Gk DA Py, (D)
HEOLFEHEO A +2 B AEE To,(n+2);K)5 .,
WM AR S ITo Km N lo,(n+2)5
To.(n+DWAELB) [To,=1Io;,(n+2)/Io;(n+1),24
ITo, KT AT 1 W, R 38mta %, 5 W) i A %k
P Ak 0l D a5 Jme I s FI IR AT AR 0 A
T JE DU PHAT A R B 1 45 SR L A5 0, BB 4

FEA VR B 1) AT SRS T A 1 T AR
fF 2, W30l — R “ AT A7 2. o,
T 1T 0 PR ARAE 0 8 ke 5 i A IR
— R R R E R B G 1R 2 MITE RPN
FA - EOT R IEZ A7 A i

X FF 60 1R ATo b iR#:A4E O, 1 17
P ATo, =1 TRy I ;ATo, = —1 X L Yl 45
# Ay, To AR O T 2 a3 5 g A B # Z [a] 1Y
RFR Y e A Ry 1 0 s B To, (9 {E R 05
A B0 5 # W To, AN 1 R Z . To, = — 1.
FkRFEA LR I A2,

TU,':
JO, (ATo, >0 NITo,>1)\V(ATo,<<0 ANITo,<1)
1, (ATo,>0)NUTo;<1)

1—1, (ATo,<O)NUTo;>1)
(12)

BT bk SCL PR E I ks X A3).
Horp, CJo; G 1) 2 W3 i) 0 5 A B AT U N 1 5%
— 1o 3 Sl RN AT e A 8 R 1) 5 SR R SR 9
(To,==0)V (To,==1A
BOo; (n+1)=BSo,)
(To,==—1D)V (To,==1A
BOo; (n+1)<BSo,)

Jl’
ClJo,(nt+1)=

1—1,

(13

6.4 WHEIMFRSEEE

AR SCR AR b A S B T P[] £ S B R )
TiC SRS . T2 SRk J] ) M WA AR B R AR T 1 R
AR B T PO AR e TR H -1 A
REE DL, 0 T 1 R A A 45 SRR 25 T v iy SR AR AT
R R G U AR Sy OB O AR L Oy T R R
B AT T R S o BRAERIR S AR B A
ETEBRAVESI R o_List v, A 45 i A #3  g2 (7 5 ]
AL P A5 AE R T, JLRJNIE 54 1 n+ & (%0
ARk WHUE Y 0.1 8 2. 28Ut . f_Lise 484
AT B SR BN, N AR 1A 2 29 5] 3R W i
WAF B p_List Fla_List 535 J2 #AE 9 F47 41 3%
FIR A B IR A7 BE AN 2. 8 TRk i Al 75 5 L
S AR SCZ R R SRR 2K

Hik 2.
rithm (CRAA).

Wy A :o_List fl p_List

Hy i FU_List fla_List
1. FOR (O;) in o_List
2. BRECO B Y FDIRAS I BB o_Lists
3. W FdCO;,I[o;][0],Po; (m)) B f_List[ Do; J[1];
4. FOR (O;) in o_List

Cooperative Resource Allocation Algo-

5. IF (i==1) THEN
6. R HIR 2R 8k g 100 1o, JL175
7. ELSE
8. MR HIE Lo, [17;
9. FOR (O;) in o_List
10, O RBOo, (n+1)
11. IF (G1=1ARBOo; (n+1)<<3 ARBOo, (n+1)>¢&
THEN
12. AKX GIHE Ulo, (n+1);
13, RO 148 B #RAESI R U_Array;
14, RIEFE 13RI FU_List;
15. ELSE
16. IF (RBOo; (n+1)>BVI[0; ][1]/(aX Po; (n))<<
a AN RBOo; (n+1)<y) THEN
17, AKX A0 ~AD 5 FHEE CPo(nt+1),
CPNo;,(n+1),To,f1 CJo;(n+1);
18. IF (CJo;(n+1)==1) THEN
19. % CPNLo; ]3] a_List;
20. B p_List;
21. X (8 THE Poi(nt+1) 5
22. wWinFdCo; s Io;(n+1),Po; (n+1),Flag) F|

f-List[ Do, J[2];
23. RETURN FU_List fil a_List;
TE CRAA v RIBCHN SR 45 A 48 AR ORISR =
PEAT n UHSCERE 58 18 W B > 48 A 2 0 R AT S 15 A 2
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Background

In the big data stream-computing environment, the
scalability of the system is an important factor of restricting
its application. At present, the research on elastic resource
allocation is still facing the challenge. Most of the work puts

“instant” response strategy, and not solves the

forward the
problem of data loss caused by the adjusting delay. To this
end, some strategies of “pre-adjustment” have been
launched. But, the load-forecasting model in these strategies
is based on the historical data, which influences the accuracy
of the adjustment. Specially, the research is mainly to solve
the problem of a single node of the application, rarely considering
the problems of burst load and adjustment bumps of the
downstream node, which caused by the resource adjustment
of the upstream node. In this paper, we define and study on
the step phenomenon and jitter phenomenon caused by the
above problems, and the main challenge is to realize the rapid
adjustment of the associated downstream node and effectively

avoid its adjustment bumps. Thus, this paper first proposes
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a precise data correlation model for sensing the burst load of
the downstream nodes, as the basis of its pre-adjustment;
and then, this paper transfers the adjustment information of
the upstream node and the feedback information of the down-
stream node by a bi-directional control mechanism; finally,
this paper presents an upstream-downstream cooperative and
elastic resource allocation strategy to support the optimal pre-
adjustment of the downstream node. the feedback adjustment
of the upstream node and avoiding the bumpy adjustment.
Compared with the benchmark strategy. this strategy can
completely solve the problems of the data loss of the associated
node and avoid its adjustment bumps well, while being able
to achieve high resource utilization and low system overhead.
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