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DYNAMIC RESOURCE ALLOCATION ALGORITHM BASED ON BIG
DATA STREAM CHARACTERISTIC AND IMPROVED SOM CLUSTERING
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Abstract In big data streams it is a difficult problem to allocate data resources due to the unknown characteristics of
data. To solve this problem we proposed a resource management algorithm based on data characteristic prediction and
improved self-organizing mapping ( SOM) in big data environment. We estimated the data characteristics arriving at the
next time interval by the autoregressive model according to the volume and velocity of the data and the estimated value
was represented by the characteristics of data ( CoD) vector. Then we used the particle swarm optimization ( PSO) to
optimize the weight distribution of SOM algorithm and an improved SOM algorithm was formed to cluster the CoD
vectors so as to dynamically create and allocate cloud resource clusters. These clusters were created in a topological
sort. The more connections between clusters the closer their sort was so using this topological sort could reduce waiting
time. The experimental results show that the proposed algorithm can not only accurately predict the data characteristics

but also effectively improve the utilization of cloud resources.

Keywords Big data stream Cloud computing Particle swarm optimization Self-organizing map Characteristics

of data Resource management

0 o 0
4V: ( Volume) . ( Velocity)
( Variety) ( Variability) .

12018 - 11 -03. (61873153) .



SOM 263
2 + ( CoD) .
° 2) PSO SOM
QoS SOM CoD
o QoS o
VGPU -RAM . 1
; QoS N .
QoS
o 6
12 r
o 7 ¢
. 8 r
. . 9 2
10
4V :
(1 . )
o (2)
SOM PSO 2.1
13
Bloom 14 - Bloom
1 (1) n 0;
(2) k h, h, h;(3) m
(4V) S, n
B n - Bloom S
1 o
SR » nok
v () (2
AR AL fR
r - - B3 R n = ceil —thl(P) (1)
M (o) 2
BRI v
(R EE ) k= round( In(2) x l) (2)
. ZHE m
SR HAE / (RLFREHE ) Bloom | .
PSO-SOM B3 [WES \ 4 1 Bloom
[ me ] e S
e
1 L. BF 1 - BF n =0;2. y, €S
1) h[(}) . hk(})
( HDFS 64 MB)



264

2019

hk( e) ;
j BF h(d =1

Bloom
Bloom S
S
jpeg~png
S mp3 . wav . aiff
S
m S n k
p(D)  u(l) ¢
(3)
(4) 8
p.(1) =p(1) +8 (3)
w (1) =u(l) +1 (4)
p.(A)
u,(A) p.(V)
w,(V) p.(T)
ut( T) °
(t+1)
2.2
pla(D)  ui (D) (t+1)
(5) (6)

pl/,+1([) :alpt(]) +0‘2P:71(1) +'"+aqufq+1(]) (5)
u; (1) =Bu,(1) +Bu,(l) +- +Bqutfq+l([) (6)

2.4

_ cou( p,( 1) p,,q( 1)

2.3

“ = (1) (7)
_cov(u, (1) u,_, (1))
. var(u, (1)) (8)
ceov()  war()
(t+1) pra(1)
uy (1) (9) (10) max(p, (1))
max( u,( 1)) t
P =round( 2245 1) (9)
n = roun u;+1([)
(D) =round( BES ) (10)
round( num num_digit) num
num_digit
max(p,( ) L.
1,
. (9) 01
(9)
{00.10.2 - 0.9 1}
CoD
4V
e(1) (11)
(1) =p", (1) ~u" (] (11)
p"i() w0 () 01
01
( CoD) « CoD



5 SOM 265
[lﬁ(t) =y(1) (1-2/T) (15)
R} SOM N(t) =N(1) (1 -t/T)
(6)
3.1 PSO SOM SOM - @Wy(1)
K meas 0;@t="T, t=t+1 (2)
- SOM
SOM
PSO
SOM
SOM PSO
SOM D P. v
. SOM [P={p1 P2 " Po} (16)
e V=_{v, v, = vy}
PSO
x;,(t+1) v,(t+
. SOM 2 1):
x(t+1) =x.(1) +o,(t+1)
{ (17)
v,(t +1) =ww;(1) +e,A,(pbst; =p,(1)) +e,A(gbst; —p, (1))
(12);A A (0 1)
" y pbst,  gbst,
PSO SOM
(1) :
HWAR P={w, w, = w,w, - w,} (18)
'm SOM
in SOM
SOM
n-m (2) (17) x,(t+1)
t T W,(1 v,(t+1)
(1) M) (3
(1) SOM W,(1) pbst, gbst; o
01 n,
(2) o fit(p) = 1/Z],Di,-( ) (19)
i j i D,;(1)
i
Di(1) = X (Wy(1) —x(1))” j=12-m (12) (4) abst,
(3) (2) gbst,
J: 3.2
j=arg mjinDij( t) (13)
(4) ; CoD SOM
Wi(t+1) =W;(t) +4(t) (2, =W, (1)) (14) 2 w
(5) (15) ¥ PSO SOM
SOM SOM (S)



266 2019
CoD o CoD (3)
(c) S, CoD .
c, . (4) .
C, o (5)
2 SOM
1. PSO SOM :
2. ¥ 1 ' 1 . . .
3. 3-9 :
4. S, 6-8:5.
. (1)
J S
p 19% ,
D(]) = Z(SM _W,/)zv (2)
k=1
D(}) 7 23% ,
7. CoC( S;) =CoD( C]) : ( 3)
8. J : 22%
W, (t+1) =(1-¢) W, (1) +¢(1) S, (4)
9. :
4 36% .
10. CoC :
CoC = CoD 4.2
) 1 2 . 0.5
/min o
o 1
GB
4 10 min|20 min|30 min|40 min|50 min|60 min
5.06 |10.19|15.3118.75 |24.62 |28.33
5.01 | 9.63 [15.99 |19.02 |24.57 |28.25
o PC Java
37.65(33.56|21.94 [18.36 | 15.21 | 10. 34
’ 37.42(33.61(22.32(17.95|15.05 | 10.07
AWS SDK for Java Am-
. 25.15[23.26 | 18.64 |27.44 |31.56 |35.65
azon Web Services Java
Amazon EC2 25.96(23.71|17.96|27.56 |31.51 |35.99
) 39.75 [42.51 |41.17|42.72 |42.05 | 41.29
s 40.2343.42|41.33 |41.89 |42.52 |41.57
4.1 2
R /min
86 280 10 min |20 min |30 min |40 min |50 min|60 min
1 568 116.34]93.52 | 78.59 | 85.76 [112. 48(139. 56
32 o 119.50|95.34 | 77.69 | 89.38 |108.53138.89
1,000 ° 181.76(169.33(143.35(122. 67/114. 06|109. 37
187.38(165. 56|140. 09(123.78|112. 51 |107. 66
107.65(119. 34|124.71|136.92|146. 19|151.25
(1) 12% 21%
111.24]121.96|126.27(135. 43[145. 62|149. 83
24% 43% o
(2) 203.36[209.51|211.58(207. 82|205. 64(209. 91
205. 11[208. 42|209. 67|205. 76 |207. 42|210. 67




SOM 267

1 2 Elastic Compute Cloud( EC2) (VM)
° 3 o 10 VM
( MAPE) . EC2
031 c4. large 2.9 GHz
u g?ﬁgg‘;MAPE Intel Xeon E52666 v3 o
025 F % (H BYMAPE
Alon-Matias-Szegedy ( AMS) o
02 F AMS o
0.15 | ’
4 o
01} 5 QoS .GPU
RAM .
0.05 |
0 . . . .
BfgEE SHEE  EEE U EdE 00S
o 0
3
3 MAPE 3
12% 21%
24% 43%
N N MAPE . 4V
0.247.0.216.0. 172 0.123,
MAPE ; 4 5 . 8
MAPE o
MAPE 00
90
° X
. 5 80
i
o by
q —a— ER[5 1B
> QoS 4 —— XIS B[]
N 8 1 fl —o— R E %
y..
o 05 10 20 30 40 50 60
5 Fi 18] /min
o 3 5 4
] 5 .
5
3
1% 1% ’
( )
17 | 21 | 22 | 40 | 22 | 25 | 19 | 34
2 17 | 19| 29 | 35 | 33 | 18 | 26 | 23 . ’
3 [ 27 | 26 | 22 | 25 | 28 | 27 | 21 | 24
4 33 38 0 29 31 35 0 34 °
5 4 33 31 32 6 37 28 29
CoD

Amazon 5



268

2019

10 min 10 min

CoD

0.5 —a— R[S 1EE |
—— XHR[S1E B
—— RXE%

HATHER /ms

O'10 10 20 30 40 50 60

Bt [E]/min

25

—— VR[S 13
—— WER[8]H
—o— R HEE

W) % Bt ) /s

0 10 20 30 40 50 60
BFE]/min

10

11

12

SOM

Liu C Yang C Zhang X et al. External integrity verifica—
tion for outsourced big data in cloud and IoT: A big picture

J . Future Generation Computer Systems 2015 49( C) :
58 -67.

2013 36(6): 1125 -1138.

. 2017 34
(11): 252 -257.
Vasile M A Pop F Tutueanu R I et al. Resource-aware
hybrid scheduling algorithm in heterogeneous distributed
computing J . Future Generation Computer Systems 2015
51(C):61-71.
Sandhu R Sood S K. Scheduling of big data applications on
distributed cloud based on QoS parameters J . Cluster Com—
puting 2015 18(2):817 —828.
Sun D Zhang G Yang S et al. Re-Stream: Real-time and
energy-efficient resource scheduling in big data stream com—
puting environments J . Information Sciences 2015 319:
92 —-112.
Rahman M M Graham P. Responsive and efficient provisio—
ning for multimedia applications J . Computers & Electrical
Engineering 2016 53( C) : 458 —468.
Zhang Q Chen Z Yang L T. A nodes scheduling model
based on Markov chain prediction for big streaming data a—
nalysis J . International Journal of Communication Sys—
tems 2015 28(9):1610 -1619.
Castiglione A Pizzolante R Santis A D et al. Cloud-based
adaptive compression and secure management services for 3D
healthcare data J .
2015 43/44:120 —134.
Baughman A K Bogdany R ] Mcavoy C et al. Predictive
Cloud Computing with Big Data: Professional Golf and Ten—

Future Generation Computer Systems

nis Forecasting Application Notes J . Computational In—

telligence Magazine IEEE 2015 10( 3) : 62 - 76.

J. 2016 33(3): 903 -906.
Zhou A C He B Liu C. Monetary Cost Optimizations for
Hosting Workflow-as-a-Service in IaaS Clouds J . IEEE
Transactions on Cloud Computing 2016 4( 1) : 34 -48.
J .
2016 53(1): 68 -79.
( 280 )



280 2019
doption process J . Expert Systems with Applications
2011 38(6): 7270 -7276.
11
J. 2014 23(5): 711 -716.
’ 12 Stummer C Kiesling E  Giinther M et al. Innovation diffu—
sion of repeat purchase products in a competitive market: An
° A agent-based simulation approach J . European Journal of
Operational Research 2015 245(1): 157 - 167.

13 Jiang G Tadikamalla P R Shang J et al. Impacts of
knowledge on online brand success: an agent-based model
for online market share enhancement J . European Journal

R Agent of Operational Research 2016 248(3): 1093 - 1103.
. 14 Mamdani E H Assilian S. An experiment in linguistic syn—
thesis with a fuzzy logic controller J . International Journal
of Man-Machine Studies 1975 7(1): 1 -13.
’ 15 Barabasi A Albert R. Emergence of Scaling in Random
Networks J . Science 1999 286(5439): 509.
( 268 )

14

! J. 2015 43(4) :652 -657.

I 2000 14(3) : 19 -22. 15 LiK ZhuY Yang] etal. Video super—esolution using an

2 adaptive superpixel-guided autoregressive model J . Pat—

I 2014 28(3) - 110 - 113 118. tern Recognition 2016 S51(C): 59 -71.

3 Erickson G M. An oligopoly model of dynamic advertising 16 Agarwal A Maheswaran R Kurths ] et al. Wavelet Spec—
competition J . European Journal of Operational Research trum and Self-Organizing Maps-Based Approach for Hydro—
2009 197(1): 374 -388. logic Regionalization -a Case Study in the Western United

4 Eliashberg ] Jeuland A P. The impact of competitive entry States J . Water Resources Management 2016 30( 12):
in a developing market upon dynamic pricing strategies ] . 4399 —4413.

Marketing Science 1986 5(1): 20 -36.
: ( 214 )
J. 2011 31(7):
9  Zhang J. RNN-BLSTM Based Multi-Pitch Estimation C //
1320 - 1327. INTERSPEECH Germany: Interspeech 2016: 1785 - 1789.

6  Guseo R Mortarino C. Within-brand and cross-brand word— 10
of-mouth for sequential multi-innovation diffusions J . IMA 7. 2017 34(4) - 157 - 164.
Journal of Management Mathematics 2014 25 ( 3) : 287 11  Graves A Mohamed A R Hinton G. Speech recognition
-3 with deep recurrent neural networks C //IEEE International

7  Muller E Peres R. The effect of social networks structure on Conference on Acoustics  Speech and Signal Processing.
innovation performance: A review and directions for research IEEE 2013: 6645 — 6649.

J . International Journal of Research in Marketing 2018. 12 ) D .

8 Kiesling E  Gunther M Stummer C et al. Agent-based 2017.
simulation of innovation diffusion: a review J . Central Eu— 13 Bengio Y Duchme R. A neural probabilistic language model
ropean Journal of Operations Research 2012 20(2): 183 J . Journal of Machine Le-arning Research 2003 3(6) :
-230. 1137 - 1155.

9  Schramm M E Trainor K J Shanker M et al. An agent— 14 D .
based diffusion model with consumer and brand agents J . 2017.

Decision Support Systems 2010 50( 1) : 234 —242. 15 BLSTM

10 Kim S Lee K ChoJ K etal. Agent-based diffusion model J. 2018 45(2) :261 -268.

for an automobile market with fuzzy TOPSIS-based product a— 16 M . : 2012.



