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Abstract In IoT, large-scale sensor data are continually generated in the form of data stream.
These data are usually infinite, noisy. of low-value-density, and orderless on a broad panorama.
To provide high-quality services, comprehensive analyses of big stream data based on cloud are
essential. Although having powerful potential, cloud computing has faced increasing computational
challenges like performance, cost, energy consumption, and service qualities because of the
exponential growth of big IoT data. Edge computing may improve the processing quality of big
IoT stream data and reduce network operational costs by moving computation onto the edge.
While the edge equipment usually has very limited computing power as well as storage ability,
and apparently cannot support all the processing of big and real-time stream data. Our previous

work has introduced services and provided a flexible division of such services between the cloud
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and the edge for the cloud-edge integration. The service adaptation between the cloud service and
the edge service can be accomplished through the event mechanism. It is the key to enabling the
seamless integration of cloud infrastructure and edge equipment. However, in IoT context, the
adaption between cloud services and edge services faces challenges because of the uncertainty of
edge service request arrivals as well as incomplete matching. Firstly, compared with the cloud
infrastructure, edge equipment can join or quit at any time due to their own flexibility. Secondly,
the capability of the edge equipment will constantly change with using which can result in dynamic
change of the state of the edge services. Finally, driven by the event, the moment of adaptation
request for edge service is uncertain because of the peculiarity of the large-scale streaming data.
It is because that the generation and arrival of events on edge equipment are uncertain. Thus, the
dynamic service adaption in the context of dynamic integration needs to grasp the right moment of
adaption to face the challenges of uncertainty of edge service request arrivals as well as incomplete
matching. To solve this problem, this paper puts forward a service adaption approach for the
dynamic integration of cloud and edge, called as DANCE. The main contributions include: we
transform the dynamic service adaptation problem into the improved maximal weight matching
model with a dynamic bipartite graph. At the same time, we modify the M/M/c/c> model in the
queuing theory. The modified M/M/c/co model is used to optimize the Kuhn-Munkres algorithm
for bipartite graph to minimize the average response time for the request of edge service. DANCE
guarantees the minimum global average request response time for the edge service instances
during the adaptation process. Finally, based on a real dataset from the case of China’s State
Power Grid, the effectiveness of the proposed approach is demonstrated by examining a series of

simulation experiments. Experimental results show that, DACNE can perform better than us

2020 4

previous work that does not consider dynamic adaption, and the total average response time of

DANCE is 24. 3% less than us previous work. Experimental results verified the effectiveness and

efficiency of our approach.
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MR AR I B A BA S AE AT — RS F AR 2
it

0 p1 P11 =20 Po
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M on=m W RPUHT BRI G MR AR Ok
DCFiC . SR Sim(S.K) = max{ > w; ) an

N, o
By Ej“’;nul—mnp’ (10

n=nm

PG AT AT LT 3 5 B 9 A0 A9 S 2 HE BA K

L, P3N Lo P35 fp I [8]) W, AP 2 4k B I fi]
W. N

_ A/ A/ (g

g (1)
n![]*/\/(nlu)jz
L.=L,+n (12)
_ L
W,.= p (13)
1
W, =W,.—— (14)
2

SR ST P RV E & BNy
) FEAT HEBN S 00 1 SC B A 9 55 R I 1) LA K HE BA
A AR 25 5 3 CHE BABA 3 b 4L B o, AR SO
RLF R (PSSO SR A A6 F- 35 46 o B 11) A R Ik
D BAF A JE X A7 A E 1% BA A o i G BT AT
R L E S T T AT BE Y SCBETT R A A S
T I 8] 75 21 o FE SR A 1 7 410 5 AR i k(| e /ME
A A2 G SR YT ASUTE A ) e ) T Y L AT L fe A A I
li] f5e /MK 9320 BA B B ZE.

T AR A R ] 2 (15) FOR T H bR R AL
Cobjective function) ,FenTFE e/ IME -4 28 5 ) [a].
objective function = min{W} (15)
PR s R SR P ORI B A R T 1 A Y

1 N BE RN (Fitness) #2 Loh (16) PR,
Fitness = min{%;WTki} (16)

Ho W, &GS 5 R 1 S TR I R], & J2 BA B o
) BT A R . Y PSO 55 k0K [a] f /ME I
TR A5 B S B YT s 1) e A HE ALY o 908 B — 1>
B BRI

oAk J5 1 BA B, R 8 1 15 3l 25 = 43 |8 e 8 7 T
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PR BE = MR 55 S ) A s B AR E W o I G AR iR
2, 0] LS e B G — s A E — A 58 2 VL.
Kuhn-Munkres(KM) % 302 3E H F B 09 58 AL = 4%
DT C  , w] DA A5 f 5 79 20 A AUELE AT Sim (S KD

T2 KM B3k A S0 R

R S5 MR AL AT AT T S bR S L. SR AR
B G BA S G 2 B A SCRY G B G Y  SE bR
A3 B — 2 AL R AL 3 S F A 2 T FE A AL R 8.
PR s — > 2 R 55 92 401 — IR 55— A 3 i 55 S 4911, Sy
TRy Bl RAE VLI, 220 2 | S| = | K .
SR F G H K 1 T BR %, i 15 75 2L X KM 553k
AT R EIIRS SR G TEMBRE G Ry
MWM T5 & S Al K, R T K B UL e, R 75 2
%R S K. Y8l 2 )5 .S iy i s
SCEI R, W B R AR G P T — kA It
Fit. S ARG B2 A W 2R G in— 26 g #0UIR
55 S S R FRC EYGE R M TS RS BT
MR E N 0.

R 35 F e 2F i KM B vk ATl BL i, 7k 1
(Service- Adaption) S2 8l T 3l & — 43 K Rk 55 1& I
AL . B S an AL BA A Q. G BT o5 e B ™ A B
] 2 AHEBN Q. A AT PSO 5832 %5 411 4 BA & AL AL, 1
7594 Ay st 1) e fe AL 19 B AL S B BA S Q. B0 B
b=k LB E S S fMCE T SES K, il
LI o BRI S F K 8 G, Hi 3
A GOMAD B WA WNRE 147 3 Fros. W
R GAFTE—AVCHES M, M iy To s 2 76 0 Y H W 2
KA, W M 2R — A 5 KA A fL I
WMW G5k 147 2 247 6 s, &0, 380 M 1)
AR FN T S FFAS W& el TS A T AT 4R 5 BT KM
BRI B Y F RIS EITE M, Bl G e RAL
L RILH WMW , ik 147 8 247 15 Fios. #&
B MWM w1 = ik 55 52 461 0 i i 55 55 46 6 s
B MR 55 S 491 3 g Al 55 S 91 A 3 TEC 7 52 AR 1
17 17 3047 18 fir . [RI R G v WMW X iz 1 T
BEEA CS L R K RN BR T 223545 25 IR 55 52 1
PRUR N SCHE T S A C S WOE B T 1 o MRk 55 S i 4k
Ao [l EE G0 R = 43 I 20 I T R 4 A S T SRR AE A ¢
A BT 52 A0 HIF, SCBETY v A A B
A3 R A 0 R HE BA S R BB O R A5 . HE
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M) =y L gk 147 19 Fiw.
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ESi. b 2 - vitg 8 B 138 e 7 %8

1. Q<PSOQ //fiAbHE B\ Gt 3 A HE BA i ]
2. TFQ#I) A
3. MR 4.1 5 CS Ml K gty oy BB G =

(CSi. UKL E) AR O F A H B I E w, ;
4. WHRE—AILER MCEWG) ;
5 IF( Jes€ CSingJe: MARAN Y HL 2 2 (9 {
6 WMW =M;
7. ELSE {
8 PRI M AR ALS Y ={y. y€CSin} . T=Q;
9 Ne, W) ={k|y€EY .2k E€EGL )5 //FMY Y4B

0. IFCINg (D ==T) 1

11. WA QOB Y 47 T fidr S L,
RE G AT E,

12. A qp=min{L(x) +L(y) —wel(xy) | z€ X,
yEK—D}, BB RATE AAThR 5

jll(v)*au vE S
L'()< L(v)+ar, vET

L(v)
13. & L=L".E =E ,E#HHN E H—ADL
i M5
14. P=(y) & E . M {34 %1%, THEN
M =M"@P; //PATHR LRI E TR F
E SERITH M
15. WMW=M"; }

16. }

17. CSp={cs=c.cs, e E WMW }; K ={k=c.k,e €
WMW ) ; ES,. = {es=k.sid, k € K& & € ES,.}
//CS o FLK 53 31k WMW v 2 JIR 45 55 161 8 45 il 56
B S G  ES. RIS 4G

18. map (CSies ESp) = {cs = esscs € CSppes s €
ESucbbs // -k & ME &

19, CSip. =CSie —CSu+ (st sshsss ), K=K—K+
(k] Sy seee skl (RSB s s R € Qs //H BT CS FlI
KW m &A1 CS. | = | K|

20. return map(CS; »ESi); )

H T Kuhn-Munkres 55 3 (1) B [8] 52 7% £ R
OGH  Hodp n=max(|S]). Y4 87 5 4H A F
G i, RO G ) Kuhn-Munkres 83548 13K,
HOCBEY S S Rr T[] 2 W, W& A4S g 2 — 4 K[ DT
P i F2 R TR 2 24 BE R O(W,n®) L, B O(®).

5 X W

5.1 XWEWRESHIE

SR IR, A SCSL I AL T A o SR Al Bt A i
WhE. BARR L & 3% 2 FroR. 20 & 5 SAHL 5 i R
FH1 Gbps DA K B )t £F Fi 28 4 L5 2 = 2 it 35 it
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HE DL oK %2 ¢ KEPServerEX® ff: 2 4 &% 4 . ik
T EL S L A% R R AR A I Al 1 7 AL DAT 42
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IREE I B T {7 i e s
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ik €1 2 v ocp - .
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52 MMARBALTS L
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LPC2214 e

RIGEHE. AT LT i W TR 4 B B S A%
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AR W 50 PR RE R o A . B0 SR AR B R Sy
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5.2 XWiEE
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BB I i 1e s (DAT) b E M sh 308 &k 4k 5 i
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k. T, R B 5 1 b BB 18] 58 JIRF 20, 1 36
I EF ) B P ) S Y A H
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1% 58 1) I B0 A B 7 1R B T T R AL
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@ X4 DATs I h 1 st R 55 55 ) 450 sh 245 A8
AT o 365 GiF O By = 71 25 i 7 B[R] 4 5 . LA
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Seiy ] e SICES #1 DANCE, 5 41F 3l 245 R 5%
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5.3 SWHEREHH

(1) 5285 1 25 5 K4 bt

4 B 6 BT I 1 AR 1L i SE B
ghEIR.

R4 BATE DAT LRmBEMNBELEHE

Ui~ 4 LS
£ 5 i Ab B 97 9 /GB DANCE/MB
5 29. 647 45. 215
10 57.294 110. 430
15 78. 941 165. 650
20 104. 588 220. 860

RS BATRRGRRSBERNBEERE

s R -
155 Ak 17 2/ GB DANCE/MB
1000 26. 57 25. 85
1500 57.75 69. 48
2000 75. 45 125. 42
4000 98. 87 186. 12

K6 ARRBBFEEXENBBFEEHE

. AR
W/ (%)) . <
& 4 i ib 5 3 /GB DANCE

100 98. 870 186. 12 MB
200 166. 438 289. 48 MB
300 293. 258 581. 84 MB
400 372. 242 789. 35 MB
500 474. 540 1.36 GB

SIS A R O R B DAT BB | i il
5 S B) AY B i 38 2 A DAT b I 08 R
DANCE JIr 1% % () 0 48 5 02 1% 40 i 2098 b 21 1
0. 16 %6 , i A% 1% 58 I B8 4 33y % i B Bl 5
DAT @AW, =3 Z 18] (%) 22 BE A A ok, &
SR DANCE 8 T = 5 o » AN 7 S 7 P 45
TRt R o 1 )5 i i B lE . R DATs Lis i1y
DEEs fIf 45 52 45 5 ¢ 7= A i A4 S 0 35 R 3 K 3
)P o3 A5 TR i T8 I 2% rh R 47 4% . 52 36 45 AL E B
T DANCE RERS A7 %052 FF I b O K0 s 14 4 16 5%
U /D TG B T BT A R 28 v B A% e DR Y 4%
&7,

B4 25 W T 8 AN R Y o R 45 2808 B AN R
5 2R T R P 4 SR A SRR W R
5] 114 3 AR 45 % i), DANCE 2 L A% S5 10 37 %% 3 4k
P 7 % 4 i 7 B[] S 249820 60. 8 %%

& 5 25 H T AS[E A DATSs i 5508 5 2 mf i =6 14
R < A 1 DO I S {7 ST N7 N 1 B Sl
DANCE i Ji B[] %2 b A% 48 1) I 50 308 Ak 34 5 325 1 )
o7 B[] S 24 > 74. 2%

900
O f& Gri s Ab 3 819.7
8001 o DANCE
700
600
515.2
£500F —
5
& 400} 382.2
300 257.9
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100} H H H H
0 ‘ a ‘ ‘
1000 1500 2000 4000
i IR S H /A

P4 A el o R 55 bk ) 24 289 o 37 1]

2500
O &G AdE A
ODANCE
2000} 19884
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L 1500F
5 1184.1
1000 893.7 875.7
504.6
500 365.2 398.6
262.9
169.4 H
L
100 200 300 100 500
DATHUHEZE /(5%/s)

PS5 R A ] 3 S I o2 7 42 i o i (1]

6 25t 1A E DATs $Cit i 08 3 447 25 ) iy
f). & 6 R B3 AR DAT i T . DANCE i
V7 N [R5 Lo A% G2 1Y it £0 408 4 31 53 1 i) 7 I (] o 25
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goo Ll B GEM Bk AL 3T 823.7
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ésoo L ()02.2
L a00F 374.1
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100} H H H
0 A \ ‘ I ‘
o 10 15 20
DATH= /4

Bl 6 IE] DAT ¥t B 44 2 e 57 ] ]
X FEEIEHN A Iy i, — & i T DANCE A
T B A A DR A R - DRI BB A i T T R 2% A B
9 o FH R A L AR I 28 1 3 1 T RE P . A7 B T IR
P B WD SO P (8] 53— 7 1T £ & DANCE AP 3 25
I 55 385 6C J7 ¥  BE8 2l 25 0 B DST IR 55 55 i) o 4k 7
DEE Iz 55 5291, 42 i 1 DS i %) JH 2 BEAR T 5 1
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(1% S5 15 B [ 177 4% 8 90 A B 7 vk T BRI T = 5 0
Z[A) T AT 2 A R A 15 I K0S AS BT 1) 1% e 3
Z0 5 24 DATs 1R 55 55 B 18 3 2 i 11 DST IR 45 5%
B, 25 5 45 &8 73 19 DATs % 1) DEE iz 55 Jc v
(9 DSI iz 95 52 ). 52 95 45 5 3R B L 1 %) 2 558 17 3%
B . DANCE RE % R0 b A AS I 38 o 1) s A 55 318
BC A R 25 MR 55 2491 [ AT 2B A7 19 ST 47 0 i B[]

(2) 529 2 FOSEHe 3 4553 Mo #r

M TSR 2 FSEE 3 rh A SE IR X L iR B T R —
B S g 25 RIS Ge e R 7 BIE 9 .

350
O SICES
||BFCFS r
3001 @ DANCE 2859
250} 237.0
2071 2079273 2128 Z23%
2 o0 [195.252 Lo 9
%200}
” 156.3 1615 169.7 L6
X150
100}
50}
0 . . . .
1000 1500 2000 4000
SRR MRt/
B 7 O[] o i 55 0E: 1 = A S 25 o 3 st [
800
[0SICES OFCFS BDANCE] 76L4
700} 650.3
600} 578.9
5389 do74
. 500f . 1509 476.4
5 T
oy 4001 365.2 286
& 329.7
300F 273.6 262.9
223,
200f 169.4
100}
0 ‘
100 200 300 100 500
WIEZR /(G /s)
B 8 AN [ it 3 1) A ST 247 0 iz i ]
100
360.5 [WSICES WFCFS mDANCE]
350 ]
302 f =i 3187
300 F : 285.9
éZbO - S 234.3 2932
GZOO 186.9 179.3 1695
m R
150 F
100}
50
0 - - - -
200 100 800 1200
Z 5% S B /A

B9 IR 25 M 55 5 451 e I 1) e - 24 o 7 s ]

78T U DATs I i 55 52 1 550 Inp AN [+]
T3 15 0 A 2w 7 ik (). A& b oAl LA i DANCE
(RS- 247 i 17 B A B SICES Ay S 25 i 137 B ] SF 2
WAL T 21. 2%, o FCFES (1% 5 $47 0 7 B ] 5F 245 [ A
T 29.5%.

8 44 T M DATSs & it i I %k 40 7 R if
ANTR] J7 5 1 < 4 1 2 e 7 s R)L DA &L AR Rl DL
DANCE {7 ¥5 mi i 5[] b SICES 19 °F- 35 i )i fif
[E] S-S5 B AIG T 20. 55 %, Ho FCEFS fy 3 ¥ i 7 B[]
TFHREAL T 34. 25 %.

9 45 T 3G 2 s A9 Al 55 S 461 80k AN [
2 0 F A ¥ g B[], DA ] RLF Y DANCE
(RS- 245 i 17 B A B SICES Ay S 24 i 137 15 ] SF 25
BEAIK T 29.55% , FCFS i 5 35 Wi )i Bsf [i1] 37 345 & A%
T 42.2%.

7RI 9 WS R R N T AR CE T
1) A7 SF- 27 )57 B 1R] . DANCE #2248 T+ SICES #
FCFES. #f %} F SICES,DANCE F-#7#/> 23. 51 % [
A By g i B (6] 5 e R AT Uk 2D 38,2 0 1) 7 24 ) i
B[], A8 %t F FCFS, DANCE S #5320 35. 23 % Hy
Jo - B g B[R] S R AT s D 430 74 %6 1 F- 35 1
N (] 3% 2 R Ry SICES 72 34 BE 2 Rk 45 5 491 i, mf
A8 2 1 o8 o R 55 5 40 1) 37 5K w58, 5 e i 3 1A
14 IR 45 VG E 2o 7, AT DG I 5% % DANCE F1] A HE BA
VR, i 4 A G FC AR R A — e RS A
T REAR T H T3 40 vp 5 1T 5 1R A9 55 1 5[] 1 0 )
FHAHEBR AT LSRN 56 B 45 s 19 55 = B ) 42 i 08 Ak 22
HF MR 55365 B 77 58 - 32 7 DR IE P R0

Db 0 S50 B 3 e ok i AR L s IR 5
S A A B DA R B 7 A ) R AR T B AT
RBE T BT I8T I 0 S B P [ R AR SC 43 B 52 56 1Y
] 45 S & B A SO 4R 1) DANCE EZh S S5 T
FE A (45 = 14 %) T 389 e 1o B[] 4 45 7E — 2 1 Y
M. B ik, DANCE BB % A5 %0 % 2= -3 0 85 T 19 il
55 3 T AN B o P ) AL 4 T SN 00 A0 % B L B AR
PO 2% 11 A A% i s 7 5 WAV AP ) - 2 55 o ) 1 42
151 25 - ity G 4% 4 A1 B

Tbr LB 2 W N s R & R T
SICES #3231y, 1 DANCE J& %} SICES 1y
AL, R ) T 3 3E DANCE 78 52 B i e Y
o AR L AR SO E 58 1) PSCAD i FLR 5t
BT SICES## T4 2 Wi ATt a,
FLVRCK A S T 32 4 9 DANCE o7 B 81 3 b, 76 05 B
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FEHATEGETT. IF AR 5250 2 o i S50 % B I
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Background

In IoT, large-scale sensor data are continually generated
in the form of data stream. These data are usually infinite,
noisy » of low-value-density, and orderless on a broad panorama.
Although having powerful potential, cloud computing has
faced increasing computational challenges like performance,
cost, energy consumption, and service qualities because of
the exponential growth of big IoT data. On the other side.
the edge computing has emerged and attracts broad attentions.
It stresses sensor data and its processing should be put close
to the edge equipment, which can greatly relieve the burdens
of the cloud server. But the edge equipment usually has very
limited computing power as well as storage ability. To handle
the processing of the big real-time IoT data, a key is to
seamlessly integrate the power of cloud server as well as
large-scale edge equipment.

As the service-oriented paradigm has been a mainstream
approach for building large-scale distributed software systems.
The service-based integration of cloud and edges has attracted
many attentions. However, there are some challenges because
of the uncertainty of edge service request arrivals as well as
incomplete matching. Firstly, compared with the cloud
infrastructure, edge equipment can join or quit at any time
due to their own flexibility. Secondly. the capability of the
edge equipment will constantly change with use. It will make
the state of the edge service change dynamically. Finally. the
moment of event-driven adaptation request for edge service is
uncertain in the context of the large-scale streaming data, it
is because that the generation and arrival of events on edge
equipment are uncertain.

Although there are many typical service scheduling

algorithms, they cannot be directly applied to the problems

and analysis of large-scale stream data.
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faced in this paper. There are three difficulties: (1) the
application environment of the typical scheduling algorithm is
mostly the workflow scheduling in the local area network or
cloud environment, while this paper is faced with the
cloud-edge integration environment in the wan. (2) Most of
the data involved in a typical scheduling algorithm is the
process control information or input/output information of
services. However, this paper faces the large-scale streaming
data in the physical network. (3) IoT applications require
real-time response for the service adaptation request of the
edge device.

Thus, the service adaption in the context of dynamic
integration needs to grasp the right moment of adaption to
face the challenges of uncertainty of edge service request
arrivals as well as incomplete matching. Based on the proactive
data service model, this paper proposes an event-driven service
adaption approach for dynamic adaption for the dynamic inte-
gration of cloud and edge. The main contributions include:
transforming the uncertain service adaptation problem into
the improved maximal weight matching model in a dynamic
bipartite graph. The M/M/c/co model in the queuing theory
is modified to optimize the Kuhn-Munkres algorithm to
minimize the average response time of the request of edge
service.
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