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Abstract

With the rapid development of Internet of Things technology, the data generated by
terminal devices has shown explosive growth, which has brought enormous pressure to cloud
computing. The emergence of fog computing has relieved the pressure of cloud computing,
and at the same time made up for the shortage of terminal equipment in terms of storage
resources and computing power. How to utilize all computing resources to improve user
experience quality is one of the important challenges in fog computing. At the same time, the
most essential feature of terminal equipment is mobility, and the coverage of fog nodes has
certain limitations. Every movement of a device may cause changes in the group of fog nodes
it is connected to. Therefore, how to It is a problem worthy of research to allocate the tasks of
the terminal equipment to the corresponding computing nodes reasonably and efficiently to
ensure the user's quality of experience. In view of the above two problems, the main work of
this paper is as follows:

(1) The task allocation method with the optimization goal of delay and energy
consumption in the scenario of single fog node and multi-terminal equipment is studied.
Firstly, the task allocation problem based on joint optimization of delay and energy
consumption is established as a 0-1 integer programming model. Secondly, a binary beetle
antennae search algorithm (Binary Beetle Antennae Search Algorithm, BSBAS) is proposed,
and the Sigmoid function is added on the basis of the beetle antennae search algorithm, and
the updated position of the beetle antennae is mapped to 0 or 1 with 0.5 as the boundary.
Finally, simulation experiments are carried out with polling algorithm, random algorithm, all
offloading methods and all execution methods on terminal devices as the baseline algorithms.
The simulation results show that whether the number of terminal devices changes or the
computing power of fog nodes and terminal devices changes, the proposed algorithm has the
best performance in the task dynamic allocation problem. At the same time, the experiment
also verified the impact of the weight on the delay and energy consumption. If the weight is
biased towards the delay, the algorithm will optimize the delay more than the energy
consumption, and vice versa.

(2) The task allocation method with the average delay of the task as the optimization goal
in the scene of multi-fog nodes and multi-terminal devices is studied. Firstly, the advantages
of software-defined network (Software Defined Networking, SDN) are applied to the cloud-
fog-device architecture, and the dynamic allocation of tasks is made more reasonable and

efficient by providing a solution for centralized control of information such as terminal
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devices, fog nodes, and cloud server resources. Secondly, a task prioritization method based
on the K-means algorithm is proposed. First, the tasks of the terminal equipment are
prioritized, and then a task allocation method based on the improved quantum pigeon-inspired
optimization algorithm (Improved Quantum Pigeon-inspired Optimization, DQPIO) is
proposed. Assign tasks to prioritized task sets. Finally, the proposed method is simulated in
different scenarios, and the results show that, compared with the polling algorithm, beetle
whisker search algorithm, pigeon group optimization algorithm and random generation
algorithm, the proposed method is more effective than the terminal equipment. The number,
data volume of tasks, and the number of fog nodes have all achieved the best performance.

(3) The task allocation problem with the optimization goal of minimizing the delay is
studied in the scenario of considering the mobility of the terminal equipment. Firstly, the tasks
generated by the terminal equipment are constructed as a directed acyclic graph, and an
optimization model of workflow task allocation with the goal of minimizing time delay is
introduced. Secondly, in order to maintain the continuity of the task during the mobile process
of the terminal equipment, when the terminal equipment moves to the sensitive area, the task
migration decision-making mechanism is designed according to the current computing
resources of all computing nodes and the migration cost of the task. A task allocation method
for the Deep Q Network (Deep Q Network, DQN) algorithm. Finally, through simulation
experiments, the effectiveness of the proposed method is verified in terms of the number of
tasks and the amount of data of the tasks using the Q-learning algorithm as the baseline

algorithm.

Key words: cloud-fog collaboration; task allocation; software-defined network; terminal mobility
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—EMEE PR BT S SN A, RIS T BRI . (S, — AN R
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TRIAT.  WE TS —E HERERIRS ST, {01}. 4 =0 ERES A
EEEZRSGS 4 = LINFORES WEHEBE RS ST G5 =10, g
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Horp, AR 3-110 3-12 0 RIRRTES 9 s EBAT IS BT R N A2 CPU B
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Fig. 3.1 Partial variable definition of BAS
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A= 3-20 FoR.

1, >0
()=3 0 =0 (3-20)
-1,
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Algorithm. 3.1 BSBAS algorithm
ﬁ)\: ﬁja*ﬂ?g‘ﬁ ( )’ :/H\:EP :[ NRREN ] ’ %ﬂﬁﬁ’f’t%i& 0 0 O-

®WH: o, .
function BSBAS
while ( < ) ( ) do
AR 3-18 THRRA A )
A 223K 3-16 F1 3-17 XF R ARZ0 e AN A 234 70 B 58T
MRHE AT 3-19 MALE LT
MRYE AT 3-23 F1 324 ML EFE T 4
if 1 <05 then
+1 =
else
+1 =1,
end if
if ()< then
=) =
end if
R A 20 3-10 THTAP-KAHE RIS,
end while

end function

34 (FESSRERS D

R RNE TV EERAERNTE, DUARE TSt A s b 240
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% B N 20MHZ. i #5511 s Z [AEE BN 160 K. (S MR %A 100mw., 2
SR AR IR B SR TIRON 100mw. 557 FUB B RIS IR B AL Th
N 200mw- HHETHE R IR E A 2000-2500K B
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LR, 3 AT BT RN IS K. AT LLE H, BEE BT TSRS
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FUAh LR B LA T el R I

(3)  Zst A TR AE 5 SN I G R
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VLA ST SN BA

(4)  BUEXT LI GE S FEFER 5200
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Fig. 3.3 The influence of different terminal number on total cost
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Fig. 3.4 The influence of computing power of different fog nodes on total cost
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k. EATTAT LARI AN AT 55 4 BIAE N ) 2515 U B IRGS A AT AP . RS54
FGAFZAT R — N2 LRSS, WLAEN A 2 A% &1 5% . b, 2 ald
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N

-21 -



5 MR NMES S BT iR L

WA AR 2 A5 B A AR S5 D056 80 0 7k DL AT 55 0 BTV 55 #EAT S B )
Ft. %7 SDN K z-F5-im 2 il 4.1 s BEAMESS - Bl £ 2 i DU B IRAL AR

B Zami AR E R BAE S SDN #5145 . [RIIN SDN 2 28 28 0 i %
0 R R S A RS BIRE S

2. SDN il iR &bl 5 W R A B IRSS A IIRGSMBHIRE S, MHESS
WS T AL I BE A A B BAE S5 . B, SDN F2 PR 7 FU A A0S 2R
Ao

=0 BRI RIS B A 55 70 FC SRR 55 A BIAH ML 2515 ) Bl 5 i
55t o

VD R RS AR AT IS5 25 RGR R B2 5 1 %o

BT DB 1 MBI 2 RABIATS LA i —22, B, B 1 R e
B HTAERZ N T, ST Jm Rk Bl MR REER, HA RN
e/ N A s P AE AR S B B, DA, BEAT A R B RN St st 25 R DY
A= I SE AR A 2 A

LS R ,

=4
£ 14, %
Y7\ 4

=%

1= 4

WEERER

DAL
GAT S RLa R

CHFE 55 HIk

D RALH

ES RA

RS EIH

¥ 4.1 HT SDN 1 z-Z5- 3 4
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Tab. 4.1 The variable definition used in this article

i

ESok e S
Z R RES)
TGS AT RE
Z R TR
Z T RIS SRR
1A H RTTA T RRRE
LB TR E
S esgiias ATl
FHRL TR
EWA KM
ZRSSAR I EERAS

2k HINAER/D
- 0 B H AT AR
FA R BINAERAN
TR AR AR
Task 1F454%
5%
(AR E NN
FE55 P A7
C CPU ACBRAEAM AT S5 T 75 (4 A 1%L
LS A T TS B
AEFR TS5 T I 55 19 i B

4.2.1 BimitHIRE

NS LR EHUTIN, AR5 MINESETAESS AT IN Ta) 5 S5 AR5 I S PR AT
THEARI AR 4-1 Pros. 15 FPATREIN AN 42 PR, & TS REEE IR/
PAZois & TR JT. AR5 IVASREINE I A 4-3 PR, TS5 Z T FTAE55 1
ATHFAE.

= + 4-1)
= (4-2)
0, B =
= { ( _ )1 (4-3)
=1 )
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422 BRIt HEER
UES EF TR EHATH, AR5 B E BAR AL I E . AT 55 PAT I SEANSE AR I
SEHR, WA 4-4 FR.
=—+—+ - (4-4)

BOE SO 2 m B a6 2] 1 i BE AR, i 4-5 s,

= xlog, (1+—5—) (4-5)

FORHR LM S E TR ZEPHE. — A% FRZEREER

B ZREERGEDR. - FoRMES EFA ERITRSERE . BRI

FIT RN R 4-6 s N 1 IR 4 BIA BRSSO T 275 s K K AT B I 1Y

REFEERE, PAE 42 Fon, RS W REOIFTEER 3. Hill, o4af =/ MEFIEE

Wb, HAFSSE R T A0 e 12 A a3 BEE, AT55 4 BASE A . 7R R AT

RS R TES R TR SRR OU Y, e =N IEAEPUT RS h B e AT 581

£ o £ HITEEE T B, JMEERFISESE T o HIPATI
It

0, ( _fog ) <nop fog
. (4-6)
g, (),

@ it

@ i

task4
task3
task?
task1
v >
tl 2 t3 t4
B 4iE

Kl 4.2 550 mOFT R
Fig. 4.2 The process of parallel computation of fog node
423 mRFF/ITEIRE
S EER RS EHATI, (155 INESETAESS PATIN (] SRS AR 1 (1 SR
HEARWMARX 4-7 Fim. AE5 BHATIZEH PR, B ST 55181 Tk M 25 5%
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PSRBT A, PRJE FRE AT ey 9 B 5 RUARIE B T s . THRL AU AL

4-8 flizne A155 BT EREW A0 49 PR, SRS B RN MR A2 i B4 )
e

= - + - 4-7)

- = -+ - (4-8)

- (4-9)

424 ILERR

EIXTTAES, BATH B b B MAT S P IR . MR SERERN =
{120 }o ¥ AFWARHN ={12., } M BHRERES REHIACE
FAim lE RS L. B {01}, {01} R =1, WAL B
MR TEWR b R =0, WFRRES EARMPIT. R =1, BaES #%
ZAE EWE T RS R L. MR =0, RS EFTE ERIT. Mg T

=1, Wl =l
Pk, BRI R R I A 2 4-10 Fs.
=( 4= )x +  ox(1- )x o+ x - )/ (410)

TR BIAS T B 55719 R AR IR #8 T AR 55 1 S AN AN R AT 1
WIS PUTAESS %5 I (A BRI RAZ N T AT AR 45 B e B N AE A, A,
LR AT 4-11 & 4-14 iR,

om) < (4-11)
. m(ax ))( ) < (4-12)
o) < (4-13)
max ( )< (4-14)

= C )
N A1 413 73 RIRRAEZ N/ EPAT IAESS T 5 2 A A AT CPU B IRA AR
NTET R R . A3 4-12. 4-14 73 RIFOREL S i AT RSP R ZE A
AR CPU BEIRECHN %/ N T 21 R 1
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43 EZFMERXK S ERESZHEFEFE
4.3.1 T K-means EIERESHARX 7 A

K-means 535 R RIOME S50 562 . K-means 2R —Fiik AR R0 532
K-means FER) F 2 H 1M —MEAKERSE T 1) BA B A B RREA R 2 A 2 A0
K-means HIERPEIRUTT

b i RRHH ko TEFEARTBENLEE kK MERIE NI IISSEL . R
AL B bR KO3 T S AR AR B B SR 2O B B o AR T4 A e s A S X 2 3
PRE R R

B R ITA AR E . TPRFIEE R E L. RE,
ARYEARAE FEE 5 R A5 50 0 S AR AR B B T (R R R O R S

B PR O R R SR B R R N T B VO S Ak A,
LIEAREER, AR BEHSB R B B 4R

K-means FZRAEEIANE 4.3 PR,

Fr

iR

i ATEEL K

]

MG LB EEE o o
HA Ml BRI BT 2

B PO T A E TR

vl

EEF R S A A

v
ik

AT K |

H

4.3 K-means H% IR A
Fig. 4.3 Flowchart of the K-means algorithm

FEATR T AR FH R TG PE SRV AR f 5 SR O AR . AERI TS0 e,
FHE S BRI I R 51 B 2L FAE A R AR A @ 1t . A N AMES,
MES W R S B ARE 2E 223K 70 N € XN {datay, datas, ..., datay) T {latency,, latencys, ...,
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latencyn}o HTAES A& SR I ERAFE A 22 5, I, AT EAERNAMES
FRIAEARLE: 2 T 75 B PR IR AT IH — At . X SR S R A SR T I3 — 0 7
FEIARK 4-15. 4-16 fom. WAERHAMES M ZEWMEEHE  fekEA R
AN 4-17 FioR.

= (4-15)

= (4-16)

R (@17)

4.3.2 £F DOP10 EEMES SN A
AT AL 2 /2 Duan S57F 2014 R4 10001, RER B ST LR A (R RF Ik T
TR BRI T 85 FE TR H AR EI B AN F AL TR 1255000 2 i ]
BB TR AR S TP 2. (EMD BRI R LTI EL, T D 4k B AR R A R
AL, £ N Ragrr, RS i RE AT, SR T 1 LS B EE
BARMERN =1 2000 ) =12, M =4 2., ) =12., . W§TFifE
5 ¢ IR R AN B H T L A K 4-18 F1 4-19 P Hdr, R
|, RO, ROGHERP R, BUEEEBCN 0~1, rand NEUETERY 0~1
BN,  RET ] WERENERBMRAE. EHRE TR, &7 IiEs
FEAEBATHEY, R UGERE RN . IR Tt g WAL bR, A

TR 5 A 3K 4-20 2 4-22 Fis.
(+DH= O+ x ()=~ x (O)+ [ - O] @19

(+1)= ()+ ( +1) (4-19)
= (=172 (4-20)
_ Ox ()
0 (0 (4-21)
(+H= (O)+ [ - O] (4-22)

9 7 AR UASBEOR H BT LT SE AU PRE T T HIBUO 28 53BN R A 1 80
I, AP bR L T B S0 B H i 106 BT S LA R RS % £
e, AR E BRI AR 423 .
Y LOx O+ (+D)+PxIn—, ()=05
(+1)=

( Ox O+ (+D)-FxIn5, ()<05

(4-23)
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Hr, COFRRT RS ¢ ORI AR E O)FRLES ¢ B K 4
JmEMmAE. ()~ (01). HA, OWTHHEARWAR 4-24 Frs.

O=2x( - = Ix—)x|=—L- 0] @2

Hob, M SRR RO MA.

RIS T S B LB IR UL, 46 QEA ST 0 B T e | T S5 RO BT
A . 76 QEA Sk, — MR A0SR SRR, WIERASNE. BT
HPRA AR 4-25 P, Sh B B RPIRORA IR, HR 2 AR 426,
| PRE TR0 RGIOLIMER. | PR TR TR R .

| )= 10+ |0) (4-25)
| P+l P=1 (4-26)
—AME PR AT LLE SN .
HRLARR T TN, RESRIR IR TEHT 7 A R 4-27 BT

( +1D7]_fcosA —sinA
[ ( +1] LsinA  cosA ”

HAA AT AIE, 2T RS AT AR L K . JiEHE A P ) o BT SR
Was4-28, Hha  OMEENAR 4-29 Fis.

(4-27)

A (+1)=A ()x — + A ()] (4-28)
2 + - - <-

A ()= - T = - = (4-29)
— _2 — >

HrpA (+ DR 1 RS FIES o] w%ﬁz):ﬁ’wﬁ%ﬁaf” A FoRA R
Wb mE, =12.., , =12..,

BT 2+ [2=1, 20427 (fRMBEIAAR 4-300 Bk, ( + DEH AW
AR 431 fim. BTIERET A SOResE Mg, SC8 T BERRE, A 1A
2R A AR USSR S o A T b S e B A AR B R B S R, BRI ( +
DREAT A 4-32 [rgfE.

[ (+1) :[cos(A) —sinA

(+D sinA cosA ]lﬁ (4-30)
( +1) =[cos(A ) —sinA ]L/i() (4-31)
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Vv (+D <y
(+1D) =4 (+D), V< (+D)<V1- (4-32)
Vv1i—, (+1)>v1—-
& RAS TR T g T N A TR 4-33, HEREH A Slie A 4-34,
o= - (4-33)
(+D)= "~ x O+ () (4-34)
o e R s, HoE U AT 4-35.
= x| (Px( = ) (4-35)

Her ()RAERRE. | ()PHOIMRERE, RT3 BT R E A
MR, 2 XA 4-36. Hirf, 1 RIS E AR . ST ER (B Y 2 T A
Mg fERR. St R AR 4-37 fos. | R EE RO AR 4-38 Fir.

| OP==xen(-52), =12, (436)
2 (1= 3 | )=10)
('»‘{|R |y =11 (4-37)
O, < 2
|):ﬂ£ j , (4-38)

L5 LR, TRE BT RGHEREN LB

B VAR SEANRS RS B

BB PG R RS T INE R IO SR A R R A A R B R, e H ST
F [ S A AR LA S I S A

=0 TEM AR R A I BOURIE A 4-34 BT SR, WA RB AR H
KA NRRIE A 4-35 F 4-38 UM A R 427 & 432 BHTHEEFER, RERRITHK
HEASBIIG R BERIIGI AN/ 2. SRIGIRAE AT 4-23 25 429 BEATRLE LKkt fi i o
Wro FEHBRETHEL 1A 4-20 5 4-22 BHATALE LIRS MR I o

BV IR BUN T ORISR, M S8 =D AR, BB R IR
K, PEIREETR.

H T SO B TR RO SR R R DO SV M R, T 55 MRS R IS5 4
FC ) B BB 1), Oy A et B T RS RO SR R Tz ), ST A R Ok
F: TR ERFATS ISR, EREE T TR EE S, TR B R
HFRFEA ERSIT S RIS, (RIS SO i) T RS A R AT B U AL FE . [l
FIBUE RN R Z & TR AT 5 AL
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B W ALBER I T NAMES, F9 RE A M. [FRMEEETR 0 2R
AR, 212, SERREEBX SR AT, M+ BRI TS AR A
MR55 . &R FIIABARE S 147 N BRI RS & . AR B R ia e A =n
AT 4-39 F1 4-40 iR ( + DFIRTE[0M+]] L BENIAE R — L

= ( +1 (4-39)
= ( +1) (4-40)

T U RT bR B BRI AR BB BRI AL A B T A 2 R o H IR
HiGol, BEEULAIETT R A 441 Fis.

sz{é((ﬂ%(+@ [ (D]=0

4-41
( Ol+ +2%( +2) [ ()]<0 (-4
28 FATA, BEb) DQPIO HiEmAEK N 4.4 Fis.
mmwﬁwfﬁm%#
VR R 7 & i
i
|
PR TR B
k
WEAR (133 WE
7 IO
Bl (4-34) AR (420 l e
TR 3 A5 TR R | .
l |
s o (4-23) TN | HRA L (4-36)
TG T A E Tﬁj{i{f‘%ﬁ, (igfjgﬁﬂ‘” | (4-38) LLRAR b T (o B
ol T IRL RIS R (1-27) ~ (4-32) it WIE 2
7 | 78T i A r
RUE A (111D Tt " BN B
i e o Vv *f\[mi\\Ji (4-41) !"‘éﬁﬁ = A
PR B {23 FtrE s @
<t .
%
\ K BT \

| 4.4 DQPIO JitFE
Fig. 4.4 Flow chart of DQPIO
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R T iU DQPIO BT SR RE, gl A— D EARRf1. IA[ -
0.9140734, — 2.19864497, — 1.67259765]. FLH1, 0 FoRIEAMIEH, 1-5 FRFHES
FN R A FZEATE S AT 6 RSB ST .
R A 2 4-34 THELH BTG IR AR5 R SR IR AT U R, R BIAER —-

=0

ZE 2. B3 E

1,0,2]. #ZMEA
P H R E45 581 — 3,6, 8],
EunE 4.5 Fiw.

0.9140

6. 3287

] BB

/
I
[ -3..121
I
I
I
|

B, RAEA

ST 4-23 S BT T, RS RIRY AL E N[ — 3.121,6.3587, 8.251],

A 4-41 BSR4, 6, 1]. 1ZREREE

| dit Ay sl (4-41) APhrEAS B HET S kT
|

\

I

|30y = LN+ 2 1K) 20 I
| UGG + M 4+ 5600 4 Dif (] <0
| | (-3+7)%7=4 6%7=6 847=1 I

B (X(1) - M 2)% (M1 2)

Pl

X% (M1 2)

|

K45 ZBRmREEK
Fig. 4.5 Case flow chart

Y3\ 4-39 F14-40 WG EEAA: BAS S . A AR R T I B AR
ik 4-34 HEHOESE, WRSREIMRREZWNE R BHIHE AN/ 2. BEfEHRE AR
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4-23 B E(E BRI AT 4-41 MALE(E B TE UL . fEHARETITE:, A
1 4-20 % 422 ATALE TN, REMHA 4-41 X7 BIE BT S B AR FE I3 7E B
FEAEI SR, —HESX—PIREFNELR.

DQPIO S ARASHEA WFE%: 4.2 Fis.

5% 4.2 DQPIO ik
Algorithm. 4.2 DQPIO algorithm
BN 2l (s BAUE S EdEE R
B TSR AL RE
function DQPIO
WA 5519 R,
WIS HO A
A8 AR 3 AT ASAUN 2 i VA (A 55 AR
fort=0to do
if < then
MRIE AT 4-33 THERS T HIWSATT 17);
RHE A 4-34 THHHSE;
AR A 423 I EE S,
RIEAZ 441 H4085 71O EAF BT B UL,
else
AR5 2220 4-20 BEHTRY 1 AR,
MR A 422 B BAE S,
RIEAZ 441 F4085 7 1AL EAS BT B UL,
end
if ( +1)%Hr then
=+2/2;
=2/2;

else
AR A 4-36 2 438 FIAR 4-27 F 4-32 HHATE T ek 1408,
end
t=t+1,
AT H AT 55 S IE RN 80 RE A

end function
44 TEKRERS D
HEARE P ERNA TR T 6, JFHBRE TSR AT AL 2Kk, o
247 ISk 5 DQPIO 1EXS U5, IR e A RBEAT TR . B, FEAFIRISEIA
B XTSRRI 45 R AT 70T o
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441 LEESHRE

AT R4 E R G02& Windows 10, BT LM 194w 2R 3R 85542 python 3.8, 7E1/ HLSEH0
H, BN 5~10 Z IR R, WE A 50GHz, A RE N 3~10 ZIEH
B WEN IGHz,  _ BEWE N SMB.

N T BRI EERIVERE, M RS REE (BAS)  aSEHULENE (PIO) .
AL (RR) MBENIAE R (Random) S54SR OEEIT EL# . N T 8 AR
Y, BUEMAERMAH T 6 IR,

442 IEGEERDH

NT B PER BRI RS, FEAFIRISEIGIAEE N T TSR, AR S AR N

LA HE . 1 RUEE LR EIAUE R AL
(1) ARSI a5 5

4.6 JETR T AR IBCRE 1 10 A1 30 B P2 AR S5 I e ki 7 45 3
AT N, BT AR 55 AR VA — Ak 5 (R B /IR SR Rl 73 B T 3 1. 3 FRAE S5 102K
oA RO EIRIR . BHRAESS 0 2 R AE R R R R A 5 R
MR 5.3 T e S, A CAR U 3 FRATSS 10 s RO (R B 2 DK /N7 A A R IR
BIEIES . B 4.6 (a) M2 BEN 10 SNSRI DS R A5 Mgk
g5 8N priorityl TDI10=[color of cluster':black, ‘number of task': 5]. priority2 TDI10=[ col
or of cluster':purple, 'number of task': 4] priority3_TDI10=[color of cluster:green, 'numbe
roof task': 7], 4.6 (b) JEI/RMR S4B 30 MAESEgRI 43 AR5tk
PRy 55 RN priorityl TD30=["color of cluster':black, 'number of task': 20]. priority2 TD
30=["color of cluster':purple, ‘number of task': 22]F1 priority3_TD30=["color of cluster':gree
n, ‘number of task': 12].

(2) AFEUESEHE KNS RS 517

LB T AR AT 558 SR R =R AT N . N T B FTAT S5 80l K/ H AR
RIWFEC, &AL AR S5 Bl K/ T REAT 925, 45 10-100KB. 100-500KB. 500-
1000KB. 1000-1500KB. 1500-2000KB 1 2000-2500KB . X /5 FiHE 55 K8 K/ ML AT 55T
PR ISR G 4 AN 4.7 B, B 4.7 () - (D) AR TAES R R /B RS2 31
Pl R A R RS R R Bk . AR S5 4RAT IR P38 I I B B A 25 Bt = (g i g e A%
SRR, AR I8 LR AE AT fU B S Y A IS AL BRI R B 1 R, BT DA
I AE AT TN E/SFIAR RS R S IEAEE N, DQPIO B0 PIO Sk 4t ST
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B, H DQPIO SLEHIEE AT PIO ik, AAHEARHINZE. RR 52 Random HV%H]
PN AE A N, BAS K2 . SEEEREEIIANLL, BAS HFFE—AMMAk. [Hik, %5
PR ISE. MRS AR e ME 2 . SRR THBENZ RN, SRl
BAS SRR A AN R iR

*

.
0.010

* .

.

0.005
0.03 0.04 0.05 0.06 0.07 0.08 0.09 Q.10 0,010 0.015 0.020
aaaaaaaa Data size

(a) #imi =10 (b) i #=30
Bl 4.6 (AR HRNIIEER: ()2 &=10; (b)Zut#=30

Fig. 4.6 Results of task priority division; (a) Terminal equipment =10; (b) Terminal equipment =30

(3) AN[F) 2 sim v 2 e i 45 SR iy

K] 4.8 s | IAMEIEEA R A i 5010 > 20 1~ 50 4~ 80 4~ 100 4~ 130
ANF 160 2B T BRI IE R SERR A5 R . B 4.8 (a) - (f) FORZ R &R
H/NBIR R SEgn g SR o B P R AN R SR8 . AR55 - F- JAI IS S A 24 0 A 45 K
BTG, X e ROV £ i B B AW 0, AT S5 EE ERE K, A
FEULS ST RGN, H&FETALS-FARE RN LE7SThAN R A i s % B
AT, SHAMPURMEIAILL, DQPIO fEAT45 T35 2 75 A S (1) SLat ek R .

(4) ANFRHECE ST R a5 b

SRR ERE T FEAER . S AMERS, UHEERER
DI, BT REEI 2, TR R R R R SRS, AT S5 AR I e
JINNHEK o RUONPREE S M I e — @R L B IER 7 F 4R/ O SRR e . FEAC
TR T EBETABO RN 4. 84 120 164 24, 32 WFHsLIbas . Szab st Bani 4.9 A
e B49 (a) - (D FoRZFT R H/NEIRISEER S R . B PR R AR SLNE
PUONERCE RIS, THR BTN TS Bl s B R AR 2 1, FrLAEE 5511 mcE
RISGHN, AT55 S AEIRFIZE o ReREH A T2 B IAE 1. DQPIO SHEM SR 4l Rl T HoAth
=PhENE . BENURER SE0 45 A B 55 SR AN 2 i REFE T THI R 72 o
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PN S VA7

10-100KB 100-500KB
0.09 0.7
0.08 0.6 a—
0.07 0.5
<! <
& &
kN k=
0.06 0.4
0.05 0.3
0.04 - - 024
DaPIO PO BAS RR random DaPI0 PlO BAS RR random
HE Hik
(a) 10-100KB (b) 100-500KB
1.2 5071000KR: 1000-1500KB
2.44
1.1 —
— &2
1.0 2.0
<]
Eo94 Hoee
Ea x
B B
1.64
0.8
1.44
0.7
0.6 1.0+ T
DGPI0 (411] BAS RR random Dar1o PlO BAS RR random
BE i
(¢) 500-1000KB (d) 1000-1500KB
- 1500-2000KB 2000-2500KB
3.25 | 3.5
3,00
3.0
2.75
= ]
g 2.50 E
B B 2.5
2,25
2,00
2.0
by -j I I j I
1.50 - T 1.5 T
DaPI0 PlO BAS RR random DOPIO PIO BAS RR random
EES i
(e) 1500 2000KR (f) 2000-2500KR

K 4.7 AFEUESEFE KN TFIZEIR ;s (a) 10-100KB; (b)100-500KB; (c)500-1000KB; (d)1000-1500KB;
(e)1500-2000KB; ()2000-2500KB

Fig. 4.7 Average latency for different task data sizes; (a) 10-100KB; (b)100-500KB; (¢)500-1000KB; (d)1000-
1500KB; (e)1500-2000KB; (£)2000-2500KB
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BE IS NSNS BT ENT T

10 50
1.5 20
1.4
1.8
13
1.6
1.2
W1 = — w4
=y &
" ES
) By
0.9
1.0
0.8
j ) j I
0.7
0.6 : 0.6 .
DAP10 PiO BAS RR random DAPI0 PIO BAS RR random
=53 =53
(a) ZeuiBis: 10 (b) #uiBim: 50
80 100
20 2.50
iia 2.25 ]
16 2.00
1.75
= 1.4 =)
& &
B £ 1.50
BFq2 BF
1.25
1.0
1.00
08
06 . .
DQPIO PIO BAS RR random DQPI10 P10 BAS RR random
B B
(c) #UiAIR: 80 (d) #esmdirim: 100
130 160
275 35
2.50 Ea—
— 3.0
225
2.00 25
wl =)
E1.75 £
= £20
B+ B
1.50
1.25 1.5
1.00
1.0
DOPI0 PlO BAS RR Fandesn DaPIO Plo BAS RR Faniloii
Fix 5
(e) #im#rs: 130 (f) #ihErk: 160

4.8 RESIRAIRER TR (2) ZHEE=10; (b) ZMHIR=S0; (c) AUMH=80; (d) 2
HE=100; (o) Zum¥E=130; (f) =160
Fig. 4.8 Average latency of different number of terminal devices; (a) Number of terminals =10; (b) Number of

terminals =50; (¢) Number of terminals =80; (d) Number of terminals =100; (¢) Number of terminals =130; (f)
Number of terminals =160
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4 8
4.0 3.5
3.5 1
3.0
3.0
2.5
) <]
E; 5 E
575 g
B B+
2.04
2.0
1.5 I
1.5 l
1.0 j l T 1.0—‘ . T
DGPIO PlO BAS RR random DQPIO P10 BAS RR random
- A
(a) AR 4 () FAEH: 8
12 16
20
2.4
2.2 1.8
2.0 —
1.64
B 4 =
£1.8 &
E =
B 3
1.6 1.44
1.4
1.24
1.2
1.0 1.0 -
DGPIO PIO BAS RR random DAPI0 PIO BAS RR random
ik Hik
(c) & AHE: () s8R 16
24 32
20
2.4+
1.8 2.2
2.0+
1.6
£ Hi1s4
£ 7
1.44 1.6
1.4 4
1.24
1l’j
104 T 1.0- T
DQP10 BAS random DaPio BAS random
(o) F W RHE: 24 (ry Vst 32

Kl 4.9 ARFEEZ APPSR (a) 517 A0E=4; (b) ZWRHE=S; (o) ZFWAHE=12; d) %
T HE=16; (¢) BT HHE=24; () FH HHE=32

Fig. 4.9 Average latency of different number of fog nodes; (a) Number of fog nodes =4; (b) Number of fog nodes
=8; (c¢) Number of fog nodes =12; (d) Number of fog nodes =16; (e¢) Number of fog nodes =21; (f) Number of fog
nodes =32
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AREE G UMES R AR A HR, ES7ZHET SDN RSB . HIK,
FIF K-means 5850045 — BT 18] P S5 AT 554528 e I 48 R AV 45 (01 T S B A
JEIEHTRS, MNMEREAMESHE, R R TR B B RF,
B R R TR S R IR R S U 25 BURHAE S5 e 1 B I8 R 40 ) kAT 40
Bilo TEIZAECITVET, K RS TN B S At B (F 45 A B Sems . TR, x5
VISR 7 BT B BT . BJS . RHRH BTEBEAT T 0 BRI A . 45 RR
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5 BRERAmBHNMENESHETE S E
51 8|8

IR AT R E R R A B, T % BT e OV LR TR, LM 30
BB L AT 25 1T LI SR B B4 A R VR 3 T IR, A a2 Dy i —AME
% AL TR S THUT, T R BT TR A R, RIS
I R SEBITS, B ARBATATATRAE, ZT5 e, B &5 5E S
ISk, BRIk, 7RSS REA 7 BRI 55 HEAT 40 BN 7842 FE A AL A FORE B R 132
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