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Game Theory-based Algorithm for Multi-server Multi-user Video Analytics Task Offloading
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Abstract: In past years, artificial intelligence related services and applications have boomed, which require high computation, high
bandwidth and low latency. Edge computing is regarded as an appropriate solution for them, especially video analytics. This paper
investigates a multi-server multi-user heterogeneous video analytics offloading problem, where users select appropriate edge servers and
then offload their raw video data to the servers for essential analytics. To deal with the cooperation and conflicts among users and get a stable
network allocation situation where each user has no incentive to change the offloading decision unilaterally, the multi-server multi-user video
analytics offloading problem is formulated as a multiplayer game. Based on the goal of minimizing the overall delay, the game theory-based
potential optimal server selection and video unit allocation algorithms are proposed for the non-distributed and distributed scenarios,
respectively. Via rigorous proof, Nash equilibrium can be reached in both of the two cases, and low overall delay is guaranteed. Finally,
extensive trace-driven experiments show that our method improves the overall delay by 26.3% on average, compared with other algorithms.

Key words: game theory; Nash equilibrium; task offloading; video analytics; edge computing

« JEETH: ERARFIIES(61872175, 61832008)
Foundation item: National Natural Science Foundation of China (61872175, 61832008)
WA B[] 0000-00-00; & L4 [E]: 0000-00-00; K I []: 0000-00-00; jos 7£ £k H: i I [8]: 0000-00-00
CNKI 7E & H iR i 8]: 0000-00-00



2 Journal of Software TRIEFHR

B R T % (U BE T AL PR F i R0 0 16 DX 1 %) A K B2 397 92 P 14D b B, P90 4% 9 IE 6 S S B8 K oy T [l
TRBERRAE AT 1 B B RO A 4 1 4 o =R 4% R4 TG V205 2 L P 1) 7% SR A 20 R 0412 — R M ITE =,
BB AF fi U AR R 3 IO 485 1K 3 %, U a3l B ) B N AL T B A0 VR 2 1A 4 7 A R OHE T X 4% 00
HAT A B AR RIEE KIS RSB mom s iR oo B 2 iEHERE M A T W2 50 % EHXH T
PEBSL AR R M il 2 F P SR i RS R A7 55,

) i, 22 F R B 2 ) B9 N % R (Artificial Intelligence, [ R AT) R 5% A1 S 78 I 46 4F 3% 2 & 2, LE An A A9
5. HERE RGN N BhERUS) 100 S-S BR 15 v () At IR 25 240, T 7 T LUK AT R AT 55 0 28 381 ) 45 300 2 gk AT
THEL R D AR BRI AT ST 45 G G 3 BN & 40 AHE R A 2K B E a4, R
TSI /488 G TR S, S AN 4 AT 5 R, L R D S AR 3 AT T A DA g R 1 T B B R T R F 10 K 2
ITAE DR 55 2% B IRRAR 53 BT B P AR 7 388 3o b B AR ATUBCHE LIRS I — S8R e % G BU 2R B LA L B FPAT 28,
T ZE AR S R SR U AT T B AT 55 TR AR K B S U, 3 HLARUEZESR S ) R BRI B AL R Ik 3
ST S A R R X B R 1 A E R R T R

B R
(Slave)

SR
(Slave)

.

©onsmsn\ @ nsmsn
(Master) (Slave)

Fig.1 Multi-server multi-user video analytics task offloading
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PR 55 2% BT LATESE & By P AR AE — AN P g 50 B2 (0078 7E s D IR 55 28 ' — B 38 my) (R A K/ by B8 /N TR
WA ER Hvm € M/{mj,, 02

Sl‘-l’ u Am’.‘ Cy

>—L+(p (15)

lmu
V' € By it o lE 2 o

Eiﬂ:!lm = m;;_'_lﬁﬂ‘ai%E

' AmCy SupeaCu | SuirCu lm;fcu
! >
vu; € By, Capy +o+ Capm T Capm = Cappy +¢ (16)

BP,AEA B, (0 P 0 5B 5 T 0% B O P 3R 8 15 B O R 280F R 00 B AR, TR G AT T8 8 Bl L o T o A
H oIR8 1,2 vm € M/{m}, . i), 2

AmCy l‘z Cu )' k+1Cu Sﬂk+1cu
VmEMV,ulEB +go+ +¢+ (17)

capm Capmk+1 Capm7(+1
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B Mm = my, I35 2

AmQ Suk+1cu Suicu ‘lm;fcu
. - —k+1 & 1 >
VMLEB, +o+ + = {‘l‘(P (18)

BPL AR & B ) P a0 S5 U7 T o A8 B SR PSR A48 B O R %O o B0 ME PR, R e A AT 198 B BT B U T e 8 B
SRR,

gx BT P RA S HLER 5 T AL B O iRk, R N 2145 B 80 2R B0 PR BRI P (k + 1)

S B HE ANE, Mo = NI, @ 8P (N) 7. R, e 38 1 HliiF .

TEREVE 1 AR T — M T GT MIBE s RS S a8 a0, e EIE T 23 1, wE 2 frs g4 H P
W e KA E TR B RVELN B PR AT B R 25 B R AN 58 B L AR X8R, AR 5 A AT A
RIS BT IE R RE B8 H P IRGER)A @) T F I 103 B S0 7E 5 AR 55 45 [F B, 24 3 LA
FOTHETES 10 AT EH S, A A P A AR B B R RS A IS AT L 1 JE, AT LAk BG4 2 4 B
A 07 T o AR FAT 25 3R SR I B L.

Bk 1. BT VB TE S AU R 25 AR R

BN Ap, KN s, AR #mH T Capy, BT F P B A& B 4

1: foreachuser n€ N do

2 Publish its information, i.e., package size s,;

3: foreachuser n €N do

4 Collect the packet sizes of other users;

S: Sort packages into L < [p,,, Py, ) Pyu,] in non-increasing order of size;
6 for each package p,, €L do

7 Calculate potential optimal server m; following Egs. (7) and (8);

8 if y; =n then

9 Record potential optimal server for user n;

10: Ami < Ay + Sy

11:  Offload p, to potential optimal server for user n;
4 SHERIMT A RAESENR

FEAR T T R L A SR 20 A1 SRR 20 A 37 S5, RV A P )AL 0 e T L 381 22 A iR 55 A (R 1% 00 AE — £
RUA 73 A 52 IR e o, JRAT 23 Bt BB WA 5 70 AT DA e 70 A 038 T AN £ 5 1 45 SR v o 28 481 7838 B 25 2R L
28 N R R AR R N e R B R ) LB AL W 1L IR, T UK BT A R AR R T g i S R B 2 I 5%
an TR P AT DL 2 A I 55 4, O B 23 B0 BUAS R ik 55 4% B0 40000 B0 o B0 B ok T IR 55 4 1O TSR RE D, B B
SN AT 12767 S BB g

AR 1,2 B 1 2R 7 W FR A Bl Faro Bar [a] f, 52 — > BAG AR (0 53 U 20 TE ) L 2 2 51 N A B 28 )
B MR T, WO T Du S A0 e T A€ SRS (MK A 1 2, 7E B Faro Bar fitl i Rl AL FRAS 71,100 Ak 5E 25375 1E
TH 2 AT PISAH [F] B IE A A0 B AR {0t 10 M ) 2 B A R A 480 A R 5 1) 22 ) DR ke 36 4 A
M & N D BRR NE 2 5 — /> S IR ) o s, D) A DA 2 52 38 B v Jo 8 1K) I 55 1 S8 I 1) AR 05 6 4, 2% ) i
N A BE B IR 7] PAR IR 10072 = 5040 BT A A N BN T B, B 280 A A i N PR D B0k
T2 e SR A5 DT A B e R N SR 5 SR SCAE AR A 73 A A 55 20 40 ) 83 e i B £
SEX 4 (BWHE): T (E by, 77 AR B AEAN 10 G3IR 55 25 m IO RS0 50 e 00 1D R0 4L, 258 T G T DL /M i A7 i 25
JIR 55 % B R BT SERE A SE IR ML T A T G IR 55 A I BT E A AR B @ = {1, da) oo, P 1 FL TR

YmeM Pm = Xnen Sn (19)

TEBE 2: 08 T B/ MU TL G IR 55 a8 HH B ORI T S ATE A SE SR AN X TR AN L IR 55 Asm € ML 2
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bm = (Capm Xnen Sn)/ 2jem Cap;j (20)
{EHA:
5 El Faro Bar 7] 0L, 24 Bt e 55 2% S 54 (8] 9 U1 SE0FRM8 (3 28 IR AN BT A P 22 1) 1 B K JE 5B B /s,
Ell]
LL+e=1,+@==14+¢@=D" (21)
Hod i B D R R AL A AR I I ARYE A R (D), 6 TR,
fn =D (22)
%3 LA
m =D~ ¢) (23)
b5 7E b SR RN I b Y e JFIE TR X 4,13
D* = (ZnEN SnCu + ZmEM (pcapm)/ZmeM Capm (24)
AKX Q2IRAN(23),13
bm = (Capm Ynen Sn)/ZjEM Capj (25)

€T 2 19IE.

WA S 4,2 R BN LR 55 dsmEI RS TCER /N T I B4 — SEAFAE — D AR IL 2R 55 4, E 1
T BRI 13 S AR A e AR, 24 S A B m A AL B T B 2 KT b, I, P 2 488 1 T A I 55 8 ) B A SE BR (7
56 IR 5 55 s T BE 2 5 AR I 58 B IK) IR 554 ). DRI, 1 e /NP BT AT 30 5 I 55 4 P S K 1A T SRRV 38 £ B SR A 0 8%
FUBREAN T G M 55 &% R L B 0 B0 B S 1% A AT by

BT T 21 22 3(20) v S A A ML RT e A A2 B M AT T 2 S (24) o (0 e D RO BRI B (L B A SE AR
PRI Lk, AN i L 32 M) FH B L 11 DA 5 280 3803 4 B 55 4 (X0 R B e B D 1 ke R PP S B A 55 4 R A R
TUHUCR B T — R T 2R AR T 20 E SR G i SR W] LS BN AT 2 4 B P R S LB T T
A2 H O 55 EI B RS

H T RIS R T BE SRR I A 2 PR, LR N =A B ERP RN 3 FoR):
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—
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CE == =3
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Fig.3 Three main procedures of Alg. 2
B3 HE2HM=AT8
1)  FHEARE O T — HEWED = (b, Py, -, O}, T P nEI 3R B0 & R 55 25 m AT 0
WL 7 BN
s = [5225] @)
o fd i N BT VR AT AW GG WA R TG 7 Ty, . S ET Y, B ) 2 6 B 22 1R W A0 B G 43 e 4 L
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A BT B 55 45
2) ERUWELEEH AR A ISR FAR P 0% T LA B 0 B 1 AR R SR AE B R T L SR 55

5 R TR 28 o0k T a0 2 I 55 dm, LA A e BUR

A = A + Spew 27

Forh 5y, 73 3BT EN R B IR 55 45 ) A A B 70 250, B T P RO A B 7 7 TG o 3R AR R BB

ASE T, P 9 30 % B AU R 56 7 T v %

3)  FRVIRETCAE: b T H & N BEEOT 1R A 46 WL A 5 70 73 I, DR A SR A A R IS i S BEe B

(Y AL 43 T 2 1RV AR 22 BB BT AXS T F 7 o, A5 F R A0 58 7o 1 2 i

T = Sp — Smem Xom (28)

X T FRAR R T, PR e A — A E R B S 3 T IS AR R (RS A ol TR SR TR R

ANFHIRI(EPC,,). AR 4 SE B 1,38 A A0 A0 R s 0 40 30 9 7 o A I 55 44 TR I T O R 2.

B 2. He T RN AL T 4 Bl Bk

BN P AR TR s, 1 G IR 55 Sm IV 5 ) Capyy,, T A FL P IR B AR Hi i S @
1: for eachuser n € N do

2 Publish its number of video unit s,;

3 Collect number of video units of each other user;

4 Calculate cut-off value set @ = {¢,, @5, ..., pi} following Eq. (20);
5: Calculate initial allocation xy,,, following Eq. (26);

6 for each server m € M do

7 Offload x;,,, video units to server m;

8: for eachuser n € N do

9: Collect information of others’ video unit allocation;

10: Ay = A + Snews

11:  Calculate the number 7, of remaining video units following Eq. (28);

12:  for each video unit u in remaining video units do

13: Calculate potential optimal server following Egs. (7) and (8);

14: Offload u to its potential optimal server;

15:  Publish information of video unit allocation;

B 3:AEPAA P AR TGRS 2 BB S R 5 AR HEAT WU T S, T DA S IR gl A 8 B e
A BT T AR AT 5% R R
UEB:

H TR R T8 R RN AR () (B Gy, 30 A= AL B 7 S 388 1) 95 A e £ R 55 6 OO B TG o SX 2 AL e B 1 v
AR 1A%, W] LAVIE B LE B AT T A (A0 B e B D AR B % BV AE I IR 5 38 5 R B T g R BB F
VA B AL T S A AT D S R R E AFIE.

T AERG BRI 2 PRSI 2 SERR SR D 5 AR 2 3RS AR RS SEIR D A
1 22 B G I BE 2,8 PP (R AR e Ak 20 28 B 3 24 1) 3 2 IR 55 38 EAT AL 43 A A ST B ) R AR R AR Oy

D = max{t,, + ¢} (29)
SERR S RE IR D A& BT 1 4 IR 45 45 T R R TE BORE S IR AL AT AR E B RAL.

M 4:50F5 IR D IR B AR S AR D 2 [ E@%EEKﬁ%cu/ZnnEiﬁ{Capm},liﬂPcu%ﬁﬁ\m%ﬁb’iﬁfnﬂﬁﬁﬁ%

R, min{Capm }2 FTAT 12 i 55 2 o ) e/ - S i
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HEB:

Amy 7R JEIR A DR 55 45, 2m, e an 1T BRTE {5 28 IR F 5 /N R iR 25 2%, 9 L%

D' = Tm, T ¢ (30)

ER T 2 20(20) H 1k B P 28 T A T BB S A L, T A e B P AR S AR B IR 25 9 R AL A B T (0 B i el b TT DA B
R B IR 55 25 mo BORL I 70 B A N T T (B oy, , I L SED B B R 55 5, AL SR B T B B AN by, SRR
D' < D*<D.

BT 2 FIEE | R IARNE N T & MRS e my B SRR 7T, a0 B R B 55 — DRSS B my, i
BLRE RSB A 229800, BID < D' + Cy/Capy,, L 2

D—-D"<D-D'"<C(,/Capp, < Cu/,’,?é,’&{capm}

(A bk e B 4 £,

TESLIRY S, Ml GRS # TH 5 BE 7108 10GHZ 72 45,C, % B 81084~ CPU JA W1 45 i, DFID* 2 (8] (1 2
FERTLARR B 7E 1 ms N,IX R T 5098 2 Itk ge.

5 SCIRISE

FE AR TS o T I 2% A i B A S IR R DR A B HH SR R R R R T I SRR S A — LS B U7 VR AT B
51 LWRE

52 BRI 5238138400, % 8 — AN 24 DN 6 NSRS BT R SRR LRI
S W IR 2% 20T 68 T Cap,, IR A\ 5 7 43 41 N (5,4) GHz, 78 52 3 rh T SR8 J1 (07 2 1% B AR RME ARE A T
PEBSIfEIE 7 W By 20MHz, 15 55 8 N 50dBm, AN Fl P R L S T P, ~N(1,0.1)W. 1% B (Sl 1 25
Hpo = (distyo)* HHdist,, o2 F /' nfil 10 2 R 535 2 R FE 29 B8 A B FE R F ik B O 4.
X TAT 5 #13,f8 FHVE B AL City Datasets 20195 #UARTE H AR KLU F YOLOV3 b 3EAT A4 43 #r ARATAC B
I 10 B0 F] 5 Zp4h A4 M 26, N4 (2,3,5,10,30} fps T4 BRl 2 A2 S206 b B L, W BN 1s, 30 F, % B N
1fps. N T & ¥ H C, HME, 18 F] YOLOV3 7E NVIDIA Jetson TX2 43K/ 41920 x 1080 K% 1% &l 44 7 1F
ity ] DL A — AN IR B e AR SE 0 B 45 2R, €, 1% B 2h2.25 x 1084 CPU J& 3.
B A EE 1 BRONEE S A0 AF % 1 37 % (Non-distributed Task Offloading Scheme, fili #¢
NTOS), ¥ 73 40 3 s B 2 B 5 AR AT 55 81 317 % (Distributed Task Offloading Scheme, ffii # DTOS). ¥
W EE S DU R T I
1) 200 % (Greedy Scheme, fRiFR GS): 5 IUH AH I TAEBOISEALL, 254N Bl 5 E0 E A 43 BT AT 55 o, 32 T B
P B B A0 B b — e At R e SR 2 S R L AR R

2)  iFEAE S 2 75 % (Computation Capacity Prior Scheme, & #% CCPS): i 7 £E AT 5% 14 1 2% o fif o e 5
IR 26 25 R T B RE 0, ME N R A 25 FE IR 45 45 1T ST AE U MR S 28R (19 NTOS R DTOS ISt L Bk i 7 vk,

3)  AEEIEIEAL S 77 % (Transmission Delay Prior Scheme, i FR TDPS): F J7 £E AT 45 1 %5 18 25 b i HY e R B
562 FE AR S IR 1E N 456 5 R IR 45 25 T B RE ) AR S 28R 19 NTOS Rl DTOS st b B i 5 vk,

4)  BEMLITZE(Random Scheme, & #R RS): F 75 AT 55 0 A5 18 25 o B WLk 356020 2% IR 55 A% B AT AT 45 S0 2 41 1
J9 NTOS H1 DTOS % [ 75 5.

5) P F OPTimal 75 Z(Theoretically OPTimal scheme, ff# TOPT):TOPT fit53E T & B 2 AR i E 1
P45 DT AG 15 B2, o T W8 1T A8 A2 B 40 IR Bk B AR TOPT A 2R E b i) S5 B A 1E R S %
W] BTGV SE IR, LALAE S 5 1% DTOS (¥ 8 7 2.
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Fig.4 NE achieved in non-distributed and distributed scenarios after running Algs. 1 and 2, respectively
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Fig.5

2)

Overall delay with varying video amount and server capacity in non-distributed and distributed scenarios
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Fig.6 Delay variance with varying video amount and server capacity in non-distributed and distributed scenarios
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Fig.7 Overall delay with varying edge server number in non-distributed and distributed scenarios
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