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Improved Bald Eagle Search Algorithm for Kubernetes Resource Scheduling Application
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Abstract: Kubernetes is an open-source platform for managing containerized applications. Nevertheless, its default
scheduling algorithm only uses two resources, the central processing unit (CPU) and memory, as scoring metrics for
computing nodes at the preference stage. Moreover, it also neglects the point that different types of Pods occupy different
ratios of node resources. Consequently, a certain resource is highly likely to reach a performance bottleneck, ultimately
causing an imbalance in the use of resources by nodes. To address the above problem, this study adds bandwidth and disk
capacity to the original resouree metrics of Kubernetes. The impact of the occupancy ratios of the four types of resources,
i.e., CPU, memory, bandwidth: and disk capacity, at the nodes on the performance of the nodes may cause abnormal
operation of the applicéltions in Pods and even kill the Pods, ultimately affecting the overall high reliability of the cluster.
For this reason, the study classifies the Pods waiting to be created into the compressible consumption type, the
incompressible consumption type, and the balanced type and sets corresponding weights for each type. Finally, the
optimal nodes for scheduling are obtained by an improved bald eagle search algorithm (TBESK). The experimental results
show that as the number of Pods in the cluster increases, the standard deviation of the synthetic load of the TBESK
algorithm is 24% lower than that of the default scheduling algorithm in the case of a large cluster load.
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ARS8, A n MF AR Pod FEFAEE m D5 4A L.
WITEFIREA x DT, FEMEAE m 42 A4 R s U,
AFEED N Pod TR B M BB 2 47 AL, 28 &k DFRIE ]
1T % 3R 78 N Posy = (Posiy, Posa, -+, Poski, -, Posi),
kE[1, x], Posu K5 i /> Pod ¥ FE &2 0 BT 7E 47
A, HHUEX A [1, m]; TBESK 08 56895 Pod %
RIS Pod 432, AR5 W@ IS 3 AN 35 B B R A

€ Pod & L A

TBESK TEIEFENT B, I\ m 1 i i i (1% R

X AT Pod T E, 5E XA AN

Prinew = Poest + @ X A(Pmean — Posii) (28)
Pltci,new = Prinew + Prinew X t (1) (29)
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i H AR SN A

Hor, Prinew AEE k DNFEIE A | MFREE Pod FTZERY
W, Poes NI B 58 SCIE R FE BT E IR
%A% Pod FBELENT s BB AN B, o T34 B
B, ZSHEN T 1.5 22 20 ag—14
BENLE, BUETE 0 2 1 Z[A]; Prean /N X LEFEE L2
FA5E T 210 % mMITA R P, o WA £ 70 A48 S
J5 45 ER 8 Pod FTAEH 1 A5

TBESK SRBS7EFH &R B, 7o I8 AR 1 B U (1719 s X
I P B A E 1 5 B Pod, FAE R E T X I8 A AN i
AN Rl 7 # 3h, mE XA 3n :

Prinew = Pki + x (i) X (Pgi = Pean) +y () X (Pgi = Priv1)
(30)
Horb, x() 5y )FREWRANS T RIERALE, TUE N
(—1, 1); Pisa B3 k RFEIE T —X Pod HET A E.
TBESK HERELEARF Mo B, 75 18 M A% 2% 7 1) (1) de 1
A BRZEBIEATN HAREY. A 78 A &
Pod # i FE B fe &1 (115 S 3, 8 SCARUNR:
Phinew = rand X Pyest +0x + 0y 31
I 3 AP B A4, TBESK HAIEFF e iy
& Pod L7 %, A A4 Pod VNEE B L1 15 A L.
TBESK i MLEIINE 1 e

I Pod IAF) . L
A
— Podl Pod2 Pod3 % }?\T;fﬁﬂﬁ
L)
"
-

L]
i
oA TBESK i

133 Pod 1% TR
% UL EEET T )
Nodel Node2 Node3 [j% Pod warv;] [Jﬁi?%ﬁlﬁ*ﬁ,ﬁ] [@mﬁm]

K1 TBESK /&M

5 SEIGIUES AT
IR A SCHE S B9 TBESK 5.7 7E Kubernetes 4
R PERE, BT SRI0 90 UE. B L5834 B PyCharm 2020.2

Y FESEIL, H3E T F 4 Windows 10, AMD Ryzen 5

3550H with Radeon Vega Mobile Gfx 2.10 GHz, 16 GB
NAF. ' -
5.1 SCIRIFME g i

A S K S SR Sk [22] I BE 4R 7R EOA
BF, B — MU 31 AN AP Kubernetes ££8F, 17
ARG Bk 3.

[ I, 5 274 0] AN [ 53 V5 () BRSO 2, o I
iR 3 2K AT RAETHFE Y . AN RS TH FE Y DL K&
PR, 3% 4 SR 1 AR IE KRG E.

K3 EEREER

Pod (id) CPU (core) Memory (MB) Bandwidth (Gb/s) Disk (GB)

1 16 24574 30 800
2 32 32768 30 1000
3 64 49512 40 1200

\

‘ L
F 4 FBSYy Pod BB AR EE
. Memory.  Bandwidth Disk
Pod (id) CPU (core)

L AMB) (Gbrs) (GB)

1 0.58 212 0.68 1.47
o» 0.17 247 0.38 1.93

3 0.07 225 0.05 1.71

4 0.5 383 0.7 14.87

5.2 SEITTNIERR

i Kubernetes 2R & H n G IR5S 45452, Hihfg
GRS m FhEIR. 2 RSS2 AN IR ) IR
MZNAG, j), e iZoms AN FRRIIRSS &, j ke & b
BRI, & RS A AT A SR S SR AME
Aave; Z()IREH RS 28 BHIR I B, AR 45 45 b1
TEARHE 22 2 ;) Zoy NARTFIN ST 35 DR R S 1, AR R
7N, 3B BETE R IR 1 23 AR k38 50, BRSS # I BEEAS
Sy H LR, v LSRR AL TE 2 B U5 2538 Pod:

Aavg = Z A J) (32)
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Z@)= JZ Al )~ Aug () (33)

Zag= Y 20 (34)

5.3 KBRS

A AE ] Kubernetes ¥ 15 H w7 1179 Flof B 1 5k
W% : LeastRequestedPriority (LRA) H %, Balanced-
ResourceAllocation (BRA) HLyEFIA 3L R 2 H A U 1)
T &4 R B (TBESK), MBI KM . CPU. A
fF T WEELAS SR F F A FEOR AT L 3 FhRVE )R
L, AR T 4 AUE TOPSIS i B H 3% (CWT)

BLEJRAA ) BES 57% 5 TBESK SvATE SR R A M

JFE EXTEE 3 ML R L.
53.1 HEBEGERMEE -

Kl 2 ﬁ%ﬁizﬁﬁﬁi@ﬁ&n% 7(_% Pod AEREIE 2]
SIS, 7T DA% B TBESK. #5676 F 1%, 3% 2 il
T TBESK EEFEXT Pod #EAT 1 BER, AHXT T~ B 5 (1)1
JE S, AN RS T Ay U R R A 2 R A R O R A A
ST Pod TR IS I 15 BAH LA, A5 55T
VS Fa i, BRAR T SRR S B B4k kG, TBESK
LR BIR R S LRA %, BRA BIEAELL, 739
B 24% Al 21%, iXF o~ TBESK Sk LA R b i
AR AR, A RS T A BB AR R R A
(1 D

& 34 CWT 5%k, BES HiLLL K TBESK & ik
10 B R % 1 BE 2, mT UK IIAE Pod % H 8D 115 L

T, WERBEZHZEAKR, HEREE Pod B HMEZ

TBESK AL T H At 7 o S09: 7E 5% K 17 5 oy o5 W]

BRI
53.2 BRBETTUR KM

& 4 FIE 5 43 T 24 Kubernetes 22841 f¥] Pod %
O 1800 B, %A1 s/l #E TBESK ik, LRA K
1 BRA EIEVER R, CPU M A7 % U5 A 2. 3 Fil
HEHE BB CPU M AE, IILAE CPU AP A7 1 Bt
PRI R EEARKNZESR.

030
-+ LRA
028 | 4 BRA
026 | TBESK
2024t
\ﬁé 022}
% 020 | N——q’/
018 |
016 |
200 400 600 800 1000 1200 1400 1 600 1800
Pod % H
B2 SRR I
030
- CWT
028 r 4+ BES
0og | TBESK
% 024 |
ﬁé 022 |
B 020 |
018 |
0.16 |
\,. 200 400 600 800 1000 1200 1400 1 600 1800

Pod % H
B3 SRR 1T

N 1 1
5
120 120 120
S 100 ¢ S 100 3 100
3.‘% 80 | g 80 E‘E’* 80
e = "
Ay =%} =%}
&) O @]
40 40 40
20 1 1 1 1 1 1 1 20 1 1 1 1 1 1 20 1 1 1 1 1 1 1
0 5 10 15 20 25 30 0 5 15 20 25 30 0 5 10 15 20 25 30
R R R R REPsY e
(a) TBESK (b) BRA (c) LRA

K4 AT I CPU R =

194 4R 5% Software TechniquesAlgorithm
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0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Pt k5 REI=Y RS REIsY 5
(a) TBESK (b) BRA (© I\RA
Bl 5 RERS T IR % | \ o

533 TR, BEELA ETTIER &

6 A 7 &7 T 7E Pod #1800 I, &R 7
SITE TBESK 53, LRA BEM BRA HEER T
S PR B ) P 5 RG4S, 25 B (A R JEUR T 2R E LRA 55
VAR BRA S T AR A 3 4315 A 46 4 s Tl 4 2
i H LAY, TBESK SO T Ho At o0 ik, S
1o S A B R P AR A R P R OB A .

-

1 LRA S35 0 1 4000 R 2
A 54%, ANIe] 15 KTIRAL A R 3 2% 65%,
T BRA LI, HeBfrb R4 i 500 Ak
% 60%, Hidh 2% 2RI F 240 22 80%. A AW R
BIGTREFh35 9345 4 104 S PR A LAY VR P 2
HEIE 100%, W15 4k Sk AR ) 755K Pod i X485
b, B BN B

120 | 120 | 120 |
g 100 ¢ g 100 ¢ g 100 ¢
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E S S
60t 60 | <60 |
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z 2z 2
40 | 40 | 40 |
20 1 1 1 1 1 1 1 20 1 1 1 1 1 1 1 20 1 1 1 \ l‘: 1 1 1
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i T & ) e
(a) TBESK (b) BRA i v () LRA
N
6 N IFISRMS i) S
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-]
S 100 f L 300 | <100 |
= 80t w80t J\ E 30|
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4 60 ¢ 60 o~ 60 -
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40 | 40 | 40 |
4 P — 3 P — ) P —
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Ril=Y ke Ril=Y R Rt R
(a) TBESK (b) BRA (c) LRA

K7 ARSI T B R B

£ TBESK SE N, SR 2517 sl (07 58 BE IR
FIZRHRAE 55% F1 95% KX 18] Nl 5 s by sE B0
R NG DL, BEAE 7 B R AR ARAE 43% £ 98%

R IX 8] N Bh, 3% H IR R B 100% 153, f1
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TBESK H.i%k T EhnfaE.
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