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An Improvement of Kubernetes Auto-Scaling
Based on Multivariate Time Series Analysis

Yong Hae Kim' - Young Han Kim'"

ABSTRACT

Auto-scaling is one of the most important functions for cloud computing technology. Even if the number of users or service requests
is explosively increased or decreased, system resources and service instances can be appropriately expanded or reduced to provide services
suitable for the situation and it can improves stability and cost-effectiveness. However, since the policy is performed based on a single
metric data at the time of monitoring a specific system resource, there is a problem that the service is already affected or the service
instance that is actually needed cannot be managed in detail. To solve this problem, in this paper, we propose a method to predict
system resource and service response time using a multivariate time series analysis model and establish an auto-scaling policy based
on this. To verify this, implement it as a custom scheduler in the Kubernetes environment and compare it with the Kubernetes default
auto-scaling method through experiments. The proposed method utilizes predictive data based on the impact between system resources
and response time to preemptively execute auto-scaling for expected situations, thereby securing system stability and providing as much
as necessary within the scope of not degrading service quality. It shows results that allow you to manage instances in detail.

Keywords : Multivariate Time Series, VAR, Kubernetes, Auto-Scaling
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Fig. 2. System Configuration of Custom Scheduler

Table 1. Functions of Custom Scheduler Components

Node Component Function

Service Status | Collect service status information
Tracker running on service containers

Container | Collect status information for
Status containers running on each Worker
Tracker Node

Master Multivariate analysis and prediction
Node Forecasting |data generation (resource and
Module service performance at next
observation point)
. Auto-scaling based on forecasting
Auto-Scaling .
data from the Forecasting Module
Module

(Scale-In/Out)
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Forecasting . . <
Module Auto-scaling Service Status Container Status Worker Node
- Module Tracker Tracker

(Using VAR)

:| 3. VAR analysis and| forecasting data
generation [periodic)

4. Auto-Scaling Algoffithm Execution Request

1. Service Monitoring (Bervice Response Time)

:| 5. Auto-Scaling Polid

6. Auto-Scaling Execy

2. Pod Mopitering(Pod count, CPU |utilization)

ly Execution

tion (Pod Scale-In/Out)

Fig. 3. Sequence Diagram
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Fig. 32 o AAE Hlold 4% 58 LE-2AY
P % S UEhdh

Service Status Tracker®} Container Status Tracker
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F71H 02 VAR 2PZ o83t 243 d5e +3st, °f
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At

3.3 CHHE AAIE B2M Lue|E
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oz AL 17t HHite ARgsto] mdS st
<& 33t Equation 3)2 F 719 SHHRQ AH|IA
SHAZHY)F CPU AREH(Y)ol Hidt pAk=ql VAR W3
4o},

Equation of VAR(P) Yjr41) = AV + €peaq)

Y, P11 - Oy Y,
where Y, q = Ct”], A= Pl Yy = [ "]
s I ) P21 D2p L ) (3)

Each Equation of VAR(P) Yeepq = @11¥er + @1a¥eeoq + oo + OipVorpo1 + €141

Yiesr = OuaYee + O1a¥iecy + oo + BppYoepy + €204g

FHE| A9 7|2 QE-AAYY 752 AHH A4 &
A AAAE) AHEES oSl LE-AALY FAof R
£ Aot AQtohe WA Fig. 491 o] dA7IA 9 4=
¥ dlolelE 7I¥C & Equation (3)Z Z°] VAR 23S &
Boto] ohg e+l ARl tigk A AR} CPU

t5  t4  t3 t2  t1 to|
CPU Usage —O&—@0—@0—0—0——@—————

(a) Kubernetes Auto-Scaling Algorithm

CPU Usage

Response Time

(b) Suggestion method Auto-Scaling Algorithm

Fig. 4. Suggestion Method Auto-Scaling Algorithm
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# Load matrix data
metricDatasOfWorker = loadMetricDatasOfWorkerNodeForVAR(nTerm)

# Create VAR model instance
forecastModel = VAR(metricDatasOfWorker)

# Select Model select indicator{aic)

k_ar = forecastModel. select_ordert).selected_orders/ aic’]

# Model Fitting

forecastModelResults = forecastModel.fit(maxiags=k_ar, ic='aic’)

# Generate forecasting data
forecastDataOrg = forecastModelResults.forecast()

Fig. 5. Pseudo Code for Analysis
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Table 2. Auto—-Scaling Policy

Increase Reduce
CPU Usage CPU Usage
Increase. Scale-Out Keep the status
Response Time quo
Reduce Keep the
. Scale-In
Response Time status quo

Table 3. Parameters for Auto—Scaling

Parameter Description
SPmin Minimum number of pods to be executed
SPcurrent Number of Pods currently running
SPmax Maximum number of Pods you can run
Scale-Out reference value as upper CPU
CPUUCL utilization control limit for performing
auto-scaling algorithms
Scale-In reference value as lower CPU
CPULCL utilization control limit for performing
auto-scaling algorithms

Pseudo Code for Auto-Scaling Algorithem

for pod to pods
# VAR forecasting
doVARForecast()
# Predicting situations where CPU predictions are above threshold
# and service response times are slow
if pod.cpu_forecast => CPUCL and pod.responseTime_forecast => pod.responselime_current
if SPcurrent < SPmax
increase Pod
end if
# Predicting situations where CPU predictions are below threshold
# and response times are accelerated
else if pod.cpu_forecast < CPUCL and pod.responseTime_forecast < pod.responseTime_current
# Overall Pod CPU Utilization Predicted Layer Average Below LCL
# Decreased by Minimum Number of Running Pods
if pod.cpuavs. forecast < CPULCL
decrease Pod to SPmin
else
decrease Pod
end if
end if
end for

Fig. 6. Pseudo Code for Auto—Scaling Algorithem

Source code for VAR Analysis

# Import packages for VAR Analysis
from statsmodels.tsa.api import VAR
from statsmodels.tsa stattools import adfuller

# Create VAR Model instance
forecastModel = VAR(workerMetricData_real)

# Model delect indicator by AIC(Akaike's Information Criterion)
lagorderresults = forecastModel.select_order()
k_ar = lagorderresults.selected_orders| aic'|

# Model Fitting
forecastModelResults = forecastModel. fit(maxlags=k_ar, ic=aic)

# Forecasting
forecastDataOrg = \
forecastModelResults.forecast(workerMetricData_real.values(-k_ar:], 1).reshape(3.)

Fig. 7. Source Code For VAR Analysis

3.4 7AY A EY 31H

ALE AAEHE Podey AHS AHlA AHIE VAR
HYPo s EA5IL oS Hlolg o]&sto] RE-AALLS
e ALE AAEY L2 VAR ZES o]&% 24
3t A Fo] 7Sk, I S ZAE HFoE H oY LE
-2ALYE Y=t &olsfoF gttt Pythonol= RolA
7Fs 3 ot SARA T AAE B HES A dste
statsmodels 7] Z]7} JT}H20]. statsmodelse BAF F
A 9 AR IAEA 1P AAG A0 BRT Ve
7R 1 itk 2 =EolA= o] mf7| R[4 AlFdk= VAR &
& 0|25} Forecasting Modules &3t} Fig. 72
VAR B3 o83t o5 tlolg A4 Z=E UEhdth

VAR Z@oJA ARREE= AIC gH2 dlo]eAlof dist B4
g9 Yy 4L Brtchs s 4 FJH &4S 7
= Zdo] d89d 4= JEE g W2 AIC glo] 239 J
AE7t =2 AL 9uigith

Fig. 85 QLE-AAYY FT=& Uetdith o= HolHE
< T=4 vlolE et vlwsto] Aol B AAY-]1/ob
< 5t AA Pod CPU AHE-E B+ako] CPU A&
oy shetgEt Y2 AMEEERE 45 4% Pod AN
5 A iR AT



Source Code for Auto-Scaling

CPUUCL = 90
CPULCL = 40
SPMax = 4
SPMIN = 2

# Scale-In/Out Function
def podScaling(deploymentName, replicasCount):

output = os.popen('kubect] scale deploy {0}
--replicas={1}' format(deploymentName, replicasCount)).read()

if ‘scaled” in output.strip():
return True

else:
return False

for pod in pods:
if autoScaleCheckFlag == False:
#forecast= responsetime, cpu &
podMetricData_current = podMetricData_real tail(1)
# Auto-Scaling ' out
if forecastDataCorrect[1] > CPUUCL and forecastDataCorrect[0] > \
podMetricData_current|0]
if autoScalelnOutFlag == False and runningPodCount < SPMax:
print('scale out : {0}-{1}' format(testStatus, 'each'))
result = podScaling(deploymentName, runningPodCount + 1)
autoScaleCheckFlag = result
if result:
break
# Auto-Scaling @ in
else if forecastDataCorrect[1] < podMetricData_current[1] \
and forer:astDaiaCorrectf] < podMetricData_current[0]:
if forecastDataPodMeanCorrect < CPULCL:
print('scale in default : {0}-{1}' format(testStatus, 'each'))
result = podScaling(deploymentName, SPmin)
if result:
break
else:
if runningPodCount >SCmin
result = podScaling(deploymentName, runningPodCount - 1)
autoScaleCheckFlag = result

Fig. 8. Source Code for Auto—Scaling
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Table 4. Server Instance

Sortation Master Node | Worker Node Etc.
P Kubernetes Kubernetes ?O,‘Clkter
urpose Master Node | Worker Node rl.a ¢
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