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Abstract

Spark is a widely-used big data computing framework to process and analyze the explosive-growing data. The cloud
can provide on-demand and pay-as-you-go computing resources to satisfy the users’ requirements. Currently, many
organizations have deployed big data computing clusters on the cloud. These clusters are required to efficiently handle
the Spark job scheduling problem so as to meet the QoS requirements of various users, such as reducing the cost of
resource usage and shortening the job response time. However, most of the existing methods don’t consider the

requirements of multiple users together, and fail to take into account the characteristics of Spark cluster environments
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and workloads. To address the above-mentioned challenge, a new Spark job scheduler based on DRL technology was
designed to adapt to multiple QoS requirements by modeling the job scheduling problem of Spark clusters deployed in the
cloud. A DRL cluster simulation environment was built to train the core DRL Agent of job scheduler. In the scheduling
environment, training methods based on absolute deep Q-network and a combination of proximal policy optimization and
generalized advantage estimation were implemented, enabling DRL agent to adaptively learn the characteristics of
different types of jobs as well as the characteristics of dynamic and bursty cluster environments. This enables rational
scheduling of Spark jobs to reduce the total usage cost of the cluster and shorten the average response time of jobs. Testing
results of DRL Agent on the benchmark suite show that compared with other existing Spark job scheduling solutions, the
newly designed DRL Agent job scheduler in this paper has significant advantages in terms of total cluster usage cost,

average job response time and QoS achievement rate, which confirming the feasibility and effectiveness of the job scheduler

designed in this paper.
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K7 WMPET DRLEVEWIBRERR SE&IFWIAREBEVE TN AN L

AL AL T-EA R B2 I [ /s

(L IEHF - e Rl MR EUAIRIES SRR B EIAIRIES
FF 56.46 61.75 163.44 197.69
SJF 57.66 60.45 162.31 195.16
RR 62.78 67.14 178.98 214.63
AEP 59.16 63.20 164.62 193.06
ILP 68.80 72.80 184.36 220.47
DQNO.O0 54.80 56.78 158.34 186.63
DQNO.2 56.83 58.17 156.87 192.42
DQNO.5 55.14 59.22 159.97 189.31
DQNO.8 57.61 61.62 165.99 195.88
DQN1.0 58.23 60.47 162.83 197.50
REINFORCEO0.0 56.42 60.15 160.35 189.40
REINFORCEO.2 60.94 64.38 159.39 191.11
REINFORCEO.5 59.46 62.46 161.44 192.01
REINFORCEO.8 63.82 63.51 162.64 190.75
REINFORCELO 64.62 66.67 163.88 193.10
C-DQNO0.0 52.81 55.05 155.49 185.12
C-DQNO.2 53.48 56.48 157.48 187.81
C-DQNO.5 55.61 57.16 156.13 190.48
C-DQNO.8 56.67 60.17 163.89 189.82
C-DQNI1.0 58.17 58.86 159.32 194.20
PPO+GAEO0.0 55.84 58.24 150.97 182.84
PPO+GAEO.2 57.87 60.02 157.32 186.87
PPO+GAE0.5 56.65 61.56 152.48 185.65
PPO+GAEO0.8 58.59 60.48 155.98 193.59
PPO+GAE1L.0 59.99 62.89 162.47 189.99
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®8 WIPET DRLEVEAIBE S SELIFIIBEESH) QoS XML

ANFEAR T QoS ik pg

(RIS IER - el R EUAIRIES SRR BRI S
FF 0.67 0.64 0.47 0.46
SIF 0.69 0.69 0.50 0.52
RR 0.58 0.56 0.38 0.39
AEP 0.64 0.61 0.48 0.47
ILP 0.52 0.50 0.42 0.44
DQNO.O 0.69 0.68 0.54 0.63
DQNO.2 0.72 0.71 0.70 0.61
DQNO.5 0.77 0.76 0.66 0.68
DQNO.8 0.68 0.73 0.57 0.67
DQN1.0 0.75 0.70 0.68 0.54
REINFORCEO0.0 0.77 0.72 0.64 0.68
REINFORCEO.2 0.76 0.70 0.65 0.61
REINFORCEO.5 0.80 0.79 0.69 0.66
REINFORCEO.8 0.74 0.74 0.62 0.71
REINFORCELO 0.72 0.75 0.62 0.61
C-DQNO.0 0.74 0.74 0.66 0.64
C-DQNO.2 0.78 0.80 0.63 0.62
C-DQNO.5 0.86 0.78 0.73 0.72
C-DQNO.8 0.82 0.84 0.68 0.67
C-DQN1.0 0.76 0.73 0.70 0.68
PPO+GAEQ.0 0.78 0.75 0.72 0.69
PPO+GAE0.2 0.83 0.79 0.68 0.66
PPO+GAEO0.5 0.87 0.85 0.76 0.71
PPO+GAE0.8 0.80 0.82 0.71 0.74
PPO+GAE1L.0 0.79 0.74 0.64 0.72
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