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ABSTRACT

This study addresses the knowledge gap in request-level storage

trace analysis by incorporating workload characterization, com-

pression, and synthesis. The aim is to better understand workload

behavior and provide unique workloads for storage system test-

ing under different scenarios. Machine learning techniques like

K-means clustering and PCA analysis are employed to understand

trace properties and reduce manual workload selection. By gener-

ating synthetic workloads, the proposed method facilitates simu-

lation and modeling-based studies of storage systems, especially

for emerging technologies like Storage Class Memory (SCM) with

limited workload availability.

CCS CONCEPTS

· Computing methodologies → Machine learning approaches;

Modeling methodologies; Discrete-event simulation.
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1 INTRODUCTION

The use of storage traces to analyze workload characteristics, com-

pression, and synthesis has been researched extensively. However,

previous studies have focused on only one of these aspects. In this

study, the researchers aim to address all three aspects usingmachine

learning techniques and investigate trace properties across different

time granularities. The goal is to provide representative workloads

for simulation and modeling-based studies of data placement for

emerging technologies like Storage Class Memory (SCM). No exist-

ing studies have addressed all three aspects together, making this

research unique and valuable ([1], [2],[3], [4],[5]).

Workload characterization is the process of analyzing and un-

derstanding the behavior of a workload in a system, such as IO

patterns and resource utilization. Workload compression is the pro-

cess of reducing the number of traces needed to evaluate the storage
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system while maintaining the original workload’s key characteris-

tics, which helps in selecting a unique and non-redundant subset

of the original traces as simulation points. Workload synthesis is

the process of generating a synthetic workload that simulates real-

world user and application behavior, enabling storage simulation

and modeling works in scenarios where the workload of the target

system is unavailable or limited. Figure 1 shows the block diagram

of the proposed method. Request-level storage traces shown are

FIU trace [6] and Rocksdb [7], taken in different time granularity

windows (e.g., 1-hour time intervals). Workload characterization

helps in understanding the behavior and characteristics of the avail-

able workload, which is used to find unique representative subsets

of the workload and generate more workloads based on the desired

IO pattern. The process makes use of machine learning methods

like K-means clustering and PCA analysis to reduce the need for

manual selection and learn hidden dependencies in the workload.

The proposed work enables understanding of storage trace be-

havior, enhancing the potential for workload characterization, com-

pression, and synthesis together. The aim is to aid in the simulation

of various scenarios and system performance using storage-level

workloads. By using synthetically generated workloads solely or

along with the available workloads, it facilitates simulation and

modeling-based studies for emerging storage systems like Storage

Class Memory (SCM) where workloads are not available or exist-

ing ones have limited availability. One such simulator, NVMain,

supports various emerging non-volatile memory technologies, in-

cluding DRAM and SCM. NVMain offers advantages in its ability

to run trace-based simulation or be patched to a CPU simulator

like gem5 for full system understanding. Configured with the ap-

propriate parameters for the chosen SCM technology and fed with

synthesized or compressed workloads, NVMain can simulate and

model the system’s performance. This method helps make informed

choices for storage system optimization and resource allocation,

resulting in enhanced performance and efficiency.

2 EXISTING STORAGE TRACES

Public repositories offer various storage traces for studying storage

systems, focusing on request-level storage block traces in this study.

The SNIA repository offers MSR Cambridge Traces, Virtual Desktop

Infrastructure Traces, andMobile Storage SubsystemTraces provide

extensive collections for different systems.We have selected the FIU

and RocksDB traces for our study [7][6]. The FIU traces consist of

21 days block traces fromHDD-based production systems at Florida

International University’s Department of Computer Science. We

consider three FIU trace types: home,mail, and web, consisting four

separate workloads of home directories, the department’s email

inboxes, and a mix of online and webresearch workloads for web.
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