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Problem Definition

SPDK-based Network-based Block Storage
has the following two problems

(1) High I/O Stack Overhead Problem

(2) Core Load Imbalance Problem
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Workloads
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Problem#2: Core Load Imbalance
Core Utilization vs I/O Latency
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Problem#2: Core Load Imbalance
Core Utilization vs I/O Latency
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« Monitors the utilization of each core
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« Monitors the utilization of each core
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Monitors the utilization of each core
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Module#2: Monitoring g

« Monitors the utilization of each core

Condition#1: Core Overloading Feuit (C) > T (T, = 0.4)
Condition#2: Load Imbalance Max{F . (C)} — Min{F_; (C)} > T
ex. T,g=0.1
SPDK ( - )

Time Windowl array
Threadl Thread?2 Thread3

D e o e

Overload Idle

o

@

U, >0.1 U, <0.8 U, >0.3
Low group High group Low group
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* OctoKV Scheduling Module migrates 1/O requests
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OctoKV Scheduling Module migrates I/O requests
from overloaded cores to idle cores

A single 1/O request consists of three stages
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Module#3: Scheduling

* OctoKV Scheduling Module migrates 1/O requests
from overloaded cores to idle cores

A single 1/O request consists of three stages
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Module#3: Scheduling

NVMe-oF Target KV Store | NVMe Driver
. N — —
80% of Core Utilization 20% of Core Utilization
High Group o _ _
Thread2:0.8 m g/lc;vabfle co[e utilization Time Windowl array
0% o1 0.8 =>0.16 Threadl Thread?2 Thread3
LowGrovp | TTITTTTTTTTTTTTTT T
Low Group High Group Low Group
Threadl:0.1 Acceptable core utilization 0.1 0.8 0.3
Thread3 : 0.3 (Uavg -0.1) + (Uavg -0.3)=>04

All KV stores and NVMe Driver stages in the high group core can be

moved to the low group core for processing.
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« Two heuristic algorithms determine
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Module#3: Scheduling

« Two heuristic algorithms determine
how much I/O to migrate to each core of low group

(ExX) Threadl:0.1 Thread3: 0.3 Ugyg: 0.4
RoundRobin (RR) Proportional Share (PS)
Threadl : Thread3 =1 : 1 Threadl:U,,,-0.1=0.3

Threadl: U,,,-0.3=0.1

Threadl : Thread3 =3 : 1
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Evaluation
e Client

§ Running a db_bench benchmark
1) Light workload
7 1/0 threads issue Put/Get I/Os
2) Medium workload
10 1/O threads issue Put/Get I/Os
3) Heavy workload
12 1/O threads issue Put/Get I/Os
§ 1/0 request size = 16KB

« Server
§ 6-core device
§ Running a Linux OS using Intel SPDK

Client 20 Cores : 3.8 GHz

db_bench

- __L__L@é;::i__l::

|
:
:
SPDK | !
:
:
:

‘ NVMe SSD |

Server 6 Cores : 1.8GHz
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Evaluation
Configurations

(1) Host KVS

- A hash-based key-value storage engine running on the client,
layered atop the kernel and file systems

(2) OctoKV

- The proposed system with only the key-value storage engine
running on the server

(3) OctoKV-LB
- OctoKV with the load-aware balanced 1/O scheduling
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Evaluation
Throughput

Throughput (MB/s)
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Evaluation
Core Utilization

Core utilization
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I
Conclusion g

* OctoKV Is a server-side key-value store that leverages the SPDK
capabilities for high-performance in disaggregated storage

« OctoKV achieves lower I/O response times in comparison to
traditional approaches

* OctoKV has proposed a powerful load-aware balanced I/O
scheduling



Thank You ©
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