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Abstract Solid State Drives (SSD) continue to improve its performance and capacity through the
adoption of new host interfaces and the use of multi-channel/multi-way I/O parallelism with multiple
core controllers. In order to design and evaluate the structure of the SSDs, a new SSD simulator needs
to be developed that supports the latest storage techniques. In this study, we develop a SSD simulator,
the Virtual-machine based NVMe SSD SIMulator (VNSIM), which supports the latest host controller
interface, NVM Express. The VNSIM simulates the entire I/O stack, from applications to Flash
memories. Unlike the existing SSD simulators, the VNSIM provides an environment for simulating and
evaluating SSD structures with two or more Flash Translation Layer (FTL) cores running in the SSD.
We developed the Flash I/O emulator which simulates the I/O performance of the Flash memory
including page cache registers. The VNSIM was validated using the Samsung 950 Pro NVMe SSD,
showing that the VNSIM models the 950 Pro SSD with a 6.2%~8.9% offset.
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Table 1 Flash memory configurations
Term Description Unit
Spage Flash page size Byte
Npages # of Flash pages per block
Nbiocks # of Flash blocks per plane -
Npianes # of planes per Flash -
Nen # of channels -
Nuyay # of ways -
Teoma Register command set latency | usec
Treq rea; Register read/write latency usec
7‘!‘5’5,10“ te
Tread, Tprogram Flash page read/write latency | usec
Terase Flash block erase latency usec

REG FLASH REG
NOOP READ READ

a6 FYA W= 7] e dol
Fig. 6 Flash memory read state transition
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Fig. 7 Flash memory read timing diagram
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Table 2 Host and guest system specification

Host system

CPU Intel i7-4790K 4.00 GHz
Memory 32 Gbyte
Storage Samsung SSD 840 Pro

Ramdisk size 18 Gbyte

Host OS Ubuntu 16.04 (Kernel 4.4.0 version)
Guest system
Memory 2 Gbyte
Storage 8 Gbyte ‘OS storage (qcow2 format)
8 Gbyte NVMe storage (qcow?2 format)
Guest OS Ubuntu 12.04 (Kernel 4.2.0 version)

3 3 A 128 Gbyte V-NAND A}k
Table 3 Samsung 128 Gbyte V-NAND Specification

Parameter Value
Flash page size 16 Kbyte
Flash block size 4 Mbyte
# of planes per Flash 2
Flash page write latency 390 usec
Flash page read latency 35 usec
Block erase latency 4,000 usec

¥ 4 VNSIM 2% 3t
Table 4 VNSIM Configuration

Parameter Value
# of Cores 3
# of Channels 2
# of Ways 1
Register read/write latency 24 usec
Register command set latency 8 usec
Write buffer size 1 Mbyte x 2
Read buffer size 1 Mbyte
# of blocks per plane 640
SSD capacity 10 Gbyte
Over-provisioning 2 Gbyte
Page cache register Off
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Table 5 Summary of Filebench Workload
Files | File size | Threads | R/W | fsync
80,000 | 128 KB 50 33/67 N
varmail 8,000 16 KB 16 50/50
videoserver | 64 512 MB 4 20/80
16 KB 10 90/10
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Table 6 Comparison of VNSIM with previous SSD modeling platforms (O: Support, X: Not-support, A: Limited)
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