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What is an Interconnection Network??

“A programmable system that enables fast data communication
between components of a digital system. ” [Dally & Towles]

— Sharing of expensive communication resources
— Provide a structured way to organize communication
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Interconnection Networks

Microarchitecture - router
organization

Topology - “roadmap” of the
network

Routing - which path a
packet takes

Flow Control - allocation of

network resources Interconnection networks

Infiniband
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Send “packets” not signals (wires)
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Figure 1 Partitioning the die into module tiles and network logic
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Today's Talk

* NetworkSSD : Interconnect of Flash Memory [MICRO’22]
=» Interconnection Networks between the Flash

« DecoupledSSD : Minimizing Data Movement internal to SSD [ISCA’23]
=» Interconnection Networks between the Flash Controller

« Evaluations

« Summary
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SSD Architecture Overview
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Networked SSD: Flash Memory
Interconnection Network for High-Bandwidth SSD

[MICRO22]
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Scalable, High Bandwidth SSD
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Scalable, High Bandwidth SSD
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Scalable, High Bandwidth SSD

Pins

Limited I/O bandwidth

SSD Controller

[Kim et al MICRO’22]

NVRAMOS 2023 11



Scalable, High Bandwidth SSD
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Scalable, High Bandwidth SSD
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Dedicated Signal Flash Memory Interface
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Signhal-based flash memory interface pins

Symbols | Type Description

CLE Control Command Latch Enable
ALE Control Address Latch Enable
RE Control Read Enable

RE_c Control Read Enable Complement
WE Control Write Enable

WP Control Write Protection

CE Control Chip Enable

R/B_n Control Ready/Busy

DQ|7:0] Data 1/O Data Input/Outputs

DQS Data 1/O Data Strobe

DOQS_c Data 1/O Data Strobe Complement

NVRAMOS 2023
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Dedicated Signal Flash Memory Interface

-------------------------------------...
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Dedicated Signal Flash Memory Interface
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Dedicated Signal Flash Memory Interface

-------------------------------------...
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Packetized Flash Memory Interface
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Packetized Flash Memory Interface
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Packetization Increases Effective Bandwidth

Packet-based communication
enables Interconnection Network
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Benefits of Flash Memory Network
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Enabling Spatial Garbage Collection

Garbage collection
direct page copy
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Topology is Constrained by Packaging & Technology

Chip pin count
Board pin count
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Topology for Flash Memory Interconnection Network
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Flash controller
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Omnibus topology

Vertical bus , Original bus

[re————————————
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Omnibus topology

Vertical bus
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Spatial Garbage Collection

I/0 request handling
through both channels

Garbage collection
page copies through
vertical channels

Vertical bus

e B B

Omnibus Topology

NVRAMOS 2023

Original bus

Direct
Page
Copy



Evaluation Setup

 SimpleSSD-standalone 2.0 version
— NVMe interface (PCle 4.0 4 lanes), Organization: 8 ch, 8 way, 1 die, 4 planes
— Flash memory: Ultra-Low Latency parameters —
— Flash bus: 2D structure modification
— Garbage collection: victim (greedy) / free (global) selection — parallel GC

 Workloads:
— Synthetic workloads and trace-driven evaluation ;
Comm
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/O performance

83.5% of average |/O latency has improved
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Normalized I/O
Performance Improvement

baseSSD (base GC) mbaseSSD (SpGC) mbaseSSD (preemptive GC) mpSSD (SpGC) = IOmnibus (preemptive GC)IﬂOmnibus (SpGC) I
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/O and GC interference

9.7x average |/O latency improvement

(Temporal)

(Spatial)

RocksDB-0 usr1-0 gsf-0 ug-0 usr2-0 moodle-0 backup-0
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CDF

J. Kim

Tail-latency

Over 18x reduction in tail-latency

< baseSSD x baseSSD (SpGC) - pSSD (SpGC) -+ Omnibus (SpGC)
1.00
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Decoupled SSD: Rethinking SSD Architecture
through Network-based Flash Controllers

[ISCA’23]
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Modern SSD architecture
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Modern SSD architecture

- \ Front-end Back-end ’
DRAM Cache |

Address Translation)
Flash 1/0 ) Flash
1/0 services Translation

Internal Mgmt.
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Modern SSDs are tightly-coupled
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1. Indirect Data
Movement

2. Unnecessary
Interference

3. Waste of
Compute and
Memory

~
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Limitations of modern SSD
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Decoupled SSD (dSSD) architecture

\ ( h
Front-end Back-end Bad-block Management

: ; - Support (hardware)

LP\AV’...LP\AV dynamic superblock
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D N i .
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- Efficient Data movement
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Main Memo
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Decoupled flash controller
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Integrated ECC engine into flash controllers
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Extend local copy-back command ...

Local copyback
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Main Memo

... to global copy-back command
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Enable direct inter-flash controller communication

‘I...
2

¢

S *

* | Decoy E
Flasle== ]

% | controllers o

‘0

L
.lll‘

.

“...
A *

.
Decoy ‘-

Flash==4
Controllers] &

’0
.'l n ielt
AHEE BRAA:

Main Memo

J. Kim

L ) N
o* e

NVRAMOS 2023

44



But dSSD still shares the system bus
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Decoupled SSD on flash network-on-chip (fNoC)
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Superblock management in SSD

t Flash-bus t

Internal Mgmt.

Flash Translation Layer

J. Kim

(FTL)

NVRAMOS 2023

47




Static Superblock is not flexible

Low High )
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Dynamic Superblock is flexible, but FTL is complex

High )
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Flash Translation Layer
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Flexible dynamic superblock with dSSD
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Simulation Setup (Methodology)

- SimpleSSD-standalone 2.0 version

— PCI-E 3.0 x8 lanes, system-bus = 8GB/s (x1)

- DRAM = 8GBJ/s, total flash bus BW= 8GB/s (1000Mhz,8 bits)

— Ultra-low-latency: read=>5us, write=50us, erase=1ms, page size=4KB

— TLC flash: read=60-95us, write=200-500us,erase=2ms, page size=16KB
— Garbage collection: victim (greedy) / free (global) selection — parallel GC
BookSim (fNoC) : 1D mesh, k =8, n =1, routing = dim order, B, = 2GB/s

« Workloads:

— Synthetic workloads, trace-driven evaluation
I/Os

— DRAM 1/O and Flash I/O cases
— GC interfered I/O cases for tail-latency
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Architecture Comparison

— Back-end
E Flash Memory Data movement

Baseline (scale-up) dSSD (shared) dSSD (fNoC)
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Extension of SSD Lifetime

BASELINE ¢ dSSD A dSSD (+ Reservation)
10000

23% improved lifetime
1000

-
o
o

Num. of bad
Superblocks
o

¢
M

15 20 25 30 35 40
Amount of data (TB)

65% delayed first bad-block

-
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Summary

Route Packets, not wires = Send packets, not signals

SSD can take advantage of interconnection network to improve performance (talil
latency) and reliability.

Network SSD: Packetized interface within SSD to efficiently utilize the given flash bus
bandwidth.

Decoupled SSD: Effectively decouple the front-end and back-end of an SSD through
the flash channel controllers

NVRAMOS 2023
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