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Outline

e Holistic Viewpoint (Overview)

e SSD Architecture

e Parallelism Overview

e Page Allocation Strategies

e Evaluation Studies for Parallelism
e Host Interface Overview

e Case Studies

e Parallelism-Aware Host Interface |/O Scheduler
e GC-Aware Host Interface I/O Scheduler

e Simulation Infrastructure (for your future research)
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Holistic Viewpoint (Hardware)
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Holistic Viewpoint (Software)
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Outline

e SSD Architecture
e Parallelism Overview
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e At the top of SSD internals, there is host interface
controller that parses the incoming requests

e Embedded CPU(s) is employed for flash firmware
such as
FTL, buffer S,

Die Internals
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 Underneath the embedded processor, multiple
flash controllers exist, each connecting a memory
bus, referred to as channel

e Within a bus, there are multiple flash packages,
each having flash interface, called way
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SSD Internal Parallelism

1) System-level parallel data access 2) Flash-level parallel data access
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SSD Internal Parallelism

1) System-level parallel data access 2) Flash-level parallel data access
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SSD Internal Parallelism

1) System-level parallel data access 2) Flash-level parallel data access
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SSD Internal Parallelism

1) System-level parallel data access 2) Flash-level parallel data access
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SSD Internal Parallelism
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Parallelism Overview

* Note that different vendors use different naming
rules (interleaving, stripping, way, etc.)

* You need to understand four different level of
parallelism based on the contexts

e Plane sharing (=multiple-mode operation, two-plane
operation, etc)

e Die interleaving (=interleaved die operation, bank
interleaving, etc)

* Way pipelining (=package interleaving)
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Outline

e Page Allocation Strategies
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Software Stack (review) & Page Allocation

Host Interface Layer
(Page allocation strategies are directly related with physical data

layout and access sequences, which have impact on the
(. performance and internal parallelism P

~
Fl

r-NV

Hardware Abstraction Layer

Committing flash transaction to underlying WAYO WAY1

flash memory chips
HIL
FTL

CHB CHA

[Image:micron.com]

came

Computer Architecture Memeory and Embeded Systems Laboratory



Page Allocation Strategies (Palloc)

e Channel-first pallocs
e Allocate internal resources in favor of channel striping method

e Way-first pallocs
e Are oriented forward taking advantage of the way pipelining

e Die-first and plane-first pallocs

e Allocate die and plane in an attempt to reap the benefit of
flash-level parallelism
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Channel-first Page Allocation
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Channel-first Page Allocation
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Way-first Page Allocation

WDCP -- Way-Die-Channel-Plane

WCPD Channel striping
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Way-first Page Allocation

* This a
1.

location assigns

the way resources in a
channel

stripe all the requests over
multiple ways

interleave the flash-level
resources.
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Die-first Page Allocation
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Die-first Page Allocation
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Plane-first Page Allocation
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Plane-first Page Allocation

* |t parallelizes data accesses
with plane sharing, which
can in turn improve the
storage throughput

* An excellent option for
realizing the benefits of
both inter- and intra-
request parallelisms

lemory and Embeded Systems Laboratory
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Channel-first vs plane-first

Channel-first page allocation

Total latency : 200 us

Plane-first page allocation

Total latency : 240 us

Assumption in this example

Legacy : 200 us (1 page)
Plane sharing : 240 us (2 pages)
CAMEL
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Channel-first vs plane-first

Channel-first page allocation

Reql : 200 us
Plane-first page allocation in favor Req2 : 400 us

of way pipelining

Reql: 240 us
Assumption in this example Req2: 240 us
Legacy : 200 us (1 page)
Plane sharing : 240 us (2 pages)
GAMEL
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Outline

e Evaluation Studies for Parallelism
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* NAND Flash Chip

* Fine-grained NAND command
e Advanced commands

e Strong address constraints

* Intrinsic latency variation

OPEN SOURCE PROJECT

e SSD Framework NANDFlashSim

OMPITTERD

8 channels, 8 flash per channel (64 total) :i;é%ﬂg_m
e Dual-die package format, 32 entry queue "
e A page-level mapping and greedy garbage collection algorithm
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Way and flash-level resource first pallocs have better IOPS
performance position than channel-first palloc

1.2 m CWDP
- - T - = WCPD
m DPCW

PDCW

msnfs usr finl web fin2 sql0 sqll sql2 sql3
[Normalized IOPS]

Channel-first palloc provide shorter latencies than flash-level
resource first pallocs

finl web fin2 sql0 sqll sql2 sql3
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Parallelism Breakdown

* Low flash-level parallelism is observed under palloc
schemes in favor of channel

 They render advanced flash command compositions

difficult at runtime (due to low flash-level localities)
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Resource Utilization
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)

Avoiding resource confiicts

Flash-level parallelism

Lower latency

Maximizing resource
utilization

Higher throughput g
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