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SSD Properties

Reads at page level

»  Writes at page level
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Black-Box SSD: LBA -> PBA
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Black-Box SSD: Striping
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Black-Box SSD: Out-of-place updates
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Black-Box SSD: Out-of-place updates
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Black-Box SSD: Garbage Collection
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Black-Box SSD: Garbage Collection
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Black-Box SSD: Garbage Collection
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Black-Box SSD: Garbage Collection
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Black-Box SSD: Block Interface Tax
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Black-Box SSD: Block Interface Tax
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[ssues with garbage collection?

X Write Amplification
X Interference with host I/O
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Zoned Namespace Interface (ZNS)
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Host-Managed Garbage Collection
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Host-Managed Garbage Collection

I Empty I

write reset

[ Implicit Open ]

Zone 0 Zone N R
LBAO | LBA1 | LBA2 | LBA3 | LBA4 | LBAS5 | LBA6 | LBA7 | LBA8 | LBA9 e LBAN
A
write pointer L
|°.I.I.I.l.l.°]
Q LARARE
@ [o o

DISC




. . . . BOSTON
Actlvely written zones limit

I Empty I

A

write reset

[ Implicit Open ]

J Zone 0 . L Zone N _
LBAO | LBA1 | LBA2 | LBA3 | LBA4 | LBAS5 | LBA6 | LBA7 | LBA8 | LBA9 | -*- LBAN
A A A
write pointer L write pointer
I TTTTT
@ lo o

DISC




. . . . BOSTON
Actlvely written zones limit

I Empty I

A

write reset

[ Implicit Open ]

J Zone 0 . L Zone N _
IBAO | LBA1 | LBA2 | LBA3 | LBA4 | LBA5 | LBA6 | LBA7 | LBAS | LBA9 | --- | LBAN
A A A
write pointer L write pointer
o . . . .
& What if resetting is not an option? .. |°]

Q LARRRE

3 lo™ "o

DISC




BOSTON
UNIVERSITY

Zone Management: Finish

reset

Empty

Full

QO

DISC

y

write

A

A

A

finish
[ Implicit Open ]7

°
&

Zone 0

finish

Zone 1

Zone N

A

\ 4

\ 4

<
<«

LBA 0

LBA 1

LBA 2

LBA 3

LBA 5

LBA 6

LBA 7

LBA 8

LBA 9

Which zone should I finish?

A

write pointer

A

write pointer

\ 4

LBAN




BOSTON
Zone State Management

close I EXphCl’[ Open Ifinish

open reset
A 4 v A 4
I t I
A A A
write reset
close finish
ImphCIt Open J Zone 0 . L Zone N R
IBAO | IBA1 | IBA2 | IBA3 | LBA4 | LBA5 | LBA6 | LBA7 | LBAS [ LBA9 [ --- [ LBAN
© I o o
& How does state machine management T ]
affect application complexity? SSD
Q LARARE
S lo o

DISC




ZNS Controller Design: Mapping
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ZNS Controller Design: Mapping

Static Mapping Scheme: Less Striping
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ZNS Controller Design: Mapping

Static Mapping Scheme: Fully Striped

P —
LN

Ll

QO

©
DISC

Zone 0

Zone 1

Zone 2

Zone 3

BOSTON
UNIVERSITY

Zone 4

Zone 5

Zone 6

Zone n

Zoned interface

Controller

(R

(I

([

(I

([

([




QO

DISC

Zoned Interface

Append only interface

Garbage collection to reclaim space

Optimal data placement

Wear leveling

BOSTON
UNIVERSITY



BOSTON
Zoned Intertace

Append only interface

Garbage collection to reclaim space
Wear leveling

Optimal data placement

QO

DISC




ZNS Controller Design: Write
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ZNS Controller Design: Reset
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ZNS Controller Design: Reset
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ZNS Controller Design: Reset
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ZNS Controller Design: Reset
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ZNS Controller Design: Mapping

Dynamic Mapping Scheme
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ZNS Controller Design: Mapping

Dynamic Mapping Scheme
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ZNS Controller Design: Mapping
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ZNS Controller Design: Mapping
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ZNS Controller Design: Mapping

Dynamic Mapping Scheme
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ZNS Controller Design: Mapping
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ZNS Controller Design: Finish

Finish sends dummy writes to all the allocated blocks

QO

©
DISC

Zone 0

Zone 1

Zone 2

Zone 3

BOSTON
UNIVERSITY

Zone 4

Zone 5

Zone 6

Zone n

Zoned interface

Controller

(17T o o | o o o (AT o
|DDDD OO0 |DDDD OO0
VO0oO|| || |[2EEE o ) | T T

([




ZNS Controller Design: Finish

Finish sends dummy writes to all the allocated blocks
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ZNS Controller Design: Finish

Finish sends dummy writes to all the allocated blocks
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Issues with dummy writes?

X Write Amplification

X Interference with host I/O
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ZNS Access Paths
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FDP Controller Design: Mapping
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FDP Controller Design: Mapping
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FDP Controller Design: Mapping
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FDP Controller Design: Mapping

Placement Handle (PH)
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FDP Controller Design: Mapping

Write command has to include LBA, PH and Group
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FDP Controller Design: Mapping

Placement Handle (PH)
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FDP Controller Design: Mapping

Placement Handle (PH)
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FDP Controller Design: Mapping

Writing beyond RU boundaries
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FDP Controller Design: Mapping

Write amplification benefits
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History of Data Placement on SSD
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History ot Data Placement on SSD
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