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Solid ig m Disclaime rs
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 The  p rod ucts d e scrib e d  in this d ocume nt may contain d e sig n d e fe cts o r e rrors known as e rrata, which may cause  the  p rod uct to  
d e viate  from p ub lishe d  sp e cifications.  Curre nt characte rize d  e rrata are  availab le  on re q ue st.

 Solid ig m te chnolog ie s’ feature s and  b e ne fits d e p e nd  on syste m config uration and  may re q uire  e nab le d  hard ware , software  or se rvice  
activation.  Pe rformance  varie s d e p e nd ing  on syste m config uration.  No comp ute r syste m can b e  ab so lute ly se cure .  Che ck with your 
syste m manufacture r o r re taile r.

 Solid ig m d isclaims all exp re ss and  imp lie d  warrantie s, includ ing  without limitation, the  imp lie d  warrantie s of me rchantab ility, fitne ss for 
a p articular p urp ose , and  non-infring e me nt, as we ll as any warranty arising  from course  of p e rformance , course  of d ealing , o r usag e  in 
trad e .

 Te sts d ocume nt p e rformance  of comp one nts on a p articular te st, in sp e cific syste ms.  Diffe re nce s in hard ware , software , o r 
config uration will affe ct actual p e rformance .  Consult o the r source s of information to  e valuate  p e rformance  as you consid e r your 
p urchase .

 Cost re d uction sce narios d e scrib e d  are  inte nd e d  as examp le s of how a g ive n Solid ig m-b ase d  p rod uct, in the  sp e cifie d  circumstance s 
and  config urations, may affe ct future  costs and  p rovid e  cost-saving s.  Circumstance s will vary.  Solid ig m d oe s no t g uarante e  any costs 
o r cost re d uction.

 Solid ig m d oe s no t contro l o r aud it the  d e sig n or imp le me ntation of third -p arty b e nchmark d ata or We b  site s re fe re nce d  in this 
d ocume nt.  So lid ig m e ncourag e s all o f its custome rs to  visit the  re fe re nce d  We b  site s or o the rs whe re  similar p e rformance  b e nchmark 
d ata are  re p orte d  and  confirm whe the r the  re fe re nce d  b e nchmark d ata are  accurate  and  re fle ct p e rformance  of syste ms availab le  for 
p urchase .

 © Solid ig m, 2024.  Solid ig m and  the  Solid ig m log o  are  re g iste re d  trad e marks of SK hynix NAND Prod uct Solutions Corp . (d b a 
Solid ig m) in the  Unite d  State s and  o the r countrie s.  O the r name s and  b rand s may b e  claime d  as the  p rop e rty of o the rs.

All information p rovid e d  he re  is sub je ct to  chang e  without no tice .



What’s CSAL?
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 O p e n-source  cloud -scale  
share d -nothing  Flash Translation 
Laye r (FTL b d e v) in Storag e  
Pe rformance  De ve lop me nt Kit 
(SPDK)

 CSAL p rovid e s transp are nt b lock 
d e vice  to  the  up p e r ap p lication

 Ultra-fast cache  and  write  
shap ing  tie r to  imp rove  
p e rformance  and  e nd urance  to  
scale  QLC value

 Consiste nt p e rformance  in multi-
te nant e nvironme nt

 Flexib le  scaling  of NAND 
p e rformance  and  cap acity to  the  
use r/workload  ne e d s



CSAL Evolution
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(CSAL), an  FTL in  SPDK
Re fe re nce  Storag e  Platform (RSP)

CSAL b ase d  hig h-d e nsity d e sig n for 
QLCs and  SLCs 

CSAL re le ase  in
SPDK 2 2 .0 9

FMS 2 0 2 2  CSAL Enab ling  
Sto rag e  Pe rfo rm ance  & 

Cap acity Sca ling  fo r BIG DATA

Euro Sys 2 0 2 4 CSAL: the  Ne xt-Ge n  
Lo ca l Disks fo r the  Clo ud

How CSAL re move s QLC’s ad op tion 
challe ng e s and  p rovid e s QLC b ase d  

local d isk archite cture  in Alib ab a Cloud

 

CSAL fo r Alib ab a  ECS D3 C Se rvice
comp ute -inte nsive  b ig  d ata local 
d isk instance  re le ase

FMS2 0 2 4  CSAL
1. FDP NVMe  Te chnolog y Imp le me ntation and  
Scaling  with PCIe  Ge n5 Cache  SSD
2. CSAL Ap p e nd  Cache
3. CSAL d e mo of running L2P on CXL



Is d ata p lace me nt ne e d e d  for CSAL?

• Hand ling  he te rog e nous streams 
without sorting  the m increase s 
write  amp lification factor (WAF)

• Whe n p lacing  d ata se p arate ly it 
re d uce s d ata move me nt and  
d e crease s WAF

• CSAL p rove d  this me thod  works 
with ZNS d rive s

• The  sam e  e ffe ct can  b e  
ach ie ve d  w he n  CSAL use s
Fle xib le  Data  Place m e nt (FDP) 
d rive s
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Be ne fit o f using d ata p lace me nt in CSAL

J o b Blo ck Size  [KiB] Pa tte rn Q ue ue  De p th

1 write r 4 se q ue ntial 128

1 write r 4 rand om 128

1 write r 4 zip f 0.8 128

1 write r 4 zip f 1.2 128

Te na nts:

Ye s, d ata p lace me nt he lp s to  re d uce  syste m WAF
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FDP imp le me ntation in CSAL

 CSAL is still o rg anize d  
using  b and s

 Whe n op e ning  a b and , 
the  p lace me nt hand le  
ne e d s to  b e  assig ne d

 CSAL can start stag ing  
write s using  availab le  
re claim g roup s in round  
rob in ord e r

LBA PH/ RUH RG

A0 0 0

A1 0 1

A2 0 2

A3 0 3

LBA PH/ RUH RG

B0 1 0

B1 1 1

B2 1 2

B3 1 3

SSDCSAL
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CSAL+FDP Evaluation

Workload  and  se tup :
 Software : CSAL on FDP which se p arate s inte rnal streams of comp action 

and  GC
 QEMU b ase d  e nvironme nt to  e mulate  an FDP d rive
 Pre cond ition:

– fill all p artitions exe cuting  se q ue ntial write

 He te rog e nous streams workload  examp le :
– 8 job s simulating  ind e p e nd e nt te nants o r stre ams

 4 job s: 64k seq uential write s  d ynam ic stre am
 4 job s: 64k rand om read s  sta t ic stre am
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CSAL Write  Amp lification Comp arison

1st seq uential p recond ition 2nd  seq uential p recond ition

1st seq uential p recond ition 2nd  seq uential p recond ition

workload  started

sep aration o f 
d ynamic and  
static streams

workload  started Stre am s so rte d  succe ssfu lly

Se p a ra t io n  o f d ynam ic and  sta t ic stre am s fa ile d

WAF = 1 .0

WAF = 1 .8

CSAL on a re g ular d rive  

CSAL on an FDP d rive  

CSAL using  FDP re d uce s Write  Amp lification Factor
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CSAL – PCIe  Ge n5 Cache  SSD Evaluation

 PCIe  Ge n5 SSDs almost d oub le  the  b and wid th
 Hyp othe sis

– Can  a  sing le  Ge n5  SSD sup p o rt  2 x FTLs a s co m p are d  to  Ge n4  w itho ut 
co m p ro m ising  p e rfo rm ance ?

 Te st se tup  and  config :
– Software : CSAL
– Drive s: QLC Solid ig m  D5-P5336 15TB, TLC Solid ig m  D7-PS1010 3.84TB, 

Inte l® O p tane  SSD DC P5800X 800GB, 
– Workload : 16 job s, uniform rand om write s, b lock size : 64kiB
– Se rve r: Inte l® Xeon® Gold  6426Y
– O p erating  system: Fed ora 39, ke rne l ve rsion: 6.8.7-200.fc39.x86_64
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Partition Pe rformance

Gen 4 Gen 5

16 p artitions 
p e r D7-

PS1010 SSD

Ge n5

Ge n4

Scaling  Numb e r of FTLs with Ge n5

NVMe  PCIe  Ge n5 d rive  imp rove s p latfo rm utilization while  d e live ring  comp arab le  p e rformance

8 p artitions 
p e r O p tane  

SSD
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Ge n4 Ge n5

PCIe  Slo ts 4 3

J o b  Pe rfo rm ance  [MiB/ s] 100 90

Re la t ive  SSD Co st2 100% ~ 75%

Active  Po w e r 2x 21W (Op tane ) + 2x 24W (D5-P5336) 1x 25W (D7-PS1010) + 2x 24W (D5-P5336)

Id le  Po w e r 4x 5W 3x 5W

Ge n5 and  Ge n4 Cache  Drive  Imp act

Le ss PCIe  slo ts Cost 
Re d uction

Pros

Exte nd e d  Point of 
Failure  on cacheHig he r Cost More  PCIe  

slo ts

RAID1 

Be tte r 
Pe rformanceCons

Mitig ation Cache  WAF mig ht 
incre ase

FDP 

Not affe cting  
failure  p oints

Lowe r (Acce p tab le ) 
Pe rformance

Using  a Mixe d  
Me d ia Drive  
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Conclusion
 CSAL d e monstrate s WAF re d uction whe n hand ling  various 

streams/te nants with FDP
 CSAL is now Flexib le  Data Place me nt read y
 Ge n5 SSDs can b e  d e p loye d  with CSAL re d ucing  to tal cost o f owne rship

Next Ste p s
 CSAL is g o ing  to  e nhance  usag e  of FDP te chnolog y (e .g ., full te nant iso lation) 

and  scale  with PCIe  Ge n5 b and wid th.
 Evaluation with NAND b ase d  FDP SSD.
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Q&A
Cloud  Storag e  Acce le ration Laye r

Contact us:
d l_csa l@so lid ig m .co m
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Backup
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CSAL FDP Multi-te nant imp le me ntation

SSDCSAL

 Band  A and  B b e long  to  FTL0, the y 
are  p lace d  on re claim g roup s 0 and  1,

 Meanwhile  b and  C and  D run in FTL1 
are  p lace d  on re claim g roup s 2 and  3.

 To fill b and , 2 re claim units p e r g roup  
are  utilize d
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2 Ap p roximate  Ge n5 and  Ge n4 SSD Cost Re lation Calculation

$/GB Capacity Drive Cost
Optane 0.75 800 600
TLC 0.15 3840 576
QLC 0.10 15360 1536

Solution Cost Backend Drive Cost Cache Drive Cost Solution Cost
PCIe Gen4 1536 1200 2736
PCIe Gen5 1536 576 2112

Cost Relation
PCIe Gen4 100%
PCIe Gen5 77%

1 CSAL manag e s SSD WAF le ve l of 1.0 thus CSAL WAF is e q uivale nt to  
the  syste m WAF
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Sheet1

				$/GB		Capacity		Drive Cost

		Optane		0.75		800		600

		TLC		0.15		3840		576

		QLC		0.10		15360		1536

		Solution Cost		Backend Drive Cost		Cache Drive Cost		Solution Cost

		PCIe Gen4		1536		1200		2736

		PCIe Gen5		1536		576		2112

				Cost Relation

		PCIe Gen4		100%

		PCIe Gen5		77%
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