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address¥ application id pollerolA 743t populated id oIF5 A
Hebit=tt 39 populated id¥ 7% history buffere] wpx]ulo =
7191¥l last address® 7|&°® AAE  up—-boundary® dn-—
boundaryAtelell  input address?’} 91X 3F=x] #EStl Input
address”} 274 % boundarylel Sl& -9 history buffer?] last
address= @A 2] input address® updated}il ©]d last address$}o]
z}ol 5 AAts]  stridex=  updatedtth.  olw]  stride®] gtell wheh
sequential pattern®] type X3+ history bufferel] 7]=#t}, wek input
address”’} 2% boundary el $AI5HA &S7-¢ boundary—out

counterdts =7FA 713 g miss addresst disgard¥ t}. Boundary
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13 10. SBD: Time vs Address plot
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13 11. SBD: Sequentiality Categorization
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e FF st

NEE &
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s sequential

o
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3.3.3 History Buffer
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713 12. History buffer data field

1912+ history buffer®] data table T&E UYER Tk
Polling® ZA3¥<2l application id, seed address, last address, last
positive stride, last negative stride® % 5709 register?} 4719
counter® /¥ ©] history bufferi= address A& BF 7] 53814
%3l 27 seed address? last address®te 7]E3dtt} oAl last
address®} input addressZFE AAtE stridedt 22 AAe 73
sequential category®] counting valueW2 7]E%O F A history
buffer®] area overheadE #A3] wW& < Qlth history buffere=

FA#Y. g 5ol

)
o
o,

application id pollerolA 273t ide] 7N¢w&
% 3709 populated application id%FS monitoring3tthd  history
buffer table2 37§% HAQ3}t}. Monitoring®+ address®] SBD
boundary®t o2 Ho|7} dojuybw  history bufferi= flushing¥ ™
3 flushing”Z] 5419 input address® seed addressE updatedtt}.
77+l counter valueZ} A thresholdE Y& 4% prefetch
request’} A =™ prefetch request queue®] A #&stA ¥ Data
buffer module®] idled " media readE 334 ¥t} = normal
cache miss request’} +4#AS AYA =™ prefetch requesti= 1

T o9 priority & 2T
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3.3.1 Overall implementation
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prefetching Hl2A] o] overall implementation< A
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A Ik 91X 3 mux unit®®E request®} responsei= prefetch
request®} normal request®] TES 93] mux A2 E o}
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matchings 29A|2 7% WA prefetch hit 4§ #AFS 93
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F2r3}o] total miss read count numbert ¥H| prefetching calculation
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history buffer?] updateatel 7|HFst prefetching algorithms & gt
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713 13. Proposed Prefetching Architecture
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prefetching request’7} ©¢]Fo] AE=E FAsAY. a8 old
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addresst #WH}2 stream bufferel 7]1¢Jskal valid®}l standby & 27} 2]
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false ¥ oS  FAAZ. WA prefetching  request’b  ©]Fo]xl
AeEfell A input address”t &Y 3 request”t data cacheel =g skl

| address”} stream buffere] 1= 4% standby flags true®
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Aol H)=L standby—hit ratio®] H]Eo] WS4 = timeliness’} #
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4.1 4% 74 44

AlekHl hardware prefetcher for hardwired pcram controller+=
general purpose® 7}H bit_set?} way numberE 7}A]+= set—
associative cache2} Al optance A% H7F[1]°] 7]¥FeE multi—rank,
multi—bank A]¥% media scheduler, 183 pcram’}d media®
TAEST., Pcram media® interfacex= 1600Mbps® ddr4-—like
interface® 7Fg ¥ %3l densitys 512GB, write latency 500ns, read
latency 300ns® 7Fg3¥ a1  o]& $%t  timing controller&=
FCFS (first—come, fisrst—service) %W2l%] bank parallelism&
A48t schedulerZ FAEHSY. © o]u] system contoller?
clock® data % W= Optane 7o 7]whs] 64B[12] =
A3, ¥1E  simulation 7@ AFEE FQ  parameter®
FEA AT

Input workloadZ¥ storage AsH 7l A+ ALEE= real life

workload?l umass—storage[10] 2] microsoft research center?]

“

msr—cambridge  workload[11]&  AF&slth. 2= AEH
workload® #¥lo]&3} Read/Write ratio, request i/o size®
YER ST umass storage® workloads ©Fst read/write B £,
theksl io request size, application id¥ 533 pattern SR OF
storage 4 5H 7}l AFE37] Agsttd. MSR—Cambridge workload+=
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64KB7HA 8] &

io sizes modern storage io°l 7F& 2% 3+

workload©] t}.
Section Parameter Value
Bit_Sets ~15, Way ~32
Data Cache
Max 256MB
Controller
Scheduling FCFS : First—Come
Policy Fisrt—Service
Density 512GB
x8 org, 8—burst
Interface
DDR4 —like, 64B line [12]
Media
Write Latency 500ns [11]
Read Latency 300ns [11]

¥ 1. Controller 74 Parameters




Category Pattern R/W ratio 1/0 Size
UMASS ) )
Financiall 24/76 0.5~4k
Financial?2 82/18 0.5~3k
WebSearch 99/01 8k
MSR—Camb.
msr—hm 44/56 4k
msr—mds 58/42 4k~64k
msr—prn 54/46 4k~64k
msr—prxy 61/39 4k, 8k
msr—rsrch 16/84 4k
msr—usr 12/88 4k~64k
msr—web 79/21 4k~64k
¥ 2. Input Workload characteristics
. o
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1% 15+ PCRAM controller® overall read latency s YEM AT
Trace driven simulator® % A running times AALs7|+=
o8] -2 2 prefetcher off 7159 total read count®lA] prefetch hit
countE =78t latency A EES AXFSFS T Average latencye
total 14%7} WA= O™ o]= saturated way number (32)E
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B =For = PCRAM based storage hardwired controller?]
cache buffer size HZA3E 93 hardware precfetching W2S
Alekstsi T, Populated application polling, sequential boundary
detecting, “1¥] 1. categorized stride counting®™21 2] & 3}% history
buffferE %3l energy efficientdlal area overhead’} A2 hardware
prefetching W4& %3, Hd 61%2 powers HoFslwur oF
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Abstract
Optimization of a data buffer

for a hardwired prefetcher
in a PCRAM controller buffer

Seokbo Shim
Electrical and Computer Engineering
The Graduate School

Seoul National University

I In this paper, we study the prefetcher structure to improve the
cache buffer performance of PCRAM based storage. We perform
optimization of the NVM stroage cache buffer by proposing a
lightweight hardware prefetching structure for PCRAM hard—wired
controller, not a general software prefetcher for HDD and Nand-—
SSD.

At this time, in order to improve the area overhead of the history
buffer and hardware complexity of the prefetching algorithm, which
1s a drawback when implementing the hardware prefetcher, the
history buffer is lightened by configuring a filter using application id
polling and sequential address boundary detector. The application id
poller selects the populated application id at the unit time point and
applies only the cache miss address of the application id to the
sequential boundary detector. Sequential boundary detector detects

the sequentiality of miss addresses, records them in the history
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buffer, and creates prefetch requests for each type based on this.

The average latency of the controller was measured with a real—
life storage workload, and it was confirmed that the cache size was
optimized so that only 50% of the cache buffer size required the

same performance by improving the read latency of about 14%

Keywords : NVM Storage, PCRAM, Data Buffer, Prefetcher, Latency,
Cache Size

Student Number : 2019-25565
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