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- Adds a new tier between
- Byte Addressable DRAM and Block Storage * Need Ways to Enable

. : Access to New High
+ Larger Capacity, Higher Wi

i Performance Tier
. lik : Endurance, Consistent low .
Memory-like Performance latency - May need to re-architect to
unlock the new features
and performance

« Cache Coherent

+ Ability to do in-place
persistence
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BOTTLENECKS TO MEMORY CONSTRAINED WORKLOADS
MEMORY s L DEMANDS NEW MEMORY TIER
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SIZE AND DATA PERSISTENCE

FAST MEMORY OF STORAGE
ENHANGE DATA INSIGHTS BY REDEFINING
THEMEMORY & STORAGE HIERARCHY
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App Direct Mode
Fast Recovery from power loss, RDMA for persistent data replication
Byte Addressable Memory, Apps manage exposed PMEM regions via DAX calls
OS sees DRAM + AD as total Memory capacity
0OS/VMM Requires PMEM aware file system

Memory Mode Mixed Mode

Higher system capacity vs Persistent Memory Simul?aneously have high
DRAM and/or lower TCO No caching :?::12?;, i:::lil/g:;::/r(\e/:r;l'gcg

located/accessed after power
cycle

OS sees MM as total Memory Storage over AD
capacity, not DRAM; DRAM as (Fast direct-attach storage) Volatile & Persistent

No App changes required

Encryption key is trashed & | DCPMM portion of the DCPMM for
+ A .

volatile data cannot be logically Persistent persistent memory usage.

direct-mapped Cache Memory in separate
PP Volatile Memory v ) P
Regions

DRAM caching E—

Storage over AD Persistent

_(ADregionsonly)
DRAM DCPMM DRAM DCPMM
Cache Volatile Cache Volatile

Memory Mode ? MM + AD
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ElasticSearch memOry usage Top Query Info Business Field Cache
model

Java heap memory

Less than 32GB
Off heap memory

Used by Lucene index
Elasticsearch typical deployment
configuration for memory
jvm.options

-Xms and -Xmx : for heap memory size.
elasticsearch.yml

index.store.preload:

make off-heap memory larger.

Core Lucene Lucene Index
(Off
heap)

search request



https://www.elastic.co/guide/en/elasticsearch/guide/current/heap-sizing.html
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Memory Mode

Large Memory Capacity
No Software/Application Changes

Data is Volatile

Volatile mode key cleared and
regenerated every power cycle

DRAM As WB Cache
Managed by Memory Controller

Within the same memory controller and
not across

Latency
Same as DRAM for Cache hit
DCPMM+DRAM for a Miss
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Memory Controller
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Chart Title

N

w

N

—

o

Category 1 Category 2 Category 3 Category 4

m Series 1

Series 2 m Series 3

6

5

N

w

N

—

(@)

Chart Title

Category 1 Category 2 Category 3 Category 4

m Series 1

Series 2 mSeries 3

@ elastic



ElasticSearch Javalff[J

AFFI A5 /RIS &L |
GRS A PIFFR AL
Dynamic PageMove Solution

Advantage:

e Dynamically Move \
Capacity = AEP + DDR I‘ pages when data I‘

Predicable performance - when and hot/warm

which data move between AEP and DDR
controlled by user DR | 3D XPoint
-

Opportunities:
No kernel patch needed
All done in user space
Target applications change nothing

NUMA node
0,1

Read only/Write
once/Cold Data

Hot read-write Data
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Dynamic PageMove Solution

DRAM
S 174 S
T
ES
Java Server
KRB 1R 5 £ DCPMM
i T
> 80% I 4 7£(31GB)
FIFERNZEIESE |, X *Uﬁﬁg*ﬁ@é&ﬁ?&%
S R LESHa NG eI



14

ElasticSearch Javatfi I RZFFI SIS REBEIER OREIF XA AF0L

Dynamic PageMove Solution t48e&E

Chart Title

N

w

N

—

o

Category 1 Category 2 Category 3 Category 4

m Series 1

Series 2 m Series 3

6

5

N

w

N

—

(@)

Chart Title

Category 1 Category 2 Category 3 Category 4

m Series 1

Series 2 mSeries 3

@ elastic



15

NTE
HHE/RO HBE™ IR ORIEARFTEElasticsearch AR A S30H:

1 THFR® HEEVEIEP OSIFARENE
2 ElasticSearch R1EFBEI

3 ElasticSearch JavalENRAEH) SR RS SR D RITARFRILMK

ElasticSearch JavatEshATFFI FES /RIS SR O RIFAREFRIIL

5 TEREUN LRIElasticSearchl S/ REISEHET DRFFARFRIIL

@ elastic



ElasticSearch Javalfdp
RFF ISR MBS ENE
RICRISARFRIL

APP Direct Mode

Operates in Blocks like SSD/HDD
Traditional read/write
Works with Existing File Systems
Atomicity at block level
Block size configurable

NVDIMM Driver required
Support starting Kernel 4.2

Scalable Capacity
Up to 3TB/Socket

High Performance Block Storage
Low Latency, higher BW, High 10Ps

Standard Raw

Storage over App Direct

Device Access

NEW: Use
NVDIMM
driver

Application
OS or VMM
P File System
(&}
o
aa)
BTT
(&) %) o (2]
g g2
o - o -

Persistent Region

No change to
application

Standard File API

Block Translation
Table
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APP Direct Mode tREZUE
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Dynamic PageMove Solution

DRAM
5 14 S
TR
ES
Java Server
HESN P 1 m
(5 24 K08 B R IE )
FIFREIRE | K RPN
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Dynamic PageMove Solution t48e&E
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* {EMemory ModelE XEHATARRT , MITSHFEZRIEUL
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VM / ES Server VM / ES Server
VM / ES Server VM / ES Server

DCPMM
Volatile

Memory Mode

DRAM DRAM DRAM DRAM DRAM DRAM

it iy M (oot ot R T D
DRAM DRAM DRAM DCPMM DCPMM DCPMM
Cﬁmﬁ R Wi y \ [g/
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Memory Mode MEEURE
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{$8F3App Direct Mode , FlIEEEFDCPMMEINUMATI AR
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VM / ES Server VM / ES Server VM / ES Server VM / ES Server

Host OS(Kernel)

DRAM DRAM

3 3 3 3 3 3
Li H] i H iﬂ ki i H

| |

WRIE VT 7, B3/ ERE

HHE, S A / BHE, R

NUMA node
(O

NUMA node
2,3
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