Before We Beqgi

An Bit of Context for
Those Who Missed the Blockbuster
Film of the Summer
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AWe are heading for Zettabyte Apocalypseé
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_ ZETTARYTE ABPOCTALYPSE
But the annual production

of HDD and SSD tops out at
Iess t9<an 1.5 zettabytes of
Ol LJ OA (& X
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We will generate between
10 and 60 zettabytes of
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What to do?

ATrillions of investment dollars would be
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AFacebook likes optical disk for archival
storage: good luck with that (still waiting
for a TB of capacity dBluRay

AFirst forays into exotic storage from
aAONRa2T0 likePNA 2 1 KS
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Yes. You heard correctly.
ADioxyribonucleiécid.The stuff of

||fe DNA the molecule of lif
AMicrosoft has actually invested in Twist [t \r
Bioscience R&D to figure out how to 46 human
store data in DNA e
Aas5b! RFEGE ad2NF 35 By f
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code for proteins

iImportantly for the exponential digital Qg = fom st pmtei: »

data deluge we are facing)l a Ay 4

gram of DNA can store almost one

trillion ngabytes (almost a zettabyte)

2 T R 7\ 3 7\ U I f R I u I Q CD 8 http://hexus.net/tech/news/storage/9248@microsoftbuyssyntheticdnadigitaldata-storageresearch/
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Alt only takes a teaspoon of genetic_
YFGSNRAFE (G2 YIF1S |
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amoebas. It was retrievable when the
2ZNHIF yAayY N\BLJN\ERdzOQRXc%

AScientists have decided that mutation : ‘
was to blame and could be avoided bw@wx
dzaAy3d Y2 NE | ROI YOSR
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Archival Storage

Ke ey .
Qunatne p, rtatie sy, Capacity Storage
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AData loss still possible, of course

AANd the commercialization of the
technology is still quite a few years off

APerhaps, it would be better to focus on
encoding our genetic material with
more propensity focommon sense!
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Looking back over 2016, it could be argued

ACKEFU LvQa KIS RNRLILISR aKENILK & AV L f
RSLI NIDYSyYyuaX " \Noey TS
A Lack of understanding of the 1/0 bus makes practitioners
vulnerable to tech vendor woo

A Technology tribalism leading to bad storage architecture rrrmanon
decisions i/

A Absence of even a basic knowledge of storage technology his "°,.
and a tendency to regard cloud as a storage game changer -”—fl-

A Tendency to favor tactical quick fix over strategic solutions g 7 ‘-?;..Arf

A Triumph ofmarketectureover architecture: consumers flock to ( l e \ '
0KS GakKAye ySg (GKAYyIE 03ISYSuany LJI\LK:II\IJ yrayd
Selling Maslow,
Not Multiprocessing
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ASummarizing my report from last year in one RAW /0
at ARSX SRS
. . 19
A Storage I/O is the end product of a chain of events cycles

that starts with the processing of RAW 1I/O by the
CPU and its introduction onto the bus m

A Storage I/0O congestion is signaled by storage quet
depth; RAW I/O congestion Is signaled by high CPk¥ _
cycling rates I ”ﬁ iI

AlIn most cases of slow app performance, there is n
gueue depthg hence, storage is not the chokepoint

ABut storage vendors (and hypervisor peddlers) still
sell faster storage kit on the promise of faster
performing applications

Mame Dezcription Operating Spstem [ptime

CLUKENESTST4  LabXendpp E5 Server pinclows Server 2008 3 days, 7.20

? CLUKENESTS12 - LabXendpp B5 Server e Eas
I's BUKENESTSTE | Labaiaii wfindows Server 2DD$ das, 719

P2 Standard




Further validated by benchmarks of =
| RIFLJAAGS t I NI f €St §
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Database /O 3T
APreviewed last year, published in December orocessed  SEIPRISHET I

2015: 459,29087SPaM L ht { 551 dzS y dol gtk ot ] ° JEEE
ASecond benchmark of HA version, January: |
1,510/090:55Pem L ht { u 66 A GKRNI 23222 S domme ol ol 2 022

AThird benchmark of F&ttached storage, June: i fossssssssssisiaiiiaaasiiis

5,120 09895 PQv 1 L ht { Adaptive ::::::::::::::::::::::::::E

DB DB’ DB DB
‘:o
t I NF £ ;::
http://www.theregister.co.uk/2016/06/13/datacore_dominating_spcl_benchmark_on_priceperformance/

. o idle |dle idle idle
— — — — —! ..
http://www.theregister.co.uk/2016/06/24/spc_says_up_yours_datacore/ Database |/O cce

processed in ssssssessssssssssssssssssss

parallel, up to Bt

- oe®d N Bl 5 LR I!
O n n,‘;‘ a a1 | & N | XA - AXEXXX]
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http://www.theregister.co.uk/2016/06/15/datacore_drops_spcl_bombshell/
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Are we learning?

A DataCore results stick a hot poker in the eye of
YFEye GFOAG FadadzYLIiA2y
A Slow performing workload usually RAW I/O bound
changing storage out for faster kit changes nothing
A Goes for changing SATA SSINféMeflash

A Goes for changing SAS disk for All Flash Arrays (AFA)
A Goes for replacing SAN/NAS for internal/DAS storage |
A Converging/hypeconverging storage with servers |
means little to nothing from an app performance

standpoint

A FibreChannel is not dead (the 5+ million IOPS
result used less than half the bandwidth available
on FC link connecting the storage kit to the server)
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Of course, not everyone has heard of Parallel
/O or SPMm S)/OKY‘”“
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ASDS = SoftwaiBefined Storage PR
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VYSyidax
STATE OF WORKLOAD VIRTUALIZATION
AND SERVER INFRASTRUCTURE

% SERVERS HOSTING
VIRTUALIZED WORKLOAD

% SERVERS HOSTING
NON-VIRTUALIZED
WORKLOAD

% WORKLOAD RUNNING
AS VIRTUAL MACHINES

/3%

% WORKLOAD RUNNING
WITHOUT VIRTUALIZATION

25%

2015 survey datae suggests
that nearly S0O% of
companies are diversifying
their hypervisor choices..

B HOSTING VIRTUALIZED WORKLOAD B HOSTING NON-VIRTUALIZED WORKLOAD
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M utilization efficiency down
ANNUAL COST S OY 8/lMost 10% since 2011

PER RAW TB

{(NOT INCLUDING FACILITY COSTS]

e

Al OO2NRAY 3 / '

up from 132 Raw TB
per Adminin 2011

Source: Gartner, IT Key Metrics Data 2016: Key Infrastructure
Measures: Storage Analysis: Multiyear Published: 14 December 20
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Down by more than S0%
since 2011




But SDS and Hyp€@onverged Infrastructure
are theshiny new thlngﬁ Yy ai0z2N) 3IS)

A2 SffY &a2NI

AActually, System APPLIANCE
Managed Storage (SM
OdP mMmdbdbov ol

AHCI is simply the
appliantizationof the
silo concept

HYPER-CONVERGED

INFRASTRUCTURE
SOFTWARE-DEFINED STORAGE (SDS)

Storage control software instantiated on a server and
applied to multiple nodes of storage hardware that are
Internally mounted or directly-attached to a server head.

SDS provides services to the storage associated with the server
that may include a number of value-add software functions
Once hosted on a proprietary array controller. The SDS
software layer is typically “nested” between hypervisor
software technology and machine drivers.
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ENCRYPTION  SYNCHRONOUS ASYNCHRONOUS
REPLICATION

THIN COMPRESSION  DE-DUPLICATION ERASURE CONTINUOUS INCREMENTAL SNAP
PROVISIONING CODING  DATA PROTECTION BLOCKSNAPSHOT ~ CLONE MIRRORING
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Fundamentals diVMe

A Provide aPClenterface for flash modules, eliminating the |
need to use the SATA controller and proprietary workarounds;"

A GdrO1a ago2iit SySO1Ay3IE o6& SELISRAGAYI &l
A Multiple deep queues: SAS/SATA supported 256 commands/32 commands

respectively in a single queudVYMesupports 64K commands per queue
and up to 64K gueues

A Eliminates I/O locking Conrala

Management
min Admi

A Supports MSK and interrupt steering e Gty :f;“ e | | e
[

A Uses half the number of CPU instructions
to process an I/O request than SAS/SATA
higher IOPS per CPU cycle and lower 1/O ’
latency in host software stack

NVMe Controller

SOURCE: http://www.nvmexpress.orgAepntent/uploads/NVMe_Overview.pdf
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Truth be toldNVMemay be a solution in search of a
LIN2 6 f SY X

AAcceleration of storage 1/0 being presented as enabler i
of faster virtual machines, ifnSY2 NE RI Ul 0ol 8SaX

AValue to VM performance is questionable: cause of poor
performing VMs rarely associated with STORAGE 1/O, but
w! 2 LkhMMWER2OKaY QU0 FF RRNBXaa I

AValue to Inmemory databases potentially greater, but only i
IMDB can leveragdVMetechnology

ANVMedoes deliver a net overall reduction in latency
over SATAttached SSD, but flash is still not optimizec
for writes (compared to DRAM)

AKey value must be seen as an enabler of future
I NOKAUSOUdzNE a X
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Possibly enabling a new data hosting strategy
for iIrmemory databases?

ASpecial use case: IMDB

Aln-memory databases have tended to be smallish read
Intensive analytics databases: ideal for DRAM and flash,
no queries to disk

ASAP, et al, now seek to platform all databasescluding
on-line transaction processmg (OLTP) DEm@&mory, a
Y2NBE OKIffSyaaAy3a al aiX

ACould spawn a new class of HCI appliances

ALeveraging dense DRAM aN¥Meflash buffers for all §*
data 3




Perhaps leveraging next gNN/I\/Iepver Fabric X
F NOKAUGSOuUudzNBa UKIF O F NB

, w - A % NVMe Host Software
A(X { / { L Y I e O S u 2 2 ‘NVMe Host-Side Transport Abstraction
/ ~ 2 X A ~ p NVMe RDMA
Aai al3S Y2RSta oAf v J

0SyOé NBRdAzOUA 2y
AProtocol simplicity for automated 1/0
queue control andNVMetransport
bridging
ANo translation to or from another IWARP | Infiniband™ | RoCE
protocol (SCSI) B T S

iWARP | Infiniband™ RoCE

RDMA Fabrics
NVMe Host

"

NVMe Host Side Transport Abstraction

AParalleNVMemulitiple I/O queues [ — NVMe RDMA
ex Osed tO hOSt — Controller-Side Transport Abstraction
: Foe e e NVMe Controller Logic

ASame architecture regardless of fab

NVMe PCle NVMe RDMA Future Fabric
typ e I/F I/F I/F

NVMe Controller Side Transport Abstraction
NVMe Subsystem Controller
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ALower capacity allocation and utilization efficienay
exactly the time when we need greater efficiency to
reduce capacity demand (remember thatttabyte
Apocalypsél KA y I X 0

AHigher storage costi the form of SDS node licenses and
use of overpriced flash storage when unnecessary

Al N6ERSYOS 3IAQSY (2 4€4B@laigda
Infrastructure (huh?)

ADogs and cats, sleeping together. Makgsteria!
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Flatstorage infrastructure?

AMeaningno tiersK

Al DRAM
E NVMe and
ce

SATA Flash




Why would you do such a thing 7eaor eneiope van

100 TB of Storage

A Using only Tiers 1 and 2: $765,0!
A Using Tiers B: $359,250

A Using Tiers 8: $482,250

ATieringis intended to reduce
storage costs by constantly
migrating older data to less
expensive forms of storage th:
are better suited to data usage

Pal

O KI NJ O u S NJ\ auA l"/i' CAPACITY
ASod R &8 o0ST24B | : Ny A

http://www.horison.com/OracleTieredStorage TakesCenterStage.p

TIER O2 TIER 03

~ ~60%
=8 sl s2
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Answer: To Eliminate All Friction!
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Okay, slick, so how do we preserve data in a

Vd \
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AWhen storage node is filled with data that is

not accessed or updated, just power down
the drive. Then just add more nodes.

AVoila! Instant archive, instant data .
LINE a S NIJ | Uy | N

ALL FLASH STORAGE NODES...

NODE FULL: POWER DOWN...
ADD ANOTHER NODE...
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AFailure rates of disk AND SSD when powered
Rzﬂ)f F FOSNI O2y (A Y dz2 dza
little in the way of published reports

AThe possibility of facility or milieu level
disasters that could consume both active and
powered down nodes

AThe cost of infinite nodal replacement (a
conceit left over from high performance
O2YLJzi Ay3 Of dzZa G SNJ SE L.

Y B\ N

A X U
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In the final analysis, tape remains a key
USOKY 2t 2de X

AFor handling storage capacity
demand

AFor ensuring data preservation and
protection

AFor rationalizing storage
Infrastructure expense

ARegardless of what some of the J
aO0z22f Oldaée YAIKI
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A Capacity improvements outstripping all other kinds of storagelil
220TB withBaFemedia in LTO cartridge demonstrated in labs f .

Aldeal for storing less frequently accessed and modified data I’?N ' [i[i ;\M

ARetrigve speed adequate for clodmsed archive

Iy R | INBIUG YZ2RI{ AGE 2 0Ll _Q

AAnd using tape is getting much simpler thanks tq e

A Linear Tape File System (LTFS) G S ol

A Media Lifecycle Management Automation
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A Leveraging the durability of the media
A 30 year durability rating

A Lifespan equal to ~364 full file passes (writing enough d
to fully fill the tape, which usually requires between 44
and 136 eneto-end passes)

A Lifespan can be doubled by writing half of the media
capacity

ALTO uses an automatic verfter-write technology to validate %
that data has been written (superior to backup software
processes that validate after write, increasing the number of
endto-end passes and reducing tape life)

A Plus, LTFS enables the writing of files and objects to tape in
their native file/object system construct, eliminating the need
for complex archive or backup software in many cases
(software that would be needed to read data back from tape] -
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IMHO: Future storage will require, ata
YAYAYdzY2Z U@g2 alU2NJF 3IS
Ad / I LIO dzNFc masi lReNIDBABwith a flash chaser

AdwS Sy (A Z¢middl Badh) parerénance disk (as a buffer or
cache) ahead of capacity disk, maybe optical disc, and lots of tape




