Prestazioni di accesso allo storage:

confronto di diverse soluzioni hw/ SW,

bottleneck di rete e di applicazioni
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Contribution:

e Thisis a rePort of several activities

carried on bg several People

» Main contribution from:
* Manoj Kumar Jha (Atlas)
o Brian Bockelman (CMS)



Outlook
TOP ~-> Down
* Startinggrom applications:
o Atlas
¢ ~CMS
* Software
* Storage management software
+ Hardware:
* Disksubsgstem:
o Network infrastructure
* Failures:

o inetficiencies due to failure of the sgstems



Worldng on applications



Atlas Reordered AOD
* Using TTreeCache when rcacling the files reduces read time bg

orclering and Predicting read requests but introduces one more

memory ]Z)UFFCF.

* Two more oPtimization oPtions are to reorder the baskets which
can be made according feevetit (entrg} number or accorcling e

branch. All ATLAS files Proclucecl at TierO are re-ordered 199

event:

* Fina”y startingwith Athena 1529.0' which uses ROOT 5.26.00.d,
we have a Possibiliiy to use the ROOT autoFlush Functionalitg.

* the Jrﬁirs‘c time that a Preset amount O1C data has been co”ectecl
(bﬂ default 30 MB) the sizes of baskets are optimizecl and
their content is written to file. The next flush to file lﬁaPPens

when the same number 01C events has been written.
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Figure 3. AOD read performance from local disk.
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Figure 4. Comparison DPM/rfio and Lustre.
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Few tests on EOS:
Read rate of the unoPtimized data set was disk bound. Sparse reacling of the

randomly distributecl 1% omc events shows very bad Pemcormance. In the case cnc
unol:)timized files we could read at most 90 selected events per second. This is

worse than reacling all of the events andjus’c disc:arcling the un-needed ones,

which would give us 127 events/s.
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CMS 1/O Optimization

CMSSW 3 x

n EMSSWHEX butfers were fixed-sized and

Hushed out to disk whenever theg were filled.

o A branch with 16KB objects is Hushed every
o,
event; a branch with 16 byte objects is Hushed

every IO eve anish

» Compression ratios varied wiclely: 16KB

sometimes comPressecl to hunclrecls O1C bgtc—:s.

Sops B‘rial% Soc:k_elrﬁan Philipp_e C;énal_ = CMS C-)ml;ne_ézéomiauting Week



CMS 1/ OOPtimizatiOH

Consequences

o There were no localitg guarantees: an event’s

datais sPreaA throug‘nout the fle.
o The reads were very small.

+ Small and random reacls:Just what a disk
hatc—:s

15-ria|% Bock_elrﬁan Phi!ipp-e Ca-mal- = CMS Omineééom-lauting Week



CMS |/ OOPtimization

» State of the Art:
o CMSSW 4 x contains ROOT 5.27/06b,

which has signhcicant /O improvements over
X
* CMSSW 4 x also contains modest |/O

imProvements on tol:) of out-of-the-box
ROG LG

g lgrial; Sbck_elrﬁan Philipp_e C;a'mal_ ~~CM5 C-)m{ne_&éomiauting Week



CMS 1/O Optimization

CMSSW 4 X X

o New ROOT added:
> Auto~1qushing: All buffers are Hushed to disk

Perioclica”gj guaranteeing some level of localitg.

* Buger-resizing: Bufers are resized so

aPProximate|9 the same number of events are in

each bufter.
o Read coalescing: “Nearby” reads (but

nonconsecutive) are combined into one.

g B'rial% Sbck_elrﬁan Philipp_e C;a.mal_ ~~”Cl\./i5 C-)ml:ne_&éomiauting Week



CMS 1/O Optimization

CMSSW 4 X_X

o Incremental imProvements t]qrouglﬁ D and LN
Onlg @hcIeve Mitree, imProvecl event read
or&ering TTreeCache became Functional, Caching

non-event trees.

> lml:)rovecl startul:): While TTreeCache is being

traineci, we now read all baskets for the first 10
events at once. So, startup IS tgpica”g one largc

read instead of many small ones.

g B'rial% Sbck_elrﬁan Philipp_e C;a.mal_ ~~”Cl\./i5 C-)ml:ne_&éomiauting Week



Improved startup

latencies (simplified)

CMSSW 3 X CMSSW 4 2
Branch Branch

= individual read
- = vectored read

Training

We read all branches
for the first 20 events;
compared to the entire
file size, the bandwidth

cost is minimal. On
high latency links, this
can cause a 5 minute

7/ read calls 2 read calls rzdu;ti?n inzt(i)me to
read the 1irst events.
2| squares read 27 squares read

Event
Event
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ROOT Optimization results

110509 17:59:35 23873 donvito.2199:18@pccmsé+ XrootdProtocol: 4900 0 fh=0 read 2176064970135

NOSOR - TRH 287 donvito.Zl99:l8@Pccmsé+ Xroot&ResPonse: +900Q sending 2176 data bg’ces; status=0
N0509 17:59:35 23875 donvito.ll99:!8@Pccm56+ XrootdProtocol: 4a00 req-—ﬁOlﬁ dlen=0

110509 17:59:35 23873 donvito 2199:18@pccmsé+ XrootdProtocol: 4a00 0 fh=0 read 1753@65%16520

[ OBlE A TAE D Wi i clonvito.2199:18@Pccmsé+ Xroot&ResPonse: 4a00 sending %5 data bgtes; status=0
10509 17:59:35 23875 donvito‘ll99:18@Pccm56+ XrootdProtocol: 4b00 req=50!§ dlen=0

110509 17:59:35 23873 donvito 2199:18@pccmsé+ XrootdProtocol: 4b00 0 fh=0 read 4493066445707

E2O V39592875 donvito.2199:18@Pccm56+ Xroot&ResPonse: 4boo sending <y data bgtes; status=0 ( M 55 W 5 X

N0509 17:59:35 23875 donvito.2199:18@Pccmsé+ XrootdProtocol: 4c00 reg

110509 17:59:35 23873 donvito 2199:18@pccmsé+ XrootdProtocol: 4@ 0 fh=0 read 2010067021064

10509 17:59:35 23875 donvito.Zl99:l8@Pccm56+ Xroot&ResPonse: TR0 scnding 2010 data bgtes; status=Q

N0509 17:59:35 23875 donvito‘ll99:18@Pccm564r XrootdProtocol: 4d00 req= QL _—

110509 17:59:35 23873 donvito.zx99:13@|:>ccmsé+ XrootdProtocol: 4dg@@ =0 read 4985@673150%2

N0509 17:59:35 23873 donvito.2199:18@Pccm56+ XroothesPonse: 48R0 sending 4985 data bgtcs; status=0

N050917:59:35 23875 donvito‘ll99:18@Pccm564r XrootdProtocol: 4e00 re=)0r e ) s d

110509 17:59:35 23873 donvito 2199:18@pccmsé+ XrootdProtocol: 4e00 0 th=0 read 1566@68%90525

NQFQXETRS9:55 2H8%) donvito.2199:18@Pccm56+ Xroot&ResPonse: 4a00) sending 1566 data bgtes; status=0

NO050917:59:35 23875 donvito‘ll99:18@Pccm564r XrootdProtocol: 4f00 recl=50l§ dlen=0

110509 17:59:35 23873 donvito 2199:18@pccmsé+ XrootdProtocol: 4f00 0 fh=0 read 5748@6886270%3

ORI~ 59 -39 )87 donvito.2199:18@Pccm56+ Xroot&ResPonse: 4foo sending Ve data bg’ces; status=0

NO0509 17:59:35 23875 donvito‘2199:18@Pccm56+ XrootdProtocol: 5000 req=§0]5 dlen=0

110509 17:59:35 23873 donvito.2199:18@pccmsé+ XrootdProtocol: 5000 0 th=0 read 870@70%51322

OB O T 50550:2 78 17 donvito.2199:18@Pccm56+ Xroot&ResPonse: 5000 sending 870 data bgtcs; status=0

NO509 17:59:35 23875 donvito‘ll99:18@Pccm564r XrootdProtocol: 2100 rec]=5015 dlen=0

110509 17:59:35 23873 donvito.2199:18@pccmsé+ XrootdProtocol: 5100 0 fh=0 read 2246@70484565

NSO 17:59:55 25875 donvito.2199:18@Pccm56+ Xroot&ResPonse: 5100 sending 2246 data bgtes; status=0

110509 17:59:35 23875 donvito‘2199:18@Pccm56+ XrootdProtocol: 5200 recl:50]§ dlen=0

110509 17:59:35 23873 donvito 2199:18@pccmsé+ XrootdProtocol: 5200 0 th=0 read 2162@72141290

{1QPI AT 5. 25875 donvito.2199:18@Pccm56+ Xroot&ResPonse: 9200 sen&ing 2162 data bgtes; status=0
SEN050917:59 55 23875 d‘o'r1\7ito_.2199718@P€cms’6"?~ XrootdProtocol: 5500 réq=5(5]§' O _



ROOT OPti mization results

10511 11:54:04 23875 root.26598:16@pccms70 XrootdProtocol: 0400 th=0 readV 13816@2086738775
0511 11:34:04 23873 root.26598:16@pccms]O XrootdProtocol: 0400 th=0 readV 1377@2086776641
1051 11:34-:04 23873 root.26598: 16@Pccms70 XrootdProtocol: 0400 th=0 readV 4412@2086884627

110511 11:34:04 23873 root.26§98:16@Pccms7O XrootdProtodl: 0400 th=0 readV 12585@2087185%73 | C M SSW 4" X

110511 11:34-:04 23873 root. 26598 16@Pccms70 Xroothrotocol 0500 recl 5025 a en-5§2.

10511 11:34:04 23873 root.26598:16@pccms7O XrootdProtocol: 0500 th=0 readv 3028%@2087579185
0511 11:34-04 23875 root.26598:16@pccms]0 XrootdProtocol: 0500 th=0 readv 24492@2087686876
10511 11:54:04 23875 root.26598:16@pccms70 XrootdProtocol: 0500 th=0 readv 3135@20877787%7
10511 11:34:04 23873 root.26598:16@pccms]O XrootdProtocol: 0500 th=0 readV 5035@2087905049
10511 11:34-04 2387 root.26598:16@pccms70 XrootdProtocol: 0500 th=0 readv 6038@2087924-911
0511 11:34-:04 23875 root.26598:16@pccms70 XrootdProtocol: 0500 fh=0 readv 4407@2087995634
0511 11:34:04 23873 root.26598:16@pccms]O XrootdProtocol: 0500 th=0 readV 15128@2088161040
0511 11:34-04 23875 root.26598:16@pccms]0 XrootdProtocol: 0500 th=0 readv 13578@2088206774
10511 11:34:04 23875 root.26598:16@pccms ;0 XrootdProtocol: 0500 th=0 readv 2759@2088256200
0511 11:34-:04 23873 root.26598:16@pccms7O XrootdProtocol: 0500 th=0 readv 4647@2088291409

10511 11:34:05 23873 root. 26593 16@Pccms7o Xroothrotocol 0400 req=romm.
511 11:34-:05 23875 root.26598.]6@|3ccm570 XrootdProtocol: 0400 0 th=0 read 1024@3234144
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ROOT Optimization results
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CMS |/ OOPtimizatiOH

& Pcoming Enhancements

* ComParing i with ROOT trunk:

* 5% Pemcormance increase in AOD unstreaming,

* D% Pemcormance increase in ROOT ¢

unstream ng,

Event”

® Unstreaming uncomPressecl data goes at

326MB/s.

o “Real” Asgnchronous Pre?etch (using threads and

double bugermg)

Brlan Bockelman Phi !lPPC Canal - CMS OxcﬂmeéeComPutmg chk



~ Storage manager software



OPtimizing storage access Pergormance

+ We need to measure the egiciencg of each
storage sgstem and trg to understand
which and in which conﬁguration could

serve better the L HC aﬂalgsisjobs

7S Sgstem under test:

@ GLibIStRCTRIT O, Xrootcl, Glustergs, exth



Storage Sgstems under Test

Sl CMSSW 3 10 |
& P stresiOs

o= R A 1S Stripe-unit size: 128 KB. 5 Data disk each
S Xrootd 9:948:

* PxITH single disks. BXTHI=S
* hadooP-O.ZO.Z (From http://newman ultralight org/)

s PXITB single disks. EXT3 S

o Clients:
* S1C54 kernel 2.6.18-194- 1.3
* Fuse: fuse-libs-2.7.4-8
* FUSE mount on the client (r&buger:§z768)


http://newman.ultralight.org/repos/
http://newman.ultralight.org/repos/

Xrootd: performance consideration
* MTR53 CMSjob looks like very random application:

+ Small read oPeration
* quite random read seek operation
& We measure the CPU egiciencg cluring the run (CPUTime/
WallTime)
o  Used bandwidth is not a goocl metrics
° Surprisinglg big RAIDS with Fiber Channel controller Pencorms
worst than simple single SATA disk for a singlejob
* [twas difficult to obtain >40% in cpu egiciencg using raids
o While it was easy to got 90% with a single disk
o The Problem seems to be correlated with IOPS and stripe size on

the contro”er

o The initial test Point is IMB of stril:)e size (on the RAIDS)



Xrootd: performance consideration

) Reconﬁguring the raid to Zﬁékb of stril:)e size we easilg
got 80% of CPU egicicncy fora singlejob

* "cacheSize" valuez"ZOO48§76" ## "cacheHint" value:"storag&onlg" ##
"‘readHint" value="read-ahead-buffered"

) looking to the used bandwidth: a singlejob is able to
read at about SMB /s constantly

* We tested: xmcs, exby) eclei
* 1o mayor differences observed
s We tried to run up to 120 concurrentjobs against the
same server:
* I0O0OMDB/s of aggregatecl bandwidth at maximum
s ~40% of CPU egiciencg



Xrootd: performance consideration
e clearlg limited bg disk 10

* High /O waitont

g0
> ARG

FIE SCIEV@E

he network is not a |

| mprovements

Dig issue here

nanging the 10 Parameters in CMSSW do not add big

 J The raicl contro”er uncler test clo not suPPort sma”est

striPe size

o This gives a measure of the scalabilit9 N “'ob—-Pcr»-server” of

the disk sub~595tem
* magbe = 5ing|e~clis‘< comciguration could give better

PCHCO Fmances

* more test are still needed using “JIBOD congiguration”



| ustre: Pemcorma nce

* Tuninga bit CMSSW Parame’cers we easilg got ~86% of
EIRE e‘cﬁciencg

*» "cacheSize" value="20048576" ## "cacheHint" Value=“|azg~clown|oacl" ##
'readHint" value="read-ahead-buffered"

0 Using 2 Posix File-system the framework do not rea”g

download the files, but does onlg read-ahead-buffered

o The Conﬁguration of the raid controller here do not

aF‘:ect to much the Pc—:mcormance

* With this conﬁguration = singlejob could read data with
SPiKCS of 50-60MB /s
o there e obviouslgj Periocls of time in which thejob do

not read clata



| ustre: Pemcorma nce

+ Incase of lustre, we observed that e

increasingtﬂe ‘cacheSize" could

reduce the 1/O on the disks

e butthis easilg could become a %CPU
bottleneck on the network S

67,5

SHEelr example runninngOjobs against

0 __
a single disk server could rec]uire more ' e §201017

than 250MB/s on the network |

e f we reduce the "cacheSize" to 2MB
this reduces the load on the network
but increases the load on the disk

subsgstem

B T e —— P S o e T e e T i ] e T



55D test

43,0
O CPU%

21,5

0

1 job 50 jobs

+ Inorder to be sure that we have a limitation on the
storage sub—-sgstem we tested an SSD disk with an

Xrootd server

* 2 single MLC SSD (256GB) is able to Provicle
data to 50 concurrentjobs without losing N
(e egiciencg
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OPtimising

Native disk

Hadoop

Hadoop opt

Hadoop opt rem

xrootd same host

GlusterFS

Lustre

%CPU

67,5

L]

90,0

the Single job

T B T

—
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OPtimising the Singlejob
“Hacloop opt”=> rdbuffer=%2748
The CMSSW (cacheHint,readHint,cacheSize) tuning

Parameters e alwags used ancl tested until the best result IS

‘FOUﬂCl

“blockdev ~-setra” on each drive, was tuned in order to find the

best solution

It 1s Possible to obtain the same Pemcormance with up tohsd

Concurrentjob per sing‘e native disk

Glusterts: tuning iocache/ read-ahead Page-size In

glustemcs.vol.sample

Lustre: tuning read-ahead in: /Proc/mcs/lustre/”ite/lustre~*/
max_read_ahead mb and / Proc/ fs/lustre/llite /lustre-*/

_ max_re_a_cl_abeacl_P_er_mcile_mb O i



Pemcorma nce lests

up to 116 concurrentjobs

Procluction Farm usecl to run tlnejobs

Each file on the server is usec onlg bg a singlejob
o Thereis no ‘concurrency” on each file

A single disk server:

* 10Gbit/s network card

® cleep network testing to assure there are no
network bottleneck

* >400MB/s measured disk-to-network
bandwidth



Performance test: hacloop vs xrootd
R Running 56 concurrentjobs |
* Using 6 disks for xrootd
) Usingﬁ disks on hadoop installation
* Reacling data using “fuse oPtimizecl“
| N Single server: no “block replica” e

& We have observed huge load on

the server while running “hacloop

test”

/33,00
24,75

16,50

® increasing the memory Forjava

PT’OCIUCCCI Oﬂlg sma”

m Provements
W R ETa FaVataWh b M (1

pam s RS

xrootd 6 disks

i Y s o e Ry e e . e R T o S
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F’emcorma nce Tests lustre VS xrootcl

. Runnmgﬂé concurrent Jobs
° Reaclmg “ITB of data
° Alwags measuring the CPU egiciencg

e Thisis an interesting Parameter both from user’s Point

of view and from a site admin

%CPU

e The network usage of the two
- solutionis completely |
ditferent (see next slide)

35,00

26,25

o |nboth cases the disk

17,50

su,osgstem on the server is
the bottleneck

8,75

| [ ——— S SSmm— e S

lustre



dotl-se-01.ba.infn.1t Network last hour
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Reaclmg Root clata remote[g

o Thel ) oPtlmlzatlon work on ROOT and
CMSSW glve us also the OPPOI‘tUﬂIt9 to explore
the Possibilitg to access data remotelg

_; ’ lta l ia n tCSt: T':‘:l;.f Executable Average Efficiency Good Jobs
R e R T I/O bOUﬂCl U 5 '-;_'-:;jji:_

in Omaha -

analysis B
ping time = ~12ms g -

b - .
v ° -~
c - ]
c % 3
- ¥ > & 5 & &
o II
-
-
L
L

Job running in LNL data @Pari
SR egiciency choP from 68%

-~ L <L o \,~ ) “ , ' \
to 50% => “30% of RS, TESREERSEN] RS
5 \ ‘ A“ "l | | tl | I r". “" .l 5 ‘L&'..
V.0 - B R >
PCF]COFmaﬂCC le'OP 6 , 1 12
From 2010/10/05 20:24:49 To 2010/10/12 20:24:49
- — - | Ir i Current 118.38 M Average 203.34 M Maxisum 848.23 M
. O A a

border2 - Traffic - Te2/4 - Te2/4 - ** 106G To PKI CSNEK 1en




Intrastructure scaling



Client-server vs Peer-Network

o Client-server (i.e. Lustre):
8- Fros
> aclciing more server => ~linear scalabilitg
* goocl Per?ormance
* Fu”g Posix compliance
+ (Cons:
o Failure of a server affect the oPerations

* Need 3 goocl network clesign

* Neec POWCF‘FU! storage SCrvers



Client-server vs Peer-Network
o Peer-Network (i.e. HDFS):

sl Ok
o failure os a serveris not blocking
o fits well with cheap hardware
o the network is less critical and costlg

& Cons:

o 20 e‘%ciciencg and Pemcormance lower than

Para”e Hle sgstems
» requires more rack space/ power ..

* not Fu”g Posix compliance



Client-server vs Peer-Network

A critical view of the Problems

* We alwags need to move data:
* Mal:)Recluce algoritlnm also need to “move” from local
disk
o Witha goocl network it could be faster
° leGbit/s link could be needed on all the WN C]uite

SOOI angwag

* Power ConsumPtion and SPaCC CJO also "'IBVC a cost

o The real di
* Using HDFS in HEP analgsis, the CPU egiciencg looks
worst than Lustre/Xrootd

f‘.

ference is about failures




Worker Node network

921 okcs right now ==> +50% next year

o | Gbps could be not enough =9 5MbB /s
per slot)

O5 2% ]GbPS could be enouglﬁ for at least o9

years
* inthe next future ]OGIDPS on the WN

should be a must

- maybe multi(ma ”19) core aware

~ applicationcouldhelp



Peer-Network

CORE Switch

i Nx]GPS NX]OGPS_

o Inthe HEP environment it is not so easy to exploit |
“amcmcinitﬂ schecluling” algorithms 50 “rack

awareness” does not help so much

VL= you need a goocl network anyway



Clieht~56r\/€r

CORE Switch

Nx]GPS NX]OGPS‘

Stora ge Stora ge

Server Server

o With a smart clesigm the network cost in the two

scenario could be basica”g the same



Hadoop Iarge scale tests
* 160 concurrent ROOTJOES

QAT of inPut data Complete|9 analgzed in about 60min
* average “20% of CPU egiciencg

=> ~“800MB/s of eHective ROOT I/O

disk server 1o _loscHyteysW WV
| WN aggregate
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* Running “co]:)9~event”

OPtimizecl ROOT code

dotl-se-0l.ba.infn.1t Memory last hour

CMSSWI K aPPIication

12: 00 18: 20 12:40
B Memory Used B Memory Shared B Memory Cached

could require up t0 4OMDB /s Brenory suttere M Henory Swappec

B Total In-Core Memory

Flat on a Siﬂgle COES dotl-se-0l.ba.infn.it CPU last hour

100
+
c

) tl’lC Plo’t show Inow a :

o ‘,

) Siﬂgle LUSTRi server : N Je:gomc 18: 20 18:40

e CPU B System CPU O WAIT CPU
0 Idle CPU

PCT’]COT'mS With 2.5 dot}-se-Ol.ba.infn.it Network last hour

500 M

concurrent “copy-event” £ . ’H(‘WW
jobs % 100:: X ;
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Hacloop “large” scale test
* Using hacloop on BOWN (1 disk per WN)

+ disk server
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2 Gbgte{s 2l

M I

Bytes/sec

WN Cluster Network last day

C

Bytes/sec




e A —

1.6 0

1.56

1.4 06

1.36

1.2 6

1.16

1.06

0.96

0.86

v
v
“
~
“
v
-
b
=

0.76
0.606
0.56
046
0.36
026

016

-0.0.0 ‘

11: 00
@In @ Out

11:0%

11:10

-

11:1%

WN Cluster Network last hour

[
11:20

<

w‘ l‘-"'ﬁ—- - 11‘

ey W LY TSN

11:2%

11:30

11:3%

11:45%

11:50

11:55

/0010w

HINILAO0 I8l




Conclusions

* Applications clevelopers are Working harc”g to try

to iml:)rove the overall Pemcormance

? TI’]C access to

will be more ef

o but, it will sure

data is less “random” now and it

Lcient in the next releases. ..

Yy become much more bandwidth |

clemancling in the future

. ey Teclmology 1S evolving Putting new Problems

(man9~cores)



Conclusions

o Peer infrastructure are gIViNg new Possibilities
» Sl smcicering on Peak Periormance and
* great benefit on failure resilience
o The local area network is e\/ol\/ing too:
o the available bandwidth/€ is increasing,
raPicug
o |B technologg IS becoming attordable
comparecl with 10Gps ethernet technoiogy
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TestDFSIO Average 10 Rate, MB/s

1194

Hadoop Sort Throughput
3.2GB data (MB/s)
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write read
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W HDFS (1GIgE)  MHDFS (1GigE), replication 1 WHODFS {IPolB] & Lustre {IB)

HDFS, 1GIgE, 8 node HDFS, IPolB, 8 node Lustre, 1Gigk, 8 node Lustre, 1B, 8 node Lustre, I8, 3 node




e A

to HDFS (1Gigk)
from local drive

Copy 1GB file

to local drive
from HOFS {1GIgE)

to Lustre (1B}
from local drive

o

to local drive
from Lustre (IB)

——————
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Nathan Rutman, Xgratex
James B. Hofmann) Naval

HIDFS vs Lustre

Research La]:)oratorg

o Assume Lustre IB has 2x Pemcormance of HDFS lGigE':

¥ EHX for our sort benchmark

* Top 500 LINPACK etficiency: IGigE ~45-50%, 4xQDR ~90-95%

Lustre / IB Cluster HDFS / 1 GigE Cluster

- Count Price Subtotal Count Price Subtotal

100 $7,500 $750,000 200 $7,500 $1,500,000

9 $6,500 $58,500 12 $4,000 $48,000

178 $100 $17,800 450 $10 $4,500
OSS 2 $52,000 $104,000 0 --- ---

128TB --- --- 384TB $100 $38,400
\YIDN 1 $34,000 $34,000 0 --- -

4 $8,000  $32,000 6 $8,000  $48,000
Total $996,300 $1,638,900

-
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