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~65K+ tapes, mix of LTO 4,5,6 a
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~90 PB of data on tapes
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Tape Technology

Why are we using tapes?

Tape is reliable, energy efficient, low cost (per GB), and fast!
One LTO-7 can reach 300 MBY/s, Bit Error Rate 1 x 10*9, last for 30 years
We just restored some 15 years tapes (9940B), 100% successful.

Tape Is great for data archiving, but it's sequential access!

Randomly restoring files from massive amount of tapes degrades the read
performance primarily due to frequent tape mounts, forwards and rewinds

We have an in house developed system, called ERADAT, to optimize the
tape mounts, tape reads, and resource control.
It also provides performance monitoring as well as statistics.

Bno?ktﬁt’nsu
Brookhaven Science Associates NATIONAL LABORATORY



ERADAT

= A scheduler system, originally based on a software from Oak
Ridge National Lab, developed in the early 2000s.

= After some major modifications and enhancements, ERADAT now
provides advanced HPSS resource management, priority queuing,
resource sharing, web-browser visibility of real-time staging
activities and advanced real-time statistics and graphs.

= An interface between HPSS and other applications such as the
locally developed Data Carousel providing fair resource-sharing
policies and related capabilities.

Bnogkliﬂnsu
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Unmanaged Resources (Tape and Drives)

7 ncnc

e Tape drives are first come first | ; 8 L oo
serve... |

* Users will fight for tape drives

* Waiting time becomes
unpredictable

* Unable to prioritize tasks

Brookhaven Science Associates NATIONAL LABORATORY



ERADAT

How to address the problems:
Repeat mounts, forwards, rewinds...

Optimize the performance

* Reduce Tape Mounts

* Reduce Rewinds

* Processing Order (FIFO...)

Resource Management

* Resource Allocations

 Dedicated resources """" """"
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ERADAT Features

= Staging optimization g
= Tape selection orders:

FIFO, LIFO, and “By Demand” o
= Priority Staging E
= Resource Management .

* Resource guaranteed

* Resource sharing
= Resource Allocation Oversubscription
= Drive-generation Oversubscription

Brookhaven Science Associates

Multi-level real-time debug log
on/off switch

Sync or async (callback) option
Real-time configurable auto-retry
Advanced Thread control

Bnogxliﬂlsu
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ERADAT Features (2)

Real-time Monitoring Tools:
= \Web-based Control Panel
= Performance Graphs/Reports
= Staging Activity Graph
= Tape staging performance report
= Drive staging performance report
= Staging suspension/resume control
= Drive-generation level
= Global level (lock all)
= Resource Lock: tape and drive (HPSS level)
n Autq—detect LSM down, bypassing offline LSM aro -
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ERADAT Features (3)

All interfaces, graphs and reports are HTML based, works on any web-
browsers (Any OS, any newer web-browsers)

Tested Environment:; Tested Web-Browsers:
* MacOSX « |0S e Safari * |E (PConly)
e Linux e Android  Firefox

e Windows e Chrome




Staging Optimization

Requests are first aggregated by tape-id — reduce mounts
Sorted by position on the tape — reduce rewinds.
If “By Demand”, sort the tape list by # of regs.

File 0009 (Tapg E|, pog:10) File 0005 (Tape|E |
File 0002 (Tapg Af pog:105) File 0009 (Tape |E
File 0016 (Tapg B|, pog:8) |
F@Ie 0008 (Tapg A} pog.60 File 0004 (Tape A,
File 0004 (Tapg A} pos:1) File 0001 (Tape A,
File 0005 (Tape E|, pog:8) File 0002 (Tape (A,
File 0001 (Tape AI’ pos:40) File 0008 (Tape|A,
File 0016 (Tape |B_

By FIFO: Tape mount order: E, A, B
By Demand: Tape mount order: A, E, B

Brookhaven Science Associates
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Staging Optimization

¥ [ 3
'l BOARDING

FIFO vs "By Demand” | : |
Which one is more efficient? e Rl e e g e T

iy

24l
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Priority Staging

File 0009 (Tape E , pos:10)
File 0002 (Tape A, pos:105)
File 0016 (Tape B, pos:8)
File 0008 (Tape A, p0s:605)
File 0004 (Tape A, pos:1)
File 0005 (Tape E , pos:8)
File 0001 (Tape A, pos:40)

File 0022 (Tape C , pos:48)
File 0021 (Tape C , pos:40)

By Demand: Tape mount order:
By FIFO: Tape mount order:

Brookhaven Science Associates
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Efficient Access to Massive Amounts of Tape-Resident Data

Star Raw LTO-5
Star Raw LTO-6

DrvAddr  DrvType
1,14,1,1 IBM LTOS

£
i

wn 2 1,14,1,13 IBM LTOS
) 1 1,14,1,12 IBM LTOS
= ] IBM LTOS
- 2 613 14 IBM LTOS
o 1 8-13 14 IBM LTOS
LO 3 6-13 14 IBM LTOS

! 3 6-13 14z IBM LTOS
O 0 IBM LTOS
— o IBM LTOS
— 0 IBM LTOS
<t 3 IBM LTOS
i 4 IBM LTOS

IBM LTOS
IBM LTO8
IBM LTO8
IBM LTOS
IBM LTOS

LD = b3 =

Star Raw f 3 0 T6 Reading
Star Raw LTO-8 0 sading
TOTAL: 18 Tapes

h o h h g h O

W W W W

1]

LTO-6
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Efficient Access to Massive Amounts of Tape-Resident Data

Multiple Users, multiple policies
Customized resource allocation for each user

Resource sharing:
Adjust resource allocation on demand.

jobs

4 +2 Drives

[USERB } O

il

frIATT

ArIATT

-
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Resource Allocation Oversubscription

Resource Allocation Oversubscription
Let user borrow (fight for) drives on demand

Resource sharing

100 USER A USER B 800
Jobs 6 Drives 6 Drives jobs

AR

mmmn | mmmn | omen )

2] 2]

mmmn | mmmn | amen |

ArIATT

2] 2]

2]

Waiting
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Efficient Access to Massive Amounts of Tape-Resident Data

Drive-generation Oversubscription
Use later gen drive to read prev gen tapes

Use 2 LTO-6 drives (virtual LTO-5) to read LTO-5 tapes

800 LTO-5 Reqgs USER A
6-4 LTO-5 Drives
20 LTO-6 Regs 46 LTO-6 Drives

L T

) ; s ; )

| T

FrIrT

T TR R S e ) )

iy | nmmn‘l

B e dea R A . eeoua (%)

I’TWM'I'ITI I’TWM'I'ITI

2] ra ®

I'W’IITmTI

®

4 -6-LTO 6 Drives

4 LTO 5 Drives

________________________________________________________________________________________________________________________
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Use case (test)

Randomly restoring 704 x 10 GB files out of 21 tapes, with 15 available drives.

= Direct submission: Using 15 job-queues, it took 270 mins to complete.
Average ~444 MB/s. Used 34 mounts.

= Using ERADAT: Using 15 job-queues, it took only 70 mins to complete.
Average ~1.7 GB/s. Used 21 mounts.

6:00

B YN Direct submit, 4.5 hours, 34 mounts

= ERADAT
= Direct

Time

112 1 Using ERADAT, 70 min, 21 mounts

R I e T A ¥ e T e o = 3 B 0 T e I B = 2 LW T e T et = 2 L e B B e B T o T e T 0 ]
NN~ O N W00 O ™M W 0 v ™M W O v s WO O st I~ O b M~ O
— o o = NN NN M M N N ST ST ST ST N W LN W WO WO~

Number of files staged R TE
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Use case (real)

In production system, used ERADAT to stage files using 8 LTO-6 drives

= But something happened, we lost the disk cache copies (purged)

= All users were pulling files directly from tapes in random order...
used all 16 drives unmanaged!

Daily Data Transfer Volume (TB) into HPSS in last 8 days

J010-05-2 | |

LSEREN UsedERADAT  JUE
GSEEl  oSdnves, upto 150 TB/day JER
0 Lo-10- L | i

2016-1002 | (! Lost cache copies

2016-1003 B20 Unmanaged restore from tapes...
M16-10-04 W28 16 drives, ~2 TB/day
2016-1005 14

Brookhaven Sc

ience Associates

Date | Mounts

09-28 | 67
09-29 | 92
09-30 | 68
10-01 | 140
10-02 | 507
10-03 | 393
10-04 | 518
10-05 | 709

BROOKHEAVEN
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PHEMIX Data Transfer View :
- RAW Staging
Range: 2016-09-01 00:00:00 - 2016-09-02 00:00:00 BAW Wt
RAW Wirite: 0 Byte, O files, avg size: 0, avg rate: 0 Byte/s - rte
DST Write: 24.49 TB, 6979 files, avg size: 3.59 GB, avg rate: 297.17 MB/s — DST Staging
RAW Read: 168.84 TB, 17493 files, avg size: 9.88 GE, avg rate: 2 GE/s — DSTwrite
DST Read: O Byte, O files, awg size: 0 Byte, avg rate: 0 Bytels
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ERADAT Staging Activity Graph

STAR Data Carousel Staging View — Staged (Files/Hour)

N REEtGE:_DB:E;rB—géB?:gi_I . — Queued in HPSS TSX (Received)
VEragE staging: ' Hes/hr Failed (FilesfHour)

~245,000 files a Z Tonstred
; - Ueue
oooo

10000
20000
10000
30000
50000
$ED00
28000
10000
30000

50000 77950 Staging performance sustain
10000 ' >

2'3"3'%m5_%.23ﬁﬂ345E'D54ﬁ1[391]3E144&D64@343I34?3E913&413?5&5833313%'1??20‘2]323935D%&BEBB[EESEI])EJEELSQEB?:EUEEEE3.[]
i ——e—
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Time
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ERADAT and other systems

HPS

High Performance Storage System

)
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Data Carousel

Why the carousel
In a sustained request and multi-user environment, ultimate performance

may not be the best choice - 1 user requesting 1 file from 1 tape may wait
"forever" if ERADAT's restore policy is strictly "high demand”

The long tail
Files per tape

w1\ _ : -

_ |\ € High demand — high priority
(]
Q| o
©
5 —
B e Low demand — long wait time
E| = I
é) B KXK ¢

° j—'-*f—smazsmmﬁ:xmsugsmmﬁsasﬁm:ﬂm:ﬁaﬁ;asggggggggaggggggggg ¥

Number of tapes BRO RUEN
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Data Carousel

The Carousel provides ways to achieve fair-shareness by switching
between ERADAT policies (high demand, FIFO, low demand) and
allows sparse requests to be satisfied in a reasonable time.

Files per tape

~ [\ €— High demand — high priority

()

Q— 7O

IS

~

2l e

9

= so e —Files per tape

=

O a0

5| o Low demand — long wait time

E| = .

=) \

N K
oj"“*'—E:ﬂaammﬁ:xmsugsmmﬁsa{sﬁm:ﬂz:ﬁaﬁ;asggggggggaggga EEE
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Data Carousel

Implements:

« SHARE: user and group based sharing policies
EQUAL all users get equal share
GROUP all groups get equal share
GRPW group are weighted, equal share within group
« ORDER: sorting of requests ahead of ERADAT
* By time files were requested
* By tapelD (strict tape ordering, or hybrid approach i.e.
submits all files requested from a given tape at
the same time to balance fair-share and optimization)

The system balances between sharing (the bandwidth) and sorting (optimization) and
and switches between ERADAT high demand and FIFO to achieve goals.

Flexible framework - can be extended by any custom SHARE or ORDER policies of
your own.

Bnogxliﬂlsu
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ERADAT is a file retrieval scheduler for general use, it is designed to
optimize the tape mount and read, and provides resource
management for multi-user and multi-purpose use.

Data Carousel is designed for further optimization for STAR’s
environment.

« The DataCarousel is an extendable and fault tolerant policy driven
framework in a multi-user environment

« For collaboration to make file retrieval requests to ERADAT

« The DataCarousel allows extending the SHARE policies using a
simplistic yet very flexible mechanism.

Bno?ktﬁt’nsu
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Questions?

Thank you!
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