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GSI/FAIR Overview
FAIR: Facility for Antiproton and lon Green IT Cube data center:

Research e Measures 27 x 30 x 22 meters,
e Linear and Ring particle can hold 768 computer cabinets
accelerators. side by side on 6 floors.
e Heavy lon experiments. e Highly energy-efficient, cooling
with water.

e Medical irradiation facility for
cancer therapy.




Lustre at GSI

HPC at GSI/FAIR
e Green IT Cube data center

e Compute clusters
e Prometheus (~9000 cores, QDR IB) [decommissioned]
e Kronos (~10000 cores, FDR IB)
e LCSC (~3200 cores + ~700 GPUs, FDR IB)

e Storage clusters

o Hera (~7.3PB, Lustre 1.8.9 with Debian Squeeze 2.6 Kernel)

e Nyx (~12PB, 70 OSSs, Lustre 2.5.3 on ZFS with Debian
Wheezy 3.2 Kernel, Lustre 2.6.92 Clients on Debian Jessie
3.16 Kernel)

e Currently in the process of moving data from Hera = Nyx,
where Lustre client 1.8.9 mounts /hera (1.8.9 server) and
/nyx (2.5.3 server).

GSI/FAIR is member of Intel Parallel Computing Center for
developing a TSM Copytool for Lustre HSM.


https://software.intel.com/de-de/ipcc

Overview of Lustre HSM and Copytools

Lustre with hierarchical storage management (HSM) feature is
available since Lustre version 2.5 (partially landed in Lustre 2.4),
since that manifold copytools are developed:

e Lustre Posix Copytool
e Lustre HPSS Copytool
Lustre S3 Copytool

Lustre Google Drive Copytool

Lustre Droplet Copytool

Lustre TSM Copytool (not yet released)

Lustre HSM = seamlessly archive, release and restore data.


http://git.hpdd.intel.com/fs/lustre-release.git/blob/HEAD:/lustre/utils/lhsmtool_posix.c
https://sourceforge.net/projects/lustrehpss/
https://github.com/ComputeCanada/lustre-obj-copytool
https://github.com/stanford-rc/ct_gdrive
https://github.com/scality/lustre-droplet-copytool
https://github.com/tstibor/ltsm

Overview of HSM State Diagram

1fs hsm_archive 1fs hsm_release

released

1fs hsm_restore

>dd if=/dev/zero of=zeros bs=1MiB count=32 conv=sync
32+0 records in
32+0 records out
33554432 bytes (34 MB) copied, 0.401738 s, 83.5 MB/s




Overview of HSM State Diagram

1fs hsm_archive 1fs hsm_release

released

1fs hsm_restore

>1fs hsm_state ./zeros && 11 -h zeros && du -h ./zeros
./zeros: (0x00000000)

-rw-r--r-- 1 root root 32M Sep 6 13:55 zeros

32M ./zeros




Overview of HSM State Diagram

1fs hsm_archive 1fs hsm_release

released

1fs hsm_restore

>1fs hsm_state ./zeros && 11 -h zeros && du -h ./zeros
./zeros: (0x00000009) exists archived, archive_id:1
-rw-r--r-- 1 root root 32M Sep 6 13:55 zeros

32M ./zeros




Overview of HSM State Diagram

1fs hsm_archive 1fs hsm_release

released

1fs hsm_restore

>1fs hsm_state ./zeros && 11 -h zeros && du -h ./zeros
./zeros: (0x0000000d) released exists archived, archive_id:1
-rw-r--r-- 1 root root 32M Sep 6 13:55 zeros

512 ./zeros




Overview of HSM State Diagram

1fs hsm_archive 1fs hsm_release

released

1fs hsm_restore

>1fs hsm_state ./zeros && 11 -h zeros && du -h ./zeros
./zeros: (0x00000009) exists archived, archive_id:1
-rw-r--r-- 1 root root 32M Sep 6 13:55 zeros

32M ./zeros




Overview of HSM State Diagram

1fs hsm_archive 1fs hsm_release

released

1fs hsm_restore

echo 0 » ./zeros

>echo 0 >> ./zero && 1fs hsm_state && 11 -h zeros && du -h ./zeros
./zeros: (0x0000000b) exists dirty archived, archive_id:1
-rw-r--r-- 1 root root 33M Sep 19 09:16 ./zeros

32M ./zeros




Overview of HSM State Diagram

1fs hsm_archive 1fs hsm_release

released

1fs hsm_restore

1fs hsm_restore

>1fs hsm_archive ./zero && 1fs hsm_state && 11 -h zeros && du -h ./zeros
./zeros: (0x00000009) exists archived, archive_id:1

-rw-r--r-- 1 root root 33M Sep 19 09:16 ./zeros

33M ./zeros




TSM Overview

Tivoli Storage Manager! (TSM) is a client/server software from
IBM employed in heterogeneous distributed environments to backup
and archive data.

TSM Server [OIO]

Tape Library

!Now renamed to IBM Spectrum Protect.



Tape Library

Tape Library is a storage device
consists of

e tape drives,
e tape cartridges,

e barcode reader,

e tape robot

GSI employs two IBM 3584-L23 Tape Libaries with an overall
capacity of 1.2PB + 8.8PB.



Backup vs Archive

Backup: A copy of the data is stored in the event the original becomes
lost or damaged. Typically an incremental (forever) backup
strategy is performed.

Archive: Remove from an on-line system those data no longer in day to
day use, and place them into a long term retrievable storage
(such as tape drives).

Lustre HSM s for archiving data.



Some TSM Features

Compress data stream
seamless either on client
or server side.

Compression:

Deduplication: Eliminating  duplicate
copies of  repeating
data.

Store and pack data of a
client in few number of
tapes as much as possi-
ble to reduce the num-
ber of media mounts
and for minimizing tape
drive movements.

Automatically move da-
ta from faster devices
to slower devices based
on characteristics such
as file size or storage ca-
pacity.

Storage hierar-

chies:

J955

A
Y

Meta data is stored in a DB2 database (part of TSM server).



Example Configuring Storage Hierarchies:

Example for setting data migration from small fast disk storage to
slow large tape storage:

define devc fastdisks_devc devt=file maxcap=16G dir=/dir/dev/fastdisks

define devc slowtapes_devc devt=file maxcap=1024G dir=/dir/dev/slowtapes

define devc superslowtapes_devc devt=file maxcap=1048576G dir=/dir/dev/
superslowtapes

define stg fastdisks_pool fastdisks_devc desc= maxsize
=15G nextstgpool=slowtapes_pool highmig=85 lowmig=40
define stg slowtapes_pool slowtapes_devc desc= maxsize

=1020G collocate=yes nextstgpool=superslowtapes_pool highmig=90 lowmig=50
define stg superslowtapes_pool superslowtapes_devc desc=
maxsize=nolimit collocate=yes

If high threshold is reached, then move data to next storage pool
hierarchy until first pool reaches the threshold.

By means of storage hierarchies we can realized storage caching
layers.

Complete installation guide for settings up a TSM server e.g. within
virtual machine (KVM) is provided
at http://web-docs.gsi.de/~tstibor/tsm/.



http://web-docs.gsi.de/~tstibor/tsm/

TSM API Internals

Data

on TSM side is stored in an object based format.

# 1
hl:
id (hi,lo)

object info length
object info size (hi,lo)
object type

object magic id

archive description
owner

insert date

expiration date

object
fs: /,
object

/home /tstibor/dev/tsm/github-1ltsm,

restore order (top,hi_hi,hi_lo,lo_hi,lo_lo):

estimated size (hi,lo)

object # 2

fs: /, hl: /, 11: /tmp
object id (hi,lo)

object info length
object info size (hi,lo)
object type

object magic id

archive description
owner

insert date

expiration date
restore order
estimated size (hi,lo)

(top,hi_hi,hi_lo,lo_hi,lo_lo):

11: /README.md
(0,256004)
32

(0,12351)

DSM_OBJ_FILE

71147

readme file description

2016/5/23 16:13:54
2017/5/23 16:13:54
(722,0,16813,0,0)
(0,12351)

(0,256003)
32

(0,86016)
DSM_OBJ_DIRECTORY

71147

tmp directory description

2016/5/23 16:13:37
2017/5/23 16:13:37
(722,0,16812,0,0)
(0,86016)




TSM API Internals (cont.

dsmSetUp dsmCleanUp
dsmQueryCliOptions (optional)
dsmQueryApiVersion
ol o dsminit
( > or dsminitEx dsmTerminate m P
_ ismReleaseBuffer
(O ) } L,
o A
dsmRegisterFS x| A ) dsmOuerySessOptions
A A
dsmUpdateFS \) l\_/‘ dsmBindMC
& Pa
dsmDeleteFS )i | dsmChangePW
AJ In A °
ssmisaiconss | ) e ) smauenysessin
) ismQuerySessinfo
A A>\/
3\ 7\ dsmLogEvent
ds /AC
ERGEERCES ) A ) dsmlogEventex
s / .
dsmDeleteAccess ‘)‘ A | dsmUpdateObj

" S

dsmBeginTxn  dsmENdTxn <—_

Dat:
N dsmEndGeiDa'aEx\
dsmEndTxnEx
dsmBindMc* (s / In B csmRenameot]() 48
(& Transacion *( End GetData ) In Querv

dsmGroupHandier (] \ dsmDeleteObj )

! / A\
dsmSendObj dsmEndSendObjor /' dsmGetObj ~ dsmEndGetObj

dsmEndSendOmE/ \ / / dsmGelNex{QOm
\ Lo
- Send omect R In Get Object

\ /\ﬁ_/\

( dsmGEtDala\ 4

/

{ dsmSendDala

\ ~\ | | ~
usteque‘stFuﬂer‘\ A \ dsmReleaseBuffer ( P
\ / \ /

~ ~
"4 dsmSendBufferData 4 — dsmGetBuﬂerData*’u//

Taken from PDF document: Using the Application Programming Interface, Tivoli Storage Manager



Initial TSMAPI (for interfacing Lustre HSM)

typedef struct {
unsigned int magic;
dsStruct64_t size;
lustre_fid fid;

} obj_info_t;

typedef struct {
char fpath [PATH_MAX + 1];
char desc [DSM_MAX_DESCR_ LENGTH + 11
obj_info_t obj_info;
dsmObjName obj_name;
} archive_info_t;

dsInt16_t tsm_archive_file (const char *fs, const char *filename , const char x*
desc);

dsInt16_t tsm_archive_fid (const char *fs, const char *filename,

const char *desc, const lustre_fid #*fid);

dsIntl16_t tsm_query_hl_11 (const char *fs, const char *hl, const char *11, const
char *desc, dsBool_t display);

dsIntl16_t tsm_query_file (const char *fs, const char xfilename, const char #desc,
dsBool_t display);

dsIntl16_t tsm_delete_file (const char *fs, const char *filename);

dsInt16_t tsm_delete_hl_11 (const char *fs, const char *hl, const char *11);

dsInt16_t tsm_retrieve_file (const char *fs, const char *filename , const char *
desc);

dsInt16_t tsm_retrieve_hl_11 (const char #*fs, const char *hl, const char *11,
const char *desc);




Console client 1tsmc based on TSMAPI

Simple console client for testing and demonstrating

® tsm_archive_file(const char *fs, const char *filename, const char

*desc) ;

® tsm_archive_dir(const char *fs, const char *directory, const char

*desc) ;
tsm_query_hl_1l(const char *fs, const char *hl, const char *11,
const char *desc, dsBool_t display);

tsm_query_file(const char *fs, const char *filename, const char
*desc, dsBool_t display);

> Syntax: bin/ltsmc

-a,
-r,
-9,
-d,
-f,
-h,
-1,
-c,
-n,
-u,
-P>
-s,
-v,

--archive

--retrieve

--query

--delete

--fsname <STRING>

--hl <STRING>

--11 <STRING>
--description <STRING>
--node <STRING >
--username <STRING>
--password <STRING>
--servername <STRING>
--verbose (optional level <v,vv,vvv>)




" tamtsmconton7 2

option
TBEse) (ore/ismapi. ) dsntniie e iMiso321 (8Co)
[DEBUG] (src/tsmapd c) (dsmRegists 02420
{peauc] (src/tsmapi.c) (Gsnuerysessaptions:hande: 1 MSO3621. (RCO)
[VERBOSE!

Successtully done.)

e fi
Setcessruly done.)
+ fopt/tiveli/tsn/client/api/bind
: {home/tstibor/deu/ton/L<sn/dsnopt/dsn. opt
XOVE1-KVH-TSH-SERVES

1oz, 168,250,101

Lxoval

io
1

[oEeuG) (sr:/(smap) ) (dsnQuerySessTnfo:handle:1:ANS03021 (RCO)

[VERBDST

Successfully done.)

7.13.0
o

Aehivenetent torbrtection
[VERBOSE]
Hax nusber of multiple objects per transaction:
Vax_nunber of Bytes per transaction: 26214460
dsnSessInfo. fsdelin: /

dsnSessInfo hldelin: /

[VERBOSE]

API Library Version =
st

tsn query archive with settings
:

096

7.13.0

+ Jhone/tstibor/dev/tsn/Ltsn/archives/letters
7~

descr-
[DEBUG] (src/tsmapi.c)
[DEBUG] (src/tsmapi.c)

03021 Successfully d

sriBeginQuery:handLe: 1:ANSO3021 (RCO)
hgasser (rc3200) on Gamgethenioos or d

SriGetiextq0b :handle:

Live Demo

Tespace is already registered)

saettata there is tore avsilable data)
otbata there 15 nore available data)

dEncothata there 15 more available data)

[DEBUG] (src/tsmapi.c) 1:NS02581 (RC2200)
[ogale (sro/tsmapic) WSO2581 (RC2260)
WG] (src/tsnapi . c) 1:A50: 21), e gperation i finished)

{DBUcH (sr/tanapi-c)
[DEBUG] (src/tsmapi.c)
[DEBUG] (src/tsmapi.c) 1
[VERBOSE]

Deleted obj fs: /
L /honetstivor/dev/tsn/Ltsw/archives/tters

et (o) | Successoily ey

Successfully done.)
Successfully done.)
Successfully done.)

{DEBUG) s/ mapiocy fosnBe sinmashandle: LASO02L (RCO)
[0E0UC] (sre/tamapi.c) (danbotec 1:AS03021 (RCO)
[DEAUC] (Src/tamapi.c) (damEndTanhandto:1: 503621 (REG)
[VERBOSE]
Deleted obj fs:
n

/
o

068UG] (src/imopiod) damBeginTan:andte: LAVSE3021 (RC)
[DEBUG] (src/tsmapd c) (dsmDelateb) :handle: 1:ANS63621 (RCO)
{DEBUG] (src/tomapi.c) (dsndTanhandLe: 1:aNSe3e21 (Rcs)

Successfully done.)
Successfully done.)
Successfully done.)

T
U: /b.big.

+ set

Leting hl/LL done i
Successfully archived and retrieved data veriied with 103U
tstiboraLidvaL:-/dev/ tsm/ Lt

Demo available

= in
rang

bin/ltsnc --archive - noge Lxavel -

ep/archives/Linux

Fnane Complete istoric Linux Kernel. assword 1xavel /t

### Querying Data
For querying all data stored in directory */tmp/archives/Linux"

bin/Utsnc --query --fsnane '/' --node 1xv8l --passuord LxvBL ~-hl */tmp/archives/Linux/=" -1 /"
Querying the single file /tmp/archives/Linux/Makefile
query --fsnase /' --node xdv81 --passuord LxdvB1 -l */tap/archives/Linu’ --1L */Makefi

bin/ltsnc
Te!

444 Retrieving Dot

Ve tirst delete all data in */twp/archives/Linux’ and the restore the data to that directory:

node Txavl

1 {iap/archives/Linye 6 bin/Ltsac --retrieve ~-fsnane /"
Cop/archives/Linues -

~password Lxavel --nl '/

### Deleting Data

To delete data on the TSH perform the following comand
bin/ltsnc --delete ~fsnane /' ~-node Lxdval --passuord LxavBL -l */tmp/archives/linux/=' -1 */x"
A subsequent ~delete® or *auery® comand shows tht there is no data Left on the TSN side.

bin/ltsnc --delete --fsnane /' --node Lxdvel --passuord LudvEL --hL */tap/archives/Uinux/ -1 */

## 0005
= Integrate LTSHAPL into the Lustre Hh franework

E—
ode. DUa1 oM Linux) (Tcp/Ip 192.168.254.254(43781))
(6N0/Linux)

ANR0A0ET
ANROA03T

Session 358 started

ended for node LXDVE1

AAROOSL Session 359 started for node DOVeL (GU/Linux) (Tcp/Tp 192.168.254.254(45792))
ANRBAG3I Session 359 ended for node LXOVEL (GNU/Linux) .

AROAOST Session 360 started for tode LOVSL (GW/Linue) (Tep/To 192.168.254.254(49793))

ANRBAO31 Session 360 ended for node LXOVBL (GNU/Lin

AWROI06T Session 361 started far node LXOVEL (GMD/Linu) (Tcp/Ip 192.168.254.254(45754))

ANRS3401 FILE volune /hone/tsm/tsn-storage/0009908C. BFS mountet

ARGSTLI Session 361 opened output volune./hone/ s on: storage/Ga00GRC. BFS.

AROSIAL Session 361 closed volure /hone/ts/ L storage/0000000C. 3.

ANRBA031 Session 361 ended for I

AROIT Session 362 startad for modc Diova LBNU/UMX) (Tep/Ip 192.168.254.254(49795))

ANRBAO3T Session 362 ended for node LXOVBL (GHU/L1

JWRGAGET Session 369 storted.for nods LOVEL (CHD/Linus) (Tcp/1p 152.168.254.254(49796))

ARSS4GL FILE volune /hone tsn/tsn-storage/0006000C 8PS

ARGRIOL session 363 opened input volune /home/ e/ Tormge)Go00000C BF5.

KAROSIAT Session 363 Chosed vorome. Thone/ 1oy can roraie/o0senhoc.Srs:

ARGHSAL Session 303 ended for node L3081 (G0 Linin)

ANROA06T started for tode LOVe] (GUILinv) (Tcp/1p 192,168,254
G31 Session 364 ended for ode. LOVE]. (GH/Lin

ANR32650 A full database backup will be started.

Tog space used threshold is 80%.

ANR29G4E The autonatic database backup vas terninated.

AR32654 A TuLL database backup will be started.  Tho archive Tog space used
log space used threshold is

2SR The autonatic database backup vas terminated.

250(49797))
The archive log space used is 854 and the arcive

is 85% and the archive

at http://web-docs.gsi.de/~tstibor/tsm/ltsm-screencast-1.mp4


http://web-docs.gsi.de/~tstibor/tsm/ltsm-screencast-1.mp4

Summary & Outlook

e Currently in the process of hooking TSM API into
1lapi_hsm* functions for finalizing TSM copytool.

e TSMAPI and 1ltsmc is
released https://github.com/tstibor/Itsm, if Lustre file system
is decommissioned, then /tsm still can be used to restore data.

Thank you & questions


https://github.com/tstibor/ltsm

