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Creating a problem

1. What do | want? 4. Why might | want FT on cloud?
C Execute an MPI application C To reduce costs (money, time,
energy, € )
2. What do | need? C Reliability
C Target resource: MPI cluster C é
C FT services: Checkpoint,
Heartbeat
User 5. What is the overhead
3. What do | have? introduced by FT?
C Access to the Rackspace
cloud

6. Can | do that? How?

S0 I Gam

.27 Rackspace

— -~ Cloud
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Problem

Available resource U s e requaements

o a——— C Execute MPI software

C Target resource: MPI cluster
C Target platform: FT-flavor

/\ U s e resdosirces
User C Rackspace cloud (credentials)

— ‘ Resource — Manually:
‘ transformation  C interaction with web page

C prepare the image: install
required software and
dependencies

C instantiate servers

C configure passwordless
authentication

C é.

C 1 man-hour for 16+1 nodes

EC2 cloud ﬁ

Target resource

Workstations

SISy
SISy
SIS
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Unibus: a resource orchestrator

I I ——————

Avalilable resource

‘Amazan £2 Cansole Dashboard

 Spot Requests

,,,,,
+ Bandie Tasks

uuuuuuu

EC2 cloud

we  An amazacon coepey

?@ Target resource

Workstations

(51817 fzotern

U s e requeements

C Execute MPI software

C Target resource: MPI cluster
C Target platform: FT-flavor

U s e resosirces
C Rackspace cloud (credentials)

<A
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Outline

Unibus T an infrastructure framework that allows
to orchestrate resources

Resource access virtualization
Resource provisioning

Unibus i FT MPI platform on demand

Automatic assembly of an FT MPI-enabled platform

Execution of an MPI application on the Unibus-
created FT MPI-enabled platform

Discussion of the FT overhead
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Unibus resource sharing model
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(a) Traditional Model

Resource exposition
Resource usage

Resource virtualization Resource providers belonging

and aggregation

VO Supercomp Clustar Clowd W-:rksta{i:lns

(b) Proposed Model

Virtual Organization (VO)

Determined by VO

to VO

Resource provider

Determined by a particular
resource provider

Software at the client side
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Handling heterogeneity in Unibus

% Resources exposed | unibus — —
In an arbitrary Capability Model uses
manner as access
points

» Capability Model to |, - Iememiser
abstract operations Engine | P
available on i Mediators
provi der 05s . |

. H / aCCess

A Mediators to \ﬂ .
implement the ~— daemon library
specifics of access implements

points . access protocols

Knowledge engine ‘“\_Aw

to infer relevant J
facts AF\’ESAJYCGS /\ /% access points
S AN
AaAd

S ANAA—

o




Complicating

a bl g pi

Resources exposed in an
arbitrary manner as access
points

Capability Model to abstract
operations on resources

Mediators to implement the
specifics of access points

Knowledge engine to infer
relevant fact

Resource descriptors to
describe resources
semantically (OWL-DL)

Services (standard and third
parties), e.g., heartbeat,
checkpoint, resource
discovery, etc.

Metaapplications to
orchestrate execution of
applications on relevant
resources

Unibys access device
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\Metaapplicationg/

Unibus

Capability Model

o — -

------

<

sevees

User

implements

Services

Resource

\,\__F’\d\escnptors

Network

\—ﬂ: —

Access daemon
library

\

RGS(XZGA A

\/\AA—/

A

implements
access protocols

A =< Access
points
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CaIOablllty Model and mediators
| / N e cloud: 1SimpleCloud \

g | Q cloud:addhosts (Ocloud: deletehosts sshiexec b:s——h — \A Capa‘blllty MOdeI

<} e et 1.' ‘ssh:subsystem ,5‘5 S

3*/ O pOSIXOpen e t "_\mpl mpiey€c USSh Shell o fs ITransferabIe> PrOVIdeS Vlrtua”y

h= posiX:wri e b= e 1

TS P pfesanods N homogenized access

g :fcwérerMPf COstoget to heterogeneous
,_\_\F o T f)obFlIe open .-~

\f,Rd ) -:; prnmsance oot resources
/’ = Slea a ) e IEC - @Pbs submit .
b_d_ \\ e Specifies abstract
In |ng — i '
Capability o ' Capability interfaces _Operatlons’ grouped In
o interfaces
e [ T | % % % Interface hierarchy not
T O mediator mediator mediator mediator mediator .
S 2 of aszh Sfip RW ECQ:EIimg_ Clusﬁ:rMPI approprlate (eg ]
§ g mgdiator mediator i mediator mediator fS'ITransferable and
= 2 ImpIernprs]\<.1ﬁ§rN(|jSp IIS Globquimbus M bejCIuster -
é g‘ SSh AF) mediator mediator ymediator SSh - ISftp)
9998 =T =
8868 :Rackspace :} Implement_ resource
0009 = access point protocols

Workstations Cluster _ cloud _—
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Virtualizing access to resources

- — o ) e
———— e —— — R __cloud:ISimpleCloud N
- ‘~~~ e S \
”’ NN\ g ( (sshiexec L —
- \\ ] sh:subsystem | SShi/Ssh
~ £ _(Osshishell \
\\ > :ITransferable',
\ 3 y
v g Y
1 % sftp:get . y \
1 © “OobFile:open .
1 - "'ssh:/SftV
1 \ P mit
/ B I ~ P
~ _
,/ \ . o
’ L " I
S u bsySte l I L’ Capability operations Capability interfaces
”
- A A A A A 2
- z ‘F s
- e =0 Ssh Sftp RO EC2 Rackspace Cluster
----- 25 mediator mediator mediator mediator mediator
85 ; B \ T
o OpenSsh Sftp RW EC2 wiimg ClusterMPI
58 mediator mediator mediator mediator
- LE v Y
< I
Ssh Mediator. g3 oo | o o
g £ mediator mediator mediator

Implements
invoke_shell

exec_command
get_subsystem
get_subsytemsftp

e . ,

P s
0®

Semc ="

compatibleWith

sshd

Workstation
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Knowledge engine

Medi at or 6s

Knowledge Set

Ssh Mediator S N P15 gt Request
- implements )F interface
invoke_shell | Ay > shell | 1Ssh User
exec_command |m|3le‘r11ents > exec .
. \ 1
get_subsystem |m|oleme.r‘1is > subsystem H Resource:
] AN | emily
é . . .
compatlb{gwnh hasOpe}ation ', A <
_ -
compatiblewith | @ ©Perating “er ] b v 4 ©e° >
System esource @
\ | _ some . Knowledge
Access Linux [€h35055 emily | Engine
gglenr: o - p (inferring)

‘\haSAccessPoint
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Composite operations

» Rs_addhosts dependsOn @ isimpleCloud ) Pk
create_server
— _ addhosts
~ Create_server Is : create_server
Implemented by RS deletehosts
Mediator A delete_server

4 Rs_addhosts implements
addhosts implements

Composite operation
Rackspace
Mediator
create_server

» S0 RS mediator
iImplements addhosts D rs_addhosts

Composite operations

» Dynamically expand Composite delete_server
me d | at or 0os 0] p %prer§“§ |IO NS rs_addhosts
» May result in classification  gefinition ID o f a.k.a. addhosts
of mediators and
compatible resources to Det e

| Rackspace
ISimpleCloud_RS.py Cloud

new interfaces
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composite operations -+ user

Unified interface

@ isimpleCloud Eliminating o
need of standardization

® e

addhosts

o O IRackspace

run_instance

deletehosts

create_server

é

Composite delete _server

implements

run_instance

operations

\

‘ -

| implements
1

Rackspace

Mediator

create_server

delete _server

A Different resources, yet

Rackspace
Cloud

semantically similar




EMORY

UNIVERSITY

Resource provisioning
Homogenizing resource heterogeneity

Conditioning increases resource specialization
levels

Soft conditioning
changes resource software capabilities
e.g., installing MPI enables execution of MPI apps

Successive conditioning

enhances resource capabilities in terms of available
access points (may use soft conditioning)

e.g., deploying Globus Toolkit makes the resource
accessible via Grid protocols



Transforming Rackspace to
;T—enabled MPI platform

I image from one of the tabs
ook

S000 i Gentoo 20080 B Rackspace

o debian Debian 50 (Lenny)

C Soft conditioning

C Composite ops

C e

i\
SISy

FT MPI cluster

¢ Successive cond. =

/ f
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User 6s
credentials
Rackspace

descriptor  S~—_ %

Metaapp
User

U s e requeements
C Execute software: NAS Parellel
Benchmarks (NPB)
¢ Target resource: MPI cluster | NPB logs
C FT services: Heartbeat, Checkpoint
\/—
A
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Rackspace Cloud to MPI cluster

A VRN
A A L ﬁ
AN AN AN
IClusterMPI + |Heartbeat and ICheckpointRestart services
N AN AN A #auto_created
K AR A — ——— e Sy
Service [CheckpointRestart || Service ICheckpointRestart
A WA DMTCP implementation BLCR implementation

Installing other services
(FT)

IClusterMP! + |Heartbeat service
~| #auto_created

Service |Heartbeat Service [Heartbeat ;
OpenMPI implementation || HALinux implementation

2

Deployment of MPIl on NeW - separtment_cluster

IClusterMPI
#auto_created

resources -  Soft conditioning FT_MP! |
Soft conditioning OpenMPI | ISimpleCluster — IClusterMP!
ISimpleCluster — IClusterMPI | Soft condmonlng MpICh2 """""""
' . ISimpleCluster — [ClusterMPI
Creating a new group of ISimpleCluster | ISimpleCluster — IClusterMP!
#auto_created
resources (Rackspace ssh- -
2 Successive conditioning Legend
enabled SEI’VGI’S) In terms Of ISimpleCloud — ISimpleCluster [ ———
. 1GoGrid | § Alternative transformation
new access pOIﬂtS A feosn ISimpleCloud  frominterface — tolnterface
. ‘ e, #my_rs_access - -
i INimbus —» - IEC2 . Applied transformation

frominterface — tolnterface

| | IRackspace — ISimpleCloud

""""""""""""""""" T Al ‘ Composite operations

| Resource interface,
~| #resource name

Obtaining a higher level of

abstraction = Rackspace

ﬂ IRackspace,
| #my_rs_access
| < Alternative resource

\ Initial user resource ... 2~ 1
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Metaapplications|us e reauemens

C Execute software: NAS Parellel

* Benchmarks (NPB)
Unibus a% — C Target resource: MPI cluster
Metaapplications C FT services: Heartbeat, Checkpoint

Services /
i

-------- User

Services

Unibus

Capability Model

———————

-

[ 1

descriptors




Metaapplication

'ﬁ UNIVERSITY
| def create_cluster (resource):
proxy = resource.createProxy ('] usterMPI’, services=(’#IHeartbheat’,
"#ICheckpointRestart’), cpus/4) #4 core processors
#install NPB3.3 and dependencies (gcc, gfortran, OpenMPI)
3 #checkpoint every 1 minutes, heartbeat every 10 seconds
[ proxy.services[’ #IHeartbeat’].init (interval = 10, death_after = 2)
1 proxy.services [’ #ICheckpointRestart’].init (interval = 1+60)
import_rescurces (' file:resources.owl’)
H H 1 f?l;.’( resouree HL(LI".\ ro bl. ‘VIIFJ" (I‘HA!(! {-‘Hﬂ, ;i([l( SONE A,I'P(,HJ[I'F(.\
Metaappllcatlon n res = get_resource(’'a clus o 1
12 uc:compatibleWithService uc: "Rest uc:IHeartbeat; \
A Requests 13 cluster:cpuCores ?n . filter (7r
4+ proxy = create_cluster (res)
~ 15
A ICIUSterMPI i tests = BenchmarkTestsIterator/()
. i1 for test im tests:
A FT SerV|CeS | test_file = *.’.join(test, class_, cpus)
14 cmd = "’ .join(path, test_file, ">’ log_path)
- x try:
A IHeartbeat 21 proxy [’ #mpiexec’] (cmd, cpus)
. 2 except proxy.services[’ #IHeartbeat’ ] [’ #Exception’] ():
A ICheCpr| estart 2 # is any chkp files available (to restart)?
24 if proxy.services[’#ICheckpointRestart’ ][’ #get’]():
- £ 2 23 while True:
A SpeCIerS avallable Z_« new_proxy = create_cluster (res)
k¥ ckpt = proxy.services|[’#ICheckpointRestart’][’#get’] ()
resources 2 new_proxy.services(’ #ICheckpointRestart’ ][’ f#set’] (ckpt)
~ 2 #remove old, failed cluster
»  Performs benchmarks proxy = new proxy
31 try:
~ 3] proxy.services [’ #ICheckpointRestart’ ] [" #restart’ ] ()
A Tra‘nSf_erS benChmarkS except proxy.services|[’#IHeartbeat’] [’ #Exception’] ():
execution logs to the head 11g, S*DiimuE
node break
37 #no ckpt available vet —— just restart the same test
3 else:
4 Requests ISftp ; eete repest ()
) F_iesi _done — save ihe resuli log Jlocally
41 with open(’_’.join{(test_file, time.strftime (' 3y mTdsHEMES"))), "w’)
#get the ISftp interface to the head node
1 head = proxy|[’#get_head node’] () .createProxy(’'Is5ftp’)
44 f.write (head[’ fopen’] (Log_path) .read())

as f:




